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Abstract 

This research project examines the potential for Project Drawdown's climate solutions 

framework to inform and expand the City of Toronto's strategies for achieving its ambitious goal of 

net zero emissions by 2040. Through a systematic analysis of over 90 Drawdown solutions, this case 

study research identifies high-impact measures not currently addressed in Toronto's TransformTO 

climate action plan. The study collects data on each solution's scientific basis, implementation status 

locally, and feasibility within Toronto's geographic, economic, and political context during 2021-

2022. Solutions are evaluated and prioritized based on their capacity to significantly reduce 

Toronto's emissions by 2040, considering costs, benefits, and barriers. The literature review 

synthesizes current academic research on sustainability, innovation, and systemic transformation. 

These concepts inform strategies for holistic and participatory climate action that go beyond 

technological solutions. Proposals are developed for social, systemic, and regenerative innovations 

that can accelerate Toronto's transition. The research finds that solutions including high-speed rail, 

methane management, offshore wind, plant-based diets, and alternative refrigerants are overlooked 

opportunities for Toronto to fulfil its climate commitments. A multi-pronged approach addressing 

these gaps through technical and social innovations, public engagement, policy reform and systems 

thinking is recommended. The study aims to derive tailored, evidence-based strategies to expand 

Toronto's climate action plan, incorporating Drawdown solutions for a comprehensive roadmap to 

equitable net zero emissions. This case study provides a model for contextualizing global climate 

solutions to local sustainability goals. 
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Introduction 

Since the mid-2000s I’ve been fascinated and alarmed with the increasing severity of climate 

change and the threat it poses to all life on this planet. The more I looked into the issue, the more I 

realized that humanity’s response was woefully insufficient and slow to respond to the level of 

climate action required to stem the worst effects of anthropogenic climate change. I was 

disheartened and disillusioned, but at the time there seemed to be plenty of time left to reverse 

course and achieve the necessary emissions reductions. In the mid to late 2010s, I pursued my 

Bachelor of Design in industrial design. In my undergrad, I began to understand that designers have a 

key role to play in climate action and that we can contribute towards the solution or the problem, 

depending on how we conduct and fulfil our designs, products and services. Through learning about 

supply chains, material costs, cradle-to-cradle/regenerative design and more, I revisited the issue of 

climate change. Despite being an industrial designer who was supposed to contribute towards 

greater production, I knew I didn't want to create more goods and services that needlessly and 

recklessly used more natural resources and generated emissions and waste solely for capitalistic 

pursuits. 

The completion of my industrial design degree was immediately followed by 

commencement of my Master of Design in strategic foresight and innovation (SFI), also at OCAD. 

While I initially applied to SFI to research the issue of automation and the rise of artificial intelligence 

and robotics, engaging in a series of projects concerning fossil fuel-based pollution, reduced 

biodiversity, Earth observations and regenerative design brought the issue of climate change back to 

the forefront of my research concerns. Despite being a sort of techno-optimist, I was still quite 

pessimistic about the trajectory of our collective response to one of the most pressing wicked 

problems of our time. Initially I wanted to research and show that the effects of climate change 

would be more devastating and harmful than is currently conveyed in mainstream media or the 

relatively conservative IPCC reports. However, such research would fall into the trap of doomerism 

without producing any proposed solutions or helpful guidance. Thankfully my research advisor, Dr. 

Peter Jones, directed me to the Drawdown framework and how it already includes all the solutions 

necessary to achieve Drawdown point and avert the worst effects of climate change. The Drawdown 

framework gave me hope that humanity could collectively overcome, or at the very least, stem the 

extreme climate change this planet was pathing towards. After reading the framework and joining 

DrawdownToronto I became much more familiar with the tenets and solutions within Drawdown.  

I came to Toronto, Canada at an early age and I’ve lived here ever since. I wanted to research where 

the city was at in terms of its proposed climate action and were there any gaps that needed to be 
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addressed and any innovation methods that could accelerate the transition towards sustainability. I 

was compelled to conduct this research both out of personal and professional conviction as a near 

life long Torontonian and designer and futurist with concern for Toronto’s long term sustainability 

prospects. As part of my work with DrawdownToronto, I collaborated with Social Innovation at 

Georgian College in Barrie, Ontario to develop a climate action course and workshop centred on the 

Drawdown framework. The climate action module we developed was successful in teaching novice 

students about climate action and the multitude of solutions available at their disposal both 

individually and collectively. I later joined Social Innovation at Georgian as Social Innovation Fellow, 

primarily to help develop their Community Impact Climate Action Lab to address food-based 

emissions. Through the climate action lab, we worked with the local community and relevant 

stakeholders to develop a food emissions dashboard and later a food-based climate action game, to 

engage students on this issue. Around this time, the newly released Regeneration framework, also 

edited by Paul Hawken, began to gain some momentum. More recently, DrawdownToronto has 

evolved to become RegeneratingToronto and incorporate the Regeneration framework into their 

climate action volunteer work. This evolution mirrors the climate action movement’s transition from 

socio-technical solutions towards more holistic, life and nature centred approaches and forms of 

innovation. While this project mainly concerns the original Drawdown framework and related 

solutions within the context of Toronto, future research could benefit from deeply examining how 

Regenerative solutions could further improve the city’s climate action strategies and pursuit of 

sustainable flourishing for all life in Toronto.  

Problem Statement 

In October 2019, Toronto’s City Council unanimously declared a climate emergency and 

committed to accelerating climate action towards achieving net zero emissions. The TransformTO 

Net Zero Strategy is Toronto’s ambitious plan to achieve carbon neutrality by 2040. While this 

climate action plan establishes green objectives for homes/buildings, energy, transportation, and 

waste, additional solution categories such as food and consumption patterns are overlooked. Hence, 

Project Drawdown’s 90 plus climate action solutions may provide additional complimentary 

measures for Toronto to fulfil its emission targets.  

Firstly, the sheer number of actions offered by Project Drawdown may lead to choice 

overload, and some measures may be more or less effective within Toronto’s context. Therefore it is 

worthwhile to investigate which Drawdown solutions offer the most potential to help Toronto 

achieve its emissions reduction targets. Furthermore, it is beneficial to take stock of which 

Drawdown measures are already underway by Torontonian actors and which methods of systemic 
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innovation show capacity to instil more widespread participation and buy-in. As Drawdown is a 

global framework, Hawken acknowledges that the relative importance of solutions may vary based 

on geographic or economic conditions. (2017) 

Secondly, within the sustainability and innovation literature, it is commonly accepted that 

multiple innovations are required to fulfil the transition towards sustainability (Fagerberg, 2018; 

Repo and Matschoss, 2019). There are many innovation types that can support the systemic changes 

required to attain sustainability goals including technological, social, and socio-ecological 

innovations. However, Toronto’s current climate plans does not explicitly recommend or account for 

any specific innovations beyond technological innovations and these may be insufficient to fully 

address the complexity of societal sustainability challenges (Repo and Matschoss, 2019). Therefore, 

is it worthwhile to investigate which additional types and forms of innovation can help Toronto 

achieve the systemic changes and transformations required to attain emissions reductions and reach 

net-zero. 

Finally, it is important to examine how the climate action movement has evolved and 

incorporated additional perspectives beyond exclusively focusing on emissions reductions. Can 

adopting a wider sustainability agenda that accounts for social justice, flourishing and regeneration 

help Toronto lower emissions while also improving the quality of life for millions of Torontonians? 

According to the IPCC, climate change such impacts such as extreme temperatures and 

flooding are exacerbated in cities due to urbanization. Phenomena such heat island effect and 

altered water cycles are some of the causes for the amplification of climate change impacts in cities 

(IPCC, 2021). Greater urbanization will continue to amplify temperature changes in cities (IPCC, 

2021). The Greater Toronto Area is the fastest-growing region in Ontario, with a projection of 10 

million people by 2046 (Ontario, 2022). With Toronto’s continued growth and urban expansion over 

the next few decades, the impacts of climate change will be further amplified and therefore it is 

even more critical for Toronto to achieve carbon neutrality and significantly curb greenhouse gas 

emissions. While the TransformTO Net Zero Strategy is ambitious, it does not account for a complete 

inventory of the city’s carbon footprint, such as emissions related to consumption of food and 

products from other regions. The city will need to adopt additional climate action measures beyond 

TransformTO’s recommendations to achieve true carbon neutrality while also accommodating 

millions more residents.  

Aim and Scope 

The City of Toronto has proposed a set of climate actions to achieve net zero emissions by 

2040, however the TransformTO plan only includes a narrow set of measures and categories 
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compared to the extensive Drawdown Framework. Therefore, it is critical to identify and evaluate 

which Drawdown solutions are applicable to Toronto and their implementation status. This research 

project will systemically examine over 90 Drawdown solutions within the geographic, social, 

historical, political and economic context of Toronto. The applicability and feasibility of each solution 

will be researched and assessed to determine which climate action measures are currently 

unaddressed but show a high impact to support Toronto’s net-zero targets.  

The geographic scope of this research primarily considers Toronto, Ontario and the Greater 

Toronto Area (GTA). Some Drawdown solutions are beyond the capacity limits of municipal 

institutions and stakeholders therefore provincial and federal initiatives, laws and regulations have 

also been included where applicable or necessary. The research data for this study was conducted 

during 2021-2022. The Drawdown solutions within Toronto’s context have been evaluated on a 

timescale to achieve net zero by 2040 or 2050 falling in line with municipal and federal targets. 

Solutions that show high impact but have yet to be implemented within Toronto will be further 

examined based upon their potential to contribute to flourishing, that is social benefits, 

environmental regeneration and financial returns. The primary stakeholder of this research is 

Toronto’s current and future residents. 
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Methodology & Thesis Overview  

This research project utilizes a case study approach examining the applicability of Project 

Drawdown climate solutions within the specific context of the City of Toronto and its net zero 

emissions goals. The methodology involves systematically evaluating over 90 Drawdown solutions 

and assessing their feasibility and implementation status for the Toronto context based on 

geographic, social, historical, political and economic factors. Solutions are analysed to determine 

their potential impact and current adoption levels in Toronto. Solutions with high impact potential 

not currently addressed in Toronto's climate plans are identified for further investigation. The 

research data was collected in 2021-2022 through desk research, literature review, and analysis of 

Toronto's climate strategies and emissions sources. The temporal scope considers solutions to 

achieve Toronto's net zero targets by 2040-2050. The primary stakeholder is Toronto residents. 

Desk research was conducted to collect data on each Drawdown solution including scientific 

sources, government documents, municipal climate plans, and sustainability reports. A literature 

review synthesizes academic research on sustainability, innovation and systemic transformation to 

inform the analysis. Toronto's TransformTO climate plans provide data on current strategies and 

emission sources. Public documents detail the policy context for climate action in Toronto, Ontario 

and Canada. Solutions are prioritized and selected for further investigation based on their potential 

emissions reduction impact and current level of adoption in Toronto. Proposed solutions are 

examined in terms of costs, benefits, barriers, and potential to contribute to flourishing. A synthesis 

ties together the document analysis, literature review, and solution evaluations to derive evidence-

based recommendations for informing and expanding Toronto's climate action strategies. 

To recap, this research project utilizes a case study approach to systematically assess and 

prioritize Drawdown solutions for the specific context of Toronto. A mix of desk research, document 

analysis, and literature review provides the methodology and data. The solutions analysis combined 

with the synthesis aim to derive tailored recommendations for enhancing Toronto's climate plans. 
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Background 

Relevant History 

In December 2015 the landmark Paris Agreement international treaty on climate change was 

adopted by 196 parties. The goal of the Paris Agreement is to limit global warming to under 2 °C and 

ideally limit the increase to 1.5 °C above pre-industrial levels. Fulfilling the goals of the accord and 

achieving global carbon neutrality by mid-century will require significant economic and social 

transformations (UNFCCC, n.d.). In 2018, the IPCC reported that limiting global warming to 1.5 °C 

requires a global emissions decline of 45% below 2010 levels and net zero GHGs by mid-century. In 

2019 both Canada and Toronto declared a climate emergency, acknowledging the urgency of 

addressing the climate change and reducing emissions.  

In 2017, the City of Toronto passed TransformTO which aimed to reduce carbon emissions to 

80% of 1990 levels by 2050. Later, in 2019 Toronto updated it emissions goal to achieve net zero by 

2050. Finally in 2021, Toronto’s emissions strategy became even further ambitious and was again 

revised to include a strategy to achieve net zero by 2040. Similarly in 2021, the Canadian Net-Zero 

Emissions Accountability Act set a federal target of net zero emissions by 2050. 

The Context for Climate Action in Toronto 

The City of Toronto’s Net Zero Strategy outlines two pathways and timelines to achieve 

carbon neutrality, Net Zero by 2040 (NZ40) and Net Zero by 2050 (NZ50). One of the limitations of 

the TransformTO Net Zero strategy are that its “CityInSight” modelling, developed by Sustainability 

Solutions Group (SSG) and whatIf? Technologies Inc, only accounted for “finance, energy, and 

emissions” factors without deeply considering social and environmental benefits (City of Toronto, 

2021, p. 11). Another pitfall in the TransformTO strategy is that it does not assess consumption-

related emissions. (City of Toronto, 2021) Furthermore, GHG emissions or reductions related to land 

use or modifications to land-based carbon sinks are not accounted for in the CityInSight model. 

The TransformTO framework of “Reduce-Improve-Switch-Generate” (City of Toronto, 2021, 

p. 52) narrowly focuses predominantly on using and generating energy efficiently and phasing out 

fossil fuels to achieve carbon neutrality. While this framework account for reducing select emissions, 

it ignores the climate action strategies of supporting sinks and improving society which are pillars of 

the Drawdown framework. Toronto’s population is projected to reach 4 million in 2046 according to 

Ontario’s Ministry of Finance (Ontario, 2021). However the TransformTO NZS uses a low scenario 
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population to base its projections and assumes 3.7 million people by 2050 (City of Toronto, 2021, p. 

56). Accounting for 300,000 more people would significantly impact the key drivers of GHG 

emissions (personal vehicles, households, employment, population) within the TransformTO model. 

According to the TransformTO NZS, the three main sources of GHG emissions in Toronto are 

building, transportation and waste. However, it should be noted the GHG inventory used does not 

account for emissions related to consumption.  

The Context for Climate Action in Ontario 

Ontario’s electrical grid is expected to become more GHG intensive over time due to the 

retirement of nuclear stations and increasing gas power capacity. (TransformTO NZS, pg 58) As of 

2022, there is no plan for Ontario’s electricity grid to be zero emissions by 2050 or earlier.  

(Add more here) 

The Context for Climate Action in Canada 

The Canadian government is committed to achieving net zero emissions by 2050 (Canada, 

2020). The Canadian Net-Zero Emissions Accountability Act, ratified in 2021, requires setting 

national targets for reducing GHGs, and developing science-based emissions reductions plans 

(Canada, 2021). The Act establishes reducing emissions by 40-45% below 2005 levels by 2030 which 

is outlined in Canada’s 2030 Emissions Reduction Plan. Canada’s Net-Zero Act also requires setting 

and updating national emission reduction targets for every 5-year increment (2035, 2040, 2045) at 

least a decade in advance. 
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Current knowledge 

Project Drawdown 

Paul Hawken’s bestselling book Drawdown: The Most Comprehensive Plan Ever Proposed to 

Reverse Global Warming, introduced the Drawdown framework to mainstream audiences and 

outlined 80 plus climate action solutions vetted by hundreds of scientists and researchers to achieve 

significant emissions reduction by mid-century. In the book, Hawken shared that Drawdown is the 

point in time when the levels of atmospheric greenhouse gases stop rising and start to decline 

steadily. From this point, we can initiate the process of stemming further climate change and 

prevent potentially disastrous warming. 

Frischmann et al. (2020) defines Drawdown solutions as “any technology or practice that 

directly affects the concentrations of GHGs in the atmosphere by (a) reducing GHG emissions 

through lowering demand, (b) avoiding GHG emissions through stopping fossil fuel emissions and 

replacing with zero- or low-emitting alternatives, and (c) sequestering atmospheric carbon through 

viable natural and engineered sinks.” (2020, p. 1) 

The Drawdown solutions were selected based on the highest potential to reduce emissions 

or sequester carbon, and these solutions were selected from a major meta-analysis of research that 

performed modelling of carbon dioxide and financial impacts (Hawken, 2017). According to Hawken, 

most of the Drawdown solutions lead to regenerative results such as job creation, health benefits, 

cost savings, greater food security and reduced pollution. (Hawken, 2017) According to the 

Drawdown framework, we can achieve the Drawdown point by 2050 if all the solutions it outlines 

are optimally utilized (Wilkinson, 2020). Moreover, these climate solutions are interconnected, and 

all of them are essential as they can be combined and leveraged to be more impactful. (Wilkinson, 

2020) In addition to benefitting greater sustainability and lowering GHG emissions, climate action 

solutions offer additional benefits such as greater resiliency and economic, social and health 

improvements.  

The Drawdown Roadmap 

In 2023, Project Drawdown released the Drawdown Roadmap which is a science-based strategy 

for expediting sustainability solutions. The Drawdown Roadmap outlines which actions 

governments, businesses and other organizations should focus on to maximize climate action 

efforts. The Roadmap shows how to mobilize climate action solutions across sectors, time and 

geographies, along with maximizing benefits and remove barriers. (Project Drawdown, 2023) 
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Action Across Sectors 

According to Dr. Jonathan Foley 80% of the solutions in the Drawdown framework are effectively 

net cost-free or generate revenue (Project Drawdown, 2023). Meanwhile only a fifth of the 

Drawdown solutions would require a subsidy. Moreover Dr. Foley suggests that investing in these 

solutions would generate a monetary return of five times the initial principal, that is $5 for every 

dollar spent (Project Drawdown, 2023). Project Drawdown suggests starting with the lower cost 

solutions first to catalyse economic activity across sectors and industries. There appears to be a 

misalignment between current philanthropic, venture capital and government investments in 

climate action solutions sectors compared to an ideal science-based portfolio (Project Drawdown, 

2023). For instance, based on 2021-2022 estimates, carbon removal is overfunded in philanthropy, 

transportation solutions are the majority of venture capital funding, and finally, electricity solutions 

occupy the vast majority of government climate action investments (Project Drawdown, 2023). 

Likewise, Toronto’s net zero strategies may be overinvesting in some sectors, such as electricity, at 

the expense of other solutions buckets, such as food/agriculture and industry. Hence a more 

comprehensive strategy for Toronto’s climate action goals should address this disconnect and align 

sustainability investments with science-based recommendations on capital distribution.  

 

Action Across Time 

Dr. Foley from Drawdown suggests that time is the most critical variable when it comes to 

addressing climate change.  (Project Drawdown, 2023) Achieving roughly net zero emissions by mid-

century will require significant reduction in emissions immediately, with steep cuts from the 2020s-

2030s (Project Drawdown, 2023). Continued emissions cuts are necessary from the 2030s onward 

albeit not as steeps compared to the earlier decade. Carbon removal methods and technologies will 

also need to continue to grow to make up for any residual emissions source that prove difficult to 

cap or cease. According to Foley achieving the Drawdown point will require “waves of climate 

action” (Project Drawdown, 2023, 9:23) that start now and “crest at different times and forms in the 

future” (Project Drawdown, 2023, 9:32). Solutions that could bend the emissions curve right now 

considered “emergency brakes” include reducing ecosystem degradation, cutting methane leaks, 

reducing refrigerants, increasing energy efficiency and food based solutions (Project Drawdown, 

2023). While Toronto’s climate strategy includes energy considerations, it lacks sufficient 

consideration of ecosystems, methane release, refrigerants and food waste or plant-based diets. See 

the proposals section for more in depth examination of high impact solutions currently being 

overlooked within Toronto’s emissions and climate action strategy.  
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The next wave following the emergency brake solutions are “new low carbon systems” or mostly 

infrastructure-based solutions (Project Drawdown, 2023, 10:48). These types of solutions related to 

electricity, building, transportation, industry and agriculture will take longer to achieve due to the 

scale, structure, and financial costs associated with the systems and technologies involved (Project 

Drawdown, 2023). Foley and Drawdown sees the infrastructure wave followed by social 

interventions which we can start now and help the climate future. These types of solutions include 

investing in Indigenous communities, and greater equity for women in healthcare, and education. 

Currently Toronto does not account for these social intervention-based climate action solutions as 

part of its sustainability strategy. Social intervention type solutions provide multiple benefits such as 

helping people directly. through greater equity and investment, while also lowering long term 

emissions aiding future generations (Project Drawdown, 2023). 

According to Foley next wave to crest are nature-based solutions such as forest, soil, ocean and 

agriculture-based climate action measures. He acknowledges that these forms of carbon solutions 

and sinks take decades to shore up. While their impact is slow initially, investing in nature-based 

solutions now will show significant dividends and growth in emissions reduction in future decades. 

 The last wave and least predictable to quantify or assess are new technologies (Project 

Drawdown). It is challenging to predict which technologies will take off in the future. Foley 

recommends investing in new innovations. research and development on an ongoing basis from now 

until mid-century to create the tech required to fill in any emissions gaps. Toronto’s climate action 

strategy does not address or suggest the multiple innovation types and strategies required to 

achieve its own climate action goals. See the literature review for a more detailed outline on 

innovations Toronto could adopt or support to increase the likelihood of achieving it’s climate action 

aims. Globally we need to support all solutions areas simultaneously, though their effects will crest 

at differing periods.  

 

Action Across Geography 

In addition to considerations of climate action categories and temporality, it also important to 

consider geographic fit. Foley recommends identifying leverage points in the system to decipher 

area of actions we should prioritize. Drawdown uses the examples of methane leaks from natural 

gas wells and deforestation in the Amazon and Indonesian rainforests as instances of high leverage 

points to reduce emissions quickly and significantly (Project Drawdown, 2023). Foley suggests 

looking for geographic 80:20 rules or leverage ratios, whereby the most impact can be achieved with 

the least investment. When evaluating Toronto’s carbon strategy, there is a need to be greater 

examination of which solutions show high impacts with minimal costs. Currently, solutions within 
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Toronto’s strategy are not measured based on the ratio of carbon reductions to cost of investment. 

 

Maximize Co-Benefits 

The fourth pillar of the Drawdown Roadmap seeks to maximize the co-benefits of climate 

solutions (Project Drawdown, 2023). That is seeking solutions which support climate action, as well 

as impart additional benefits such preserving biodiversity, protecting ecosystems, and greater equity 

for marginalized populations and groups. While these co-benefits tend to show greatest potential in 

low- and middle-income countries, these solutions can also benefit high income countries such as 

Canada through improving the economy and human welfare. Currently Toronto’s climate strategy 

recommends solutions primarily based on emissions reductions potential without deeply evaluating 

the co-benefits provided from the measures. Future climate strategies for Toronto could more 

holistically evaluate the varied (economic, environmental, and/or societal) benefits provided by 

solution choices and lend greater urgency to prioritizing co-benefit solutions. In this way, Toronto 

adopting co-beneficial climate solutions could support greater sustainability and simultaneously 

strengthen the city through improved ecosystems, greater human health and equity. An example of 

a solution that Toronto is currently overlooking with multiple co-benefits is offshore wind turbines.  

 

Remove Multiple Barriers 

The last aspect of the Drawdown Roadmap concerns overcoming obstacles to achieve net 

zero emissions. The barriers to scaling climate solutions identified by Foley are “policy and 

regulatory, capital and financing, business practices, technology, and behaviour and cultural” 

(Project Drawdown, 2023, 18:08 ). According to Foley to overcome these barriers, we will need to 

address them simultaneously as they are all at play in preventing greater progress in climate action. 

Within Toronto’s context, insufficient attention is given to these aforementioned sustainability 

barriers. While Toronto’s NetZero strategy includes some considerations of policy and business 

practices, it lacks clarity on the financing and capital that will be required to achieve its plans. For 

instance, many of Toronto’s transportation sector solutions do not outline how these aims will be 

funded. More glaringly, Toronto’s strategy does not consider technological or social (behavioural, 

cultural) barriers to climate action. An example of a technological barrier is Toronto’s aim to rely 

more on renewable energy and electrification, especially with EVs. However, Ontario’s grid is set to 

get dirtier over the coming decades. A lack of independent energy production could certainly be a 

barrier to reducing carbon emissions. Similarly, Toronto’s current climate aims fail to account for the 

impact of behavioural and cultural solutions. This is most evident in the lack of food-based solutions, 

such as promoting plant-rich diets which are one of the top Drawdown solutions in terms of carbon 
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emissions removed. For Toronto to have a greater chance of achieving net zero emissions, it will 

need to more comprehensively account for some of the major barriers to climate action. 

Drawdown Roadmap Methods to Accelerate Climate Action 

Guide Investments 

 The Drawdown roadmap can guide better investments to take advantage of climate 

solutions in the future. The roadmap can add a dose of scientific reality to ensure that values and 

financial goals align with the desired outcomes. There are gaps in funding across sectors; Electricity, 

food and agriculture, transportation well-funded (Project Drawdown, 2023). Other solution sectors 

and areas such as industry and fugitive emissions are less funded and underrepresented. (Project 

Drawdown, 2023)  

 

Guide Business Action 

 Businesses can focus on work to have real impacts, avoiding green washing and over-

reliance on being a net-zero and offsets, which may not have a practical approach towards climate 

change (Project Drawdown, 2023). Offsets can lack credibility. Toronto’s climate plan may be too 

reliant on offsets to make up for their emissions gaps in reaching carbon neutrality. Foley explains 

that the concept of Net Zero is problematic as it wasn't intended for individual companies or groups 

but for the entire planet (Project Drawdown, 2023).  The focus should be on working towards real 

zero emissions and doing everything possible to cut emissions (Project Drawdown, 2023).  

 

Guide Government Action 

The Drawdown Roadmap can guide government action by showing where climate dollars 

should best be spent across various sectors with an idealized portfolio of solutions (Project 

Drawdown). Comparing Toronto’s climate action investments to the roadmap’s idealized portfolio 

could help identify which sectors are underfunded to realistically meet its emissions targets.  

 

Science Helps Drive Effective Action 

The Drawdown Roadmap shows how science can guide effective climate action globally. By 

following and applying proven scientific climate action principles and solutions, businesses, 

governments, and communities can most effectively achieve their emissions reductions targets 

(Project Drawdown, 2023). Foley stresses that this is a crucial moment in human history where 

reimagination of everything is possible, leading to the creation of a more sustainable, equitable, and 
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just world (Project Drawdown, 2023). We need broad, collective action both individually and 

systemically to achieve the Drawdown point and prevent catastrophic climate change. 

Indigenous Perspectives on Toronto’s Climate Action Goals 

In October 2018 Indigenous people, including an Elder, professors from the universities of 

Ryerson, Trent and York and those working in climate and environmental sectors, Indigenous 

Climate Action and more, met to discuss the Toronto’s climate strategies (City of Toronto, 2018). The 

participants in the Indigenous Knowledge Workshop developed a series of responses to Toronto’s 

TransformTO plan and Resilience Strategy. Firstly, the group found that more in depth consultation 

is required before they could develop a broader set of recommendations to authentically represent 

Indigenous consultation on these issues (City of Toronto, 2018). Indeed, one of the first main 

findings of the group are that “We need more meaningful Indigenous engagement on these 

questions,” (City of Toronto, 2018, p. 3). 

Even within the limited 1 day workshop, the participants found one of the main flaws with 

Toronto’s climate action strategies, it lacks full cost accounting (City of Toronto, 2018). The 

workshop group acknowledged that cities such as Toronto “avoid facing their real contribution to 

overall emissions” by lowering production within the city and “not calculating where we are getting 

what we consume and how it is produced and imported” (City of Toronto, 2018, p. 5). This supports 

one of this project’s criticisms that the TransformTO emissions goals are based on an incomplete 

picture of Toronto’s true carbon emissions and footprint. Full cost accounting will enable the city to 

evaluate our contributions more holistically and reexamine our less direct relationships, which may 

be outside of local areas and regions. The workshop group also found that we need a less siloed 

approach to climate and the environment (City of Toronto, 2018). One of the stronger examples of 

this is environmental issues should not be considered separate from cultural and health related 

concerns as it so often is in Canadian policy (City of Toronto, 2018). This fits with another 

recommendation of this project which is to examine the social and health benefits of any possible 

climate action solutions in addition to emissions improvement. 
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Other Researcher Views 

Drawdown Georgia 

In 2019, the Drawdown Georgia project sought to create a replicable framework for 

translating the global GHG-reducing solutions within the Drawdown portfolio to the state level, 

specifically Georgia (Brown et al., 2021). Drawdown Georgia systematically evaluated each of the 

solutions within the Drawdown framework and noted the solutions that show great potential to 

reduce Georgia’s emissions by 2030 (Brown et al., 2021). Similarly, at a smaller scale, this work aims 

to evaluate the suitability of Drawdown solutions in the context of Toronto’s sustainability targets. 

Based on the approach of the Drawdown Georgia project, this work’s analysis will also look at the 

market readiness, relevant local experience, data availability, emissions reduction potential and cost 

competitiveness of each Drawdown solutions applicability for Toronto. 

Evolution of the Climate Action Movement 

The shift from socio-technical solutions, such as those found in the Drawdown framework, 

towards more regenerative solutions, as seen in the Regeneration framework, reflects an evolution 

in the climate action movement's approach to addressing climate change. This shift has been driven 

by a growing recognition of the interconnectedness of social, economic, and ecological systems and 

the need for holistic solutions that address multiple dimensions of sustainability. 

Regenerative solutions emphasise a more holistic approach to addressing climate change, 

focusing not only on reducing greenhouse gas emissions but also on restoring ecosystems, 

enhancing biodiversity, and improving social and economic well-being. This approach recognizes that 

addressing climate change requires addressing the root causes of environmental degradation, social 

inequality, and economic instability. Regenerative climate action methodologies are based on a 

systems-thinking approach, which recognizes that social, economic, and ecological systems are 

interconnected and that changes in one system can have ripple effects throughout other systems. 

This approach seeks to identify and address the underlying drivers of climate change, rather than 

just treating the symptoms. 

Regenerative solutions also emphasise the importance of empowering communities to take 

control of their own futures. This includes supporting local initiatives, building community resilience, 

and fostering a sense of ownership and responsibility for addressing climate change. This approach 

recognizes that top-down solutions are often less effective than bottom-up, community-driven 

solutions. Moreover, regenerative approaches such as Hawken’s Regeneration framework often 
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highlight the importance of nature-based solutions, such as reforestation, agroforestry, and 

regenerative agriculture. These solutions seek to harness the power of nature to sequester carbon, 

restore ecosystems, and enhance biodiversity. This approach recognizes that healthy ecosystems are 

critical for mitigating climate change and adapting to its impacts. Regenerative solutions also stress 

the importance of addressing social justice issues, such as poverty, inequality, and discrimination. 

This approach recognizes that climate change disproportionately affects vulnerable and marginalised 

communities and that addressing social justice issues is critical for building a more sustainable and 

equitable world. 

It is important to note that socio-technical solutions, such as those found in the Drawdown 

framework, are still important and have a role to play in addressing climate change. However, there 

is a growing recognition that these solutions alone are not sufficient, and that a more holistic and 

regenerative approach is needed to address the root causes of climate change and build a more 

sustainable and equitable world. 

Joe Brewer’s Expert Opinion on the Evolution of the Climate Action Movement 

Joe Brewer is a complexity researcher, innovation strategist, and social entrepreneur working with 

bioregional ecological restoration and regeneration. In 2020 Bewer founded Earth Regenerators and 

launched an initiative to regenerate 500,000 hectares of land in Barichara, Colombia. Brewer 

recently started the Design School for Regenerating Earth in 2023.  

On August 3rd 2023, as part of my ongoing engagement with Regenerating Toronto, I 

attended an “ask me anything” talk with Joe Brewer in Markham, Ontario. At this public event, I 

asked Joe Brewer about his perspective on how the climate action movement has evolved and 

where he sees the direction of climate action headed. Brewer discussed the evolution of the climate 

discourse and its shift from a holistic environmental perspective to a narrower focus on climate 

science and carbon emissions and how it is slowly returning to its original roots. Brewer highlighted 

that the climate discourse originated from ecological studies, however, over time, the discourse 

became more technocratic and reductionistic, focusing primarily on carbon emissions. Despite this 

shift, Brewer notes that social justice, indigenous appreciation, ecology, and other fields have 

advanced significantly in the last half-century.  

According to Brewer, the climate movement is misnamed, as it encompasses a broader 

range of issues, including wealth inequality, environmental destruction, and displacement. For 

Brewer the climate movement is evolving into an earth regeneration movement, which involves 

returning to a more holistic and indigenous approach to the environment. This parallels the shift and 

evolution from the Drawdown framework into the Regeneration framework. Brewer concludes that 
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the climate movement is moving towards a collective management of resources that we all depend 

on for survival, and that this shift is about coming home to the earth and embracing a more holistic 

and regenerative approach. A transcript of this conversation is provided below.  

 

Question: ”From your experience and perspective, how has the climate action movement evolved, 

and where do you see the movement headed? Will it incorporate aspects beyond carbon reduction, 

such as bioregionalism, regeneration, social justice and flourishing?” 

 

J. Brewer: “Good question. So the climate discourse is really interesting to notice what it left behind. 

For those of you who know the work of people like Paul Ehrlich and his very controversial book, the 

Population Bomb came out in the seventies and similar kinds of work like Limits to Growth in 1972. 

And then there's the World Seven model and all the stuff. They're actually still doing that research, 

which most people don't know, is that the climate discourse evolved from a more holistic 

environmental discourse that was based in ecology. The population part is based on ecology. The 

climate discourse is based on climate science, which unfortunately while there is an ecological 

component. It's usually lumped into the parameterization of how much photosynthesis is there and 

what's holding that primary production and other things you can measure with satellites. And so the 

climate discourse already evolved away from something that was more holistic and the fifties, 

sixties, seventies and eighties. Those of you are old enough to remember will know this. Those of 

you who have studied the environmental discourse will know that it became myopic, became 

technocratic and reductionistic and became about carbon. At the same time in the last half century, 

social justice, indigenous appreciation and thought, ecology itself and many other things have 

advanced considerably. So right now the climate movement is misnamed. It's misnamed because 

there are people like young people that go to climate marches. Why do they go to climate marches? 

Because they don't believe they're gonna have a future and they're gonna fight for it. That's social 

justice. And so, is there social justice in the climate discourse? Hell yes. But let's remember other 

things like Occupy Wall Street or Arab Spring, other movements, La Via Campesina and Latin 

America, a land holders movement trying to reclaim land and stop corporate land grants. There are 

social movements all over the world that are increasingly sophisticated and mature. And then on the 

other side, social entrepreneurship, social innovation, systems thinking, things that have advanced 

considerably. The idea that capitalism is multi-capital, which is now pretty much standard thought by 

anyone who's paying attention. Social capital and financial capital, knowledge capital and 

institutional capital, natural capital are all important. And so this complexification of thought and 

this trans thematic way of being where it moves beyond themes is now fully normalised in our social 
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movements. Our media calls it a climate movement. But if you look at wealth inequality and climate 

change and environmental destruction and displacement and you go on and on from there, you find 

it's not a climate movement, it's just misnamed. So what I would say is the evolution of the climate 

movement is that it's becoming an earth regeneration movement. I don't mean to name it as mine 

'cause it's not about the name. It's about the idea that when we went from environmentalism to 

sustainability, there was good progress. As an example, in 1991, a non-profit in Seattle called 

Sustainable Seattle created the very first sustainability indicators for cities. No one had put together 

sustainability indicators for cities. It was newer and they added a lot of social health and economic 

metrics together with environmental metrics. Things that became like multi capitalism, you know, 

those kinds of holistic thought. That stuff goes back decades. It's not even new, right? And so what I 

see is where's the climate movement going is, we're going home. We're coming home, coming 

home. Increasingly those of us in the climate movement who are motivated by the climate change 

aspect of it are finding that we have to come home. We have to come home to our mother, we have 

to come home to the earth. Increasingly, people working on climate change are doing agroforestry. 

Increasingly people doing agroforestry are doing agroecology. Increasingly people doing agroecology 

are exploring shamanism and plant medicine. We're becoming indigenous again. So the climate 

movement is the movement toward the future indigenous of humanity who are not just indigenous 

to territory, but are indigenous to territory and planet simultaneously, which is earth regeneration. 

And so that is where the climate movement is going. It just doesn't know it as a story. But when you 

talk to people in the regenerative movement or the refi space on the Web3, crypto, blah, blah, blah, 

decentralisation, participatory, there's so much of it out there. They're going back to how do we 

collectively manage what we collectively depend upon for our survival and we're coming home. And 

so that's where I see the climate movement.“ 
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Literature Review 

Introduction 

The purpose of this literature review is to provide an overview of the existing body of 

research on sustainability as it relates to innovation and systemic innovation. This review aims to 

identify key themes, methodologies, and gaps in the current literature, thereby setting the stage for 

investigating which forms innovation for sustainability can help Toronto achieve its net-zero 

emission goals and better inform its climate action strategies. The literature search was conducted 

using predominantly, Google Scholar. Additional sources were identified through references cited in 

the articles initially found. The search terms used to locate relevant literature included keywords, 

such as "sustainability AND innovation" and "sustainability AND systemic innovation". The search 

was conducted in 2021 and limited to articles published between 2017 and 2021, to ensure that the 

review reflects the most current state of research while also incorporating some foundational 

studies. Articles were included based on the following criteria: peer-reviewed publications, relevance 

to informing Toronto’s climate action strategy and published in English. Exclusion criteria included: 

non-academic publications, and articles that did not directly address innovation or systemic 

innovation for sustainability. An initial search yielded a total of 200 potential sources. After applying 

the inclusion and exclusion criteria, 24 articles were selected for a more in-depth review, and the 

findings from 15 of these articles are presented in the following sections.  These sections will delve 

into various themes and subtopics identified during the review process, discussing the 

methodologies employed, findings reported, conclusions drawn by different researchers and how 

these relate to Toronto’s sustainability context. In the findings section, the common themes and 

insights from the current state of research on innovation and sustainability and relevant proposal 

suggestions are included. By synthesizing the existing literature on innovation and systemic 

innovation as it relates to sustainability, this review aims to contribute to a more nuanced 

understanding of systemic transformation, thereby better informing Toronto’s approaches and 

strategies for achieving significant emissions reductions and sustainable development. 
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Frameworks (SDGs & Drawdown) 

The United Nations Sustainable Development Goals (SGDs) provide a provides a shared 

blueprint for peace and prosperity for humanity and the Earth. The 17 SDGs form the core of a global 

partnership that demands immediate action from all nations in working to address global wicked 

problems. The SDGs emphasizes the interconnectedness of poverty eradication, improvements in 

health and education, reduction of inequality, promotion of economic growth, addressing climate 

change, and preserving our oceans and forests. In “Drawdown’s ‘System of Solutions’ Helps to 

Achieve the SDGs” Frischmann et al. and Project Drawdown propose that implementing the 

framework’s solutions can help achieve the UN SDGs by 2030. According to Frischmann et al., the 

solutions are even more effective when they are executed in tandem across various sectors as a 

“system of solutions”, especially when paired with “broad-based, effective partnerships at local, 

regional, and international scales” (2020, p. 1). In addition to helping address the climate crisis, 

achieving Drawdown provides multiple additional benefits for humanity and the Earth (Frischmann 

et al., 2020).  

While the 2030 Agenda provides a goals framework with calls to action and targets, it does 

not actually outline how to achieve the SDGs. Along with political and economic barriers, a lack of 

specific actions and recommendations has hindered attaining the SDGs (Frischmann et al., 2020). 

Undoubtedly, anthropogenic climate change is the greatest challenge and threat currently facing 

humanity.  Climate change negatively impacts many systems critical for human survival and 

prosperity such as food, economics, infrastructure, security, biodiversity, health and wellbeing 

(Frischmann et al., 2020).  Based on the interconnectedness of climate change to other natural and 

human systems, it is imperative to achieve SDG13 Climate Action to also achieve all other SDGs. 

Drawdown’s solutions have been vetted and validated scientifically, financially and for scalability 

(Frischmann et al., 2020). Project Drawdown has shown that achieving the Drawdown point and 

further emissions reductions are attainable but “would require the ambitious and sustained 

adoption of all identified solutions in parallel over decades” (Frischmann et al., 2020, p.3). According 

to Frischmann et al., realizing the benefits of climate action demands participation across all societal 

levels and from a broad range of actors and organizations, including municipalities such as Toronto 

(2020). However, progress has been slow going and implementation of solutions will need to 

significantly accelerate to fulfil the UN 2030 agenda and address climate change (Frischmann et al., 

2020).  

Through their research, Frischmann et al. identified 2647 favourable links between the 

Drawdown solutions and UN SDGs (2020). While these are predominantly minor and moderate links, 
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some Drawdown solutions have a significant impact on achieving certain SDGs. Although Frischmann 

et al. also identified a few hundred trade-offs (249), these are mostly minor with only a limited 

number of moderate trade-offs. It is key to note that there are potentially even more links between 

Drawdown’s solutions and the UN SDGs since more solutions were added to the Drawdown 

framework after the completion of this study. SDG8 “decent work and economic growth”, shows the 

greatest number of benefits from adopting the Drawdown solutions due to the tremendous 

economic outcomes achieved from implementing the wide array of technologies and practices found 

in the system of solutions at multiple geographic levels (Frischmann et al., 2020). Unsurprisingly, 

considering the system of solutions are climate focused, the highest number of favourable links 

between Drawdown and the 2030 Agenda are found in SDG13. Following SDG13, the next tier of 

SDGs that show significant beneficial link to the Drawdown framework are SDG9 Industry, 

Innovation and Infrastructure, SDG1 No Poverty, SDG11 Sustainable Cities and Communities, SDG8 

Decent Work and Economic Growth and SDG7 Affordable and Clean Energy (Frischmann et al., 2020, 

p. 17). To lesser extent, SDG3 Good Health and Well-being, SDG6 Clean Water and Sanitation, SDG12 

Responsible Consumption and Production, SDG15 Life on Land, SDG4 Quality Education, SDG2 Zero 

Hunger and SDG14 Life Below Water also show many beneficial links from Drawdown solutions 

(Frischmann et al., 2020, p. 17). Finally, SDG5 Gender Equality, SGD10 Reduced Inequality and SDG16 

Peace and Justice Strong Institutions show relatively fewer connections to the Drawdown framework 

compared to the prior SDGs (Frischmann et al., 2020, p. 17). While the linkages between Drawdown 

the solutions and SDG17 were not evaluated in this study, considering SDG17 has links to all 

solutions, it clear partnerships are critical to accelerate the implementation of all solutions 

(Frischmann et al., 2020). 

To recap, in addition to significant climate and economic gains, adoption of the Drawdown 

system of solutions provides many other abundant benefits that could “help alleviate poverty, 

secure food systems, eliminate hunger, provide clean energy, water, and sanitation, improve health 

and well-being, reduce inequalities, promote gender equity, support healthy economic growth, 

revolutionize industry and the built environment, and protect, restore, and enhance terrestrial and 

ocean ecosystems “ (Frischmann et al., 2020, p. 19). The authors of the study warn that without 

significant progress towards adopting the Drawdown solutions across all sectors, it becomes 

increasingly difficult to achieve the 2030 Agenda and prevent the most dire consequences of climate 

change with each passing year (Frischmann et al., 2020, p. 19). Facilitating collaborative partnerships 

as outlined in SDG17 across many scales and hierarchies is critical to implementing the Drawdown 

system of solutions and in turn contribute towards achieving the UN SDGs (Frischmann et al., 2020, 

p. 19). In their conclusion, Frischmann et al. acknowledge that the formation of partnerships 
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required to adopt the system of solutions are variable and contextual based on the unique 

environmental, social and economic characteristics of different locations. This underscores the 

importance of partnerships, context-specific solutions, knowledge sharing, and alignment with larger 

global objectives in achieving Toronto's climate action goals. 
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Policy Studies 

The evolving concept of policy mixes in innovation and policy studies plays a critical role in 

facilitating sustainability transitions (Kern et al., 2019). According to Kern et al., policy mixes should 

tackle not only conventional market shortcomings but also broader systemic and transformational 

issues (2019). In “Policy mixes for sustainability transitions: New approaches and insights through 

bridging innovation and policy studies” Kern et al. provide five central insights stemming from policy 

and innovation literature which can help inform policy making, particularly in fostering sustainability 

transitions. These five themes are: “methodological advances; policy making and implementation; 

actors and agency; evaluating policy mixes; and the co-evolution of policy mixes and socio-technical 

systems” (Kern et al., 2019, p. 1) 

 

Methodological advances 

This theme addresses two key challenges in researching policy mixes for sustainability: 1) 

how to define the boundaries and elements of a policy mix, and 2) how to characterise its 

complexity (Kern et al., 2019). Ossenbrink et al. offer systematic methods for defining policy mixes 

using either a top-down approach, starting with an overarching policy strategy, or a bottom-up 

approach, starting from a specific impact domain (Kern et al., 2019). Schmidt and Sewerin introduce 

new metrics for a nuanced analysis of policy mixes, including their balance, intensity, and technology 

specificity, and highlight the often-neglected area of temporal dynamics (Kern et al., 2019).  

 

Policy making and implementation 

Understanding the processes of policy formulation and implementation is crucial for 

assessing the outcomes of policies aimed at sustainability transitions (Kern et al., 2019). Institutional 

and cognitive “sticking points” have prevented the full incorporation of system innovation thinking 

into policy mixes (Kern et al., 2019, p. 11). This theme highlights the need to consider various 

theories of the policy process and to pay attention to both the sender and recipient sides of policy 

(Kern et al., 2019). 

 

Actors and agency 

This theme emphasises the need to focus on the agency of actors involved in sustainability 

transitions. Kern et al. argue that understanding the roles, preferences and agency of various actors 

can provide deeper insights into the dynamics and effectiveness of policy mixes (2019). Future 

research could benefit from a more process-oriented analysis that involves studying how the 
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preferences of various actor groups shape the content and implementation of policies over time 

(Kern et al., 2019). 

 

Evaluating policy mixes 

One of the main challenges of evaluating policy mixes is attribution, that is linking specific 

policy interventions to particular outcomes (Kern et al., 2019). Traditional evaluation methods are 

often inadequate due to the complex, uncertain, and evolving nature of sustainability transitions and 

the multi-level governance involved in policy mixes (Kern et al., 2019).  The authors suggest that 

tailored governance arrangements are essential for effective evaluation and policy learning for 

successful policy mixes (Kern et al., 2019). 

 

The co-evolution of policy mixes and socio-technical systems 

This theme underscores the complexity of policy mix dynamics and the importance of 

understanding the co-evolutionary relationship between policy mixes and socio-technical systems 

for effective sustainability transitions (Kern et al., 2019). According to Kern et al., policy mixes should 

be designed to generate positive feedbacks to sustain political support over time (2019). They also 

highlight the importance of local policy developments and the need for policy mixes to adapt over 

time in line with the phase of the transition (Kern et al., 2019). 

 

In summary, Kern et al. argue that thinking in terms of broader policy mixes is crucial for 

policymakers as it enables them to understand policy complexity and provides analytical tools to 

navigate it (2019).  Key insights for policymakers include: thinking of policy mixes as an ongoing 

learning process, considering implementation challenges, adopting a dynamic perspective, and 

designing mixes to generate positive feedbacks over time (Kern et al., 2019). The authors emphasise 

the need for continued scholarly and practical efforts to understand how policy mixes can effectively 

foster socio-technical transitions towards sustainability (Kern et al., 2019).  

This article could inform Toronto's climate action strategies in several ways. It highlights the 

importance of policy mixes rather than single policy instruments for pursuing sustainability 

transitions like net zero emissions. This indicates Toronto should develop a strategic policy mix 

combining different instruments. The methodologies discussed could help Toronto systematically 

delineate and characterise its existing climate policy mix to understand gaps, inconsistencies or lack 

of coherence. The temporal analysis approach could reveal how Toronto's climate policy mix has or 

hasn't evolved over time to ratchet up ambition and identify needs for policy adjustment. 

Understanding actor preferences and feedbacks could show where there is support or opposition to 
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elements of Toronto's climate policy mix. This info could help build legitimacy and political 

feasibility. 

Adopting a multi-level perspective would ensure Toronto's municipal climate policies align 

and interact positively with provincial and federal policies. The governance insights around policy 

mix evaluation and learning could help Toronto continually improve its mix based on assessment of 

policy impacts, feedbacks and outcomes. Overall, the interdisciplinary, complex systems perspective 

would enable Toronto to develop a strategic, comprehensive and dynamic policy mix tailored to its 

context and able to support transformational sustainability transitions. In summary, Kern et al.’s 

article provides useful guidance, concepts and methodologies that could substantially strengthen the 

sophistication of Toronto's climate policy mix design, implementation, governance and evaluation. 

This would enhance its potential to achieve ambitious emissions reductions like net zero. 
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Innovation Studies  

McGahan et al. (2021) suggest that open innovation can be utilized to address global societal 

challenges such as the climate crisis. Open innovation is the practice of sourcing ideas from external 

sources and sharing concepts beyond the organization's own limits, fostering competition and 

potentially sparking new breakthroughs. Open innovation is a multifaceted concept that 

encompasses invention and commercialization, is both relationship-driven and systemic, and 

extends beyond the realm of individual corporations (McGahan et al., 2021, p. 51). It challenges 

traditional thinking by promoting a nuanced, open approach to innovation. The traditional industrial 

systems that have been the bedrock of innovation are now contributing to severe social and 

environmental problems (McGahan et al., 2021). To address these global challenges, there is a 

pressing need to fundamentally rethink and innovate the very process of innovation itself (McGahan 

et al., 2021, p. 52). Applying open innovation to societal challenges will require system-level change 

and overcoming tensions like sharing knowledge while protecting it (McGahan et al., 2021). The 

authors suggest that all stakeholders, including cities, need to assess their available resources and 

skills, and consider how these can be utilized to resolve conflicts within the UN SDGS to tackle global 

issues (McGahan et al., 2021, p. 55). Moreover, according to McGahan et al., the goal of innovation 

ought to be generating societal value and ensuring that this value is equitably distributed among 

those who contributed to its creation (2021, p. 55). The modern approach to open innovation 

emphasizes the importance of stakeholder collaboration for effective problem-solving, especially in 

the face of global challenges (McGahan et al., 2021). The focus is on maximizing joint value creation 

and knowledge exchange (McGahan et al., 2021). In summary, McGahan et al. argue that open 

innovation concepts can be applied to address major societal challenges, but this will require 

rethinking purpose, system-level change, and overcoming tensions inherent in open collaboration.

 Considering Toronto’s climate action strategy, the concept of open innovation provides 

several insights that could improve current sustainability efforts. Adopting an open innovation 

approach could help bring in diverse ideas, resources, and capabilities from outside the city 

government to tackle the wicked problem of climate change. This could include collaborating with 

businesses, non-profits, academia, and engaged citizens. The city could identify how its climate 

strategies align with UN Sustainable Development Goals to ensure they are creating value for 

society, and this could be informed by the Drawdown framework which supports fulfilling multiple 

SDGs. This alignment could also open new opportunities for sustainable growth. Applying open 

innovation would require overcoming tensions like sharing data while protecting privacy. 

Stakeholder theory suggests engaging groups with resources vital to climate action and enabling co-

creation. Cognitive engagement frameworks could help transform Toronto's ecosystem of 
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stakeholders and get buy-in for climate initiatives. Toronto could use open platforms and challenges 

to source climate solutions from bottom up. This civic engagement could complement top-down 

policies. Reframing climate change as a human-centred challenge could catalyse faster open 

innovation. Appealing to shared interests may get more buy-in than fear-based approaches. Tracking 

open climate innovations and their social impact could build momentum and demonstrating success 

can encourage further collaboration. In conclusion, this article suggests Toronto should take an 

open, collaborative approach to climate innovation that aligns with societal goals, engages 

stakeholders, and tracks impact - rather than siloed, top-down policies. This could unlock the city's 

full potential for transformative climate action. 
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Transformative Innovation Policy 

In “Mobilizing innovation for sustainability transitions: A comment on transformative 

innovation policy” Jan Fagerberg examines how innovation policy can help accelerate a transition 

towards sustainability. Fagerberg provides key insights from the literature and several policy 

methods proposed for steering innovation and transitions towards sustainability. Accordion to 

Fagerberg, current theories and knowledge from innovation studies are crucial for crafting policies to 

combat climate change and foster sustainability transitions, stressing the importance of lessons 

learned from the development and implementation of transformative innovation policy (2018). 

Fagerberg provides a comprehensive definition of innovation, encompassing the complete 

process from the birth of new ideas through their realization and widespread adoption within 

economic and societal systems (2018, p. 1569). Toronto can implement a similar broad-based 

approach to climate innovation, considering both the supply and demand side of innovative 

solutions. Joseph Schumpeter, almost a century ago, uniquely recognized innovation as the catalyst 

for economic and societal transformation, rather than just economic growth (Fagerberg, 2018). He 

emphasized innovation as the practical application of new ideas and saw it in various forms and 

scales, from incremental changes to radical shifts (Fagerberg, 2018). Schumpeter proposed 

innovation as "new combinations," where the novelty lies not in individual parts, but their assembly 

(Fagerberg, 2018). Success in innovation relies on mobilizing resources, understanding the 

institutional context, and market reception (Fagerberg, 2018). This perspective urges policy-makers 

to adopt a comprehensive approach towards innovation, considering both supply and demand 

factors rather than focusing on a single resource like knowledge (Fagerberg, 2018). 

Radical innovations, which often start as impractical and costly, can take a long time to 

mature (Fagerberg, 2018). Creating niche markets is crucial for their development, as it enhances 

performance and reduces costs, leading to wider acceptance (Fagerberg, 2018). Hence, Toronto can 

foster sustainability transitions by creating niche markets for radical innovations. To foster such 

innovations, particularly for sustainability transitions, policy-makers must implement effective 

strategies, balancing the involvement of private actors for critical knowledge and maintaining 

government autonomy (Fagerberg, 2018). Therefore, the city could implement policy strategies that 

balance the participation of private actors with government oversight to support innovations. These 

strategies should emphasize clear targets, transparency, and accountability (Fagerberg, 2018). Given 

the complexity of transitioning to a sustainable economy, a more comprehensive view that considers 

dynamics at the meso and macro levels is needed (Fagerberg, 2018). 
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 The "multi-level perspective" for analysing sustainability transitions, focuses on the macro-

level (“landscape”), the meso-level (“technological or sociotechnical regime”), and the micro-level 

(“niches”) where novel technologies evolve (Fagerberg, 2018, p. 1570). Toronto can use the "multi-

level perspective" for analysing sustainability transitions, which would involve managing change at 

all three levels. The assimilation of these novel technologies by the overarching regime can be 

difficult due to its inherent resistance to change (Fagerberg, 2018). Hence, an innovative policy 

strategy known as transition management was formulated to tackle these challenges (Fagerberg, 

2018). It establishes a transition arena, led by motivated leaders from diverse sectors, aimed at 

translating policy goals into tangible visions and paths for transitions (Fagerberg, 2018). In practice, 

this approach has been faulted for its technocratic nature and lack of democratic involvement; 

therefore highlighting the need for wider societal support when using policy to pursue significant 

societal changes (Fagerberg, 2018).  By creating a transition arena involving leaders from diverse 

sectors, the city can translate policy goals into actionable and tangible paths for transition, ensuring 

inclusive, and participatory decision-making. 

Revolutionary innovations can have a wide range of economic impacts, from altering a 

specific sector to reshaping the entire economy (Fagerberg, 2018). Key to such "technological 

revolutions", like the advent of microprocessors, is a cost-effective central resource that is both 

plentiful and has broad applications (Fagerberg, 2018). However, for such groundbreaking changes 

to fully flourish, various supportive elements including adequate infrastructure, economic structures, 

organizational models, and institutional frameworks are required (Fagerberg, 2018). The 

establishment of these components is a time-consuming process, and any disconnect between the 

requirements of the emergent technological revolution and the existing societal framework can 

decelerate its integration (Fagerberg, 2018). Renewable energy represents such a forthcoming 

revolution due to its continuously reducing costs and simultaneous improvements in production and 

efficiency. However, switching to a system completely powered by renewable energy would 

necessitate the electrification of all sectors, coupled with strategies for maintaining power supplies 

when renewable sources are not available (Fagerberg, 2018). This accentuates the need for 

advancements in energy storage and management systems. The Drawdown framework provides a 

number of solutions to facilitate and support the expansion of renewable energy including 

distributed and utility-scale energy storage, grid flexibility, microgrids and more. Toronto can 

provide the necessary infrastructure, economic structures, and institutional frameworks to support 

such revolutionary changes, thus accelerating its transition to a sustainable future. The possibility of 

a renewable energy revolution brings forth important policy considerations, chiefly concerning the 

pace of the transition (Fagerberg, 2018). While historical energy transitions spanned several 
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decades, the process could potentially be expedited with substantial benefits to end-users and 

forward-thinking policies (Fagerberg, 2018).  

The success of innovation is often attributed to the continuous interaction between 

businesses and their surroundings, encompassing customers, suppliers, and different organizations 

from the public or private sectors (Fagerberg, 2018). Consequently, the focus is on fostering system 

vitality by enhancing interactions and boosting capacity among participants (Fagerberg, 2018). 

National innovation systems centre on the interplay of social, economic, and political factors and 

how they shape innovation (Fagerberg, 2018). This interaction between crucial economic players 

and the larger knowledge framework and political systems develops over time (Fagerberg, 2018). 

Policymakers can affect these systems in a variety of ways. However, as these policies often pursue 

multiple objectives, they may not be in sync with other innovation-influencing policies (Fagerberg, 

2018). It is therefore vital to create a policy portfolio that optimizes the potential for innovation 

(Fagerberg, 2018). This may necessitate reform in policy governance and mechanisms (Fagerberg, 

2018). Policy coordination and the strategic management of innovation systems have come to the 

forefront as vital components of innovation policy (Fagerberg, 2018). Instances of this include the 

formation of innovation councils, which enable policy harmonization across sectors and 

consideration of strategic, long-term societal goals such as sustainability (Fagerberg, 2018). Thus, a 

clear direction should be set for national innovation policy to support these strategic aims 

(Fagerberg, 2018). The interaction between businesses and their environment could be applied to 

improve Toronto's innovation system. This could involve boosting interaction and capacity among 

participants, aligning policies that influence innovation, and forming innovation councils for policy 

harmonization. 

  Innovation along with pertinent policies are critical elements in addressing climate change. 

Fagerberg offers five essential recommendations for bettering the process of crafting innovation 

policies: “setting direction”, “embracing opportunity”, “mobilizing”, “holistic policy making” and 

“improving governance” (2018, p. 1574) These recommendations are especially crucial for the 

creation of transformative policies with bold objectives.  

 While there is abundant capacity for transformative innovation, the challenge lies in 

mobilizing these resources (Fagerberg, 2018).  An effective policy strategy that innovation 

policymakers can use to address this issue is to influence firms' future expectations, providing clear 

direction (Fagerberg, 2018).  The broadly recognized objective of sustainable economic transition 

presents policymakers with a unique chance to provide a clearer path for collective innovation 

initiatives (Fagerberg, 2018). This can be achieved by formulating a long-term societal vision for 

growth, establishing quantifiable goals, and synchronizing the activities of diverse stakeholders 
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(Fagerberg, 2018). To ensure effective implementation and to maintain consistency amidst political 

shifts, it's crucial that this vision is developed through open, inclusive conversations with various 

societal stakeholders (Fagerberg, 2018). 

 The journey towards sustainability is frequently viewed as a high-cost initiative. However, 

green innovation can actually result in cost savings or even profitability, which is evident in financial 

analyses conducted within the Drawdown framework (Fagerberg, 2018). Moreover, the Drawdown 

framework and IPCC have confirmed that the costs of inaction greatly exceeds the expenses 

associated with sustainability transitions (Wilkinson, 2020; IPCC, n.d).  The ongoing technological 

evolution in renewable energy, along with persistent advancements in ICT, could serve as the tools 

needed to liberate us from our reliance on fossil fuels (Fagerberg, 2018). This transformation 

requires considerable innovation and experimentation in various areas such as energy storage and 

distribution, energy consumption, electrifying transportation, business models, public sector 

activities, and general lifestyle practices (Fagerberg, 2018).  The Drawdown framework offers an 

array of solution pathways that could guide these innovative endeavours. Thus, by seizing the 

opportunities presented by the renewable energy revolution, policymakers can stimulate green 

innovation, boost productivity, generate new employment opportunities, and accelerate the shift to 

a sustainable economic system (Fagerberg, 2018, p. 1574). 

 The transition towards a sustainable economy heavily depends on the participation of 

numerous stakeholders across different sectors and geographies, with a key focus on activating the 

private business sector (Fagerberg, 2018). The expertise and resources of users are essential for 

successful innovation, a fact made evident by the swift progress in renewable energy technologies 

recently (Fagerberg, 2018). Therefore, including stakeholders, particularly the wider public, in the 

collective efforts towards sustainable innovation could result not just in a more democratic process, 

but also a more effective one (Fagerberg, 2018). 

 Innovation success hinges on the capability to access and integrate various elements, such as 

knowledge, skills, financing, institutional support, and market demand (Fagerberg, 2018). These 

components are usually complementary, emphasizing the need for a comprehensive, multi-faceted 

approach to policy making for innovation (Fagerberg, 2018). The traditional supply-focused stance, 

still prevalent in many settings, is inadequate and should give way to a broader, more encompassing 

approach that factors in the critical role of demand for innovation (Fagerberg, 2018).  Many of the 

recent successful transitions towards sustainability have been closely linked to the extensive 

application of demand-oriented policy tools (Fagerberg, 2018). 

Moving towards sustainability demands not just economic transformations but also 

enhancements in governance systems  (Fagerberg, 2018). To ensure policies work in harmony rather 
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than at cross purposes, there's a crucial need for effective coordination and alignment across various 

domains and levels of authority  (Fagerberg, 2018). The urgency of achieving sustainability makes 

this requirement even more pressing (Fagerberg, 2018). Given the vast scale of the challenge and 

the multitude of involved actors, such coordination might need to extend beyond government to 

include other stakeholders  (Fagerberg, 2018). Moreover, driving transformative innovation 

necessitates public agencies that are highly skilled and have the capacity to learn from their 

experiences (Fagerberg, 2018). 

 Fagerberg's five recommendations for improving the process of creating innovation policies 

can serve as a guide for Toronto in creating transformative policies for climate action. Firstly, 

Toronto can use policy to influence the future expectations of firms and provide clear direction for 

collective innovation initiatives. Secondly, the city can leverage the ongoing evolution in renewable 

energy and ICT to stimulate green innovation, boost productivity, create new jobs, and accelerate 

the transition to a sustainable economic system. Thirdly, Toronto can ensure the participation of 

numerous stakeholders, especially the wider public, in efforts towards sustainable innovation for 

more democratic and effective outcomes. Fourthly, Toronto could replace traditional supply-focused 

policies with a more comprehensive, multifaceted approach that considers the critical role of 

demand for innovation. Finally, Toronto could ensure effective coordination and alignment across 

various domains and levels of authority for harmonious policy execution. This might involve 

extending coordination beyond government to other stakeholders and ensuring public agencies are 

highly skilled and capable of learning from experiences. By integrating these five elements, the city 

can develop robust, effective policies for climate action and sustainability. 
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Transition Experiments 

In their editorial, “Urban experimentation & sustainability transitions,” Fuenfschilling et al. 

examine the interconnection between transition experiments in cities and institutional reform. They 

acknowledge that cities are especially critical for developing sustainability transitions and relevant 

systemic innovations (2019, p. 219). There is a heightened need for these transitions and innovations 

in cities due to their rates and levels of population growth, energy usage and emissions output. 

Cities have the capacity to be “agents of transformative change” through developing and applying 

forward-thinking policies and fostering a conducive setting for the emergence and expansion of 

social and technological advancements (Fuenfschilling et al., 2019).  

It is well-grounded in transition literature that experimentation can catalyse change, and 

eventually generate profound systemic shifts. Specifically, experimentation in this context can be 

defined as “a process, where emerging and fluid ideas, practices, expectations, technologies, and 

new social relations can develop and align into a new, potentially more sustainable socio-technical 

configuration that, if diffused more broadly, will radically alter the existing system” (Fuenfschilling et 

al., 2019, p. 220). Moreover, some of the critical aspects of sustainability transitions that 

experimentation can enable are greater opportunities for collaboration, education, and shared 

alignment on long-term goals. Examples of sustainability experimentation include living labs, 

transition experiments and adopting specialized or innovative technologies (Fuenfschilling et al., 

2019). Taken even further, steps toward institutional transformation can also be considered a type 

of sustainability transition (Fuenfschilling et al., 2019). According to Fuenfschilling et al., the aim of 

transitions is to “de-institutionalize existing configurations and institutionalize new, potentially more 

desirable ones” (2019, p. 220). Beyond establishing new ideas and practices within institutions, 

experimentation can play a role in dismantling prevailing and unsustainable systems (Fuenfschilling 

et al., 2019). Hence, through experimentation, such as trialling producing its own renewable energy 

through currently unexamined solutions such as offshore wind turbines, Toronto can work towards 

being less dependent on current unsustainable systems. Fuenfschilling et al. identify urban living labs 

(ULL) as a form of experimentation and testing ground that can support systemic change and 

expansion of innovations through strategies and activities such as networking, education, 

entrepreneurship, and developing change narratives (2019). The creation of ULLs can be a strategic 

method to trial and optimize new climate solutions. These labs can serve as testing grounds for 

novel technologies and strategies, facilitating their development and refinement before they are 

widely adopted. Therefore, Toronto could develop its own urban living labs or create conditions 

favourable to them as a test bed for the adoption and diffusion of underdeveloped or unexamined 

climate solutions such as plant-rich diets. Cities can participate in experimental forms of governance 



42 
 

through urban living labs by contributing funding and initiating and overseeing their collaborations 

(Fuenfschilling et al., 2019). Municipal participation in local experimentation is critical in order for 

the learning outcomes and enabling approaches resulting from livings labs to grow (Fuenfschilling et 

al., 2019).  Hence even if there are existing urban living labs and transition experiments occurring 

within Toronto, the city needs to take a more active role for these sustainability practices and results 

to take root.  

Fuenfschilling et al. compare innovation and experimentation in that both require creativity, 

taking risks and a rich variety of actors, resources and expertise, all of which are generally found in 

cities and urban areas (2019). Where they differ is that experimentation more openly permits failure 

and learning from mistakes (Fuenfschilling et al., 2019). Through experimenting with currently 

unexamined climate solutions, Toronto could reduce its risk and learn how to use additional climate 

action measures within the confines of open and safe spaces (Fuenfschilling et al., 2019). Engaging in 

experimentation acknowledges that sustainability transitions are not straightforward but instead 

possess many pathways, some of which can be politically challenging (Fuenfschilling et al., 2019). 

Hence, by committing to greater use of experimentation to fulfil its sustainability goals, the city can 

lend greater credibility and validate innovative climate action measures, which can lead to more 

transformative changes.  
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Strongly Sustainable Business Models 

Upward and Jones’ (2015) paper in Organization and Environment, “An Ontology for Strongly 

Sustainable Business Models” argues for the need to adapt a strongly sustainable business model 

ontology (SSBMO) that aligns business models with sustainability principles and goals. Mainstream 

business models and the popular Business Model Canvas are profit-driven and do not sufficiently 

account for environmental, social and economic sustainability (Upward and Jones, 2015). The 

authors propose the concept of tri-profit, which reconceptualizes profit to include environmental, 

social and financial returns and business models should aim to create positive value across these 

three areas (Upward and Jones, 2015). The SSBMO they develop includes concepts like stakeholders, 

value propositions, business processes, governance, resources, capabilities, environmental and 

social impacts that need to be incorporated to model a sustainable business. Implementing 

sustainable business models aligned with the SSBMO can help organisations contribute to 

sustainability goals and the flourishing of society and the environment (Upward and Jones, 2015).  

They define a strong sustainable firm as one that “creates positive environmental, social, and 

economic value throughout its value network, thereby sustaining the possibility that human and 

other life can flourish on this planet forever” (Upward and Jones, 2015, p. 7). 

Adopting policies and incentives that encourage Toronto businesses to develop strongly 

sustainable business models could help reduce the city's overall environmental footprint. The city 

could use the SSBMO framework to assess the sustainability of key industries in Toronto and identify 

opportunities for improvement. Toronto could also examine policies and regulations that currently 

incentivize profit-maximization without regard for externalities and update them to better align 

business interests with sustainability goals. Basing business strategies on scientific knowledge, as 

advocated in the paper, can push Toronto businesses to set evidence-based emissions targets and 

adopt meaningful actions vs incrementalism. Upward and Jones and emphasize the importance of 

stakeholder involvement and governance in sustainable business models. Hence, the city could bring 

together business leaders, community organizations, environmental groups and other stakeholders 

to co-develop sustainability strategies and goals. The concept of "tri-profit" proposed by Upward and 

Jones highlights the need to measure environmental, social and economic costs/benefits. Toronto 

could incorporate tri-profit accounting to better understand the full impacts of industries and 

businesses in the city. This data could guide policies and programs. As business model innovation is 

key for enabling sustainability outcomes, Toronto could provide support such as training, resources 

and funding to help businesses transition their models towards sustainability. In summary, the 

strongly sustainable business framework provides logic, concepts and ontology Toronto could 

reference to guide businesses toward business models, goals and indicators properly aligned to 
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strong sustainability and climate action. Adoption by the private sector would complement the city's 

policies and programs on climate change. 

The concept of "flourishing" as outlined in the paper could help support and expand 

Toronto's climate action strategy in a few key ways. Flourishing emphasizes sustainability that 

enables human and ecological health and wellbeing. This provides a positive vision that could make 

climate action more appealing and engaging. Flourishing means considering multiple dimensions - 

economic, social, environmental - not just narrow goals like emission cuts. This encourages a 

systems approach suited for climate change. Upward and Jones  link flourishing to businesses 

adopting models that regenerate ecology. Toronto could leverage this principle to get companies to 

invest in green infrastructure, ecosystem restoration, and Drawdown solutions  that also support 

climate resilience. Flourishing requires stakeholder inclusion on determining indicators of success. 

Toronto could use this to engage residents, especially youth, marginalized communities, in co-

defining city climate goals. The broad time horizons considered under flourishing align with the long-

term view needed for climate planning. Toronto could adopt visioning exercises for residents to 

imagine a flourishing future city. In addition, the concept of flourishing emphasizes activities that 

sustain life. Toronto could identify urban design, transit, housing, greenspaces, local food systems 

etc. that both reduce emissions and promote flourishing, such as solutions outlined within Paul 

Hawken’s Regeneration framework. Toronto could also encourage community climate projects that 

build social bonds, not just reduce GHGs. Adopting a flourishing lens can help Toronto engage 

stakeholders in visionary, inclusive climate action oriented toward long-term ecological and human 

wellbeing rather than just short-term emission cuts. 
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Innovation for Weak & Strong Sustainability 

In “Innovation for What? Unpacking the Role of Innovation for Weak and Strong 

Sustainability” Cristina Chaminade explores the purposes and role of innovation in sustainable 

development and compares weak and strong sustainability in pursuit of innovation (2020). 

Chaminade notes that addressing wicked problems such as climate change will not only require 

multiple innovations, but also gradual or profound systemic changes. Whereas advocates of 

incremental change support improving current systems, academics embracing transformative 

change suggest that global challenges demand radical transformation of multiple STEEPV systems 

(social, technological, environmental, economic, political, value) (Chaminade, 2020). To clarify the 

discussion on sustainability transformations, Chaminade provides definitions of innovation systems, 

and technological and non-technological innovations.  

According to Chaminade and the literature, innovations emerge from dynamic processes 

where firms gain knowledge and insights by observing and engaging with other entities within the 

production and innovation systems (2020, p. 3). The network of firms, connections and 

organizational frameworks that facilitate innovations are what constitutes an innovation system 

(Chaminade, 2020, p. 3). These relationships and structures influence the pace and trajectory of 

innovation and the development of competencies that emerge from learning processes (Chaminade, 

2020). Technological innovations include new products and processes, and major advances in 

existing products and processes (Chaminade, 2020, p. 3).  Non-technological innovations generally 

include organizational, managerial, financial, social or regulatory innovations and other innovation 

pursuits which are unrelated to process, product or service based improvements (Chaminade, 2020, 

p. 3). While tech based innovations tend to garner greater attention, non-technological innovation 

are critical to the growth and expansion of structural transformations (Chaminade, 2020).  

Considering system innovation, Chaminade provides three distinct approaches: “incremental 

change, transition, and transformation” (2020, p. 4) Firstly, incremental system innovation is 

characterized by gradual and subtle alterations that may not be readily noticeable (Chaminade, 

2020). Next, system transition refers to a gradual and seamless shift towards an enhanced iteration 

of the existing state, without fundamentally altering the system itself (Chaminade, 2020). Finally, 

system transformation refers to a shift towards a future state that is fundamentally distinct from the 

present circumstances (Chaminade, 2020). Of the three system innovation concepts, only system 

transformation encompasses the revolutionary and unpredictable nature of changing a system 

(Chaminade, 2020). 
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The factors that contribute to an innovation system can also constitute the barriers to radical 

transformation; these include sunk costs which can cement system attributes and hinder adaptation 

to transformative shifts (Chaminade, 2020).  

Merely fixing issues or problems in existing systems is inadequate to address global 

challenges such as climate change; transformative and profound changes across all aspects and 

dynamics of the system are required.  Fundamental aspects of profound system transformations 

include modifying social dynamics, consumer choices, values and more, in conjunction with the 

restructuring of production and innovation systems (Chaminade, 2020). Therefore, system 

innovation/transformation can be considered the outcome of “mobilizing old and new actors to 

experiment with alternative solutions through technological, social and institutional innovations.” 

(Chaminade, 2020, p. 5)  

To achieve system transformation, it is necessary to confront novel challenges concerning 

“directionality [collective priorities and change direction], demand articulation [user needs and 

public procurement], reflexibility [anticipate changes and actor mobilization] and coordination 

[policy management in multiple sectors].”  (Chaminade, 2020, p. 5) Chaminade suggests a 

“dedicated knowledge base” is necessary to tackle these various challenges (2020, p. 5). This 

knowledge base encompasses understanding of the existing system, the preferred state of the 

system, and the methods to effectively implement and expedite system change (Chaminade, 2020). 

In pursuit of sustainable development, it is important to define and articulate the desired 

form of sustainability (weak or strong) and the means to achieve it. Weak sustainability asserts that 

as long as the total stock of capital remains unchanged, natural capital can be replaced with other 

forms of capital (Chaminade, 2020).  This form of sustainability prioritizes economic growth above 

other sustainability concerns and views the environment as instrumental in supplying inputs for 

growth (Chaminade, 2020).  Weak sustainability involves exploring ways to create and spread 

innovations within current systems and growth paths. In this paradigm, technological progress and 

innovation are considered key tools to replace natural resources and mitigate the adverse effects of 

economic growth on the environment and human well-being.  The idea of weak sustainability 

emphasizes precipitating and propagating innovations while maintaining current production and 

consumption systems. Within weak sustainability, innovation systems play a vital role by 

emphasizing the development of technological improvements and scientific insights in tackling the 

negative impacts of growth. Weak sustainability places greater importance on promoting growth 

and making small adjustments to current production and consumption systems, rather than actively 

advocating for larger-scale systemic transformation (Chaminade, 2020). 
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In contrast to weak sustainability, strong sustainability has limited substitution of natural 

capital. Within strong sustainability, there is less focus on economic growth as it rarely accounts for 

social and environmental concerns (Chaminade, 2020).  Strong sustainable development involves 

emphasis on preserving social wellbeing through protecting natural systems, which are seen as 

crucial to human survival.  The objective is to establish a secure boundary within which economic 

and social well-being can be achieved for everyone, while ensuring that the Earth's capacity to 

support future generations is preserved. Strong sustainability requires social and economic welfare 

to operate within planetary boundaries.  Compared to weak sustainability, strong sustainability 

involves a much wider perspective on innovation, incorporating both technological and non-

technological innovation and systemic change (Chaminade, 2020). System transformations are 

complex, requiring advanced approaches to understand and govern them. A potential first step 

towards progress on sustainability would involve identifying and analysing small-scale, rapid 

transformations occurring worldwide (Chaminade, 2020). Gaining an understanding of which 

elements of a country's capacity for transformation are time-dependent and which can be 

influenced by human actions provides valuable insights for expediting change (Chaminade, 2020).   

Considering Toronto’s climate action aims, the city needs to identify whether it leans 

towards weak sustainability or strong sustainability. If Toronto focuses on weak sustainability, the 

focus would be on maintaining economic growth, relying on technological innovation to offset 

environmental impacts. However, if Toronto opts for strong sustainability, the focus will shift 

towards significant systemic changes in preserving natural resources and fostering social wellbeing.  

Depending on the chosen type of sustainability, Toronto would need to adopt the appropriate 

system innovation approach —incremental change, transition, or transformation. If strong 

sustainability is preferred, the city would need to implement system transformations that bring 

about fundamental changes in multiple systems. Based on current trajectories and plans, Toronto is 

seemingly opting for weak sustainability with incremental to transitional approaches.  

Toronto can foster an environment that encourages collaboration and learning between 

different stakeholders such as businesses, academia, government agencies, and non-governmental 

organizations. This can speed up the pace of innovation and foster the development of 

competencies necessary for achieving its climate action goals. Toronto's climate action plans can 

benefit from incorporating non-technological innovations, such as changes in policies, social norms, 

or business practices, in addition to technological innovations. To achieve system transformation, it's 

necessary to recognize and confront potential barriers, such as sunk costs and other systemic 

attributes that could hinder adaptation. Understanding these obstacles can help Toronto develop 
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strategies to overcome them and expedite system change. Toronto can also build and leverage a 

dedicated knowledge base to guide its climate action efforts. 
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Systemic Innovation & Systemic Eco Innovation 

Gente and Pattanaro cite that the OECD, as early as 2009, acknowledged eco-innovation as 

distinct from other forms of innovation. According to the OECD, eco-innovation, intentionally or 

unintentionally, “results in a reduction of environmental impact.” (Gente and Pattanaro, 2019, p. 1) 

Furthermore, the scope of eco-innovation may exceed organizational limits and ”involve broader 

social arrangements that trigger changes in existing socio-cultural norms and institutional 

structures.” (Gente and Pattanaro, 2019, p. 1) Based on this definition, if Toronto adopts solutions 

within the Drawdown, this would be a form of eco-innovation as it would reduce emissions and 

ideally catalyze wider cultural shifts and changes in the city. Gente and Pattanaro also provide 

another definition courtesy of the European Commission, which describes eco-innovation as any 

innovation type which intends or results in “demonstrable progress towards the goal of sustainable 

development, through reducing impacts on the environment, enhancing resilience to environmental 

pressures, or achieving a more efficient and responsible use of natural resources” (2019, p. 1). The 

Drawdown framework indeed supports all these measures of sustainable development, including 

lowering emissions, supporting UN SDGs, reducing environmental impact, improving environmental 

resilience and minimizing/preserving natural resources.  

Gente and Pattanaro recognize the three main drivers of eco-innovation are “cost savings, 

market opportunities and policy instruments.” In particular, they state that policy instruments such 

as regulations can policy instruments include regulation, “can stimulate radical innovation even 

more than market-based instruments (Gente and Pattanaro, 2019, p.3). While the Drawdown 

solutions provide well-documented clear capital savings and market opportunities such as job 

creation and economic growth, applying the framework using policy instruments demands further 

exploration.  

Eco-innovations can involve multiple economic sectors, value chains and societal actors 

(Gente and Pattanaro, 2019). The cohesiveness of the Drawdown framework as a comprehensive 

collection of eco-innovations is confirmed by the many sectors, supply chains and varied groups its 

solutions can help support achieving sustainability transitions.   

Achieving the climate action solutions required to get Toronto to carbon neutrality will 

involve  design (policy, city planning), users (city residents, private and public organizations), 

products and services (public services, public property, private property) and governance (local, 

municipal, provincial). According to Gente and Pattanaro, when these dimensions are involved in 

eco-innovation, it can be described as systemic eco-innovation. They, along with the OECD, confirm 

that a systemic approach which is “multi-stakeholder and cross-sectoral” is growingly considered 

critical towards achieving sustainable development (Gente and Pattanaro, 2019, p. 3). The 
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Drawdown framework can be considered a model for systemic eco-innovation as it is composed of 

groups of technologies and behaviours from multiple areas (buildings, food, energy etc.) to achieve 

the Drawdown point and long-term sustainable development.  
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Nature based Innovation 

In “Nature-based innovation systems” Alexander P.N. van der Jagt et al. conducted a 

literature review to compare and contrast technological innovation system (TIS) and nature-based 

innovation system (NBIS) frameworks. Within the transition literature there is major emphasis on 

technological advancements in envisioning the future of sustainable cities, however there is a gap 

regarding the role of nature (van der Jagt et al., 2019). There is emerging policy discourse on nature-

based solutions (NBS), which involve integrating socio-ecological and socio-technical systems (van 

der Jagt et al., 2019). Greater integration of nature and NBS in urban areas can enable “hybrid green-

grey” development whereby technical systems such as flood prevention could offer multiple co-

benefits such as greater biodiversity and improved air quality (van der Jagt et al., 2019, p. 203). 

Therefore NBS can be employed in cities to cost effectively tackle social, economic, and 

environmental sustainability issues in tandem (van der Jagt et al., 2019, p. 203). Additionally, nature-

based innovations show potential to enable greater transformations for sustainability in cities. 

Examples of urban NBS include green roofs, parks, community gardens, green infrastructure, urban 

forests and more (van der Jagt et al., 2019, p. 203). The Drawdown, and particularly Regeneration, 

frameworks promoted by Paul Hawken includes a number of these nature-based solutions for urban 

environments.  Urban NBS are compelling because they offer multiple benefits and help address the 

inadequacy of exclusively utilizing technological solutions to address urban sustainability problems 

(van der Jagt et al., 2019). Due the difficulties and ambiguities in implementing and measuring the 

effectiveness of nature-based innovations, van der Jagt et al. developed a framework to analyse 

NBIS frameworks. This framework can be used to assess and inform the innovation process during 

the formative phase of a transition, helping to identify system-level dimensions influencing the 

development and diffusion of nature-based innovations (van der Jagt et al., 2019).  

The technological Innovation Systems (TIS) framework is a method for studying sustainability 

transitions, that views technology as a network of actors within a specific industry, creating, 

distributing, and utilizing technology (van der Jagt et al., 2019). To foster radical innovation, the TIS 

framework indicates the need for a system that encompasses diverse actor networks, institutions, 

and material infrastructures (van der Jagt et al., 2019). Functions that propel or hinder TIS 

development are entrepreneurial experimentation, knowledge development and diffusion, guidance 

of search, resource mobilization, market formation, legitimation, and development of positive 

externalities (van der Jagt et al., 2019, p. 204).  The TIS framework has been critiqued for not 

adequately addressing the role of the system’s environment (van der Jagt et al., 2019).  To remedy 

this, scholars have started to examine how TIS develop and expand in relation to various contexts, 

such as existing sectors, political systems, geographical contexts, and other TIS.  
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NBS can be used to facilitate sustainable urban development by offering prolonged social, 

economic, and environmental benefits (van der Jagt et al., 2019). Due to the multipurpose benefits 

of using urban nature to address a wide array of sustainability challenges, they can be considered an 

essential piece in urban sustainability transitions (van der Jagt et al., 2019). NBS can be described as 

actions inspired, reinforced or duplicated from nature, serving as an hypernym for various nature-

based innovations tackling sustainability challenges (van der Jagt et al., 2019). A hallmark 

characteristic of NBS is multifunctionality, whereby these innovations offer many benefits 

simultaneously (van der Jagt et al., 2019). Therefore, NBS can be utilized to address a variety of 

urban issues such as food security, rising temperatures, air quality and more (van der Jagt et al., 

2019).  An NBS can represent a technological innovation itself, while also having the capacity to 

weave ecological principles into city planning and development structures (van der Jagt et al., 2019). 

The innovation can be manifested in multiple forms asides from just the final output, these include  

new methods of governance, planning tools, business structures, and citizen engagement (van der 

Jagt et al., 2019, p. 204).  These are essential for speeding up the development of NBS and enhancing 

its impact on various sustainability issues in tandem.  According to van der Jagt et al., successful NBS 

development is dependent on “a system comprising actor networks, institutions and infrastructures 

for development, diffusion and mainstreaming.” (2020, p. 205) Although NBS could potentially serve 

as cost-efficient substitutes for technology-based infrastructure with a smaller ecological impact, 

their widespread adoption is impeded by a shortage of understanding about the systemic factors 

that affect their expansion processes (van der Jagt et al., 2019). Given the unique aspects of NBS in 

comparison to TIS, van der Jagt et al. proposed the term Nature-Based Innovation System (NBIS) as a 

framework to examine the “enabling and constraining factors for nature-based innovation in cities” 

(2019, p 205). 

Based on their literature review, van der Jagt et al. identified several dimensions and 

subcategories which can promote or limit nature-based innovations. The dimensions of the NBIS 

framework are agency, discourse and vision, legislation and policies, governance structures, learning, 

resources, and place-based factors (van der Jagt et al., 2019, p. 207). Agency refers to the roles the 

individuals and organizations, such as champions and mayors, play in supporting nature-based 

innovation (van der Jagt et al., 2019). These change agents can exhibit “leadership and power” 

through organizational efforts to develop and adopt NBS, including influencing others, developing 

and implement NBS, promoting best practices, regulatory changes, and public-private partnerships 

(van der Jagt et al., 2019, p. 206). The authors also highlight the significant role of mayors and local 

governments in promoting urban sustainability. Effective leadership can foster long-term 

commitment to sustainability, which is critical to expanding NBS and overcoming challenges such as 
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a lack of shared vision, insufficient marketing, inadequate skills, and resistant organizational cultures 

(van der Jagt et al., 2019, p. 207). “Discourse and vision” relate to presenting NBS as a strategy for 

urban transformation that tackles various local sustainability challenges, with the aim of enhancing 

collaborative networks centred on NBS (van der Jagt et al., 2019). The framing of NBS as drivers of 

growth, not hindrances, is crucial to engage a broader group of decision-makers. This includes 

combining socio-economic and ecological objectives and accounting for locally significant 

impediments and opportunities. The dimension of “legislation and policies” regards role of different 

types of regulation, public policy, and financial instruments in supporting the development of NBS in 

cities (van der Jagt et al., 2019, p. 208). Public policy is crucial for promoting sustainable urban 

development and is most effective when it incorporates strategic plans for developing green 

infrastructure at various scales, considers broader regional dynamics, applies a broad and long-term 

perspective, including data-driven approaches and extensive consultation (van der Jagt et al., 2019). 

Using levies or fees to disincentivize unsustainable actions can also help to reinforce NBS investment 

(van der Jagt et al., 2019). The NBIS factor “governance structure” highlights the beneficial impact of 

multi-actor governance on the development and spread of nature-based innovation. A diverse and 

balanced mix of participants within a sustainability network (consisting of institutions and 

intermediaries) can enhance administrative abilities, increase organizational adaptability, and 

stimulate a wide range of stakeholders to participate in sustainability efforts (van der Jagt et al., 

2019). The NBIS dimension of “collaborative arrangements” emphasizes the crucial role of networks 

and partnerships in bridging gaps across various scales and sectors (van der Jagt et al., 2019, p. 208) 

These partnerships impart and foster a number of benefits including organizational dedication, trust, 

reciprocal learning, knowledge sharing, experimentation, viable policy development and more (van 

der Jagt et al., 2019, p. 208). Thus these alliances can enhance the probability of success for 

sustainability efforts. Moreover, actively involving the public and communities and bolstering civil 

society are crucial strategies for the formulation and execution of NBS (van der Jagt et al., 2019).  

This can facilitate and build increased public support, inclusive planning, local capacities and more 

(van der Jagt et al., 2019).  

The remaining three NBIS dimensions (learning, resources, and place-based factors) are 

more extensive and include a number of subcategories.  Learning includes education and training, 

research, experimentation, and monitoring and evaluation (van der Jagt et al., 2019). Education and 

training are essential tools to improve comprehension and awareness of sustainable alternatives to 

current infrastructures. Research plays a pivotal role in urban planning and governance, and the gap 

between research and practice is seen as a barrier to sustainable development. Hence, more 

interdisciplinary research and user engagement are necessary (van der Jagt et al., 2019). 
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Experimentation is critical to sustainability transitions as it allows the testing of new ideas and 

methods. It contributes to social learning, encourages sustainability ideas to enter public discourse 

and provides a chance to refine innovations (van der Jagt et al., 2019). Monitoring and evaluation of 

NBS is a key part of this iterative experimentation. It ensures a continued delivery of benefits, a 

greater understanding of different methods, and improved strategy development.  

The NBIS dimension resources includes the subcategories of knowledge and human capital, 

financial factors and technologies (van der Jagt et al., 2019). The effectiveness of NBS largely 

depends on the availability of knowledge and human capital, encompassing not only technical 

aspects of implementation and maintenance but also understanding of local environmental and 

socio-cultural conditions (van der Jagt et al., 2019). Financial factors like diverse funding sources and 

robust financial planning are crucial for the success of nature-based innovations, with institutional 

spending, grants, and subsidies serving as major financing mechanisms (van der Jagt et al., 2019). 

The availability of technologies for NBS implementation such as green roofs is another significant 

condition and can aid processes of inventorying, resource monitoring, and knowledge management 

(van der Jagt et al., 2019). 

Finally, the dimension place-based factors include the subcategories built enviroment, 

natural processes and endowments, societal conditions and dynamics and cultural frames of 

reference (van der Jagt et al., 2019). The successful implementation of nature-based innovations is 

highly dependent on the specific built environment and natural endowments of a place, including 

elements like infrastructure, available space, and local ecological conditions (van der Jagt et al., 

2019). These are influenced by factors such as city size, obduracy of the built environment, and local 

cultural contexts (van der Jagt et al., 2019). Additionally, societal processes such as urbanization, 

economic transformations, and public health issues also play a significant role in the availability and 

effectiveness of NBS. Local cultural frames shaped by historical and geographical processes, 

including consumption habits, trust in government, and aesthetic preferences, can significantly 

influence the diffusion of NBS (van der Jagt et al., 2019. 

Green roofs, parks, community gardens, and urban forests, all examples of urban NBS, can 

help Toronto reduce CO2 emissions, increase biodiversity, improve air quality, mitigate urban heat 

island effect, enhance stormwater management, and provide recreational spaces. Transitioning to 

NBIS can help Toronto move beyond a purely technology-oriented approach to sustainability. NBS 

are cost-efficient substitutes for technology-based infrastructure with a smaller ecological impact. 

The city can leverage dimensions such as agency, legislation and policies, governance structures, and 

resources to bolster its climate action. For instance, Toronto could cultivate change agents to 

promote NBS, implement supportive public policies, and build multi-actor governance structures. 
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Toronto can facilitate learning through various outreach programs, community initiatives, and 

partnerships with academic institutions. Public involvement can lead to increased support for, and 

implementation of, NBS. Toronto can optimize its climate action by considering its unique built 

environment, local ecological conditions, and cultural context. As a multicultural city, Toronto has 

the advantage of diverse perspectives and practices that can be harnessed to foster unique NBS. The 

Drawdown framework includes several solutions within the sectors of ‘food, land, and agriculture’, 

‘land sinks’ and ‘coastal and ocean sinks’ that align with the concept of NBS and NBIS. For example, 

plant-rich diets, reduced food waste, forest protection and Indigenous People’s forest tenure are all 

nature-based solutions that can be integrated into Toronto's climate action plan. The transition to 

NBIS and the adoption of NBS can provide a comprehensive and integrative approach to Toronto's 

climate action plans. However, the city will need to engage with diverse stakeholders, develop 

supportive policies and governance structures, and consider local conditions for this transition to be 

effective. The use of NBS and NBIS also aligns well with the Project Drawdown solutions, creating 

synergies between different climate action strategies. 
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Scaling Sustainability Initiatives and Amplification Processes 

In “Scaling the impact of sustainability initiatives: a typology of amplification processes” Lam et 

al.  review the research literature on amplification frameworks that can help escalate the effects of 

sustainability measures that support urban and rural transformations. Sustainability transformations 

denote profound shifts in society towards a more sustainable future (Lam et al., 2020).  

Sustainability efforts are localized solutions to address environmental and climate challenges, and 

when their effects are magnified over time, they can lead to significant transformative changes. (Lam 

et al., 2020). Based on their research of six frameworks in the areas of resilience, social innovation 

and sustainability transitions, Lam et al. propose a typology of eight amplification processes to boost 

the impact of sustainability strategies (2020). The amplification processes are: “stabilizing, speeding 

up, growing, replicating, transferring, spreading, scaling up, and scaling deep” (Lam et al., 2020, p. 1). 

These eight amplification processes are grouped into three categories based on how they influence 

an initiative:  

1. Amplifying within, increasing impact of one initiative (stabilizing, speeding up) 

2. Amplifying out, increasing number and range of initiatives (growing, replicating, transferring, 

spreading) 

3. Amplifying beyond, changing how initiatives create impact (scaling up, scaling deep) 

A definition of each of the eight amplification processes is listed below: 

1. “Stabilizing” - strengthening initiatives to prolong impact (Lam et al., 2020, p. 11) 

2. “Speeding up” - increasing pace of impact (Lam et al., 2020, p. 12) 

3. “Growing” - expanding impact range in similar context (Lam et al., 2020, p. 14) 

4. “Replicating” - copying initiative to dissimilar context (Lam et al., 2020, p. 15) 

5. “Transferring” - implementing similar initiative in different but similar context (Lam et al., 

2020, p. 15) 

6. “Spreading” - disseminating principles to inspire initiatives in dissimilar contexts (Lam et al., 

2020, p. 15) 

7. “Scaling up” - institutionalizing impact into laws, policies (Lam et al., 2020, p. 15) 

8. “Scaling deep” - changing values and mindsets (Lam et al., 2020, p. 16) 

The eight amplification processes proposed by Lam et al. can help strengthen the impact of 

sustainability initiatives by facilitating cross-research area dialogue, supporting greater coordination 

and cooperation on sustainability measures, and bringing greater clarity on how to enhance the 

effectiveness of sustainability solutions.   

This paper and its typology of amplification processes could help Toronto towards achieving 

its climate action goals and improve its sustainability strategies in a few ways.  The typology of 
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amplification processes can help Toronto better understand how to increase the impact of local 

sustainability initiatives and solutions. Based on the typology, Toronto could determine the most 

relevant amplification processes for scaling up high-potential initiatives. This might involve 

replicating an initiative across the city (replicating), partnering with organizations to spread 

principles (spreading), or advocating for supportive policies (scaling up). This is key for enabling 

grassroots innovations to grow and accelerate progress on climate goals. Lam et al. notes that 

combining and sequencing different amplification processes is likely needed to achieve large systems 

change. Toronto could develop strategies for scaling initiatives that use complementary sequences 

and combinations of different processes.  

The amplifying beyond category highlights the need to evaluate how initiatives influence 

cultures, behaviours and systems. Scaling deep which changes mindsets and values underpins 

transformations.  Toronto could assess and redesign initiatives to better align with sustainability 

values and transform thinking, by engaging residents through these initiatives that activate the 

necessary sustainability values and behaviours. Enabling factors like building networks and seeking 

resources are critical for amplification. The typology provides a common language around 

amplification that could help Toronto engage citizens, organizations, and different government 

sectors to coordinate on scaling sustainability solutions. The city can invest in education, outreach, 

and community engagement to foster a culture of sustainability. The emphasis on scaling up by 

integrating initiatives into laws and policies can guide Toronto in creating a regulatory environment 

that supports and enforces sustainability. Toronto can identify policy changes needed to scale 

promising initiatives. The paper's insights can serve as a roadmap for new sustainability initiatives, 

ensuring they're designed with amplification in mind from the outset. With a clear understanding of 

amplification processes, Toronto can set up robust mechanisms to track the progress of its 

initiatives, ensuring they're on the right path to amplification and impact.  Incorporating these 

insights into Toronto's climate action strategy can help the city take a structured, informed, and 

holistic approach to achieving its sustainability targets. Overall, strategically applying this research 

on amplification processes can help Toronto scale sustainability solutions, accelerate climate action, 

and engage citizens - key ingredients for sustainability transitions and transformation. 
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Social Innovation 

In “Social Innovation for Sustainability Challenges” Repo and Matschoss explore the concept 

of social innovation in the context of climate action and how it differs from other five other types of 

innovation: product, service, governmental, organizational, and system (2019). Moreover they also 

examine five success factors (economic, environmental, political, social, and technological) across 

these types of innovation (Repo and Matschoss, 2019). The author recognize that technological 

innovations alone are inadequate to tackle complex societal issues such as climate change (Repo and 

Matschoss, 2019).  This aligns with the Drawdown framework, which also emphasizes the need for a 

multi-faceted approach to climate change, including changes in societal behaviour and norms. 

Similarly Scoones et al. suggest that directing attention towards social innovation shifts the focus 

away from relying on technological solutions or policy interventions, and instead promotes the 

exploration of entirely novel opportunities (2020, p. 71). While social innovations have been pursued 

to help achieve the transformations towards more sustainable societies and cities, there remains 

some ambiguity regarding the precise definition and distinctiveness of social innovation as a concept 

(Repo and Matschoss, 2019). The effects that social innovations aim to achieve are relevant to “ the 

social economy, bridging societal divides and strengthening new social practices” (Repo and 

Matschoss, 2019, p. 1) In contrast to other forms of innovation, social innovation is related to “social 

values, processes, and impacts” (Repo and Matschoss, 2019, p. 2). While other forms of innovation 

may also target structural changes and transformation, only social innovation focuses directly on 

social issues. According to Repo and Matschoss, in the context of climate action, examples of social 

innovation relate more to supporting sustainable lifestyles, with less concern for direct emissions 

reductions (2019).  

 The authors acknowledge that the theoretical understanding of social innovation is still 

developing and, due to its wide and elusive nature, it is seen as a boundary concept which allows for 

flexible interpretations (Repo and Matschoss, 2019). Social innovation is frequently characterised by 

its potential for implementation and its objective to positively enhance both the quality and quantity 

of life (Repo and Matschoss, 2019). Social innovation plays a role in driving changes in social 

institutions at individual and collective levels, potentially leading to systemic transformations (Repo 

and Matschoss, 2019). This type of innovation frequently entails self-organization, which is fuelled 

by internal market forces and shared issues, and supports “new social practices, institution and 

systems” with the ideal objective of social transformation (Repo and Matschoss, 2019, p. 3). The self- 

organisation inherent to social innovation tends to be a bottom-up methodology (Repo and 

Matschoss, 2019). Examples of social innovation include community focused planning, 

microfinancing, supported employment, socially conscious investing and more (Repo and Matschoss, 
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2019). The involvement of institutions and social systems plays a crucial role in the mechanisms of 

social innovation  (Repo and Matschoss, 2019). The role of government as an enabler is particularly 

relevant as there exists a knowledge gap between social innovation goals and the methods for 

accomplishing them (Repo and Matschoss, 2019). This article adds to the empirical understanding of 

social innovation by reviewing numerous case studies (202) from an international, sustainable 

innovation database to analyse how different types of innovation correspond to various success 

factors. 

 Building upon the OECD definition of innovation, Repo and Matschoss describe innovation 

as: “the implementation of a new or significantly improved product (good or service), or process, a 

new marketing method, or a new organizational method in business practices, workplace 

organization or external relations” (2019, p. 4). They differentiate social innovation in in that they 

are “novel solutions that meet social needs more effectively than existing solutions” (Repo and 

Matschoss, 2019, p. 4). According to Repo and Matschoss, social and organizational innovations 

primarily concentrate on promoting sustainable lifestyles (2019). Meanwhile, while governance 

innovations specifically tackle strategic intelligence and citizen involvement (Repo and Matschoss, 

2019). System innovations, on the other hand, are aimed at eco-innovation and transitions towards 

a green economy (Repo and Matschoss, 2019). To delve deeper into how social innovations 

distinguish themselves from other types of innovations, Repo and Matschoss investigated their 

fundamental elements, namely, the factors that contribute to their success (2019). They defined 

success factors as elements that are crucial for the inception, implementation, or success of 

innovation cases (Repo and Matschoss, 2019). 

Economic success factors in innovation are associated with efficient monetary usage, cost 

reduction, profit generation, the development of new business models, enhanced competitiveness, 

and the procurement of funding through subsidies, grants, or investments (Repo and Matschoss, 

2019). Environmental success factors pertain to the reduction of waste and emissions, decreased 

usage of resources, and the curtailment of harmful activities such as transportation (Repo and 

Matschoss, 2019). Political success factors involve the participation of authorities, especially at the 

local level, the presence of local political will and support, and the assurance of access to or 

availability of essential resources (Repo and Matschoss, 2019). Social success factors include the 

empowerment of citizens and residents, the promotion of social inclusion (such as providing 

employment or housing for disadvantaged individuals), and considerations for families, young 

people, and children (Repo and Matschoss, 2019).  These factors are typically connected with social 

interaction, community engagement, and societal acceptance (Repo and Matschoss, 2019). 

Technological success factors relate to introducing new technical solutions and processes, especially 
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those focusing on low-energy and environmentally friendly technologies (Repo and Matschoss, 

2019). They address usability issues, the establishment of a robust technological foundation for 

innovation, and the sharing of knowledge through technological platforms (Repo and Matschoss, 

2019). 

 Repo and Matschoss's analysis reveals significant differences in the distribution of success 

factors across different types of innovations. In their social innovation cases, social success factors 

were more prevalent, while political and technological factors were underrepresented (Repo and 

Matschoss, 2019. Product innovations demonstrated a significant lack of social success factors and a 

notable abundance of technological success factors (Repo and Matschoss, 2019). Unsurprisingly, in 

governance innovations, political success factors were more prevalent. Overall, social success factors 

play a much more significant role in social innovation compared to other types of innovation that 

were examined (Repo and Matschoss, 2019). The findings of this study does not dispute the idea 

that social innovations could share common elements with systemic innovations, as both innovation 

types aim for systemic change (Repo and Matschoss, 2019). This follows as many social innovation 

cases primarily address sustainability challenges that necessitate comprehensive systemic 

transformations in society (Repo and Matschoss, 2019). According to the authors, research suggests 

that public engagement can lead to innovative and potentially disruptive ideas, implying that similar 

approaches could be used to foster both disruptive and social innovations (Repo and Matschoss, 

2019). Moreover, the abundance of social innovation cases dedicated to sustainable innovation, 

including climate actions, implies that social innovation contributes to sustainability and aids in 

addressing climate change (Repo and Matschoss, 2019). The study's findings suggest that social 

innovation is more associated with social impacts than business activities, opening the possibility for 

the use of alternative or non-profit marketing models based on social capital (Repo and Matschoss, 

2019). 

This article underscores the importance of social innovation in addressing sustainability 

challenges, including climate change. Toronto could use this insight to prioritize social innovation in 

its climate action strategy, focusing on initiatives that address social needs and involve community 

participation. Repo and Matschoss’ research discusses the role of social success factors in social 

innovation, such as the empowerment of citizens and residents, social inclusion, and community 

engagement. These factors align with several solutions in the Drawdown framework, such as plant-

rich diets and building walkable cities, which all involve social change and community engagement. 

Toronto could also promote sustainable lifestyles and habits, such as using public transportation, as 

a way to achieve its climate action targets. Similarly, Toronto could develop more comprehensive 

climate action strategies by involving its citizens in the process, encouraging them to come up with 
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novel and potentially disruptive ideas. Toronto's government could also play a crucial role in 

supporting social innovation initiatives, for instance, by providing funding or creating favourable 

policies. The use of alternative or non-profit marketing models based on social capital could be an 

additional strategy for Toronto to promote its climate action initiatives. As social innovation often 

involves collaboration, the city could foster partnerships between different stakeholders, such as 

government agencies, businesses, non-profit organisations, and citizens, to help reach net-zero 

emissions. Understanding the various factors success factors for different types of innovations could 

assist Toronto to design and implement more effective climate action initiatives. In summary, the 

insights from Repo and Matschoss's article could help Toronto develop a more effective and 

inclusive climate action strategy that leverages the power of social innovation. 
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Sustainability through User Innovations 

Trischler et al. suggest that, in addition to producers and firms, users are a significant source 

of innovation (2020). User innovation is defined as activities that users (consumers, citizens, etc.) 

engage in voluntarily to develop “innovation solutions to address their personal needs” (Trischler et 

al., 2020, p. 552).  According to Trischler et al., counting mainly on producers to achieve 

sustainability goals such as the UN SDG Agenda is inadequate (2020).  Relegating the roles of users in 

sustainable innovation to be passive or outright ignored is concerning due to two main issues: 

1. Producer led innovations tend to be unsuccessful in changing unsustainable consumer 

behaviours as the options provided are too far removed from what consumers actually 

require making the necessary changes (Trischler et al., 2020). 

2. Often sustainable innovations contend against established systems such as non-renewable 

energy. Therefore the implementation of sustainability innovations are reliant not solely on 

user adoption, moreover users’ role in “adaptation, reconfiguration, and intermediation”  

(Trischler et al., 2020, p. 2). 

Hence Trischler et al. propose that the part users play and their offerings toward achieving 

innovations in sustainability demand greater examination (2020). In addition, they developed an 

innovation infrastructure to subdue the two aforementioned challenges of initial adoption and user 

innovation diffusion (Trischler et al., 2020). The theoretical foundation of Trischler et al.’s hypothesis 

is based on the following premises: 

“(1) innovation diffusion is a multi-level and -actor phenomenon; (2) an actor-to-actor 

orientation can help to integrate user innovators into the ecosystem; and (3) the service perspective 

defines innovation diffusion as an evolving process that relies on ecosystem actors’ resource 

integration and value co-creation activities” (2020, p. 553). 

Trischler et al. suggest that a service ecosystem perspective could offer a different approach 

to innovation that is not solely focused on producers and more inclusive of user contributions to 

innovation (2020). A series of recommendations are provided by Trischler et al. to develop more 

robust innovation infrastructures that account for user-based innovations. These propositions are 

relevant to Toronto’s emissions reductions ambitions along with potentially adopting solutions from 

the Drawdown framework.  

To start, Trischler et al. suggest that innovation policies should focus on dimensions beyond 

profit-based motivations, such as altruism, satisfaction in addressing innovation problems, 

reputational benefits, community identity, educational outcomes, lower development expenses and 

more (6). Likewise, Toronto’s emissions reductions policies, which require significant adoption of 

sustainability innovations at both the producer and user level, need to account for non-monetary 
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incentives as these drivers are critical to increased uptake and sharing of user innovations. (Trischler 

et al., 2020) 

Trischler et al.’s next suggestion is that implementing and scaling sustainable innovations 

must be less difficult for users, which can be achieved via instruments such as educational programs, 

loans, open access to data and more (2020). In the context of Toronto’s Net-Zero Strategy, there is 

insufficient attention given to how some of these tools such as education and open data can support 

greater adoption and scalability of user centric sustainability innovations and solutions. For instance, 

some of the solutions being overlooked in Toronto’s emissions reductions plans such as plant rich 

diets and refrigerant management can be addressed through educational initiatives and financial 

incentives.  

The third recommendation from Trischler et al. is that firms and communities should be 

advised on how to benefit from user innovations to better incorporate user-driven initiatives into 

innovation ecosystems (Trischler et al., 2020). Specifically, policies could facilitate greater 

collaboration between producers and users by compelling organizations to invest in initiatives that 

compliment user innovations (Trischler et al., 2020). Some avenues to achieve this and support user 

communities include living labs, more dynamic funding opportunities, investing in self-production 

and providing free and user-friendly platforms for sharing. Currently Toronto’s emissions reduction 

strategies lack mechanisms to support greater collaboration between producers and users on 

achieving sustainability innovations.  

Lastly, Trischler et al. acknowledge that innovation diffusion is “an evolving process relying 

on ecosystem actors’ resource integration and value co-creation activities” and not merely advanced 

through solely market provisions (2020, p. 558). The co-creation process is particularly applicable to 

user-based sustainability innovations as users generally do not possess the required resources to 

independently develop solutions (Trischler et al., 2020). In addition, the cocreation of user 

innovations can help build the inertia required to overcome entrenched systems and transition 

towards wider adoption and acceptance (Trischler et al., 2020).  

Toronto’s climate action plans could be criticized for lacking a systemic and multi actor 

approach as it does not account for the role of user contributions towards achieving sustainability-

based innovations. Toronto should not only focus on individual behaviour change but also address 

higher-level factors like policies, funding, infrastructure, and collaborations that enable sustainability 

innovations. The article advocates an actor-to-actor orientation that integrates users into innovation 

ecosystems as contributors rather than just adopters. Toronto could provide platforms and support 

for citizens to develop and share sustainability innovations that meet their needs. The City could also 

foster connections and collaborations between citizens, government, businesses, NGOs, and other 
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stakeholders to jointly develop sustainability solutions. Trischler et al. notes these actors (e.g. NGOs, 

civic organizations) can help scale and diffuse grassroots innovations by citizens and provide missing 

resources. Toronto could identify and empower organizations to play these bridging roles. 

Moreover, Toronto could use incentives and recognition to encourage sharing of impactful 

sustainability solutions. In summary, the research highlights the need to take a systemic approach 

that engages citizens in co-creating solutions, facilitates collaboration, and provides connectivity and 

resources to scale grassroots innovation. This could inform more inclusive, participatory, and 

potentially impactful climate action for Toronto. 
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Structural, Systemic, and Enabling Sustainability Approaches 

Similar to achieving the UN SDGs, supporting the Drawdown pillars of reducing sources of 

emissions, supporting carbon sinks and improving society will require significant societal 

transformation (Scoones et al., 2020).  In “Transformations to sustainability: combining structural, 

systemic and enabling approaches” Scoones et al. (2020) review these three different types of 

transformation conceptualisations. The authors outline a set of real-world factors to achieve these 

mutually supportive and enhancing transformation types: “diverse knowledges, plural pathways and 

the essentially political nature of transformation. (Scoones et al., 2020, p. 65) In this text, 

transformation is described as foundational changes to various facets of social, technological and 

ecological systems which can usher in new modes of interactions and results (Scoones et al., 2020, p. 

66). This includes alterations to the “structural, functional, relational and cognitive aspects” of these 

systems (Scoones et al., 2020, p. 66). Based on the transformation literature, the authors identify 

structural, systemic and enabling approaches as three unique and overlapping social process to 

advance transformative change (Scoones et al., 2020).  

Firstly, structural sustainability approaches center on transformations in the fundamental 

principles governing politics, economics, and society; these methodologies emphasize a 

comprehensive transformation of the ideological framework supporting broad social systems 

(Scoones et al., 2020, p. 66).  Early proponents of structural transformations include political 

theorists such as Marx, Lenin and Gramsci (Scoones et al., 2020). Their theories emphasize the 

significance of pivotal moments (conjunctures) in driving transformations. These shifts in the 

interaction between society and economics during these historical moments can lead to the 

emergence of calamities and conflicts or, preferably, the potential for inspiring new transformational 

ideas and movements (Scoones et al., 2020). A recent example of a pivotal moment catalysing 

societal change was the global Covid-19 pandemic of 2020 which necessitated new approaches to a 

broad array of social, government and economic operations. According to Scoones et al., emerging 

movements related to alternative economic models or race, class, or gender rights can potentially 

“come together to create a new politics for transformative structural change” (2020, p. 66). Some of 

the misgivings of structural approaches are that they often overlook environmental thresholds and 

underestimate the importance of localized activity, cultural practices, and incremental policy action. 

Relating this to Toronto's climate action goals, these structural analyses can inform the city's 

approach to achieving its environmental targets. By recognizing the significance of key moments and 

transformations, Toronto can identify crucial opportunities to enact radical shifts in power, control, 

and societal values to address climate change. The city can work towards creating a new politics that 

embraces sustainable practices, alternative economic models, and social justice considerations. 
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However, it is important to acknowledge the limitations of generic and sweeping studies that 

overlook localized activities, cultural practices, and incremental policy actions. Toronto should 

ensure a balanced approach that combines structural dynamics with practical, localized efforts and 

future-oriented strategies to effectively tackle climate change. 

Secondly, systemic approaches, based on systems thinking, involve identifying specific 

systems characteristics (elements, drivers, etc.) that can be targeted for deliberate change, usually 

through policy interventions (Scoones et al., 2020). However, systemic approaches acknowledge the 

substantial unpredictability, and complexity intrinsic to systemic interactions. Systemic sustainability 

approaches can be further differentiated into social-ecological systems and socio-technical systems.  

Social-ecological systems focuses on the interaction of “innovation, learning, and adaptability”, in 

order to enhance system properties such as resilience, while considering power dynamics, 

institutions, and local contexts (Scoones et al., 2020, p. 67). Whereas socio-technical systems 

approaches examine system components such as technology, infrastructure, regulations, policies 

and more, thereby emphasising controlled transitions and the role of niche innovations in driving 

broader socio-technical transformations (Scoones et al., 2020). Both approaches highlight the 

importance of understanding system dynamics and recognize the need for knowledge on social, 

ecological, institutional, and technological elements. However, they often overlook individual 

agency, the complexities of politics and power dynamics, and the varying contexts and capacities 

across different regions. 

By adopting systemic sustainability approaches, Toronto can identify specific features of its 

social-ecological systems and socio-technical systems that require focused changes. By 

understanding the dynamics of social-ecological systems, strategic policy interventions can be 

designed to improve the city's ability to bounce back and adapt following various disturbances. 

Similarly,  Toronto can explore controlled transitions and interlinked processes at different levels to 

drive socio-technical transformations. Examples include transforming transport systems, promoting 

renewable energy innovations, and implementing sustainable food and consumption practices. By 

adopting a holistic perspective, Toronto can navigate system thresholds and effectively address the 

complexity of human-environment dynamics. Ultimately, these systemic approaches offer a 

framework for informed decision-making and policy change that can help Toronto achieve its climate 

action goals by fostering resilience, driving transformative change, and promoting sustainability 

across various sectors. 

Thirdly, enabling approaches combine elements of structural and systemic approaches to 

emphasize the role of human agency and acknowledge the inherent uncertainties when determining 

goals and directions for transformative change (Scoones et al., 2020, p. 67). Compared to structural 
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and systemic sustainability methodologies, enabling approaches are less concerned with system 

configurations and managing system dynamics (Scoones et al., 2020). The central aim of enabling 

approaches is to create social capacities which “empower individuals and communities to take 

action on their own behalf” (Scoones et al., 2020, p. 67). Enabling approaches take an optimistic and 

activist stance, emphasizing values, relations, and processes rather than predetermined outcomes 

(Scoones et al., 2020). These approaches recognize the exercise of power, both through structural 

forces and collective action, and prioritize political mobilization, cultural change, and citizen 

participation. However, criticisms include the potential bias toward local perspectives and the need 

to address structural changes for marginalized communities (Scoones et al., 2020). 

In the context of Toronto, enabling approaches can help by empowering individuals and 

communities to actively participate in sustainability efforts. By fostering agency, mobilizing collective 

action, and addressing power dynamics, enabling approaches can facilitate transformative change in 

the city's social, political, and cultural spheres. This inclusive and participatory approach can lead to 

more effective and equitable outcomes in achieving Toronto's climate objectives. 

All three approaches provide complementary perspectives for understanding and achieving 

transformative change. These approaches can contribute to Toronto's climate action goals by 

providing different lenses and strategies.  Instrumental systemic changes can enable social 

movements and alliances while also creating a foundation for broader structural reconfigurations 

(Scoones et al., 2020). By considering a combination of these approaches, Toronto can leverage 

different strategies to drive transformative change, addressing sustainability challenges in diverse 

ways and lay the groundwork for a reconfiguration of broader structures (Scoones et al., 2020). 

Scoones et al. provide three principles to help facilitate transformative change practically 

and ethically while also utilizing the complementary aspects of the three sustainability approaches. 

“Taking diverse knowledges seriously” emphasizes the need for incorporating various perspectives, 

not just from different sectors of society but also different types of knowledge (Scoones et al., 2020, 

p. 70). Toronto can apply this approach by considering multiple perspectives in its planning 

processes, from academic and expert opinions to the lived experiences and insights of residents. This 

could involve close collaboration with universities, research institutes, businesses, local 

communities, and Indigenous groups. All these diverse voices could help create a more holistic and 

effective climate action plan. 

“Take plural pathways seriously” recognizes that there are multiple ways to achieve 

sustainability, thereby creating more flexible, adaptable, and inclusive strategies (Scoones et al., 

2020, p. 70). This approach can account for Toronto's diverse population and varied cityscape, 

creating different solutions for different communities and environments.   
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“Taking politics seriously” emphasizes the need for negotiations, engaging diverse 

perspectives, and confronting disparate views and interests (Scoones et al., 2020, p. 70). It also 

emphasizes that changing the status quo involves understanding the existing political institutions, 

economic systems, and technical infrastructures. Policy change can drive infrastructural 

improvements, economic incentives for green behaviour, and set the right framework for achieving 

climate goals.  By following these three principles, Toronto can make substantial progress in 

achieving its climate action goals, which will not only contribute to the sustainability of the city but 

also to the broader UN SDGs.  
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Holistic Diagnosis 

According to Fagerberg, a holistic view of innovation, considering both supply and demand 

factors, is crucial for the success of innovation policy (Fagerberg, 2018, p. 1569). In “A Systemic 

Design Method to Approach Future Complex Scenarios and Research Towards Sustainability: A 

Holistic Diagnosis Tool” Battistoni et al. presents systemic design (SD) as a future-focused model for 

sustainable design and introduces the Holistic Diagnosis (HD)  framework - a key tool in the SD 

methodology to analyse the current state of a system, including inputs and outputs. Systemic design 

provides a holistic approach to address complex societal challenges and design sustainable solutions, 

integrating systems thinking into design (Battistoni et al., 2019). One of systemic design’s aims is to 

instigate a paradigm shift by enhancing resource management and production processes, and 

fostering improved relationships, leading to overall well-being in individuals (Battistoni et al., 2019, 

p. 2). Holistic diagnosis proves effective in addressing complex design challenges across various 

fields, promoting a comprehensive and collaborative approach to sustainable solutions (Battistoni et 

al., 2019). This tool has two main phases, energy and matter analysis of a system, and context 

analysis of the surrounding environment, utilising desk research, field research, and research 

synthesis (Battistoni et al., 2019). Holistic diagnosis involves assessing, researching, collecting data, 

visualising, interpreting and reflecting on the system holistically (Battistoni et al., 2019) Expanded 

further, the steps of the holistic diagnosis framework are: assess data categories based on project 

scope, research using desk and field methods, collect data into a unified database, visualise data 

through infographics, interpret complexity by identifying connections (revealed in visualizations) , 

and reflect on potential strategies/solutions (Battistoni et al., 2019). In turn, holistic diagnosis 

provides a structured approach to gather and visualise information on complex systems, enabling 

collaborative interpretation and decision-making towards sustainability. As a supporting tool, holistic 

diagnosis can  enhance the innovation and efficiency of the public sector, aiding institutions and 

leaders in addressing public issues with a novel approach in policy-making (Battistoni et al., 2019, p. 

15). According to Battistoni et al., designers play a key role in synthesising and communicating the 

insights of a holistic diagnosis (2019). That being said, holistic diagnosis transcends design by 

facilitating transdisciplinary dialogue and systemic solutions through its participatory, holistic 

analysis of interconnected elements within a system (Battistoni et al., 2019). The benefits of holistic 

diagnosis include holistically diagnosing problems, revealing hidden relationships and potentialities, 

promoting collaboration between stakeholders, and providing insight for sustainability solutions 

(Battistoni et al., 2019). Overall, holistic diagnosis is a structured, collaborative process for gaining a 

holistic understanding of a complex system to address sustainability challenges. 
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 There are several ways the holistic diagnosis framework helps inform and support climate 

action goals and strategies for the city of Toronto. Performing holistic diagnosis of Toronto's 

emissions and climate impacts could reveal opportunities and connections that are not apparent 

when looking at sources individually. This could identify new leverage points. Analysing the broader 

context and relationships between different city systems (energy, transportation, buildings, industry, 

waste, etc) could lead to more integrated and effective climate solutions. Engaging diverse 

stakeholders from different city sectors in the holistic diagnosis process could build broader buy-in 

and spark innovative ideas and partnerships for climate action. Visualising the systemic relationships 

and flows could help communicate the need for climate action in a more impactful way to 

policymakers and the public. Applying the framework could introduce more structure and rigour into 

assessing and prioritising climate actions for the city. The focus on hidden potentialities and assets 

could uncover underutilised opportunities for climate solutions drawing on Toronto's existing 

strengths. Positioning designers as connectors between stakeholders could help bridge 

communication gaps and find creative ways to engage the public on climate action. The holistic lens 

could help ensure Toronto's climate plans consider social, economic, and environmental factors in a 

balanced way.  Applying the holistic lens and systems thinking perspective when developing climate 

action plans enables accounting for indirect effects, unintended consequences, and connections 

between issues. In summary, introducing a holistic diagnosis approach could ultimately help Toronto 

develop more comprehensive, integrated, and effective climate action strategies. The collaborative 

process could also galvanise broader public support and engagement. 
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New Economic Principles 

In “Ten principles for a new economics in a time of global crises” Kenter et al. suggest that 

addressing global issues such as climate change will require the transformation of economic systems 

through the utilisation of new economic principles. Informed from a foundation of 37 new 

economics approaches, Kenter et al. synthesise a set “ecological, social, political economy and 

holistic principles” that aim to achieve greater well being for the Earth and humanity (2023, p. 2). 

According to Kenter et al., crisis such as the 2020 Covid-19 pandemic can create openings for 

transforming economic perspectives and policies. Some of these opportunities for change are 

reassessments of values, confirming the possibility of swift and extensive mobilisation, and greater 

awareness of the critical role of community and socio-economics (Kenter et al., 2023, p. 2). The ten 

emerging new economic principles outlined by Kenter et al. are:  

“1) Social-ecological embeddedness and holistic wellbeing, 2) Interdisciplinarity and 

complexity thinking, 3) Limits to growth, 4) Limited substitutability of natural capital, 5) 

Regenerative design, 6) Holistic perspectives of people and values, 7) Equity, equality, and 

justice, 8) Relationality and social enfranchisement, 9) Participation, deliberation, and 

cooperation, 10) Post-capitalism and decolonisation” 

Each of these principles can help inform Toronto’s climate action strategy to be more 

comprehensive and holistic by accounting for social, ecological,  and economic wellbeing while also 

helping to overcome barriers such as entrenched interests and ideologies.  

 

1. Climate actions in Toronto must account for the interconnectedness of human, ecological, 

and economic systems. By focusing on creating green spaces, improving air and water 

quality, and reducing noise pollution, Toronto can create an environment where both nature 

and citizens can thrive. This approach fosters a sense of collective wellbeing, where people 

are more connected to their community and the environment. 

 

2. Addressing climate change in a city as diverse as Toronto requires a multifaceted approach. 

Bringing together experts from fields such as urban planning, environmental science, social 

work, and public health can help create comprehensive strategies that address climate 

change's complex impacts. Collaboration between these disciplines will facilitate innovative 

solutions and more effectively address interconnected challenges. 

 

3. Recognizing the finite nature of resources is crucial. Toronto should prioritize sustainable 

urban planning that limits urban sprawl and focuses on efficient land use. This could involve 
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developing vertical gardens, creating multi-purpose public spaces, and implementing policies 

that discourage wasteful consumption. Moreover, Toronto can promote sustainable 

business practices and encourage citizens to reduce their ecological footprint. 

 

4. While technology can provide some alternatives, natural resources are irreplaceable. 

Toronto should focus on preserving existing natural habitats, enhancing urban biodiversity, 

and reducing pollution. Initiatives could include creating wildlife corridors, restoring local 

water bodies, and establishing more stringent pollution control measures. 

 

5. Toronto should strive for a circular economy where waste is minimized, and resources are 

reused. Implementing regenerative design principles can transform waste into resources. 

For example, Toronto can encourage composting organic waste, reusing rainwater for 

irrigation, and promoting community gardens that utilize these resources. Moreover, 

constructing energy-efficient buildings that use solar panels or green roofs can help 

regenerate the urban environment. 

 

6. Toronto's diverse population requires tailored approaches to climate action. Incorporating 

the unique needs and values of different communities, such as indigenous peoples, 

immigrants, and low-income residents, ensures a more inclusive and effective climate 

strategy. Engaging with these communities and including their perspectives in policy-making 

can enhance the overall sense of wellbeing and community cohesion. 

 

7. Climate impacts disproportionately affect vulnerable populations. Toronto should prioritize 

measures that protect these communities, such as improving public transit access, 

enhancing flood resilience in vulnerable areas, and providing support for energy-efficient 

home improvements. By ensuring that climate actions benefit everyone, Toronto can create 

a more just and equitable city 

 

8. Strong community ties are essential for collective climate action. Toronto can foster these 

connections by creating shared green spaces, promoting community-led environmental 

initiatives, and encouraging local businesses to support sustainable practices. By embracing 

a relational approach, Toronto can build a sense of community ownership and shared 

responsibility for the environment. 
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9. Engaging citizens in climate action is crucial. Toronto can host town hall meetings, provide 

platforms for public feedback, and support community-led initiatives. By encouraging active 

participation, Toronto can create a sense of collective ownership and responsibility for 

climate actions, enhancing their effectiveness and longevity. 

 

10. Traditional capitalist models often prioritize short-term profits over long-term sustainability. 

Toronto can challenge this by supporting businesses that prioritize environmental and social 

responsibility. Additionally, incorporating indigenous knowledge and perspectives can 

provide valuable insights into sustainable living and land stewardship. By embracing post-

capitalist and decolonized approaches, Toronto can create a more sustainable and inclusive 

economy. 

 

Toronto could take a transformative approach to decarbonization that fundamentally reorients 

economic priorities beyond growth.  Pursuing a just transition and green jobs could be priorities. 

Toronto could also empower communities in climate solutions and explore post-capitalist models 

like cooperatives. The pandemic analysis by Kenter et al. shows rapid mobilisation on climate is 

possible if political will exists. The city could emulate rapid pandemic responses in areas like active 

transport, remote work, and supporting community responses. Toronto's climate policy may need 

creative approaches to prevail over vested interests, communicate coherent narratives, and build 

coalitions. Partnerships with civil society could help. In summary, Toronto's climate action strategy 

should be grounded in a holistic and interdisciplinary approach that prioritises social and ecological 

wellbeing, recognizes the limits of growth, and emphasises regenerative design, social inclusion, and 

cooperation. The city’s strategy should reflect diverse values and perspectives, focusing on equity, 

equality, and justice. By adopting post-capitalist and decolonized approaches, Toronto can create a 

more sustainable, resilient, and equitable future for its residents. 

 

 

 

 

 

 

 

 

 



74 
 

Findings 

Literature review: common themes and insights  

The need for transformative systemic change 

Multiple sources stress that incremental optimizations and shallow transitions are not 

sufficient to tackle complex challenges like climate change. What is needed are deep structural 

transformations across interconnected systems, not just technological but also economic, political, 

social and cultural. As Chaminade explains, this involves changing the very architecture and 

dynamics of systems. Scoones et al. describe system transformation as a shift to a fundamentally 

distinct state compared to superficial transitions that leave core structures intact. Sources 

emphasize this cannot be achieved through singular policies or innovations in isolation, but rather 

through changes to multiple systems and their complex interactions. 

 

Adopting holistic, interdisciplinary approaches 

A holistic perspective recognizes the interconnectedness between issues, systems and 

disciplines. For instance, Battistoni et al. demonstrate how holistic diagnosis reveals hidden 

relationships, interdependencies and potentialities within a complex system. Fagerberg advocates 

for holistic innovation policy that looks at both supply and demand factors, not just R&D 

investments. Holism often entails combining insights from multiple disciplines to gain a 

comprehensive understanding of challenges. Kenter et al. propose new economic principles 

integrating ecological, social and political perspectives rather than siloed thinking. Interdisciplinarity 

leverages diverse bodies of knowledge to tackle multidimensional problems. 

 

Central role of social & systemic innovation 

Technological innovation alone cannot spur sustainability transitions. Social innovations that 

transform norms, behaviours and social practices are critical complements, as Repo and Matschoss 

describe. This aligns with Trischler et al.’s emphasis on user innovations emerging from grassroots 

communities. Gente and Pattanaro explain how systemic eco-innovations involve changes across 

governance, planning, business models and social dimensions. Rather than top-down delivery of 

technology, decentralized experimentation and learning are key, as evidenced by the importance 

Fuenfschilling et al. place on local transition experiments. 

 

Participation, inclusion & empowerment 
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Many sources critique lack of public involvement in policymaking and stress principles like 

cooperation, deliberation and empowerment. Kenter et al. propose making participation a core 

economic principle to create buy-in and democratic legitimacy for sustainability policies. 

Fuenfschilling et al. argue cities should shift from technocratic governance towards approaches that 

engage marginalized communities as changemakers. Enabling approaches described by Scoones et 

al. focus on amplifying community agency. Inclusion of diverse perspectives and localized 

participation can enhance collective action, social legitimacy and justice. 

 

Critiques of growth-focused economics 

Several sources contend that capitalism and economic paradigms focused on unlimited 

growth are incompatible with sustainability. Kenter et al. advocate for post-capitalist approaches 

oriented around wellbeing, justice and regenerative principles rather than profits. Upward and Jones 

propose that firms adopt strongly sustainable business models that account for ecological and social 

costs, not just financial returns. There are calls for new metrics like tri-profit accounting. 

Fundamentally, sources argue narrow economic reductionism must be replaced with a more holistic 

worldview. 

 

Importance of pluralism 

Many sources warn against narrow thinking and highlight principles like valuing diverse 

knowledges (Scoones et al.) and recognizing multiple pathways for change (Kenter et al.). Pluralism 

means accepting multiple legitimate perspectives, forms of knowledge and solution avenues exist. 

For instance, Repo and Matschoss found that different innovation types have distinct success 

factors. Openness to pluralism can counter siloed mindsets and avoid standardized “one-size-fits-all” 

solutions. 

 

Strategies for scaling sustainability initiatives 

Amplification processes described by Lam et al., like cascading through collaboration 

networks or policy integration, can help scale grassroots sustainability initiatives. Trischler et al. 

discuss how innovation systems can be designed to better support user-driven innovations. Scaling 

strategies are crucial for expanding and accelerating the adoption of promising local sustainability 

experiments, as discussed by Fuenfschilling et al. This amplification process is key to maximizing 

impact. 

 

Significance of local experimentation and leadership 
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Cities have unique potential as spaces to pilot sustainability innovations through 

experimentation, as Fuenfschilling et al. explain. However, they must move towards active 

leadership roles to drive adoption and systemic impacts, rather than passive or reactive stances. 

Kenter et al. point to missed opportunities for rapid mobilization on sustainability during crises. 

Municipal coordination and policy integration can spur wider transformation, as highlighted by Kern 

et al.  

In summary, the literature coalesces around the need for deep transformation based on 

tenets of holism, participation, experimentation and new economic thinking. This suggests potential 

strategies and directions for cities like Toronto to pursue ambitious sustainability transitions. 
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Innovation and Drawdown Solution Proposals 

This research project evaluated over 90 different Drawdown climate action solutions within the 

context of Toronto’s sustainability and net-zero ambitions. While many of the applicable solutions 

are actively part of the Toronto Net-Zero Strategy, there remain a few key solutions that are being 

overlooked yet show significant potential to reduce emissions. Toronto could incorporate multiple 

systemic innovations and climate solutions to transition to a more sustainable socio-technical 

configuration. 

Drawdown Solutions for Further Inquiry 

High Speed Rail 

Toronto and the country as a whole still lacks high speed rail (HSR) networks.  According to 

Drawdown, HSR reduces emissions by 90% compared to driving or flying (Hawken, 2017). High-speed 

rail can provide a fast, efficient alternative to driving or flying for many trips. By attracting 

commuters who would otherwise drive or fly, it could reduce the volume of traffic on the highways 

and at airports, leading to decreased emissions from those sources. If Toronto were to implement a 

high speed rail network connected to cities such as Montreal and Ottawa it could significantly reduce 

both transportation emissions and travel times. HSR is powered by electricity and the emissions 

associated with power generation would continue to decrease as Ontario’s and Quebec’s power 

grids utilize greater levels of renewable energy. Moreover, trains, especially electric ones, are more 

energy-efficient than cars or airplanes, consuming less energy per passenger-kilometer. While there 

were plans to develop HSR in Ontario from Toronto to London in 2017 with potential for completion 

by 2025, the 2019 provincial budget ceased all funding for HSR (Jeffords, 2019).  

In addition to emissions reductions, HSR provides a number of benefits supporting 

flourishing. Rail transport requires less land than highways or airports, which is particularly relevant 

in densely populated areas like Toronto. This can help to preserve green spaces and biodiversity, 

which are also crucial for maintaining a stable climate. The construction, operation, and 

maintenance of HSR lines can create jobs and stimulate economic growth, all within a clean, low-

carbon sector of the economy. This can help Toronto to transition towards a more sustainable 

economic model. The convenience, speed, and comfort of high-speed rail can encourage more 

people to choose rail travel over less sustainable options, fostering a societal shift towards lower-

carbon lifestyles. Therefore, HSR can result in a significant modal shift from private cars and short-

haul flights towards a more energy-efficient and less polluting mode of transport. 
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Implementing a high-speed rail system in Toronto or requires careful planning, a significant 

amount of resources, and multi-stakeholder engagement. However, it's also worth noting that there 

are potential challenges associated with high-speed rail, including high upfront construction costs, 

the need for ongoing subsidies, and potential environmental impacts of construction. Any plan for 

high-speed rail would need to carefully consider and address these issues. 

Methane Leak Management 

Managing methane leaks is crucial to both the local environment in Toronto and global 

efforts to combat climate change. Methane is a potent greenhouse gas, with a warming potential 

more than 25 times greater than that of carbon dioxide over a 100-year period. So, even small leaks 

can have a significant impact on the global climate. By finding and fixing methane leaks, Toronto can 

significantly reduce its overall greenhouse gas emissions.  While Toronto is a large urban area, it's 

not a major producer of natural gas, but it does consume significant amounts, primarily for heating 

purposes. Thus, a methane leak management strategy for Toronto would likely involve working with 

utility providers to ensure the safe and efficient delivery of natural gas. 

Besides environmental benefits, reducing methane and associated pollutants could have 

public health benefits. Methane leaks often contain other harmful pollutants such as volatile organic 

compounds (VOCs) and hazardous air pollutants. These substances can deteriorate air quality and 

cause health problems for Toronto's residents such as causing or worsening respiratory conditions 

like asthma. By reducing their emissions, Toronto can improve the local air quality and overall health 

of its residents, along with reducing health care costs. By managing leaks and reducing waste, 

businesses in Toronto can improve their operational efficiency and save money. The city itself can 

also benefit economically from this increased efficiency. 

To effectively manage methane leaks, Toronto can employ strategies like better monitoring 

and detection of leaks, improved maintenance of gas infrastructure, and transitioning to renewable 

energy sources that don't produce methane. Technologies like satellite and drone surveillance, 

machine learning algorithms to detect leaks, and advanced materials to prevent leaks can all 

contribute to these efforts. 

Offshore Wind Turbines 

Wind turbines generate electricity without emitting any carbon dioxide or other greenhouse 

gases. The electricity produced by wind power can replace electricity that would otherwise have to 

be produced by burning fossil fuels, which would release CO2. In Toronto, which has a considerable 

demand for electricity, the offset of fossil fuel-generated electricity could lead to substantial 

reductions in greenhouse gas emissions. Offshore wind farms do not emit air pollutants during 
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operation. This would lead to improved air quality in the area, reducing the health risks associated 

with air pollution. Offshore wind turbines typically generate more electricity than their onshore 

counterparts because wind speeds are often higher and more consistent over water. This allows for 

a reliable supply of renewable energy to Toronto, further reducing the city's dependency on fossil 

fuels. By producing its own renewable energy, Toronto could reduce its dependency on external 

energy sources. This could have economic benefits and increase the city's resilience to changes in 

energy markets. The installation, maintenance, and operation of offshore wind farms can create jobs 

and stimulate economic growth. This could provide a local economic boost for Toronto. By reducing 

the need for electricity from fossil fuel power plants, wind energy may also help reduce the heat 

generated by these plants, potentially mitigating the urban heat island effect in the city. Before 

implementing offshore wind turbines, it is essential to conduct thorough environmental impact 

assessments to ensure that the benefits of the wind turbines outweigh potential negative impacts, 

such as disruption to marine life. Proper siting and design of the wind farms can minimize these 

potential impacts. 

Plant Rich Diets 

While Toronto did sign a commitment in 2019 (C40 Good Food Cities Declaration) to support 

an increase in healthier plant-based diets, plant-rich diets are not explicitly mentioned as a solution 

in their climate plans. Toronto’s carbon footprint would be significantly reduced if more residents 

switched to a more plant-based diet. Less demand for meat and dairy would lead to less reliance on 

livestock farming, which is a significant source of methane, a potent greenhouse gas. According to 

Toronto Public Health, greater adoption of plant-rich diets could impart a number of health and 

environmental benefits (2017). Considering Torontonians do not consume sufficient fruits and 

vegetables, this would be an apt climate action and public health solution for the city (Toronto Public 

Health, 2017). Plant rich diets provides a number of health and environmental benefits including: 

lower risk of chronic diseases, better weight management, improved gut health, lower greenhouse 

gas emissions, reduced deforestation and lower land and water usage.  

Eating more plant-based foods can decrease the risk of heart disease, stroke, high blood 

pressure, type 2 diabetes, and certain types of cancer. These foods are typically lower in saturated 

fats and higher in fibre, leading to better heart health and digestion. Plant-rich diets can also help in 

maintaining a healthy weight. Fruits, vegetables, whole grains, and legumes are often lower in 

calories than meat and dairy products, while still being very filling due to their high fibre and water 

content. Their high fibre content also aids in digestion and promotes a healthy gut microbiome. This 

can help prevent digestive disorders and may even contribute to better mental health. 
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Livestock farming is responsible for a significant proportion of global greenhouse gas 

emissions, so reducing consumption of animal products can help lower these emissions. In addition, 

animal agriculture, particularly beef, is a major driver of deforestation. By shifting to plant-based 

diets, Toronto can reduce the demand for agricultural land and thus reduce deforestation. Plant-

based diets require less land and water to produce the same amount of food compared to meat and 

dairy-based diets. This is beneficial for global sustainability and can help protect the environment 

and preserve natural habitats critical for biodiversity. 

Enhancing the awareness about the influence of food habits on personal health and the 

environment could encourage a wider acceptance of eco-friendly diets in the city (Toronto Public 

Health, 2017). City-level initiatives could include education campaigns about the benefits of plant-

based diets, policies encouraging the availability of plant-based options in public institutions like 

schools and hospitals, and programs supporting local plant-based food production. By making plant-

rich diets more accessible, appealing, and affordable, Toronto could help residents reduce their 

environmental impact, improve their health and contribute to the city's climate goals. 

Refrigerant Management & Alternative Refrigerants 

Refrigerants, particularly hydrofluorocarbons (HFCs), are a significant source of greenhouse 

gas emissions. They are much more potent than CO2 in terms of their global warming potential 

(GWP). Reducing refrigerant emissions can therefore have a substantial impact on the climate. There 

are several ways in which managing refrigerants could benefit Toronto and help reduce emissions. 

Better management of refrigerants can help in reducing the overall emissions from the city. For 

example, proper disposal or recycling of refrigerants can help prevent leaks into the atmosphere. 

With the development of alternative refrigerants with lower global warming potential, there is an 

opportunity to switch over to these less harmful alternatives. This would require the retrofitting or 

replacement of existing equipment, but the long-term benefits in terms of reduced emissions can be 

significant. Often, modern refrigeration equipment that is designed to use lower-GWP refrigerants is 

also more energy-efficient. This means that in addition to the direct benefits from reduced 

refrigerant emissions, there can also be indirect benefits from reduced energy use and therefore 

reduced CO2 emissions from energy production. Providing proper training and certification for 

technicians can ensure that refrigerants are handled properly throughout their lifecycle - from 

installation to maintenance, repair, and eventual disposal or recycling.  

Quebec’s refrigerant regulations are stricter than federal mandates, limiting commercial 

refrigerant units to a maximum of 50kW and global warming potential (GWP) of 150. If the 

Government of Ontario or Toronto adopted more stringent refrigerant policies, it could help reduce 
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one of the most significant sources of greenhouse gas emissions. Toronto can introduce local 

regulations that mandate the use of low-GWP refrigerants, require the proper handling and disposal 

of refrigerants, or provide incentives for the adoption of more efficient and less damaging 

refrigeration technologies. 

Building awareness about the environmental impact of refrigerants can encourage 

individuals and businesses to take steps to reduce their own impact, whether that's by choosing 

products with low-GWP refrigerants, properly maintaining their refrigeration equipment to prevent 

leaks, or properly disposing of old equipment. By managing refrigerants effectively and adopting 

alternative refrigerants, Toronto can make a significant contribution towards achieving its climate 

emissions targets. It will require a concerted effort involving policy changes, investment in 

infrastructure, training, and public engagement, but the potential benefits in terms of reduced 

emissions and climate impact make it a worthwhile endeavour. 

Sustainable Development and Co-benefits of Solutions  

In addition to reducing emissions, these previously unexplored Drawdown solutions (high 

speed rail, methane leak management, offshore wind turbines, plant rich diets, refrigerant 

management, and alternative refrigerants) would yield additional benefits and help contribute 

towards long-term sustainable development. Some of these benefits include: improved urban 

mobility, stimulating the local economy, strengthening the knowledge economy, job creation, skilled 

workforce development, improving safety in energy industry, greater energy efficiency, reduced 

reliance on fossil fuels, increased renewable energy capacity, reduced health care costs, improved 

public health and increased local plant food production. Many of these benefits also include 

subcategories of benefits that would also contribute towards sustainable development. Therefore, 

due to the sheer number and breadth of co-benefits that can contribute towards flourishing, it is 

worthwhile to further investigate the feasibility and viability of these Drawdown solutions.  

Reexamine solutions and develop prioritization structure using the Drawdown 

Roadmap 

Sector Underinvestment & Cost Effectiveness 

There is a misalignment in how funds are currently allocated across various sectors for 

climate action. This misalignment is evident in Toronto's climate action strategy, which 

overemphasizes electricity solutions at the expense of other sectors like food/agriculture and 

industry. This misalignment could lead to inefficiencies and missed opportunities in achieving climate 
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goals. Toronto needs to get the right mix of solutions to accomplish its climate goals (Project 

Drawdown). The majority of solutions in the Drawdown framework are either cost-neutral or can 

generate revenue is a compelling argument for immediate action (Project Drawdown). This 

challenges the common misconception that climate action is prohibitively expensive. The fact that 

only a fifth of these solutions would require subsidies further strengthens the case for their 

economic viability. The Drawdown claim that every dollar spent on these solutions could generate a 

return of five dollars is a powerful incentive for both private and public sectors to invest in climate 

action. This isn't just about saving the planet; it's also a financially sound investment strategy. The 

high ROI could be a game-changer in how we perceive the economics of sustainability. 

Project Drawdown suggests that initiating action with lower-cost solutions can act as a 

catalyst for economic activity across various sectors and industries. This approach could create a 

positive feedback loop, where initial investments lead to economic benefits, which in turn make it 

easier to fund more expensive solutions. To address these issues, a more holistic approach is needed 

that aligns investments with science-based recommendations. This would involve a portfolio 

approach that distributes capital across various sectors based on their potential impact and cost-

effectiveness, rather than current trends or political considerations. By doing so, Toronto can 

optimize their climate action plans to achieve maximum impact for each dollar spent. 

Temporality 

Project Drawdown emphasizes that time is the most critical factor in addressing climate 

change. A phased approach involving "waves of climate action," starting with immediate "emergency 

brake" solutions like reducing methane leaks and ecosystem degradation is recommended in 

Drawdown roadmap. The next wave involves infrastructure-based solutions, followed by social 

interventions, nature-based solutions, and finally, new technologies. Toronto's climate action plan 

has some focus on energy but lacks a comprehensive approach that includes all the waves of action 

suggested by Project Drawdown, including social interventions and specific types of emissions like 

methane and refrigerants.  According to the roadmap, a multi-pronged approach is advisable, as 

different solutions will have their maximum impact at different times. Toronto must use high-

impact, immediate solutions to bend the emissions curve right away (Project Drawdown). Nature 

and social-based solutions are more likely to peak in the future  (Project Drawdown). We should 

continue to invest in new and emerging technologies such as carbon removal but these are likely to 

have the most impact by mid century (Project Drawdown). By adopting a more holistic approach 

that aligns with Drawdown’s  phased strategy, Toronto can better position itself to meet its climate 

action goals effectively and equitably. 
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High Leverage Points 

The Drawdown roadmap emphasises the importance of geographic fit and identifying high-

leverage points for climate action (Project Drawdown). Dr. Foley advocates for an "80:20" rule, also 

known as the Pareto Principle, suggesting that 80% of effects come from 20% of causes. In the 

context of climate action, this means identifying those solutions that will provide the most significant 

impact with the least amount of investment. There is a definite need to evaluate solutions based on 

their impact-to-cost ratio, something currently missing from the city's approach. (Project Drawdown) 

This is a significant oversight, as it could lead to investments in solutions that are less effective or 

more costly than alternatives that could achieve the same or greater impact. For example, if Toronto 

has specific sectors or activities that are disproportionately contributing to its carbon footprint, 

those would be the high-leverage points where action could yield the most significant results per 

dollar spent. By focusing on these high-impact, low-cost solutions, Toronto can maximize its return 

on investment in terms of emissions reductions.  

To align with the Drawdown roadmap recommendations, Toronto should conduct a 

thorough analysis to identify its own high-leverage points. This could involve mapping out the city's 

emissions sources, evaluating the cost and impact of various solutions, and then prioritizing those 

that offer the best impact-to-cost ratio. Such an approach would not only make the city's climate 

action more effective but also more economically efficient. By incorporating geographic 

considerations and focusing on high-leverage points, Toronto can create a more targeted and 

effective climate strategy. This would align the city's efforts more closely with the science-based 

recommendations of the Drawdown framework, thereby maximizing both the environmental and 

economic benefits of its climate actions. 

Co Benefits 

The concept of co-benefits is integral to the Drawdown Roadmap. It suggests that effective 

climate solutions should not only reduce emissions but also offer additional advantages like 

preserving biodiversity, protecting ecosystems, and promoting social equity. These co-benefits can 

be particularly impactful in low and middle-income countries but are also highly relevant for high-

income countries like Canada. For instance, solutions that improve air quality can lead to better 

public health, reducing healthcare costs and improving quality of life. While Toronto's current 

climate strategy focuses mainly on emissions reduction, it lacks a comprehensive evaluation of co-

benefits. This approach may miss opportunities to address multiple challenges simultaneously, such 

as social inequality or ecosystem degradation. Toronto could gain from a more comprehensive 

strategy that evaluates the full range of benefits—economic, environmental, and societal—provided 
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by different climate solutions. By doing so, the city could prioritize actions that offer the most 

significant overall impact, thereby achieving greater sustainability and social equity. Future 

strategies could benefit from a more holistic approach that prioritizes solutions with multiple 

benefits, like offshore wind turbines, to improve both environmental sustainability and human 

welfare. For example, not only do these turbines generate clean energy, reducing greenhouse gas 

emissions, but they also have the potential to create jobs and stimulate economic growth. 

Additionally, well-designed offshore wind farms can have minimal impact on marine ecosystems and 

can even serve as artificial reefs that enhance local biodiversity. By adopting a more holistic 

approach that considers the co-benefits of various climate solutions, Toronto can create a more 

effective and comprehensive climate action plan. This would not only help the city meet its 

emissions reduction targets but also improve the quality of life for its residents and contribute to a 

more equitable and sustainable future. 

Addressing Barriers 

Toronto needs to be more mindful of multiple barriers (policy, financing, business practices, 

technology, cultural behaviour) and look at them more comprehensively (Project Drawdown).  

Toronto's current NetZero strategy falls short in addressing these barriers; while it considers policy 

and business practices, it lacks details on financing and capital requirements, as well as technological 

and behavioural challenges.  Without a well-defined financial strategy, even the best-laid plans may 

remain unexecuted. For instance, it does not provide clarity on how the city plans to finance its 

climate initiatives, particularly in sectors like transportation. Another example of a barrier, Toronto's 

reliance on renewable energy and electrification could be hindered by Ontario's increasingly dirty 

energy grid. This technological barrier could significantly impact the city's ability to reduce its carbon 

footprint through electrification, including the use of electric vehicles. Toronto's strategy also 

overlooks the importance of behavioral and cultural changes in achieving its climate goals. For 

example, one of the top solutions in the Drawdown framework is promoting plant-rich diets, which 

can significantly reduce carbon emissions. Yet, Toronto's current strategy does not address food-

based solutions or other behavioural aspects that could contribute to emissions reduction. To 

increase its chances of achieving net-zero emissions, Toronto needs to address these barriers more 

comprehensively. This would involve creating a detailed financial plan, considering technological 

limitations and opportunities, and incorporating behavioural and cultural solutions into its strategy. 

By adopting a more holistic approach that tackles all five barriers identified within the Drawdown 

Roadmap, Toronto can create a more robust and effective climate action plan. This would not only 



85 
 

help the city meet its emissions reduction targets but also make it a model for other cities looking to 

overcome similar challenges. 

Partnerships 

The literature review highlights that partnerships are integral to Toronto achieving its 

climate action goals in several key ways. Partnerships enable collaboration between diverse actors, 

allowing for reciprocal learning and exchange of ideas as van der Jagt et al. explain regarding nature-

based innovation systems. Multi-stakeholder partnerships can bridge silos and integrate 

perspectives from government, business, academia, NGOs and local communities to develop 

comprehensive climate solutions. Partnerships allow participating organizations to combine and 

leverage their unique resources and capabilities, as Trischler et al. discuss in the context of user 

innovation systems. This can increase access to funding, technical skills, infrastructure, data and 

other assets to implement climate solutions. Hence, Toronto can pursue strategic partnerships to 

unlock resources. By bringing together different actors, partnerships provide a platform for joint 

experimentation with innovative climate solutions, as Fuenfschilling et al. describe regarding 

transition experiments. Partnerships allow collaborative design, development and testing of new 

approaches in real-world contexts. Partnerships facilitate co-creation, giving diverse stakeholders 

the opportunity to actively shape climate action strategies, which creates buy-in according to 

Trischler et al. Broad inclusion of groups like businesses, NGOs and communities enables co-

development and citizen participation. The involvement of multiple actors through partnerships can 

accelerate on-the-ground implementation and scaling of climate solutions according to transition 

management approaches discussed by Kern et al. Partnerships enable division of labor and 

coordination for quicker realisation and wider reach. Multi-actor governance is enhanced by 

partnerships spanning the public, private and civil society sectors as van der Jagt et al. explain. 

Diverse cross-sectoral partnerships support improved administrative capabilities for sustainability 

governance. By bringing together different organizations, partnerships encourage identification of 

interdependencies and hidden relationships between issues as Kenter et al. propose regarding 

holistic perspectives. This fosters climate strategies that take a systemic approach rather than siloed 

thinking. Partnerships can cultivate shared visions and goals, helping align different interests 

towards collective climate action as emphasized by Fagerberg in discussing innovation policy. This 

enables moving past fragmentation towards coordinated effort.   Overall partnerships enable 

Toronto to tap into diverse capabilities, resources and insights, experiment and learn collectively, 

achieve public buy-in, rapidly implement solutions, strengthen governance, take a systems 
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approach, and build collaborative momentum. This integration and synergy is key to unlocking 

Toronto's full potential to achieve its ambitious climate action goals. 

Multiple Levels and Scales 

The innovation and sustainability literature emphasizes that pursuing transformation across 

multiple levels and scales is critical for Toronto to effectively implement its climate action strategy 

and achieve net zero emissions. Several sources stress the need to transition away from siloed 

thinking and narrowly focused innovations, towards systemic transformation that cuts across 

multiple interconnected domains. As Scoones et al. explain, this means reshaping not just 

technological systems but also the economic, political, social and cultural systems they are 

embedded within. Transformation requires alterations to how these complex systems operate, 

interact and evolve. To develop climate strategies that take a systemic approach, Toronto 

policymakers need to identify leverage points that shift dynamics between interdependent city 

systems like transportation, buildings, energy, industry, land use and waste. 

To maximize policy impact, Toronto's municipal climate plans need to align with and 

reinforce provincial and federal level climate policies, as Kern et al. discuss regarding coherent policy 

mixes. For example, Toronto's net zero strategy should synergize with Ontario's emission reduction 

plans and Canada's climate policies, rather than operate in silos. Vertical integration, cooperation 

and policy coherence between municipal, provincial and federal governance can close gaps, reduce 

contradictions, and harness synergies across climate regulations and programs targeting different 

scales. 

Holistic transformation requires moving past fragmented governance. As van der Jagt et al. 

explain, cities need enhanced horizontal coordination between different municipal departments and 

sectors locally. For instance, Toronto could set up cross-departmental working groups or units to 

encourage collaboration between transit planning, housing, parks and recreation, economic 

development and other sectors on integrated climate solutions. As previously stated, breaking down 

governance silos through partnerships can enable knowledge sharing and coordinated efforts across 

Toronto's sprawling municipal landscape for more coherent and effective climate action. 

As Geels explains, sustainability requires shifts across multiple domains like energy, 

transport, buildings, industry, waste systems etc. Rather than a narrow focus, Toronto needs to 

pursue multi-domain solutions tailored to sectoral nuances but connected through systems thinking. 

For example, decarbonization pathways will differ for office towers versus single-family homes. 

Multi-domain strategies enable customized interventions while avoiding fragmentedness. 
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To achieve widespread emissions reductions, niche climate innovations need scaling up 

strategies to expand impact across neighbourhoods, the city, and beyond, as discussed in transition 

management approaches. Demonstrating success from pilot projects can spur replication. Toronto 

should cultivate scalable innovation ecosystems and identify high-potential climate solutions for 

accelerated scaling locally and through collaboration with other cities. 

Factors like local built infrastructure, community values, and natural endowments shape the 

adoption of sustainability solutions, as noted by van der Jagt et al. Toronto should ensure climate 

actions build on local assets like its vibrant diversity, strong neighbourhoods and academic 

institutions. At the same time, collaborating with other cities can accelerate learning. 

Mobilizing bottom-up community climate action creates pressure for deep change, 

according to Scoones et al. Toronto should support hyper-local sustainability initiatives while 

integrating grassroots demands into city-wide climate strategies. Nurturing extensive citizen 

engagement complements top-down policymaking. 

In summary, achieving net zero emissions necessitates Toronto pursuing vertically 

integrated, horizontally coordinated, multi-sectoral strategies that leverage local potential while 

connecting across multiple scales and systems. This enables holistic transformation that is rooted in 

Toronto's unique context but integrated into higher systems and broader partnerships. A multi-

dimensional approach can unlock the full capacity for climate action. 

Creating Behavioural Change 

Another insight from the literature review is that spurring behavioural change is critical for 

Toronto to effectively implement its climate action strategy. Several sources argue that technological 

solutions alone are insufficient to reduce emissions, as Repo and Matschoss explain in regards to 

social innovation. Shifting behaviours and social practices are equally, if not more, important 

complements to technology. Toronto cannot rely solely on technical fixes like electric vehicles or 

building retrofits without also addressing lifestyle behaviours. 

To complement technical measures, Toronto should pursue social innovations that 

normalize sustainability behaviours and transform social practices, as Trischler et al. discuss. This can 

involve community-based initiatives, education campaigns, and leading by example to foster norms 

around transit use, responsible consumption, and waste reduction. Social and cultural shifts are key 

accelerators. 

Research shows sustainability behaviours strongly correlate with intrinsic motivations like 

altruism more than extrinsic incentives, as Trischler et al. note. Toronto should tap into these 

intrinsic motivations by giving residents opportunities to actively shape climate solutions. 
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Community-led initiatives can cultivate buy-in and collective action, creating viral behavioural 

spillovers. 

Holistic diagnosis, as explained by Battistoni et al., can uncover relationships between 

cultural, infrastructural and technical elements influencing behaviours. Toronto needs to adopt 

systems thinking to address hidden drivers of high-carbon lifestyles like urban planning priorities and 

social norms. This enables designing integrated interventions. Holistic diagnosis, as explained by 

Battistoni et al., can uncover relationships between cultural, infrastructural and technical elements 

influencing behaviours. Toronto needs to adopt systems thinking to address hidden drivers of high-

carbon lifestyles like urban planning priorities and social norms. This enables designing integrated 

interventions. 

Kenter et al. discuss how new economic models can encourage sustainable behaviours more 

aligned with wellbeing. Toronto can implement incentives like transit subsidies, energy-efficient 

mortgages, EV rebates, bike vouchers, and eco-tax shifts. Combining incentives with community-

based social marketing provides a carrot-and-stick approach. 

Enabling approaches described by Scoones et al. focus on building community capabilities for 

climate action. Toronto can provide tools, skills and resources to empower residents to adopt 

sustainable lifestyles. For example, providing cycling infrastructure increases mobility options 

beyond car dependency. Capability-building removes adoption barriers. 

To sum up, achieving Toronto's climate goals requires going beyond a narrow technocratic 

approach to holistically transforming social practices, norms, incentives and capabilities that shape 

residents' high-carbon behaviours. This entails participatory social innovation, targeted messaging, 

economic levers, infrastructure provision and grassroots education. Fundamentally, spurring broad 

citizen engagement and lifestyle shifts is key to reaching Toronto's ambitious emissions reduction 

targets. 

Regeneration 

Paul Hawken's "Regeneration" framework and his earlier "Drawdown" framework both offer 

comprehensive approaches to addressing climate change, but they differ in scope, focus, and 

methodology.  The Drawdown framework focuses on identifying and ranking the most effective 

solutions to reverse global warming. It provides a list of technologies and practices that can draw 

down carbon dioxide and other greenhouse gases from the atmosphere. The solutions are ranked 

based on their potential to reduce emissions or sequester carbon, as well as their financial viability. 

Regeneration goes beyond technological solutions to include social, cultural, and ecological 

aspects. It emphasizes the interconnectedness of systems, which could help Toronto create a more 
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comprehensive and inclusive climate action plan. Regeneration stresses the importance of involving 

communities in the process of healing the planet. Toronto could use this framework to engage its 

diverse communities in co-creating solutions, thereby ensuring more equitable outcomes. While 

Drawdown offers global solutions, Regeneration encourages local, place-based strategies. This could 

help Toronto tailor its climate action plan to its unique challenges and opportunities. Regeneration 

focuses on changing the narrative from one of "fighting" climate change to one of healing the Earth, 

which could help shift public perception and increase engagement in Toronto.  The framework also 

discusses how regenerative practices can stimulate local economies, which could be particularly 

relevant for Toronto's economic development goals. 

The innovation and sustainability literature highlights that adopting regenerative practices, 

in addition to socio-technical solutions, is beneficial for Toronto's climate strategy and net-zero 

goals. Linear "take-make-waste" economic models are unsustainable. As Kenter et al. describe, 

Toronto needs to shift towards a circular economy that maximizes resource usage through continual 

looping. Practices like composting food scraps and landscaping debris to produce fertilizer, reusing 

greywater for irrigation, repairing consumer products rather than disposing, and remanufacturing all 

enable resource circulation. Circular systems powered by renewable energy can meet citizen needs 

while achieving net zero carbon. Adopting a circular economy approach through initiatives like 

building deconstruction, material banks, and industrial symbiosis allows Toronto to save carbon and 

enhance resource resilience. 

Cities like Toronto can nurture natural processes that regenerate the urban ecosystem, as 

van der Jagt et al. explain regarding utilizing nature-based innovation systems. Investing in ecological 

regeneration through expanding urban forests, wetland and waterway restoration, bioswales, green 

roofs and walls can boost biodiversity, improve air quality, reduce flooding risk, mitigate heat island 

effects and more. Integrating green infrastructure builds climate resilience. Toronto has already 

piloted regenerative projects like the Meadoway that could be replicated and scaled up across the 

city to tap into ecological regeneration. 

As Fagerberg notes, the ongoing evolution of renewable energy represents a potential for 

revolutionizing urban systems including buildings. Toronto's ageing building stock presents major 

opportunities for energy efficiency retrofits and distributed solar generation to transition to a low-

carbon and self-sufficient building ecosystem. Deep retrofits and renewable energy upgrades to 

housing, commercial buildings and institutional facilities regenerate the built environment. Toronto's 

Zero Emissions Buildings Framework lays out pathways for regenerating buildings. 

Fossil-fuel powered transportation undoubtedly causes major emissions. Redesigning 

Toronto's mobility systems based on sustainability and active transport concepts like walkable 
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neighbourhoods, complete streets, cycling networks, and pedestrianization promotes ecological 

regeneration while also delivering public health and social benefits. Investing in low-carbon multi-

modal transportation infrastructure helps regenerate Toronto's urban fabric. The TransformTO 

climate strategy includes plans to expand cycling networks and create vibrant public realms through 

Complete Streets guidelines. 

Regenerative cities build local resilience, as recommended by transition management 

approaches discussed by Kern et al. Toronto should promote localized food systems, sharing and 

cooperatives, circular material exchanges, community hubs and repair shops. Enabling 

neighbourhoods and communities to produce, share and recycle essential goods and services locally 

reduces carbon-intensive global supply chains. Building local renewable energy systems and 

decentralized organic waste management creates local circularity. 

As Scoones et al. describe, cultural and social regeneration is critical alongside technical 

shifts. Toronto needs to enable residents to connect with nature and collaborate on climate 

solutions through citizen science initiatives, climate innovation labs, sustainability hubs and 

environmental education. Fostering community environmental stewardship and care ethics 

regenerates society's intrinsic relationship and sense of responsibility to nature critical for 

sustainability. 

Kenter et al. recommend exploring post-capitalist models like cooperatives and community 

land trusts that shift control locally and recentre economic activity around environmental 

stewardship and solidarity rather than profit maximization. Toronto could enable experiments with 

localized cooperative sustainable business models that directly enrich communities. Blending 

indigenous knowledge and practices could also offer wisdom for more balanced human-nature 

relations. 

In conclusion, making a broad transition to regenerative climate action solutions and 

regnerative models of production and consumption across Toronto's built, natural, economic and 

social systems is key to creating an urban environment that can continually sustain itself while 

reaching net zero carbon emissions. A regenerative approach allows Toronto to move beyond just 

reducing harm towards proactively healing and enriching its regional ecosystem. 
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Synthesis 

Analysis 

Several currently overlooked Drawdown solutions show significant potential to help Toronto achieve 

its emissions reduction targets, including high-speed rail, methane leak management, offshore wind 

turbines, plant-rich diets, and refrigerant management. 

High-speed rail between Toronto and other major Canadian cities could significantly reduce 

emissions from air and car travel. Studies show rail travel emits around 90% less CO2 per passenger-

mile compared to driving or flying. Constructing new rail lines powered by clean electricity would 

enable large mode shifts away from high-carbon transportation. 

Methane is a potent greenhouse gas, with more than 25 times the warming impact of CO2. 

Toronto could collaborate with utilities to detect and repair leaks in natural gas infrastructure, install 

methane capture systems at landfills, and transition to biogas for residual emissions. These actions 

target a super-pollutant and can substantially cut overall emissions. 

Offshore wind farms in the Great Lakes could generate abundant renewable electricity for 

Toronto's grid. Studies show offshore turbines are more productive than onshore due to higher, 

steadier wind speeds. This clean energy could displace fossil fuel generation, enabling building and 

vehicle electrification while decarbonizing Toronto's energy supply. 

Shifting Toronto residents to more plant-based diets through education campaigns, food 

policies, and promoting local urban agriculture would reduce carbon-intensive meat production. 

Plant-rich diets also have public health co-benefits like lower obesity and disease rates. The city 

could provide plant-based eating incentives to accelerate adoption. 

Banning high global warming potential HFC refrigerants, requiring leak prevention and 

refrigerant reclamation, and upgrading HVAC equipment to use low-GWP alternates like ammonia 

would eliminate a major GHG source. Toronto could also adopt stringent building codes to mandate 

passive cooling and reduce AC demand. 

In terms of social innovations, Toronto could promote community-based sustainability 

initiatives, alternative economic models like cooperatives, participatory climate policymaking, and 

programs to make sustainable living easier and more accessible. Cultural shifts supporting 

sustainable behaviours and lifestyles are essential to complement technological solutions. 
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Toronto should foster experimentation through living labs, demonstration projects, and testing 

innovative policy approaches at small scales to refine solutions before wider implementation. Multi-

stakeholder collaboration can accelerate learning and development cycles. 

Adopting a climate action agenda focused on enabling human flourishing involves 

participatory visioning of a future Toronto that meets resident needs equitably within ecological 

limits. Centering ethics of care, community resilience, ecological regeneration and social inclusion 

helps reframe climate action as healing the earth. This positive vision can galvanize public support. 

To recap, Toronto should pursue a multi-pronged climate strategy encompassing overlooked 

but impactful Drawdown solutions, social and systemic innovations, and a sustainability vision 

focused on regeneration, wellbeing and justice. This holistic approach can help Toronto equitably 

reach its ambitious emissions reduction targets and become a model sustainable city. 

Discussion 

The preceding recommendations for Toronto's climate action strategy are comprehensive 

and ambitious, but they also come with their own set of criticisms, obstacles, and points for further 

discussion and research. 

While high-speed rail is a promising solution for reducing emissions, it's also a costly and 

time-consuming infrastructure project. Funding is a significant obstacle, and public-private 

partnerships might be necessary to make it viable. There's also the question of whether enough 

people will switch from cars and planes to trains to make the investment worthwhile. Further 

research could focus on the economic feasibility and the potential for mode shifts in transportation 

choices. 

Expanding methane leak detection and repair implies increased costs for natural gas utilities, 

so incentives or mandates would be needed. The infrastructure to detect and repair methane leaks 

can be expensive to install and maintain. There's also the issue of regulatory hurdles and the need 

for multi-stakeholder collaboration, including utilities that may not have a financial incentive to 

invest in such technologies. Further discussion could explore innovative financing and incentive 

structures. 

Offshore wind farms in the Great Lakes could face opposition from various stakeholders, 

including fishing industries, shipping lanes, and residents concerned about the visual impact. 

Environmental impact assessments would be needed to understand the effects on local ecosystems. 

Toronto would need to partner with Ontario and the federal government on large-scale 

development.  Research could focus on minimizing these impacts and optimizing the location and 

design of wind farms. 
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Promoting plant-based diets could face cultural and economic obstacles. Meat-based diets 

are deeply ingrained in many cultures, and shifting to plant-based options may not be easily 

accepted. Additionally, plant-based foods can sometimes be more expensive or less accessible in 

certain communities,  access and affordability of fresh produce would need to be further 

investigated and suppported.  Research could focus on how to make plant-based diets more 

accessible and culturally acceptable. 

Transitioning to low-GWP refrigerants and upgrading HVAC systems is costly and may face 

resistance from building owners and industries that rely on refrigeration. Regulatory frameworks 

would need to be robust and may require significant time to implement. Further research could 

explore cost-effective transition plans and the lifecycle emissions of alternative refrigerants. 

While community-based sustainability initiatives and alternative economic models are 

promising, they often require a cultural shift that can be slow to materialize. The effectiveness of 

these models at scale is also not well-understood. Moreover, social innovations and grassroots 

initiatives often lack resources and institutional support. Impact measurement and scaling of 

community projects remains challenging.  Further discussion and research could focus on how to 

scale these initiatives, measure their impact and explore of how municipalities can incubate and 

integrate bottom-up solutions. 

Although experimentation is crucial, it also comes with the risk of failure and financial loss. 

Stakeholders may be hesitant to invest in unproven solutions.  Living labs and experimental 

approaches can be politically contentious and are difficult to coordinate across government silos. 

Research could focus on risk mitigation and the criteria for selecting projects to move from pilot to 

full-scale implementation. Streamlining administrative processes to enable agile innovation is an 

area for improvement.  

Though the focus on human flourishing and social justice is commendable, it may also be 

seen as too idealistic or abstract by some stakeholders. A climate agenda explicitly focused on equity 

and justice may face ideological resistance from powerful incumbent interests and climate denialists. 

Lobbying efforts and public narrative strategies would be required to build support. Another 

challenge lies in translating these ethical and visionary principles into actionable policies. More 

interdisciplinary research on indicators and metrics for sustainable wellbeing and ecological 

regeneration would strengthen measurement frameworks. Continued innovation around 

governance and policy to actualize new economic models is also needed. Further discussion could 

focus on operationalizing these principles in a way that is both effective and politically feasible. 
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In summary, there are a number of valid concerns, adoption barriers and knowledge gaps 

that would need to be addressed regarding the proposed climate solutions, innovations and 

sustainability vision. However, none seem insurmountable given sufficient political will, multi-

stakeholder collaboration and public support. A pragmatic, evidence-based approach can help 

Toronto overcome obstacles and realize the potential of these recommendations. Further research 

and discussion would strengthen the path towards implementation. 

Conclusion 

The literature review and analysis make a strong case that Toronto should expand its climate 

action strategy to encompass currently overlooked but high-impact Drawdown solutions, systemic 

and social innovations, and a broader sustainability agenda focused on human flourishing. Several 

major emission sources are under-addressed in Toronto's current plans, including transportation, 

methane leaks, HFCs, and carbon-intensive diets. Implementing solutions like high-speed rail, 

methane capture, alternative refrigerants, and plant-rich promotion could significantly help Toronto 

reach its ambitious emissions reduction targets. In addition to technological fixes, social innovations 

that engage communities and transform norms and behaviours are essential to drive the systemic 

changes required for deep decarbonization. Toronto needs to embrace experimental partnerships 

and grassroots climate action initiatives to catalyse sustainability transitions. Shifting to a solutions-

focused vision of enabling human and ecological wellbeing can help overcome polarization on 

climate change. Cantering ethics of care, regeneration, equity, and climate justice in policymaking 

can accelerate emissions reductions while creating a more liveable city for all. Adopting this multi-

pronged strategy encompassing overlooked climate solutions, social innovation, and sustainability 

principles can help Toronto justly transition to a post-carbon future. While critiques are valid, the 

synthesis shows the benefits outweigh the concerns. Collaboration, public support, and political will 

can drive implementation. In conclusion, this transformative systems-based approach provides 

Toronto the comprehensive framework required to equitably reach its net-zero climate goals and 

become a leader in sustainable urban development. 
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Solutions Analysis 

Abandoned Farmland Restoration 

Transforming degraded lands into productive areas can improve food production, farmer 

incomes, and carbon sequestration. Considering the Greater Toronto Area, most of its farmland 

exists outside of the City of Toronto in the regions of Durham, York, Halton and Peel. Due to 

urbanization and rising costs of real estate, more farmland is being lost to urban sprawl than 

abandonment within the GTA. Ontario is losing an average of 319 acres of farmland a day (Griffin, 

2022). Minister's Zoning Orders (MZOs) enable the provincial government to accelerate land 

development anywhere and override farmland protections. More strategic land use planning and 

limiting MZOs can help protect the higher quality soils and farmland located in the surrounding GTA 

regions.  

Alternative Cement 

Standard cement production methods are a significant source of global carbon emissions 

due to considerable energy requirements and the creation of carbon dioxide as a waste byproduct. 

Modifications to the cement-making process to lower emissions include: using alternative materials 

to make clinker (an intermediary cement material) more efficiently and upgrading cement kiln 

technologies. In 2021, the Government of Canada and the Cement Association of Canada announced 

a partnership to establish a roadmap to net-zero carbon concrete (Government of Canada). The 

roadmap is being developed to guide and support the Canadian cement industry with the 

technologies and policies required to achieve carbon-free concrete by 2050. Support structures 

include establishing a low emissions supply chain and greater collaboration between industry and 

government on research and investments in new cement/concrete technologies and processes. 

However, a 2050 target for using alternative cement in Canada would fall short of Toronto’s net-zero 

strategy by a decade.  

 

Alternative Refrigerants 

Fluorinated gases, such as hydrofluorocarbons (HFCs), are highly potent greenhouse gases 

used as refrigerants in air conditioners, refrigerators and other cooling appliances. Phasing out HFCs 

with natural refrigerants such as ammonia or carbon dioxide can reduce the global warming 
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potential of cooling systems and cold supply chains. The 2016 Kigali amendment to the Montreal 

Protocol is a legal commitment signed by over a hundred nations to phase down HFCs. Canada 

ratified the Kigali amendment to the Montreal protocol in 2017. The country has pledged to reduce 

HFC usage to 15% of baseline levels (2011-2013) by 2036 (Government of Canada, 2020). Quebec’s 

refrigerant regulations go even further than the federal mandates, limiting commercial refrigerant 

units to a maximum of 50kW and global warming potential (GWP) of 150 (Les Publications du 

Québec, 2023). If the Government of Ontario or Toronto adopted stricter refrigerant policies, it 

could help reduce one of the most significant sources of greenhouse gas emissions. 

Bamboo Production 

Bamboo can flourish on damaged landscapes and quickly captures and stores carbon in 

biomass and soil. Durable bamboo products can sequester carbon throughout their existence. 

Within North America, bamboo species are native to Mexico and parts of the Southern United 

States, but none exist within Canada. Therefore, growing bamboo on Toronto’s limited degraded 

forestland would introduce an invasive species and lower biodiversity. Supporting the regeneration 

and expansion of Toronto’s deciduous forests is an ecologically safer, simpler, and cost-effective 

route to sequestering carbon than bamboo production. 

Bicycle Infrastructure 

Bicycling is a low-cost and emissions-free alternative to fossil fuel-based transportation. 

Implementing more biking infrastructure such as dedicated bike lanes can promote greater adoption 

of cycling and lower emissions through decreased use of ICE (internal combustion engine) vehicles. 

The TransformTO Net Zero Strategy includes expanding biking infrastructure (cycling routes, parking, 

and bike share) as one of its “Actions for implementation 2022-2025”. Further developing bicycle 

infrastructure will help Toronto achieve its goal of “75 per cent of school/work trips under 5 km are 

walked, biked, or by transit, by 2030.” 

Biochar Production 

Creating biochar involves slow baking biomass at high temperatures without oxygen. This 

pyrolysis byproduct can be buried to trap carbon and potentially improve soil quality. Scientists at 

Agriculture and Agri-Food Canada (AAFC) have demonstrated that biochar can benefit soil health, 
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decrease fertilizer use, and lower greenhouse gas emissions in Canada. According to the AAFC there 

are 50 producers of biochar in Canada as of 2021 (Canada, 2021). 

Biogas for Cooking 

Anaerobic digesters are oxygen-free enclosed spaces where microorganisms convert organic 

matter such as manure and crop waste into biogas and fertilizer. Biogas methane is a valuable 

cooking fuel. Using biogas to cook lowers emissions by replacing the burning of dirtier fossil fuels or 

organic matter and preventing the release of GHGs caused by anaerobic decomposition. The City in 

partnership with Enbridge Gas will begin to capture biogas from green compost bins in early 2022 

(Toronto, 2021). Methane captured in anaerobic digesters at city waste management is blended with 

facilities will be routed into Toronto’s natural gas grid.  

Biomass Power 

Biomass feedstock, raw plant materials, can be used to generate power and heat, 

substituting fossil fuels. Perennial biomass power serves as a "bridge" solution, supplementing wind 

and solar power until energy storage and grid flexibility expand. Toronto’s sixth implementation 

action for 2022-2025 includes addressing barriers and developing strategies to increase the 

deployment of biomass and other energy and storage technologies. 

Bioplastics 

Biopolymers or bioplastics are plastics composed of organic materials sourced from plants. 

Bioplastics emit lower emissions by sequestering atmospheric carbon. In contrast, standard 

petroleum-based plastics contribute to emissions through reliance on fossil fuels. The “Plastics 

Challenge: Improved Compostability of Bioplastics” sponsored by Natural Resources Canada (NRCan) 

and Agriculture and Agri-Food Canada (AAFC) has provided grants for businesses and organizations 

innovating new and improved bioplastics. One example is an investment of $1 million in BOSK 

Bioproducts to build a production line for prototyping bioplastics formulated at the National 

Research Council of Canada (Natural Resources Canada, 2021).  

Building Automation Systems 

Automation systems can manage commercial buildings' heating, cooling, lighting, and 

appliances. Building automation systems enhance energy efficiency and reduce waste, thereby 
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lowering emissions. The Toronto District School Board (TDSB) is the second largest property owner in 

Toronto. The TDSB’s Energy and Climate Action team within the Sustainability Office is replacing 

their obsolete building automation systems with new BAS that provide remote monitoring and 

better heating, cooling, and ventilation efficiency (Toronto District School Board, n.d.). According to 

the City of Toronto, “Several City sites employ Building Automation Systems, which optimize the 

performance of a building’s heating, ventilation, air conditioning, refrigeration and lighting control 

systems” (Toronto, 2017).  

Building Retrofitting 

Retrofits reduce fuel and energy waste with more efficient windows, insulation, lighting, and 

modern heating and cooling systems. The increased efficiencies lead to lower emissions from 

current buildings. In 2021, the City passed the Net Zero Existing Buildings Strategy (ExB Strategy), a 

plan that outlines nine actions to decarbonize all existing buildings by 2050. Advancing execution of 

the ExB Strategy is the third measure of Toronto's Net Zero strategy, which aims to cut GHGs from 

existing buildings in half by 2030 (2008 levels). 

Carpooling 

Ride-sharing or carpooling lowers greenhouse gas emissions per rider through more efficient 

fuel and vehicle capacity use. Strategies to promote carpooling include using high occupancy 

vehicles (HOV), high occupancy lanes, HOV parking, and shared taxis/transportation-network 

services. Toronto’s tenth action for implementation 2022-2025 is updating and accelerating the 

city’s “Transportation Demand Strategy.” (City of Toronto, 109) One of the activities in this action 

includes leading “community outreach and engagement campaigns to support the uptake of more 

sustainable modes of transportation/ commuting.” This includes carpooling along with other low 

emissions of transportation such as public transit and human powered locomotion. SImilarly 

Toronto’s 29th net zero implementation action for 2022-2025 includes encouraging city employees 

to use carpooling, public transit or active modes of transportation for their commuting needs.  

Clean Cooking 

A significant portion of the global population cook with polluting fuels and biomass such as 

wood and charcoal, which create emissions harmful to the climate and human health. Clearing 

forests for cooking fuel reduces carbon sinks, and burning polluting fuels produces harmful air 

pollutants and GHGs such as carbon dioxide, methane and more. Increasing residential use of solar-
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powered or cleaner fuel stoves can lower emissions and pollutants through improved efficiencies in 

heating and ventilation. The Drawdown solution of clean cooking focuses on developing regions such 

as Africa, Asia (minus Japan), the Middle East, and Latin America (Project Drawdown, 2020). Hence 

this solution does not directly apply to Canada and Toronto specifically, as cooking with biomass is 

limited to niche use cases compared to natural gas or electric-based cooking methods. Over 90% of 

Ontario’s electricity is produced using carbon-free energy sources such as nuclear, hyrdo and wind 

power (Government of Canada, 2023). Clean cooking for Toronto would represent a switch from 

cooking with natural gas to electricity-powered cooking appliances. Phasing out natural gas cooking 

methods would reduce carbon emissions and improve public health, as recent studies have shown 

NG appliances release methane and nitrogen oxides (Chung, 2022). Methane is released from NG 

appliances during operation and even while not in use due to minor leaks, thereby reducing indoor 

air quality and continually emitting potent greenhouse gas (Lebel et al., 2022)  

Coastal Wetland Protection 

The soil and vegetation of mangroves, salt marshes, and seagrasses store vast quantities of 

carbon. Their preservation prevents deterioration and maintains their carbon sinks. While Toronto is 

not a coastal region, it does possess wetlands. Ontario's four types of wetlands are swamps, 

marshes, bogs and fens” (Ontario, 2023). Due to development and agriculture, Toronto has lost most 

of its original wetlands (Toronto Region and Conservation Authority, n.d.). Ontario has multiple laws 

and policies in place to protect existing wetlands, such as the 2020 “Provincial Policy Statement,” 

which protects specific wetlands designated as natural heritage systems (Ontario, 2022). Ontario’s 

1990 Conservation Authorities Act also prohibits developmental activities or modifications to 

wetlands (Ontario, 2022). Ontario also has multiple partnerships,  tax incentive programs and grants 

to conserve wetlands, such as the Eastern Habitat Joint Venture. 

 

Coastal Wetland Restoration 

Numerous coastal wetlands have endured harm from construction, agriculture, and natural 

disasters. Restoring their carbon sequestration potential requires rejuvenating mangrove forests, 

salt marshes, and seagrass beds. While Toronto’s wetlands are not coastal, restoring them can still 

provide multiple ecological services and benefits, such as improving carbon sequestration, 

biodiversity, flood attenuation, water quality and more (Ontario, 2022). The Toronto and Region 

Conservation Authority (TRCA) is actively engaged in restoring and creating wetlands. The TRCA 
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prioritizes restoration opportunities that show the most potential to benefit humans and wildlife 

based on various geophysical, ecological and historical factors (Toronto Region and Conservation 

Authority, n.d.). In addition to restoring wetlands, the TRCA is also creating new wetlands on unused 

farmland and urban valleys. 

Composting 

Composting transforms biodegradable organic waste into a fertile soil amendment. The 

organic refuse in city landfills can be used as compost, preventing the release of methane caused by 

bacterial decomposition. Added benefits of composting include more carbon sequestration within 

the soil and possibly reducing reliance on nitrogen fertilizers. Toronto’s Green Bin program collects 

and processes organic materials into compost. Almost half a million homes participate in the Green 

Bin composting program, along with most apartments, buildings, and schools (Toronto, n.d.). 

Concentrated Solar Power 

Concentrated solar power uses an array of mirrors to focus solar heat onto a receiver of 

fluid. The extreme heat creates steam and drives turbines to generate clean electricity.  

CSP is not feasible in Ontario due to insufficient solar radiation. CSP is better suited to the prairie 

provinces. According to Djebbbar et al., “Results show that there is an adequate solar resource for 

CSP applications south of the Canadian Prairie Provinces, Alberta, Saskatchewan and Manitoba” 

(2013). 

Conservation Agriculture 

Cover crops, crop rotation, and limited tilling are used in conservation agriculture to grow 

annual crops. Along with sequestering carbon, it preserves soil and reduces emissions. New Horizons 

is Ontario’s agricultural conservation strategy. Similar to the principles of the conservation 

agriculture Drawdown solution, Ontario’s soil strategy is guided by recognizing the importance of 

applying organic matter, crop diversification, reducing soil disturbance, and using cover crops. 

(Ontario, 2023). Likewise, one of the soil management actions outlined in New Horizons is 

supporting reduced tillage as over tillage can diminish soil health. 
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Distributed Energy Storage 

During daily periods of intermittent solar or wind power generation, the energy stored in 

electric cars and standalone batteries can be used to provide electricity. Many other electricity 

solutions rely upon distributed energy storage systems to facilitate their use. Toronto’s sixth 

implementation action for 2022-2025 includes addressing barriers and developing strategies to 

increase the deployment of renewable energy and storage technologies. Specifically, the City will 

collaborate with Toronto Hydro to “enhance distributed Energy Resource interconnection process 

for renewable energy.” In addition, the building permit process relevant to renewable energy and 

storage will be reviewed for streamlining opportunities. (City of Toronto, 2021) 

Distributed Solar Photovoltaics 

In photovoltaic technology, a solar cell converts the Sun's energy into electricity. Distributed 

solar photovoltaics such as rooftop solar panels provide local and clean power generation. To 

increase the uptake of rooftop solar panels, the City plans to “review zoning requirements and 

identify restrictions that prohibit renewable energy development including solar photovoltaic, and 

assess opportunities for improvement.”(City of Toronto, “Net Zero Strategy” 107) 

District Heating 

District heating systems heat several buildings with hot water from a central facility. These 

systems heat water and spaces more effectively than onsite systems while producing fewer 

emissions. The fourth implementation action of TransformTO Net Zero Strategy short-term 

implementation plan is exploring “limiting the expansion of natural gas systems”. The second point 

of the more detailed description of the action includes expanding “districting heating systems into 

communities.” Within the TTO Net Zero strategy there is a greater emphasis on district energy 

compared to district heating. 

Dynamic Glass 

Dynamic glass may lower a building's energy use for heating, cooling, and lighting by reacting 

to sunlight and weather changes. Improved window efficiencies and reduced energy usage lead to 

lower emissions. Examples of dynamic glass being used in Toronto include the CN Tower, which uses 

thermochromic glass to automatically darken based on sunlight intensity (US Glass News Network, 

2017). 
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Efficient Aviation 

There are multiple technologies and methods to lower aviation emissions, including 

improved engines, wing retrofits and reducing weight using lighter interiors. Improving efficiency 

and reducing aviation fuel use can help lower growing airline industry emissions. Canada’s aviation 

regulations and standards are managed by Transport Canada. In 2012, the Canadian government 

and the Canadian aviation industry partnered to create their action plan to reduce GHGs caused by 

aviation. Their 2019 annual report cited upgrades, more efficient operations, sustainable fuels and 

many more measures to reduce emissions from the Canadian aviation sector.  

 

Efficient Ocean Shipping 

Multiple technologies and strategies are available to increase ocean shipping fuel efficiency. 

These include decreasing ship speed (slow steaming), using ducktails or compressed air to lower 

resistance, and diligent propeller upkeep. Incorporating many efficiency technologies and standards 

could reduce ocean shipping fuel consumption by 50%. Ocean shipping in Canada is regulated by 

Transport Canada. Legislations that regulate marine transport include the 2001 Canada Shipping Act. 

Canada also has ratified many International Marine Organization (IMO) conventions regarding 

environmental protection, safety standards and more Canada, 2010). The 2010 North American 

Emission Control Area designation from the IMO applies strict emissions standards to all ships 

operating within North American coasts (US EPA, 2016). 

Efficient Trucks 

Most of the shipping industry's emissions are due to trucks and heavy fuel usage. Multiple 

technologies can improve trucking fuel efficiency, such as using enhanced tires, engines, 

aerodynamics and smarter cruise control. Adopting most of these innovations can help stem 

trucking emissions which continue to grow. The City is in the process of replacing their heavy-duty 

waste collection diesel trucks with compressed natural gas trucks (Toronto Environment and Energy 

Division, n.d.). 

Electric Bicycles 

The most sustainable type of powered vehicle is an electric bike. A motor and rechargeable 

battery enables e-bike riders to travel faster and longer with less exertion. These benefits make 
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bicycling and emissions-free transportation more accessible to a broader audience, potentially 

supplanting fossil fuel-based vehicles in urban areas. Toronto’s bicycle sharing system, Bike Share 

Toronto, includes access to pedal-assist e-bikes at no extra charge. These ebikes are capable of 

speeds up to 25km and a range of 70 km (Bike Share Toronto, n.d.).  Toronto is also supporting 

ebikes and bicycling in general by building new bike lanes, trails and parking infrastructure (Toronto, 

2017).  

Electric Cars 

Electric vehicles (EVs) are more efficient than internal combustion engine (ICE) vehicles. 

Beyond lowering carbon emissions, EVs are easier to manufacture and maintain. Emissions are even 

lower when EVs recharge using renewable energy. Increasing access to low carbon transportation 

such as electric vehicles is one of the five critical steps of Toronto’s TransformTO Net Zero Strategy 

(City of Toronto, 2021). 

Electric Trains 

Converting freight train tracks that are currently diesel-based to electric-powered would 

decrease emissions, energy use and operational expenses. Emissions are further limited if renewable 

electricity powers the rail. The city’s public transit system, the Toronto Transit Commission, operates 

four rapid transit lines with 75 stations, and more in development. Toronto’s heavy rail, light rail and 

light metro lines all rely on electrical feeds for operation. The Canadian government announced 

plans for a high-frequency rail corridor for the cities of Toronto, Ottawa, Montreal and Quebec City 

(Saba, 2021). This new line which is set to reduce travel times significantly will be almost 90% 

electricity-based. 

Family Planning and Education 

Fundamental human rights include access to inclusive high-level education and voluntary 

family planning rights. Sustaining these rights improves gender equality, economic growth, health 

and wellbeing. Broader access and support for family planning and education leads to slower 

population growth and lessens greenhouse gases. In 2018, Canada, along with the other G7 nations, 

committed to the Charlevoix declaration “ on quality education for girls, adolescent girls and women 

in developing countries” (Canada, 2020). The Charlevoix Education Initiative aims to reduce barriers 

to education and training for girls and women. 
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Farm Irrigation Efficiency 

Energy-efficient types of irrigation such as sprinkler and drip systems can reduce agricultural 

energy, fuel and water usage. These efficient methods lower emissions by saving water in pumping 

and distribution compared to traditional practices such as flooding. Sprinkler and micro-irrigation 

systems are already the dominant irrigation methods in Canada as of 2018 (Statistics Canada, 2021). 

Only 10% of Canadian farms use surface irrigation. Many Canadian farms are also implementing 

other water and energy conservation practices, such as composting, optimizing watering schedule, 

and using efficient nozzles (Statistics Canada, 2021).  

Forest Protection 

Forests are effective carbon sinks because of their biomass and soil. Preventing 

deforestation reduces emissions, protects carbon stocks, and promotes continuous carbon storage. 

Toronto has two forest types: deciduous and mixed, with the latter having coniferous and deciduous 

trees (Toronto and Region Conservation Authority, n.d.). The city’s 2008 “Ravine and Natural Feature 

Protection” by-law protects Toronto’s ravines, tableland forests and other ecological sites from 

degradation due to construction or other forms of habitat inference (Toronto, n.d.).  

Geothermal Power 

Generating geothermal power requires steaming hot water from subterranean reservoirs. 

The superheated water is pumped to the ground level to activate turbines that generate clean 

electricity. Toronto’s fifth and sixth implementation action includes supporting the adoption and 

increasing deployment of new energy developments such as geothermal. Specifically, the City will 

support various municipal departments and energy developers to create “renewable thermal energy 

projects’ such as geothermal, “sewer heat recovery” and “lake-based exchange.” (City of Toronto, 

2021) 

Grassland Protection 

Large carbon reserves exist in grasslands, mostly underground. Keeping grasslands protected 

prevents the emissions that result from their transformation into agricultural, commercial, or 

residential areas. Shielding these carbon stores supports biodiversity and healthier ecosystems. Vast 

areas of Southern Ontario were originally tallgrass prairie centuries ago. However, agriculture and 
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development have displaced most of these tallgrass areas. Ontario’s remaining tallgrass prairie areas 

mostly exist within protected parks and nature reserves such as the Ojibway Park near Windsor. 

Green and Cool Roofs 

Green roofs employ soil and vegetation to help insulate buildings and catch water runoff. In 

contrast, cool roofs use materials or pigments to reflect more sunlight and assist in cooling 

structures. Both roof types help buildings reduce their overall energy usage and, in turn, greenhouse 

gas emissions. Toronto’s 2009 Green Roof bylaw requires new commercial or industrial 

development/ additions greater than 2000m² to include green roofs (Toronto, 2017). The city’s Eco-

Roof Incentive Program also promotes the installation of green or cool roofs through grants and 

incentives (C40, 2018).  

Grid Flexibility 

The electric grid needs to be more flexible and adaptable to support the transition to 

variable renewable energy sources. Many technologies and processes are available to improve the 

grid's efficiency and resilience, such as constant renewables, energy storage, smart networks, etc. 

Increasing local renewable energy output is one of Toronto’s five critical steps for achieving the rapid 

transformation required to reach 2030 targets.  The City is working with Toronto Hydro to increase 

opportunities for local renewable generation to foster a more resilient and decarbonized electricity 

grid.  

High-Efficiency Heat Pumps 

Heat pumps can help heat and cool spaces by transferring warm air indoors or outdoors. 

High-efficiency heat pumps can significantly decrease the energy used by homes and buildings 

compared to conventional heating and air conditioning systems. Toronto’s sixth action for 

implementation for 2022-2025 includes addressing barriers and developing strategies to increase 

the deployment of heat pumps and renewable energy. 

High-Performance Glass 

Many mature high-performance glass technologies such as multiple layers and tints enhance 

window insulation and improve heating and cooling efficiency. Advanced glass types can reduce 

energy use and emissions compared to ordinary glass.  Since 2010, Toronto Green Standard (TGS) is 
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the city’s sustainability and performance requirements for new developments (Toronto, 2017). The 

fourth version of TGS started in May 2022. Section GHG 1.1 of Tier 1 of the TGS version 4 for 

corporate-owned facilities is related to “Energy and Greenhouse Gas Emissions Limits.” One of the 

performance measures for section GHG 1.1. is meeting Passive House Standards. Passive House is a 

set of building standards focused on achieving energy efficiency, comfortability, and affordability 

(Passive House Institute, 2015). One of the principles for meeting the standard’s requirements is 

using Passive House windows, (well-insulated window frames made with low emissivity glazings to 

reduce heat loss). Low emissivity glass is a type of high performance glass. The (CAGBC) Canada 

Green Building Council’s Zero Carbon Building (ZCB) standard is another sustainable building design 

and performance framework acceptable within the Toronto Green Standard (Cotton, 2019).  

High-Speed Rail 

New electric railway lines with train speeds above 250km per hour are considered high-

speed rail (HSR). Using HSR is one of the fastest forms of travel for destinations within hundreds of 

kilometres. HSR can significantly reduce travel emissions compared to automobiles or planes, 

especially as electrical grids become more renewable. Canada has no high-speed rail network. The 

greater Toronto Hamilton area is home to almost 7 million residents. Both Montreal and Ottawa are 

within a roughly 500km radius of Toronto. Connecting Toronto to Canada’s second and fourth-

largest cities would reduce reliance on transportation by aviation or ICE vehicles. More ambitious 

proposals have suggested a high-speed rail network extending from Winsdor, Ontario, to Quebec 

City, Quebec. However, all high-speed rail proposals in Ontario to date have been cancelled or 

indefinitely put on hold.  

Hybrid Cars 

Hybrid cars are a transitional transportation technology between internal combustion 

engine (ICE) cars and electric vehicles. Hybrids employ an ICE and electric motor to increase fuel 

efficiency, lowering emissions compared to fossil fuel-only vehicles. Toronto’s Electric Vehicle 

Strategy lays out critical actions to help the city completely decarbonize all transportation (Toronto, 

2019). The EV strategy is focused on increasing the ratio of plug-in hybrid electric vehicles and 

battery electric vehicles. Toronto’s EV strategy aims to increase charging availability, reduce costs 

through incentives, promote EV economic benefits, and support EV education and awareness. 
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Improved Aquaculture 

More than half of all fish consumed by humans are grown in aquaculture. While aquaculture 

is one of the quickest growing animal food industries, it is also one of the most energy-intensive. 

Aquaculture producers can lower emissions by switching their generators from fossil fuels to hybrid 

or fully renewable energy systems. Ontario’s aquaculture industry is relatively small compared to 

British Columbia and the maritime provinces. Ontario was only responsible for 3.4% of the Canada’s 

total aquaculture production for 2020 (Government of Canada, 2022). Furthermore there are little to 

no aquaculture producers in Toronto, with the closest farm being located in Georgetown, Ontario 

(Ontario Aquaculture Association, 2018). 

 

Improved Cattle Feed 

The digestive system of cattle generates the potent greenhouse gas methane. Reducing 

methane emissions is achievable by modifying cattle's feed composition or nutrient consumption. 

Higher quality feed and diet improvements can increase livestock nutrition, food security, and 

agricultural production efficiency. While Ontario does produce beef, there are no commercial cattle 

farms in Toronto. Most of Southerm Ontario’s cattle are located in the counties of Bruce, 

Wellington, Huron, Grey and Perth (Ontario, 2022). 

Improved Fisheries 

Management of wild-capture fisheries must be reformed and enhanced to lower 

overspending, overfishing and surplus exertion. In addition to strengthening carbon sequestration, 

this can decrease fuel use and reestablish fish stocks. Ontario’s commercial freshwater fishing 

industry is among the largest in North America. Ontario’s 2011 “strategic policy for commercial 

fisheries” is the province’s framework to define commercial fishing and policies related to managing 

natural resouces. (Government of Ontario, 2021) Part of Ontario’s goal for commercial fisheries 

includes “ensuring the long term sustainability of fish populations” (Government of Ontario, 2021). 

The guiding principles of Ontario’s commercial fishing strategy policy acknowledge that “fish 

resources are limited” and their use should be regulated  (Government of Ontario, 2021). Ontario’s 

fishing policy does support reestabilishing fish stocks as a first priority, “First allocation of the 

resource will always go to conservation of the resource.”  
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Improved Manure Management 

Methane is a powerful greenhouse gas emitted from beef and pork livestock manure. Two 

practices to lower these emissions are lowering manure storage time and shielding anaerobic pools. 

Spreading manure on farmland boosts soil nutrients, and sealing manure lagoons prevents the 

release of methane and odours. Ontario’s 2002 Nutrient Management Act includes regulations for 

managing manure storage, treatment and application. (Ontario, 2021; OECD, 2020) 

 

Improved Rice Production 

The microbes that thrive in flooded rice paddies generate vast amounts of methane. 

Lowering methane emissions and storing more carbon can be achieved using better rice production 

methods, such as alternating wetting and drying. There are no commercial rice paddies in Ontario, 

asides from agricultural research projects or institutional scientific partnerships (Ontario Ministry of 

Agriculture, Food and Rural Affairs, 2012).  

Indigenous Peoples’ Forest Tenure 

Grant secure legal tenure rights of ancestral forestlands to Indigenous groups. Growing the 

area under protected Indigenous land rights can raise carbon stocks and lower deforestation-related 

emissions. Indigenous Peoples’ Forest Tenure refers to the rights of Indigenous Peoples to own, use, 

and manage their ancestral lands, including forests. Such rights have been recognized globally as 

crucial for both the well-being of Indigenous communities and the conservation of forests. When 

these rights are protected, Indigenous Peoples can apply their traditional knowledge and sustainable 

practices to manage forests effectively. 

Forests are significant carbon sinks, meaning they absorb more carbon dioxide than they 

release. When managed sustainably, as is often the case with Indigenous stewardship, these forests 

can sequester significant amounts of carbon, thus helping to offset the carbon emissions of cities like 

Toronto. Indigenous management often results in a high degree of biodiversity, which is crucial for 

ecosystem health and resilience. Indigenous Peoples often have sophisticated methods of resource 

management that have been honed over generations. They can offer lessons in sustainability that 

Toronto, and other cities, can apply in their own resource use and management.  Strengthening ties 

with Indigenous communities and recognizing their forest tenure rights can lead to cultural 
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exchange, fostering greater understanding, and respect for Indigenous culture and knowledge. This 

can enrich the cultural and educational landscape of cities like Toronto. 

As for reducing greenhouse gas emissions, ensuring Indigenous Peoples’ Forest Tenure 

supports sustainable forest management that enhances carbon sequestration. Moreover, learning 

from Indigenous resource management could inspire more sustainable practices within the city 

itself, leading to a decrease in greenhouse gas emissions. 

The Ministry of Natural Resources and Foresty manages Ontario’s Crown forest, which cover 

more than half of the province’s land (Ontario, 2021). Ontario is in the process of updating its forest 

tenure system (Ontario, 2022) Opportunities for improving Ontario’s forest management system 

include incorporating and increasing Indigenous community involvement. The 2011 “Ontario Forest 

Tenure Modernization Act” allows for the establishment of local forest management corporations 

such as the  Nawiinginokiima Forest Management Corporation (Nawiinginokiima Forest 

Management Corporation, n.d.). The NFMC includes representatives from local First Nations 

communities. The NFMC’s mission includes sustainably managing forests and creating more 

economic opportunities for Indigenous peoples (Nawiinginokiima Forest Management Corporation, 

n.d.).  

Insulation 

Insulation prevents unwelcome airflow in or out of structures. Using better insulation 

materials is a simple and low-cost method to improve heating and cooling efficiency and reduce 

emissions. BetterHomesTO is Toronto’s guide to developing more climate-friendly homes. One of 

the home and building upgrades BetterHomesTO recommends is using insulation with higher R-

values for walls, attics and basements (BetterHomesTO, n.d.). There are financing programs and 

rebates available to support insulation upgrades such as Toronto’s Home Energy Loan Program. 

Enbridge’s Home Winterproofing Program provides eligible households with free upgrades such as 

insulation for walls, attics or basements and draft proofing to reduce air leaks. 

Landfill Methane Capture 

The decay of organic waste in landfills produces methane, a potent greenhouse gas. This 

methane can be captured and used to generate electricity, lowering emissions and air pollution. 

Toronto’s 30th and last implementation action includes “producing energy from biogas at City 

facilities” (City of Toronto, 2021). The city’s Solid Waste Management Services “will continue to 

capture biogas for beneficial use.” In addition, “The City has also identified potential biogas and 
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landfill gas upgrading opportunities at other City waste facilities including the Green Lane and Keele 

Valley landfills and a future third organics processing facility,” (City of Toronto, 2021). 

LED Lighting 

The highest efficiency light bulbs are light-emitting diodes. Compared to incandescent or 

fluorescent bulbs, LEDs' high efficiency and negligible heat output result in lower energy use for 

lighting and cooling. Many of Toronto’s street lights still use high-intensity discharge (HID) lamps 

(City of Toronto best practices for lighting, 2017). The two types of lamps used in the city are metal-

halide lamps and high-pressure sodium lamps. These lamp types both contain mercury and require 

additional safety precautions during disposal. As previously stated LED lighting technologies have 

already surpassed HID lamps. “Toronto Hydro requires a new mandate from City Council to 

implement this [LED conversions across Ontario]. The costs of this opportunity would be 

approximately $180 million in total, and, while it could be completed in as little as four years, there 

are a range of options for pacing the project.” (Toronto Hydro, n.d., p. 5) Toronto Hydro is 

requesting a new mandate from the City to convert all of Toronto’s streeglights to LEDs. (Toronto 

Hydro, n.d., p. 8) Toronto Hydro’s Business Incentive Program (BIP) was introduced in 2007 to help 

businesses to implement energy efficiency improvements using incentives.  

Low-Flow Fixtures 

Replacing conventional faucets and showerheads with low-flow fixtures can decrease 

residential water and energy usage. Low-flow appliances can also contribute to savings in power and 

emissions.  Ontario’s “Water and Energy Conservation Guidance Manual for Sewage Works” 

recommend fixing leaks, low-flow showers, tap aerators and dual flush-toilets as measures and 

upgrades to reduce domestic water use (Ontario, 2019).  Toronto’s Home Energy Loan Program 

allows homeowners to borrow up to $125k at 0% interest  to cover energy efficiency updgrades such 

as toilet replacements and more.  

Macroalgae Protection and Restoration 

One of Earth's most prolific habitats is macroalgae forests. The deep sea's carbon-

sequestering capacity can grow by preserving and rehabilitating these ecosystems. This Drawdown 

solution focuses on the total ocean area worldwide in respect to macroalgae forests. While Toronto 

borders Lake Ontario, the city is distant from the ocean and therefore this solution is not applicable 

for Toronto’s georgraphy and flora. 
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Managed Grazing 

Carefully regulating animal numbers, timing, and grazing intensity are all components of 

managed grazing. These grazing practices can improve grassland soil health and carbon 

sequestration, contrasting traditional pasture management. The Ontario Ministry of Agriculture, 

Food and Rural Affairs recommends managed grazing as a best management practice  (BMP) to 

conserve “soil, water, and other natural resources in rural areas.” (2012) The OMFRA’s guide to 

rotational grazing focuses on cattle in the beef and dairy industry. However. the dominant farm type 

in the Toronto area is “horse and other equine based production” according to an agricultural census 

by Statistics Canada (2019). Managed grazing shows more potential to lower emissions in rural areas 

and counties in Southern Ontario outside of Toronto.  

Methane Digesters 

The biogas produced by farms and wastewater facilities can be tapped with large digesters 

to generate power in specialized biogas power plants. In addition to lowering emissions, anaerobic 

digesters produce a highly nutrient fertilizer called digestate. The City in partnership with Enbridge 

Gas will begin to capture biogas from green compost bins in early 2022. Methane captured in 

anaerobic digesters at city waste management is blended with facilities will be routed into Toronto’s 

natural gas grid.  

Methane Leak Management 

There are multiple practices and technologies available to reduce methane emissions 

stemming from oil and natural gas supply chains. Addressing leaks and using improved equipment 

and materials can limit methane released from the production and transportation of fossil fuels. A 

2020 investigative study by Ars et al. looked for sources of methane emissions in the Greater 

Toronto Area using mobile gas detectors. The study confirmed that Toronto’s waste industry is the 

greatest contributor of methane emissions in the city (Ars et al., 2020) . The mobile gas monitoring 

systems found methane leaks ranging from 4-22 per 100km (Ars et al., 2020).   

Toronto’s TranformTO Net Zero strategy recommends phasing out natural gas to end 

combustion and fugitive emissions, from distribution and storage. Torontos strategy does not 

mention of addressing methane leaks directly. A 2021 report from the Independent Electricity 

System Operator (IESO) examined the possiubility of Ontario phasing out natural gas generation by 

2030. The IESO found that it ending natural gas generation would significantly increase residential 
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electricity bills and possibly lead to power blackouts (2021). According to the IESO, Ontairo’s electric 

system is one of the cleanest of any jurisdiction, contributing only 3% of the province’s GHGs over a 

5-year period (Independent Electricity System Operator, 2021)  

Micro Wind Turbines 

Small wind turbines with a capacity of 100 killowatts or less can generate clean electricity in 

areas lacking access to centralized grids. Micro wind can replace fossil-based energy in rural and 

urban areas, lowering emissions. In Ontario turbines that produce less up to 50kW of electricity are 

considered small wind turbines, whereas turbines under 1kW of power are called micro wind 

turbines (Ontario, 2021). Micro wind projects between 3-50kW tend do require Renewable Energy 

Approval (REA) from the the Ontario Ministry of the Environment and Climate Change (MOECC). 

Microgrids 

Localized collections of electricity generation systems and loads are known as microgrids. 

They typically link to the conventional, central power grid but possess the ability to decouple and run 

independently using energy storage and demand management tools. Launched in 2011, Ontario’s 

Smart Grid Fund has provided innovative companies and organizations capital to develop and 

advance technologies to help modernize Ontario’s electrical grid (Ontario, 2018). One of the project 

categories supported by the fund includes microgrids, specifically combining renewable energy, 

storage and smart networks to provide reliable carbon-free energy. The Smart Grid Fund has already 

given millions of dollars five separate microgrid projects underway in Ontario, such as the Microgrid 

Research and Innovation Park at Ontario Tech University campus in Oshawa (Ontario, 2018). 

Multistrata Agroforestry 

Trees, perennial crops and carbon sequestering plants are layered and grown on the same 

land in multi-level agroforestry. This arrangement is comparable to the ecological network of wild 

forests. Multistrata agroforestry provides many benefits, such as gains in carbon sequestration, food 

yields, and ecosystem services. The geographic region for the Drawdown solution multistata 

agroforestry are tropical humid grasslands. Toronto is outside the scope of tropical humid climates. 
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Net-Zero Buildings 

Net-zero buildings are not reliant on centralized grids for power and emit zero net carbon 

emissions annually.  These buildings combine methods that improve energy efficiency with onsite 

renewable energy systems to supply their energy needs. The city’s first implementation action of the 

TranformTO Net Zero Strategy is  “Ensure near zero emissions for all new construction” (City of 

Toronto, 2021). As buildings are the leading source of GHG emissions in Toronto, the city recognizes 

that “Net zero buildings are critical to achieving a net zero Toronto” (City of Toronto, 2021). 

Nuclear Power 

Nuclear power can avert the emissions released by fossil fuel-based energy production. 

Within Drawdown, nuclear power is a "regrets" solution due to liabilities such as prolonged build 

times, high costs, radioactive waste and radiation/pollution leaks. Originally, Ontario’s electric 

system was projected to be “more GHG intensive per unit of electricity generated” due to the 

phasing out of nuclear energy plants and upcoming increases in energy produced from natural gas. 

However, in July 2023 the Ontario government announced plans to work with Ontario Power 

Generation to start planning for three more small nuclear reactors (SMRs) at the Darlington nuclear 

site (Ontario, 2023). Ontario’s Independent Electricity System Operator has recommended that 

Ontario expand its nuclear power generation to fulfill increasing energy needs (Ontario, 2023). These 

new reactors are planned to be operational by 2034-2036. 

 

Nutrient Management 

In crop production, nitrogen fertilizers are often over-utilized, and bacteria convert the 

excess into the powerful greenhouse gas nitrous oxide. Using fertilizers more prudently with the four 

Rs of nutrient management (right source, right rate, right time, and right place) lowers agricultural 

energy use and emissions. Ontario’s 2002 Nutrient Management Act includes regulations and 

requirements for farmers to document certain nutrient management practices which pose a risk of 

water contamination (OECD, 2020).  

Ocean Power 

Wave energy converters and tidal-power systems can produce electricity utilizing the 

ocean's mighty and steady kinetic energy. Ocean power lowers emissions by substituting for fossil 
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fuel-based energy production. This solution does not apply to Toronto as it lacks direct access to the 

ocean. Coastal provinces and territories such as British Columbia and Nunvaut possess the greatest 

potential for renewable marine energy resources. (Cornett. 2006) 

Offshore Wind Turbines 

In comparison to wind on land, maritime winds are more reliable. Offshore wind turbines 

utilize that energy to produce utility-scale power free of emissions. Canada has no offshore wind 

farms. The Trillium Power Wind 1 was a proposed 500MW off shore wind farm set to be located in 

the waters of Lake Ontario. However this project was cancelled by the Ontario government in 2011. 

Similarly, Windstream Energy’s 300MW offshore wind project in Lake Ontario was also cancelled 

after the 2011 moratorium.   

Onshore Wind Turbines 

Onshore wind turbines provide energy at a utility scale and continue to gain market share 

thanks to lower costs and performance increases. Further growth and replacement of fossil fuel 

energy will require energy storage and grid infrastructure investments. The City intends to work with 

Toronto Hydro and the provincial government to expand local renewable energy technologies such 

as on shore wind power (City of Toronto, 2021). Commissioned in 2003, the ExPlace Wind Turbine in 

Toronto is first wind turbine in a major North American city centre.  

Peatland Protection and Rewetting 

Despite only covering a small percentage of Earth's land, peatlands store more than twice 

the carbon of all forests combined. Peatland destruction from foresty, agriculture, and resource 

extraction diminishes this carbon sink and its sequestration capacity. Preventing degradation and 

revitalizing peatlands ensures they can continue lowering atmospheric emissions for hundreds of 

years. Most of the province’s peatlands are located in Northern Ontario The Hudson Bay Lowlands 

are one of the largest peatland areas in the world. 

Perennial Biomass Production 

Perennial plants are a better source of biomass for bioenergy than annual crops, most 

commonly corn. The energy required for corn and other annual crops is too steep to reduce 

emissions notably. Perrenial large grasses and woody plants are more productive bioenergy crops 
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that require less energy and adequately sequester carbon within their soil. As of 2022, Ontario 

Power Generation has only one biomass power plant, the Atikokan Generating Station in 

Northwestern Ontario. The main source of feedstock for Ontario biomass power plants are wood 

pellets from logging residues and, to a much lesser extent, low grade wood from boreal forests 

(Pembina Institute, 2011). According to modelling from the Ontario Ministry of Natural Resources 

and Pembina Institute, the Southern limit for sourcing biomass in Ontario is the Great Lakes - St. 

Lawrence forest region which is well outside the deciduous forest region of the Greater Toronto 

Area. 

Perennial Staple Crops 

The bulk of global cropland grows annual crops such as corn, wheat and potatoes, 

contributing to agricultural emissions. Bananas and avocados are perennial staple crops grown in 

tropical areas that also help sequester carbon in biomass and soil. Perrenial crops store carbon much 

better than annual crops, provide ecosystem services, and demand fewer energy inputs. The 

Drawdown solution Perennial Staple Crops proposes replacing annual crop production on grasslands 

and farmlands in the tropic. Thus Toronto is outside the scope of this solution as it has a humid 

continental climate according to the Köppen climate classification system..  

Plant-Rich Diets 

Livestock farming substantially contributes to global greenhouse gas emissions. Adopting a 

more plant-based diet, reducing meat consumption, and eating locally grown foods lowers emissions 

and improves health. A plant-rich diet can also help developed nations tackle the growing issue of 

obesity. A 2017 report from Toronto Public Health on sustainable and diets found that adopting a 

more plant based diet and reducing meat consumption would improve health and reduce 

greenhouse gases. (Toronto Public Health) According to Toronto Public Health, Torontonians do not 

eat enough fruits and vegetables (2017) Furthermore one of its conclusions are that raising public 

knowledge of the effects of dietary choices on health and the environment could increase adoption 

of more sustainable diets in Toronto (Toronto Public Health, 2017). In 2019 Toronto signed the C40 

Good Food Cities Declaration which is a commitment to support an increase in healthier plant-based 

diets and reducing food waste. Canada’s food guide reccommneds eating plenty of vegetables and 

fruits and eating protein foods but stops short of recommending reducing meat consumption. 

(Canada, 2021) 
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Public Transit 

Public transit modes such as buses, streetcars, light rail and subways are efficient 

alternatives to car travel. Benefits of mass transit include reduced emissions from fossil fuels, less 

traffic and fewer accidents compared to driving ICE automobiles. One of TranformTO’s actions for 

implementations are increasing bus and streetcar service levels to increase adoption of more 

sustainable transportation mode. The Toronto Transit Commission’s “5-Year Service Plan and 10-

Year Outlook” are focused on enhancing “reliability, speed and capacity” on the Toronto’s busiest 

routes (City of Toronto, 2021). 

Recycled Metals 

Manufacturing metals increasingly contribute to greenhouse gas emissions as ores have 

degraded in quality and demand extra energy for extraction and processing. Metal production using 

recycled materials needs less energy and water, thus lowering emissions through improvements in 

manufacturing efficiency. The City of Toronto’s Blue Bin recycling program accepts metals from the 

following sources: “Aluminum/steel food & beverage cans, aluminum trays, burner liners, pie plates, 

roasting pans, cookie tins, aerosol cans and paints cans” (Toronto, 2017). 

Recycled Paper 

Recycling paper uses less energy and emits less greenhouse gas than producing paper with 

virgin tree pulp. Beyond lowering emissions, recycling paper conserves forests and water usage. 

Toronto’s Blue Bin recycling programs accepts paper materials from the following sources: “bag, 

advertising mail, fine paper, envelopes, newspapers, flyers, directories, magazines, catalogues, gift 

wrap, tissue paper, cards, shredded paper, and soft/hard cover books” (Toronto, 2017). 

Recycled Plastics 

Creating short-lived plastics from recycled materials instead of petrochemicals is less energy-

intensive and more climate and environmentally friendly. Specifically, recycling plastics lessens 

waste, pollution and demand for fossil fuels in contrast to virgin plastics. Toronto’s Blue Bin recycling 

program accepts rigid plastics such as “food jars, tubs, clear food containers/clamshells, fisposable 

plates, cups, neverage bottles. detergent, soap, shampoo bottles, clear CD/DVD cases.” Currently 

black plastic is grouped with garbage for disposal. The Blue Bin program also allows soft and stretchy 

plastics such as “grocery/retail shopping bags, produce/bulk food bags, bread bags, milk bags, 
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sandwich bags, frozen fruit/vegetable bags,  over-wrap, newspaper/flyer/magazine bags, dry 

cleaning bags, diaper/feminine hygiene outer bags and garden soil/manure/compost/road salt bags” 

(Toronto, 2017). 

Recycling 

Using waste materials for manufacturing new goods saves virgin raw materials, generates 

fewer emissions and diminishes the environmental impact of landfill disposal. Commercial and 

residential recycling are practical strategies to address waste and lower emissions. The city only 

manages recycling for 60% of multiple occupant residences (Toronto, 2017). This coverage could be 

expanded as Toronto already provides recycling services for all single family homes.  

Reduced Food Waste 

Approximately a third of food produced globally ends up wasted. Unnecessary food 

production also squanders many resources, including energy, land, labour, and capital. Decreasing 

food waste at every step of production and consumption can prevent unnecessary emissions of 

uneaten food. The sixteenth action for implementation of the TranformTO net zero strategy 

mentions continuing Toronto’s long term waste management strategy and a goal of diverting 70% of 

the city’s waste away from landfills, which includes a food waste reduction strategy (City of Toronto, 

2021). In 2019 Toronto signed the C40 Good Food Cities Declaration which is a commitment to 

support an increase in healthier plant-based diets and reducing food waste. 

Reduced Plastics 

Creating short-lived plastics from recycled materials instead of petrochemicals is less energy-

intensive and more climate and environmentally friendly. Specifically, recycling plastics lessens 

waste, pollution and demand for fossil fuels in contrast to virgin plastics. In 2022,  the Canadian 

government published the single-use Plastics Prohibition Regulations which “prohibit the 

manufacture, import, sale and eventually export of 6 categories of single-use plastic (SUP) items” 

(Canada, 2022). The federal government is attempting to reduce plastic pollution and move towards 

a circular economy with these regulations (Canada, 2022). 
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Refrigerant Management 

Fluorinated gases such as HFCs are some of the most potent greenhouse gases, with global 

warming potentials thousands of times higher than carbon dioxide. Since 2016, hundreds of 

countries have committed to phasing out HFCs, but their stocks will continue to grow before its 

wholly phased out. Two approaches for reducing refrigerant emissions are: managing refrigerant 

leaks in existing appliances and ensuring proper recovery, recycling, or disposal of refrigerants at the 

end of their lifecycle. Canada and other higher-income nations began to reduce HFC use in 2019. 

Even though refrigerants cause emissions throughout their lifecycles, up to 90% of their emissions 

occur during disposal. If these chemicals or cooling appliances are not correctly destroyed, the 

refrigerants leak into the atmosphere and cause more global warming. Unfortunately Canada lacks 

the necessary regulations or incentives to enforce refrigerant management and proper disposal 

techniques.  

Regenerative Annual Cropping 

Regenerative farming methods improve soil health by restoring their levels of carbon. These 

strategies include compost use, cover crops, green manure, crop rotation, minimal tillage and 

organic farming. By promoting higher carbon sequestration in soil, regenerative agricultural 

practices enhance efficiency and lower emissions. Ontario’s soil health and conservation strategy, 

New Horizons, is composed of four main soil themes: management, data/mapping, 

evaluation/monitoring, and knowledge/innovation (Ontario, 2023). Some of the strategies from 

regenerative annual cropping are found within New Horizon’s soil management objectives such as 

using organic soil amendments (manure or compost), expanding cover crop adoption, diversifying 

crop rotation, and reudcing tillage. 

Seafloor Protection 

Seabed sediment holds a considerable amount of unprotected organic carbon. The seafloor's 

sequestered carbon is potentially released if its sediments are intruded by bottom-trawling fishing. 

Shielding this critical carbon sink includes prohibiting bottom-trawling, enacting legal safeguards and 

expanding marine protected areas. This Drawdown solution considers expanding the range of 

marine protected areas and safeguarding the ocean’s organic sediments. The ocean’s seafloor is not 

within the range of Toronto’s geographic region, hence this solution is out of scope to address 

reducing the city’s emissions.  
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Seaweed Farming 

One of the most environmentally-friendly forms of aquaculture is seaweed farming. 

Increasing seaweed farming sequesters more carbon and yields more biomass for biofuel, 

bioplastics, and food for humans and animals. This solution is relevant to locations in close proximity 

of the ocean in order to farm seaweed. As Toronto only possesses freshwater access this solution is 

not applicable due to geographic constraints.  

Silvopasture 

In silvopasture, trees are grown on livestock grazing areas to improve the health and 

production of farm animals and their pastures. Despite integrating trees demanding more time and 

investment, it offers farmers more resiliency and a wider diversity of foods to sell. In addition to 

financially benefiting farmers, adding trees to grazing fields sequesters significantly more carbon 

than open pastures. Drawdown’s silvopasture solution is applicable to non degraded grasslands or 

pastures in humid climates. As Toronto’s climate is continental and its geography lack grazing lands 

this solution is out of scope.  

Small Hydropower 

Small hydropower technologies, under 10 megawatts, use natural river flows to produce 

electricity without needing a dam. Small hydropower systems in remote areas can replace costly, 

polluting diesel generators. The Ontario government is examining opportunities for new 

hydroelectric development in northern Ontario (Ontario, 2022).  

Smart Thermostats 

Smart thermostats alleviate residential heating and cooling demands using intelligent 

sensors and settings to maintain climate control. Compared to conventional thermostats, these 

smart devices increase energy efficiency and reduce emissions related to heating/cooling. Since 

2012, Enbridge’s Home Winterproofing Program provides eligible households with free upgrades 

such as smart thermostats to reduce energy usage and costs (Enbridge, n.d.).  
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Solar Hot Water 

Instead of using fuel or electricity to heat water, solar hot water technology uses radiation 

from the Sun.  It lowers emissions by replacing fossil fuel-based heating with a clean energy source. 

The province provides a program to subsidize solar hot water systems; “The federal ecoENERGY 

incentive and the Ontario Home Energy Savings Program Initiative offer $1,250 each towards the 

cost of a residential solar water heating system” (Ontario Ministry of Agriculture, Food and Rural 

Affairs, n.d.) 

Sustainable Intensification for Smallholders 

Employing sustainable intensification methods boosts smallholder farmers' yields and their 

economic standing. These strategies for increasing efficiency include eco-friendly pest management, 

crop diversification, and capacity development. Ideally, greater productivity relieves demand to 

exploit more land for agricultural purposes. In 2021, Canada announced that it would increase its 

contribution to the UN’s International Fund for Agricultural Development (IFAD) to $112.5 million for 

the period 2022-2024 (Canada, 2021). This funding will help small scale farmers adapt to climate 

change and support food security and greater gender equality. According to Canada’s 2021 census of 

agriculture, Canadian farms are getting larger and consolidating while small to mid size farms are in 

decline (Statistics Canada, 2022).  

System of Rice Intensification 

SRI is a holistic approach to sustainable rice cultivation. By minimizing water use and 

alternating wet and dry conditions, it minimizes methane production and emissions. There are no 

commercial rice paddies in Ontario, asides from agricultural research projects or institutional 

scientific partnerships.  

Telepresence 

Business air travel generates millions of tons of carbon dioxide every year. Audiovisual 

conferencing software and hardware paired with digital connections can reduce the need for 

business-related flights. Since the start of the COVID-19 pandemic, business videoconferencing has 

experienced a tremendous increase, especially using cloud-based software tools. According to 

Statistics Canada, Toronto has telework capacity of of 50.8% and unused telework capacity of 44% 

(2021). A 2021 report on working from home found that Canadians in large cities could save an 
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average of an hour per day in commute times. More importantly the report found that a transition 

to “full telework capacity” could reduce Canadian households’ transportation emissions to by 11% 

(Statistics Canada, 2021). 

Temperate Forest Restoration 

Temperate forests are massive carbon sinks, but timber, agricultural, or developmental use 

has harmed most of them. Regrowing and protecting temperate forests on damaged and cleared 

lands can significantly help sequester more carbon. Letting nature regenerate these forests offers 

multiple advantages, such as supporting biodiversity and resiliency at a minimal cost. The Toronto 

and Region Conservation Authority has engaged in forest restoration such as the Bellissimo 

refrorestation project in Brampton which has planted trees along the West Humber River. Similarly, 

the Bolton Resource Management Tract reforestation project will increase natural cover and expand 

habitats along the Humber River in the Town of Caledon (Toronto and Region Conservation 

Authority, n.d.).  

Tree Intercropping 

The agroforestry technique of combining trees and annual crops raises production efficiency 

and the amount of carbon sequestered in soil and biomass. Tree intercropping also helps build 

resiliency and safeguards against erosion, flood and wind damage. A 2010 study at McGill University 

examined the economics of tree intercropping in Southern Ontario. The study found that tree 

intercropping could provide a “productive, profitable and feasible alternative” to existing monocrop 

systems in Ontario (Toor, 2010). This solution is more applicable to the rural areas outsides of the 

Greater Toronto Area as there is limited to minimal farmland within the city. 

Tree Plantations (on Degraded Land) 

Land degraded by agriculture or industrial purposes such as mining is ideal for tree 

plantations. Cultivating trees in damaged areas can provide more sustainable wood sources, 

sequestering carbon in soil, biomass and timber. Planting on degraded land also averts emissions 

associated with deforestation. The City of Toronto supports Canada’s aim of planting 2 billion trees 

10 years. In August 2021, Toronto announced the city will plant 10,000 trees along the Betty 

Sutherland Trail (Canada, 2021). 
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Tropical Forest Restoration 

Tropical forests have suffered deforestation, degradation and biodiversity reductions for 

decades. The biomass, vegetation and trees in tropical forests all sequester carbon. Reviving and 

protecting tropical forests allows them to regenerate and expand stores of carbon, among other 

benefits such as ecosystem services and promoting biodiversity. There are no tropical forests in 

Canada so this solution is out of scope.  

Utility-Scale Energy Storage 

Advanced technologies and methods for utility-scale energy storage are critical to renewable 

energy sources fulfiling peak electricity demand. Higher energy storage will allow renewables to 

supersede dirtier "peaker" plants, such as coal or gas, to lower emissions and air pollution. Toronto 

Hydro is collaborating with Metrolinx to implement large scale (20MW) lithium-ion battery storage 

to support the Eglinton Crosstown LRT (Toronto, 2017). TransformTO’s key actions for the energy 

sector includes scaling up energy storage, specifically increasing onsite battery storage up to 2000 

MW by 2050. (City of Toronto, 2021) 

Utility-Scale Solar Photovoltaics 

Solar photovoltaic (PV) systems can use the Sun's clean and free energy to generate 

electricity, substituting fossil fuel energy and lowering emissions. An array of hundreds or thousands 

of PVs can provide power at a utility level. Toronto’s sixth action for implementation for ‘22-’25 

includes addressing barriers and creating strategies to increase the deployment of renewable energy 

and storage technologies such as solar power. (City of Toronto, 2021, p. 107) 

Walkable Cities 

Promoting walking as a form of urban mobility can be accomplished by designing and 

retrofitting cities to be more pedestrian-friendly. Measures to foster more trips by walking include 

improved sidewalks and walkways, safer crossings and mass transit connections. Opting for walking 

instead of driving averts emissions generated by ICE vehicles. One of Toronto’s 2030 targets is three-

quarters of school or work trips under 5km are walked biked or transit. The eighth action for 

implementation by 2025 aims to “expand biking pedestrian infrastructure” (City of Toronto, 2021, p. 

108). The City also intends to promote “public uptake of active transportation” through “community 

outreach and engagement campaigns” (City of Toronto, 2021, p. 109). 
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Waste to Energy 

Waste-to-energy combustion methods utilize waste to generate heat or power, lowering 

emissions by reducing methane from landfills and replacing fossil fuel energy. Waste-to-energy is a 

"transition solution" as it comes with elevated social and environmental costs. Toronto’s last action 

for implementation by 2025 includes “managing waste and producing renewable energy from biogas 

at City facilities.” (City of Toronto, 2021, p. 133) 

Water Distribution Efficiency 

One of the highest consumers of electricity worldwide is water utilities. Reducing water 

leakages and oversupply can decrease the electricity required for pumping and pressurizing water, 

lowering emissions. One of Toronto’s 2018 Downtown Water Strategy priority actions for its water 

supply infrastructure includes assessing the water supply system performance and identifying any 

deficiencies (Toronto, 2018).  
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	Abstract
	This research project examines the potential for Project Drawdown's climate solutions framework to inform and expand the City of Toronto's strategies for achieving its ambitious goal of net zero emissions by 2040. Through a systematic analysis of over 90 Drawdown solutions, this case study research identifies high-impact measures not currently addressed in Toronto's TransformTO climate action plan. The study collects data on each solution's scientific basis, implementation status locally, and feasibility within Toronto's geographic, economic, and political context during 2021-2022. Solutions are evaluated and prioritized based on their capacity to significantly reduce Toronto's emissions by 2040, considering costs, benefits, and barriers. The literature review synthesizes current academic research on sustainability, innovation, and systemic transformation. These concepts inform strategies for holistic and participatory climate action that go beyond technological solutions. Proposals are developed for social, systemic, and regenerative innovations that can accelerate Toronto's transition. The research finds that solutions including high-speed rail, methane management, offshore wind, plant-based diets, and alternative refrigerants are overlooked opportunities for Toronto to fulfil its climate commitments. A multi-pronged approach addressing these gaps through technical and social innovations, public engagement, policy reform and systems thinking is recommended. The study aims to derive tailored, evidence-based strategies to expand Toronto's climate action plan, incorporating Drawdown solutions for a comprehensive roadmap to equitable net zero emissions. This case study provides a model for contextualizing global climate solutions to local sustainability goals.
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	Introduction
	Problem Statement
	Aim  and Scope

	Since the mid-2000s I’ve been fascinated and alarmed with the increasing severity of climate change and the threat it poses to all life on this planet. The more I looked into the issue, the more I realized that humanity’s response was woefully insufficient and slow to respond to the level of climate action required to stem the worst effects of anthropogenic climate change. I was disheartened and disillusioned, but at the time there seemed to be plenty of time left to reverse course and achieve the necessary emissions reductions. In the mid to late 2010s, I pursued my Bachelor of Design in industrial design. In my undergrad, I began to understand that designers have a key role to play in climate action and that we can contribute towards the solution or the problem, depending on how we conduct and fulfil our designs, products and services. Through learning about supply chains, material costs, cradle-to-cradle/regenerative design and more, I revisited the issue of climate change. Despite being an industrial designer who was supposed to contribute towards greater production, I knew I didn't want to create more goods and services that needlessly and recklessly used more natural resources and generated emissions and waste solely for capitalistic pursuits.
	The completion of my industrial design degree was immediately followed by commencement of my Master of Design in strategic foresight and innovation (SFI), also at OCAD. While I initially applied to SFI to research the issue of automation and the rise of artificial intelligence and robotics, engaging in a series of projects concerning fossil fuel-based pollution, reduced biodiversity, Earth observations and regenerative design brought the issue of climate change back to the forefront of my research concerns. Despite being a sort of techno-optimist, I was still quite pessimistic about the trajectory of our collective response to one of the most pressing wicked problems of our time. Initially I wanted to research and show that the effects of climate change would be more devastating and harmful than is currently conveyed in mainstream media or the relatively conservative IPCC reports. However, such research would fall into the trap of doomerism without producing any proposed solutions or helpful guidance. Thankfully my research advisor, Dr. Peter Jones, directed me to the Drawdown framework and how it already includes all the solutions necessary to achieve Drawdown point and avert the worst effects of climate change. The Drawdown framework gave me hope that humanity could collectively overcome, or at the very least, stem the extreme climate change this planet was pathing towards. After reading the framework and joining DrawdownToronto I became much more familiar with the tenets and solutions within Drawdown. 
	I came to Toronto, Canada at an early age and I’ve lived here ever since. I wanted to research where the city was at in terms of its proposed climate action and were there any gaps that needed to be addressed and any innovation methods that could accelerate the transition towards sustainability. I was compelled to conduct this research both out of personal and professional conviction as a near life long Torontonian and designer and futurist with concern for Toronto’s long term sustainability prospects. As part of my work with DrawdownToronto, I collaborated with Social Innovation at Georgian College in Barrie, Ontario to develop a climate action course and workshop centred on the Drawdown framework. The climate action module we developed was successful in teaching novice students about climate action and the multitude of solutions available at their disposal both individually and collectively. I later joined Social Innovation at Georgian as Social Innovation Fellow, primarily to help develop their Community Impact Climate Action Lab to address food-based emissions. Through the climate action lab, we worked with the local community and relevant stakeholders to develop a food emissions dashboard and later a food-based climate action game, to engage students on this issue. Around this time, the newly released Regeneration framework, also edited by Paul Hawken, began to gain some momentum. More recently, DrawdownToronto has evolved to become RegeneratingToronto and incorporate the Regeneration framework into their climate action volunteer work. This evolution mirrors the climate action movement’s transition from socio-technical solutions towards more holistic, life and nature centred approaches and forms of innovation. While this project mainly concerns the original Drawdown framework and related solutions within the context of Toronto, future research could benefit from deeply examining how Regenerative solutions could further improve the city’s climate action strategies and pursuit of sustainable flourishing for all life in Toronto. 
	In October 2019, Toronto’s City Council unanimously declared a climate emergency and committed to accelerating climate action towards achieving net zero emissions. The TransformTO Net Zero Strategy is Toronto’s ambitious plan to achieve carbon neutrality by 2040. While this climate action plan establishes green objectives for homes/buildings, energy, transportation, and waste, additional solution categories such as food and consumption patterns are overlooked. Hence, Project Drawdown’s 90 plus climate action solutions may provide additional complimentary measures for Toronto to fulfil its emission targets. 
	Firstly, the sheer number of actions offered by Project Drawdown may lead to choice overload, and some measures may be more or less effective within Toronto’s context. Therefore it is worthwhile to investigate which Drawdown solutions offer the most potential to help Toronto achieve its emissions reduction targets. Furthermore, it is beneficial to take stock of which Drawdown measures are already underway by Torontonian actors and which methods of systemic innovation show capacity to instil more widespread participation and buy-in. As Drawdown is a global framework, Hawken acknowledges that the relative importance of solutions may vary based on geographic or economic conditions. (2017)
	Secondly, within the sustainability and innovation literature, it is commonly accepted that multiple innovations are required to fulfil the transition towards sustainability (Fagerberg, 2018; Repo and Matschoss, 2019). There are many innovation types that can support the systemic changes required to attain sustainability goals including technological, social, and socio-ecological innovations. However, Toronto’s current climate plans does not explicitly recommend or account for any specific innovations beyond technological innovations and these may be insufficient to fully address the complexity of societal sustainability challenges (Repo and Matschoss, 2019). Therefore, is it worthwhile to investigate which additional types and forms of innovation can help Toronto achieve the systemic changes and transformations required to attain emissions reductions and reach net-zero.
	Finally, it is important to examine how the climate action movement has evolved and incorporated additional perspectives beyond exclusively focusing on emissions reductions. Can adopting a wider sustainability agenda that accounts for social justice, flourishing and regeneration help Toronto lower emissions while also improving the quality of life for millions of Torontonians?
	According to the IPCC, climate change such impacts such as extreme temperatures and flooding are exacerbated in cities due to urbanization. Phenomena such heat island effect and altered water cycles are some of the causes for the amplification of climate change impacts in cities (IPCC, 2021). Greater urbanization will continue to amplify temperature changes in cities (IPCC, 2021). The Greater Toronto Area is the fastest-growing region in Ontario, with a projection of 10 million people by 2046 (Ontario, 2022). With Toronto’s continued growth and urban expansion over the next few decades, the impacts of climate change will be further amplified and therefore it is even more critical for Toronto to achieve carbon neutrality and significantly curb greenhouse gas emissions. While the TransformTO Net Zero Strategy is ambitious, it does not account for a complete inventory of the city’s carbon footprint, such as emissions related to consumption of food and products from other regions. The city will need to adopt additional climate action measures beyond TransformTO’s recommendations to achieve true carbon neutrality while also accommodating millions more residents. 
	The City of Toronto has proposed a set of climate actions to achieve net zero emissions by 2040, however the TransformTO plan only includes a narrow set of measures and categories compared to the extensive Drawdown Framework. Therefore, it is critical to identify and evaluate which Drawdown solutions are applicable to Toronto and their implementation status. This research project will systemically examine over 90 Drawdown solutions within the geographic, social, historical, political and economic context of Toronto. The applicability and feasibility of each solution will be researched and assessed to determine which climate action measures are currently unaddressed but show a high impact to support Toronto’s net-zero targets. 
	The geographic scope of this research primarily considers Toronto, Ontario and the Greater Toronto Area (GTA). Some Drawdown solutions are beyond the capacity limits of municipal institutions and stakeholders therefore provincial and federal initiatives, laws and regulations have also been included where applicable or necessary. The research data for this study was conducted during 2021-2022. The Drawdown solutions within Toronto’s context have been evaluated on a timescale to achieve net zero by 2040 or 2050 falling in line with municipal and federal targets. Solutions that show high impact but have yet to be implemented within Toronto will be further examined based upon their potential to contribute to flourishing, that is social benefits, environmental regeneration and financial returns. The primary stakeholder of this research is Toronto’s current and future residents.
	Methodology & Thesis Overview
	This research project utilizes a case study approach examining the applicability of Project Drawdown climate solutions within the specific context of the City of Toronto and its net zero emissions goals. The methodology involves systematically evaluating over 90 Drawdown solutions and assessing their feasibility and implementation status for the Toronto context based on geographic, social, historical, political and economic factors. Solutions are analysed to determine their potential impact and current adoption levels in Toronto. Solutions with high impact potential not currently addressed in Toronto's climate plans are identified for further investigation. The research data was collected in 2021-2022 through desk research, literature review, and analysis of Toronto's climate strategies and emissions sources. The temporal scope considers solutions to achieve Toronto's net zero targets by 2040-2050. The primary stakeholder is Toronto residents.
	Desk research was conducted to collect data on each Drawdown solution including scientific sources, government documents, municipal climate plans, and sustainability reports. A literature review synthesizes academic research on sustainability, innovation and systemic transformation to inform the analysis. Toronto's TransformTO climate plans provide data on current strategies and emission sources. Public documents detail the policy context for climate action in Toronto, Ontario and Canada. Solutions are prioritized and selected for further investigation based on their potential emissions reduction impact and current level of adoption in Toronto. Proposed solutions are examined in terms of costs, benefits, barriers, and potential to contribute to flourishing. A synthesis ties together the document analysis, literature review, and solution evaluations to derive evidence-based recommendations for informing and expanding Toronto's climate action strategies.
	To recap, this research project utilizes a case study approach to systematically assess and prioritize Drawdown solutions for the specific context of Toronto. A mix of desk research, document analysis, and literature review provides the methodology and data. The solutions analysis combined with the synthesis aim to derive tailored recommendations for enhancing Toronto's climate plans.
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	In December 2015 the landmark Paris Agreement international treaty on climate change was adopted by 196 parties. The goal of the Paris Agreement is to limit global warming to under 2 °C and ideally limit the increase to 1.5 °C above pre-industrial levels. Fulfilling the goals of the accord and achieving global carbon neutrality by mid-century will require significant economic and social transformations (UNFCCC, n.d.). In 2018, the IPCC reported that limiting global warming to 1.5 °C requires a global emissions decline of 45% below 2010 levels and net zero GHGs by mid-century. In 2019 both Canada and Toronto declared a climate emergency, acknowledging the urgency of addressing the climate change and reducing emissions. 
	In 2017, the City of Toronto passed TransformTO which aimed to reduce carbon emissions to 80% of 1990 levels by 2050. Later, in 2019 Toronto updated it emissions goal to achieve net zero by 2050. Finally in 2021, Toronto’s emissions strategy became even further ambitious and was again revised to include a strategy to achieve net zero by 2040. Similarly in 2021, the Canadian Net-Zero Emissions Accountability Act set a federal target of net zero emissions by 2050.
	The City of Toronto’s Net Zero Strategy outlines two pathways and timelines to achieve carbon neutrality, Net Zero by 2040 (NZ40) and Net Zero by 2050 (NZ50). One of the limitations of the TransformTO Net Zero strategy are that its “CityInSight” modelling, developed by Sustainability Solutions Group (SSG) and whatIf? Technologies Inc, only accounted for “finance, energy, and emissions” factors without deeply considering social and environmental benefits (City of Toronto, 2021, p. 11). Another pitfall in the TransformTO strategy is that it does not assess consumption-related emissions. (City of Toronto, 2021) Furthermore, GHG emissions or reductions related to land use or modifications to land-based carbon sinks are not accounted for in the CityInSight model.
	The TransformTO framework of “Reduce-Improve-Switch-Generate” (City of Toronto, 2021, p. 52) narrowly focuses predominantly on using and generating energy efficiently and phasing out fossil fuels to achieve carbon neutrality. While this framework account for reducing select emissions, it ignores the climate action strategies of supporting sinks and improving society which are pillars of the Drawdown framework. Toronto’s population is projected to reach 4 million in 2046 according to Ontario’s Ministry of Finance (Ontario, 2021). However the TransformTO NZS uses a low scenario population to base its projections and assumes 3.7 million people by 2050 (City of Toronto, 2021, p. 56). Accounting for 300,000 more people would significantly impact the key drivers of GHG emissions (personal vehicles, households, employment, population) within the TransformTO model. According to the TransformTO NZS, the three main sources of GHG emissions in Toronto are building, transportation and waste. However, it should be noted the GHG inventory used does not account for emissions related to consumption. 
	Ontario’s electrical grid is expected to become more GHG intensive over time due to the retirement of nuclear stations and increasing gas power capacity. (TransformTO NZS, pg 58) As of 2022, there is no plan for Ontario’s electricity grid to be zero emissions by 2050 or earlier. 
	(Add more here)
	The Canadian government is committed to achieving net zero emissions by 2050 (Canada, 2020). The Canadian Net-Zero Emissions Accountability Act, ratified in 2021, requires setting national targets for reducing GHGs, and developing science-based emissions reductions plans (Canada, 2021). The Act establishes reducing emissions by 40-45% below 2005 levels by 2030 which is outlined in Canada’s 2030 Emissions Reduction Plan. Canada’s Net-Zero Act also requires setting and updating national emission reduction targets for every 5-year increment (2035, 2040, 2045) at least a decade in advance.
	Paul Hawken’s bestselling book Drawdown: The Most Comprehensive Plan Ever Proposed to Reverse Global Warming, introduced the Drawdown framework to mainstream audiences and outlined 80 plus climate action solutions vetted by hundreds of scientists and researchers to achieve significant emissions reduction by mid-century. In the book, Hawken shared that Drawdown is the point in time when the levels of atmospheric greenhouse gases stop rising and start to decline steadily. From this point, we can initiate the process of stemming further climate change and prevent potentially disastrous warming.
	Frischmann et al. (2020) defines Drawdown solutions as “any technology or practice that directly affects the concentrations of GHGs in the atmosphere by (a) reducing GHG emissions through lowering demand, (b) avoiding GHG emissions through stopping fossil fuel emissions and replacing with zero- or low-emitting alternatives, and (c) sequestering atmospheric carbon through viable natural and engineered sinks.” (2020, p. 1)
	The Drawdown solutions were selected based on the highest potential to reduce emissions or sequester carbon, and these solutions were selected from a major meta-analysis of research that performed modelling of carbon dioxide and financial impacts (Hawken, 2017). According to Hawken, most of the Drawdown solutions lead to regenerative results such as job creation, health benefits, cost savings, greater food security and reduced pollution. (Hawken, 2017) According to the Drawdown framework, we can achieve the Drawdown point by 2050 if all the solutions it outlines are optimally utilized (Wilkinson, 2020). Moreover, these climate solutions are interconnected, and all of them are essential as they can be combined and leveraged to be more impactful. (Wilkinson, 2020) In addition to benefitting greater sustainability and lowering GHG emissions, climate action solutions offer additional benefits such as greater resiliency and economic, social and health improvements. 
	In 2023, Project Drawdown released the Drawdown Roadmap which is a science-based strategy for expediting sustainability solutions. The Drawdown Roadmap outlines which actions governments, businesses and other organizations should focus on to maximize climate action efforts. The Roadmap shows how to mobilize climate action solutions across sectors, time and geographies, along with maximizing benefits and remove barriers. (Project Drawdown, 2023)
	Action Across Sectors
	According to Dr. Jonathan Foley 80% of the solutions in the Drawdown framework are effectively net cost-free or generate revenue (Project Drawdown, 2023). Meanwhile only a fifth of the Drawdown solutions would require a subsidy. Moreover Dr. Foley suggests that investing in these solutions would generate a monetary return of five times the initial principal, that is $5 for every dollar spent (Project Drawdown, 2023). Project Drawdown suggests starting with the lower cost solutions first to catalyse economic activity across sectors and industries. There appears to be a misalignment between current philanthropic, venture capital and government investments in climate action solutions sectors compared to an ideal science-based portfolio (Project Drawdown, 2023). For instance, based on 2021-2022 estimates, carbon removal is overfunded in philanthropy, transportation solutions are the majority of venture capital funding, and finally, electricity solutions occupy the vast majority of government climate action investments (Project Drawdown, 2023). Likewise, Toronto’s net zero strategies may be overinvesting in some sectors, such as electricity, at the expense of other solutions buckets, such as food/agriculture and industry. Hence a more comprehensive strategy for Toronto’s climate action goals should address this disconnect and align sustainability investments with science-based recommendations on capital distribution. 
	Action Across Time
	Dr. Foley from Drawdown suggests that time is the most critical variable when it comes to addressing climate change.  (Project Drawdown, 2023) Achieving roughly net zero emissions by mid-century will require significant reduction in emissions immediately, with steep cuts from the 2020s-2030s (Project Drawdown, 2023). Continued emissions cuts are necessary from the 2030s onward albeit not as steeps compared to the earlier decade. Carbon removal methods and technologies will also need to continue to grow to make up for any residual emissions source that prove difficult to cap or cease. According to Foley achieving the Drawdown point will require “waves of climate action” (Project Drawdown, 2023, 9:23) that start now and “crest at different times and forms in the future” (Project Drawdown, 2023, 9:32). Solutions that could bend the emissions curve right now considered “emergency brakes” include reducing ecosystem degradation, cutting methane leaks, reducing refrigerants, increasing energy efficiency and food based solutions (Project Drawdown, 2023). While Toronto’s climate strategy includes energy considerations, it lacks sufficient consideration of ecosystems, methane release, refrigerants and food waste or plant-based diets. See the proposals section for more in depth examination of high impact solutions currently being overlooked within Toronto’s emissions and climate action strategy. 
	The next wave following the emergency brake solutions are “new low carbon systems” or mostly infrastructure-based solutions (Project Drawdown, 2023, 10:48). These types of solutions related to electricity, building, transportation, industry and agriculture will take longer to achieve due to the scale, structure, and financial costs associated with the systems and technologies involved (Project Drawdown, 2023). Foley and Drawdown sees the infrastructure wave followed by social interventions which we can start now and help the climate future. These types of solutions include investing in Indigenous communities, and greater equity for women in healthcare, and education. Currently Toronto does not account for these social intervention-based climate action solutions as part of its sustainability strategy. Social intervention type solutions provide multiple benefits such as helping people directly. through greater equity and investment, while also lowering long term emissions aiding future generations (Project Drawdown, 2023).
	According to Foley next wave to crest are nature-based solutions such as forest, soil, ocean and agriculture-based climate action measures. He acknowledges that these forms of carbon solutions and sinks take decades to shore up. While their impact is slow initially, investing in nature-based solutions now will show significant dividends and growth in emissions reduction in future decades.  The last wave and least predictable to quantify or assess are new technologies (Project Drawdown). It is challenging to predict which technologies will take off in the future. Foley recommends investing in new innovations. research and development on an ongoing basis from now until mid-century to create the tech required to fill in any emissions gaps. Toronto’s climate action strategy does not address or suggest the multiple innovation types and strategies required to achieve its own climate action goals. See the literature review for a more detailed outline on innovations Toronto could adopt or support to increase the likelihood of achieving it’s climate action aims. Globally we need to support all solutions areas simultaneously, though their effects will crest at differing periods. 
	Action Across Geography
	In addition to considerations of climate action categories and temporality, it also important to consider geographic fit. Foley recommends identifying leverage points in the system to decipher area of actions we should prioritize. Drawdown uses the examples of methane leaks from natural gas wells and deforestation in the Amazon and Indonesian rainforests as instances of high leverage points to reduce emissions quickly and significantly (Project Drawdown, 2023). Foley suggests looking for geographic 80:20 rules or leverage ratios, whereby the most impact can be achieved with the least investment. When evaluating Toronto’s carbon strategy, there is a need to be greater examination of which solutions show high impacts with minimal costs. Currently, solutions within Toronto’s strategy are not measured based on the ratio of carbon reductions to cost of investment.
	Maximize Co-Benefits
	The fourth pillar of the Drawdown Roadmap seeks to maximize the co-benefits of climate solutions (Project Drawdown, 2023). That is seeking solutions which support climate action, as well as impart additional benefits such preserving biodiversity, protecting ecosystems, and greater equity for marginalized populations and groups. While these co-benefits tend to show greatest potential in low- and middle-income countries, these solutions can also benefit high income countries such as Canada through improving the economy and human welfare. Currently Toronto’s climate strategy recommends solutions primarily based on emissions reductions potential without deeply evaluating the co-benefits provided from the measures. Future climate strategies for Toronto could more holistically evaluate the varied (economic, environmental, and/or societal) benefits provided by solution choices and lend greater urgency to prioritizing co-benefit solutions. In this way, Toronto adopting co-beneficial climate solutions could support greater sustainability and simultaneously strengthen the city through improved ecosystems, greater human health and equity. An example of a solution that Toronto is currently overlooking with multiple co-benefits is offshore wind turbines. 
	Remove Multiple Barriers
	The last aspect of the Drawdown Roadmap concerns overcoming obstacles to achieve net zero emissions. The barriers to scaling climate solutions identified by Foley are “policy and regulatory, capital and financing, business practices, technology, and behaviour and cultural” (Project Drawdown, 2023, 18:08 ). According to Foley to overcome these barriers, we will need to address them simultaneously as they are all at play in preventing greater progress in climate action. Within Toronto’s context, insufficient attention is given to these aforementioned sustainability barriers. While Toronto’s NetZero strategy includes some considerations of policy and business practices, it lacks clarity on the financing and capital that will be required to achieve its plans. For instance, many of Toronto’s transportation sector solutions do not outline how these aims will be funded. More glaringly, Toronto’s strategy does not consider technological or social (behavioural, cultural) barriers to climate action. An example of a technological barrier is Toronto’s aim to rely more on renewable energy and electrification, especially with EVs. However, Ontario’s grid is set to get dirtier over the coming decades. A lack of independent energy production could certainly be a barrier to reducing carbon emissions. Similarly, Toronto’s current climate aims fail to account for the impact of behavioural and cultural solutions. This is most evident in the lack of food-based solutions, such as promoting plant-rich diets which are one of the top Drawdown solutions in terms of carbon emissions removed. For Toronto to have a greater chance of achieving net zero emissions, it will need to more comprehensively account for some of the major barriers to climate action.
	 The Drawdown roadmap can guide better investments to take advantage of climate solutions in the future. The roadmap can add a dose of scientific reality to ensure that values and financial goals align with the desired outcomes. There are gaps in funding across sectors; Electricity, food and agriculture, transportation well-funded (Project Drawdown, 2023). Other solution sectors and areas such as industry and fugitive emissions are less funded and underrepresented. (Project Drawdown, 2023) 
	Guide Business Action
	 Businesses can focus on work to have real impacts, avoiding green washing and over-reliance on being a net-zero and offsets, which may not have a practical approach towards climate change (Project Drawdown, 2023). Offsets can lack credibility. Toronto’s climate plan may be too reliant on offsets to make up for their emissions gaps in reaching carbon neutrality. Foley explains that the concept of Net Zero is problematic as it wasn't intended for individual companies or groups but for the entire planet (Project Drawdown, 2023).  The focus should be on working towards real zero emissions and doing everything possible to cut emissions (Project Drawdown, 2023). 
	Guide Government Action
	The Drawdown Roadmap can guide government action by showing where climate dollars should best be spent across various sectors with an idealized portfolio of solutions (Project Drawdown). Comparing Toronto’s climate action investments to the roadmap’s idealized portfolio could help identify which sectors are underfunded to realistically meet its emissions targets. 
	Science Helps Drive Effective Action
	The Drawdown Roadmap shows how science can guide effective climate action globally. By following and applying proven scientific climate action principles and solutions, businesses, governments, and communities can most effectively achieve their emissions reductions targets (Project Drawdown, 2023). Foley stresses that this is a crucial moment in human history where reimagination of everything is possible, leading to the creation of a more sustainable, equitable, and just world (Project Drawdown, 2023). We need broad, collective action both individually and systemically to achieve the Drawdown point and prevent catastrophic climate change.
	In October 2018 Indigenous people, including an Elder, professors from the universities of Ryerson, Trent and York and those working in climate and environmental sectors, Indigenous Climate Action and more, met to discuss the Toronto’s climate strategies (City of Toronto, 2018). The participants in the Indigenous Knowledge Workshop developed a series of responses to Toronto’s TransformTO plan and Resilience Strategy. Firstly, the group found that more in depth consultation is required before they could develop a broader set of recommendations to authentically represent Indigenous consultation on these issues (City of Toronto, 2018). Indeed, one of the first main findings of the group are that “We need more meaningful Indigenous engagement on these questions,” (City of Toronto, 2018, p. 3).
	Even within the limited 1 day workshop, the participants found one of the main flaws with Toronto’s climate action strategies, it lacks full cost accounting (City of Toronto, 2018). The workshop group acknowledged that cities such as Toronto “avoid facing their real contribution to overall emissions” by lowering production within the city and “not calculating where we are getting what we consume and how it is produced and imported” (City of Toronto, 2018, p. 5). This supports one of this project’s criticisms that the TransformTO emissions goals are based on an incomplete picture of Toronto’s true carbon emissions and footprint. Full cost accounting will enable the city to evaluate our contributions more holistically and reexamine our less direct relationships, which may be outside of local areas and regions. The workshop group also found that we need a less siloed approach to climate and the environment (City of Toronto, 2018). One of the stronger examples of this is environmental issues should not be considered separate from cultural and health related concerns as it so often is in Canadian policy (City of Toronto, 2018). This fits with another recommendation of this project which is to examine the social and health benefits of any possible climate action solutions in addition to emissions improvement.
	In 2019, the Drawdown Georgia project sought to create a replicable framework for translating the global GHG-reducing solutions within the Drawdown portfolio to the state level, specifically Georgia (Brown et al., 2021). Drawdown Georgia systematically evaluated each of the solutions within the Drawdown framework and noted the solutions that show great potential to reduce Georgia’s emissions by 2030 (Brown et al., 2021). Similarly, at a smaller scale, this work aims to evaluate the suitability of Drawdown solutions in the context of Toronto’s sustainability targets. Based on the approach of the Drawdown Georgia project, this work’s analysis will also look at the market readiness, relevant local experience, data availability, emissions reduction potential and cost competitiveness of each Drawdown solutions applicability for Toronto.
	The shift from socio-technical solutions, such as those found in the Drawdown framework, towards more regenerative solutions, as seen in the Regeneration framework, reflects an evolution in the climate action movement's approach to addressing climate change. This shift has been driven by a growing recognition of the interconnectedness of social, economic, and ecological systems and the need for holistic solutions that address multiple dimensions of sustainability.
	Regenerative solutions emphasise a more holistic approach to addressing climate change, focusing not only on reducing greenhouse gas emissions but also on restoring ecosystems, enhancing biodiversity, and improving social and economic well-being. This approach recognizes that addressing climate change requires addressing the root causes of environmental degradation, social inequality, and economic instability. Regenerative climate action methodologies are based on a systems-thinking approach, which recognizes that social, economic, and ecological systems are interconnected and that changes in one system can have ripple effects throughout other systems. This approach seeks to identify and address the underlying drivers of climate change, rather than just treating the symptoms.
	Regenerative solutions also emphasise the importance of empowering communities to take control of their own futures. This includes supporting local initiatives, building community resilience, and fostering a sense of ownership and responsibility for addressing climate change. This approach recognizes that top-down solutions are often less effective than bottom-up, community-driven solutions. Moreover, regenerative approaches such as Hawken’s Regeneration framework often highlight the importance of nature-based solutions, such as reforestation, agroforestry, and regenerative agriculture. These solutions seek to harness the power of nature to sequester carbon, restore ecosystems, and enhance biodiversity. This approach recognizes that healthy ecosystems are critical for mitigating climate change and adapting to its impacts. Regenerative solutions also stress the importance of addressing social justice issues, such as poverty, inequality, and discrimination. This approach recognizes that climate change disproportionately affects vulnerable and marginalised communities and that addressing social justice issues is critical for building a more sustainable and equitable world.
	It is important to note that socio-technical solutions, such as those found in the Drawdown framework, are still important and have a role to play in addressing climate change. However, there is a growing recognition that these solutions alone are not sufficient, and that a more holistic and regenerative approach is needed to address the root causes of climate change and build a more sustainable and equitable world.
	Joe Brewer is a complexity researcher, innovation strategist, and social entrepreneur working with bioregional ecological restoration and regeneration. In 2020 Bewer founded Earth Regenerators and launched an initiative to regenerate 500,000 hectares of land in Barichara, Colombia. Brewer recently started the Design School for Regenerating Earth in 2023. 
	On August 3rd 2023, as part of my ongoing engagement with Regenerating Toronto, I attended an “ask me anything” talk with Joe Brewer in Markham, Ontario. At this public event, I asked Joe Brewer about his perspective on how the climate action movement has evolved and where he sees the direction of climate action headed. Brewer discussed the evolution of the climate discourse and its shift from a holistic environmental perspective to a narrower focus on climate science and carbon emissions and how it is slowly returning to its original roots. Brewer highlighted that the climate discourse originated from ecological studies, however, over time, the discourse became more technocratic and reductionistic, focusing primarily on carbon emissions. Despite this shift, Brewer notes that social justice, indigenous appreciation, ecology, and other fields have advanced significantly in the last half-century. 
	According to Brewer, the climate movement is misnamed, as it encompasses a broader range of issues, including wealth inequality, environmental destruction, and displacement. For Brewer the climate movement is evolving into an earth regeneration movement, which involves returning to a more holistic and indigenous approach to the environment. This parallels the shift and evolution from the Drawdown framework into the Regeneration framework. Brewer concludes that the climate movement is moving towards a collective management of resources that we all depend on for survival, and that this shift is about coming home to the earth and embracing a more holistic and regenerative approach. A transcript of this conversation is provided below. 
	Question: ”From your experience and perspective, how has the climate action movement evolved, and where do you see the movement headed? Will it incorporate aspects beyond carbon reduction, such as bioregionalism, regeneration, social justice and flourishing?”
	J. Brewer: “Good question. So the climate discourse is really interesting to notice what it left behind. For those of you who know the work of people like Paul Ehrlich and his very controversial book, the Population Bomb came out in the seventies and similar kinds of work like Limits to Growth in 1972. And then there's the World Seven model and all the stuff. They're actually still doing that research, which most people don't know, is that the climate discourse evolved from a more holistic environmental discourse that was based in ecology. The population part is based on ecology. The climate discourse is based on climate science, which unfortunately while there is an ecological component. It's usually lumped into the parameterization of how much photosynthesis is there and what's holding that primary production and other things you can measure with satellites. And so the climate discourse already evolved away from something that was more holistic and the fifties, sixties, seventies and eighties. Those of you are old enough to remember will know this. Those of you who have studied the environmental discourse will know that it became myopic, became technocratic and reductionistic and became about carbon. At the same time in the last half century, social justice, indigenous appreciation and thought, ecology itself and many other things have advanced considerably. So right now the climate movement is misnamed. It's misnamed because there are people like young people that go to climate marches. Why do they go to climate marches? Because they don't believe they're gonna have a future and they're gonna fight for it. That's social justice. And so, is there social justice in the climate discourse? Hell yes. But let's remember other things like Occupy Wall Street or Arab Spring, other movements, La Via Campesina and Latin America, a land holders movement trying to reclaim land and stop corporate land grants. There are social movements all over the world that are increasingly sophisticated and mature. And then on the other side, social entrepreneurship, social innovation, systems thinking, things that have advanced considerably. The idea that capitalism is multi-capital, which is now pretty much standard thought by anyone who's paying attention. Social capital and financial capital, knowledge capital and institutional capital, natural capital are all important. And so this complexification of thought and this trans thematic way of being where it moves beyond themes is now fully normalised in our social movements. Our media calls it a climate movement. But if you look at wealth inequality and climate change and environmental destruction and displacement and you go on and on from there, you find it's not a climate movement, it's just misnamed. So what I would say is the evolution of the climate movement is that it's becoming an earth regeneration movement. I don't mean to name it as mine 'cause it's not about the name. It's about the idea that when we went from environmentalism to sustainability, there was good progress. As an example, in 1991, a non-profit in Seattle called Sustainable Seattle created the very first sustainability indicators for cities. No one had put together sustainability indicators for cities. It was newer and they added a lot of social health and economic metrics together with environmental metrics. Things that became like multi capitalism, you know, those kinds of holistic thought. That stuff goes back decades. It's not even new, right? And so what I see is where's the climate movement going is, we're going home. We're coming home, coming home. Increasingly those of us in the climate movement who are motivated by the climate change aspect of it are finding that we have to come home. We have to come home to our mother, we have to come home to the earth. Increasingly, people working on climate change are doing agroforestry. Increasingly people doing agroforestry are doing agroecology. Increasingly people doing agroecology are exploring shamanism and plant medicine. We're becoming indigenous again. So the climate movement is the movement toward the future indigenous of humanity who are not just indigenous to territory, but are indigenous to territory and planet simultaneously, which is earth regeneration. And so that is where the climate movement is going. It just doesn't know it as a story. But when you talk to people in the regenerative movement or the refi space on the Web3, crypto, blah, blah, blah, decentralisation, participatory, there's so much of it out there. They're going back to how do we collectively manage what we collectively depend upon for our survival and we're coming home. And so that's where I see the climate movement.“
	Introduction
	The purpose of this literature review is to provide an overview of the existing body of research on sustainability as it relates to innovation and systemic innovation. This review aims to identify key themes, methodologies, and gaps in the current literature, thereby setting the stage for investigating which forms innovation for sustainability can help Toronto achieve its net-zero emission goals and better inform its climate action strategies. The literature search was conducted using predominantly, Google Scholar. Additional sources were identified through references cited in the articles initially found. The search terms used to locate relevant literature included keywords, such as "sustainability AND innovation" and "sustainability AND systemic innovation". The search was conducted in 2021 and limited to articles published between 2017 and 2021, to ensure that the review reflects the most current state of research while also incorporating some foundational studies. Articles were included based on the following criteria: peer-reviewed publications, relevance to informing Toronto’s climate action strategy and published in English. Exclusion criteria included: non-academic publications, and articles that did not directly address innovation or systemic innovation for sustainability. An initial search yielded a total of 200 potential sources. After applying the inclusion and exclusion criteria, 24 articles were selected for a more in-depth review, and the findings from 15 of these articles are presented in the following sections.  These sections will delve into various themes and subtopics identified during the review process, discussing the methodologies employed, findings reported, conclusions drawn by different researchers and how these relate to Toronto’s sustainability context. In the findings section, the common themes and insights from the current state of research on innovation and sustainability and relevant proposal suggestions are included. By synthesizing the existing literature on innovation and systemic innovation as it relates to sustainability, this review aims to contribute to a more nuanced understanding of systemic transformation, thereby better informing Toronto’s approaches and strategies for achieving significant emissions reductions and sustainable development.
	The United Nations Sustainable Development Goals (SGDs) provide a provides a shared blueprint for peace and prosperity for humanity and the Earth. The 17 SDGs form the core of a global partnership that demands immediate action from all nations in working to address global wicked problems. The SDGs emphasizes the interconnectedness of poverty eradication, improvements in health and education, reduction of inequality, promotion of economic growth, addressing climate change, and preserving our oceans and forests. In “Drawdown’s ‘System of Solutions’ Helps to Achieve the SDGs” Frischmann et al. and Project Drawdown propose that implementing the framework’s solutions can help achieve the UN SDGs by 2030. According to Frischmann et al., the solutions are even more effective when they are executed in tandem across various sectors as a “system of solutions”, especially when paired with “broad-based, effective partnerships at local, regional, and international scales” (2020, p. 1). In addition to helping address the climate crisis, achieving Drawdown provides multiple additional benefits for humanity and the Earth (Frischmann et al., 2020). 
	While the 2030 Agenda provides a goals framework with calls to action and targets, it does not actually outline how to achieve the SDGs. Along with political and economic barriers, a lack of specific actions and recommendations has hindered attaining the SDGs (Frischmann et al., 2020). Undoubtedly, anthropogenic climate change is the greatest challenge and threat currently facing humanity.  Climate change negatively impacts many systems critical for human survival and prosperity such as food, economics, infrastructure, security, biodiversity, health and wellbeing (Frischmann et al., 2020).  Based on the interconnectedness of climate change to other natural and human systems, it is imperative to achieve SDG13 Climate Action to also achieve all other SDGs. Drawdown’s solutions have been vetted and validated scientifically, financially and for scalability (Frischmann et al., 2020). Project Drawdown has shown that achieving the Drawdown point and further emissions reductions are attainable but “would require the ambitious and sustained adoption of all identified solutions in parallel over decades” (Frischmann et al., 2020, p.3). According to Frischmann et al., realizing the benefits of climate action demands participation across all societal levels and from a broad range of actors and organizations, including municipalities such as Toronto (2020). However, progress has been slow going and implementation of solutions will need to significantly accelerate to fulfil the UN 2030 agenda and address climate change (Frischmann et al., 2020). 
	Through their research, Frischmann et al. identified 2647 favourable links between the Drawdown solutions and UN SDGs (2020). While these are predominantly minor and moderate links, some Drawdown solutions have a significant impact on achieving certain SDGs. Although Frischmann et al. also identified a few hundred trade-offs (249), these are mostly minor with only a limited number of moderate trade-offs. It is key to note that there are potentially even more links between Drawdown’s solutions and the UN SDGs since more solutions were added to the Drawdown framework after the completion of this study. SDG8 “decent work and economic growth”, shows the greatest number of benefits from adopting the Drawdown solutions due to the tremendous economic outcomes achieved from implementing the wide array of technologies and practices found in the system of solutions at multiple geographic levels (Frischmann et al., 2020). Unsurprisingly, considering the system of solutions are climate focused, the highest number of favourable links between Drawdown and the 2030 Agenda are found in SDG13. Following SDG13, the next tier of SDGs that show significant beneficial link to the Drawdown framework are SDG9 Industry, Innovation and Infrastructure, SDG1 No Poverty, SDG11 Sustainable Cities and Communities, SDG8 Decent Work and Economic Growth and SDG7 Affordable and Clean Energy (Frischmann et al., 2020, p. 17). To lesser extent, SDG3 Good Health and Well-being, SDG6 Clean Water and Sanitation, SDG12 Responsible Consumption and Production, SDG15 Life on Land, SDG4 Quality Education, SDG2 Zero Hunger and SDG14 Life Below Water also show many beneficial links from Drawdown solutions (Frischmann et al., 2020, p. 17). Finally, SDG5 Gender Equality, SGD10 Reduced Inequality and SDG16 Peace and Justice Strong Institutions show relatively fewer connections to the Drawdown framework compared to the prior SDGs (Frischmann et al., 2020, p. 17). While the linkages between Drawdown the solutions and SDG17 were not evaluated in this study, considering SDG17 has links to all solutions, it clear partnerships are critical to accelerate the implementation of all solutions (Frischmann et al., 2020).
	To recap, in addition to significant climate and economic gains, adoption of the Drawdown system of solutions provides many other abundant benefits that could “help alleviate poverty, secure food systems, eliminate hunger, provide clean energy, water, and sanitation, improve health and well-being, reduce inequalities, promote gender equity, support healthy economic growth, revolutionize industry and the built environment, and protect, restore, and enhance terrestrial and ocean ecosystems “ (Frischmann et al., 2020, p. 19). The authors of the study warn that without significant progress towards adopting the Drawdown solutions across all sectors, it becomes increasingly difficult to achieve the 2030 Agenda and prevent the most dire consequences of climate change with each passing year (Frischmann et al., 2020, p. 19). Facilitating collaborative partnerships as outlined in SDG17 across many scales and hierarchies is critical to implementing the Drawdown system of solutions and in turn contribute towards achieving the UN SDGs (Frischmann et al., 2020, p. 19). In their conclusion, Frischmann et al. acknowledge that the formation of partnerships required to adopt the system of solutions are variable and contextual based on the unique environmental, social and economic characteristics of different locations. This underscores the importance of partnerships, context-specific solutions, knowledge sharing, and alignment with larger global objectives in achieving Toronto's climate action goals.
	The evolving concept of policy mixes in innovation and policy studies plays a critical role in facilitating sustainability transitions (Kern et al., 2019). According to Kern et al., policy mixes should tackle not only conventional market shortcomings but also broader systemic and transformational issues (2019). In “Policy mixes for sustainability transitions: New approaches and insights through bridging innovation and policy studies” Kern et al. provide five central insights stemming from policy and innovation literature which can help inform policy making, particularly in fostering sustainability transitions. These five themes are: “methodological advances; policy making and implementation; actors and agency; evaluating policy mixes; and the co-evolution of policy mixes and socio-technical systems” (Kern et al., 2019, p. 1)
	Methodological advances
	This theme addresses two key challenges in researching policy mixes for sustainability: 1) how to define the boundaries and elements of a policy mix, and 2) how to characterise its complexity (Kern et al., 2019). Ossenbrink et al. offer systematic methods for defining policy mixes using either a top-down approach, starting with an overarching policy strategy, or a bottom-up approach, starting from a specific impact domain (Kern et al., 2019). Schmidt and Sewerin introduce new metrics for a nuanced analysis of policy mixes, including their balance, intensity, and technology specificity, and highlight the often-neglected area of temporal dynamics (Kern et al., 2019). 
	Policy making and implementation
	Understanding the processes of policy formulation and implementation is crucial for assessing the outcomes of policies aimed at sustainability transitions (Kern et al., 2019). Institutional and cognitive “sticking points” have prevented the full incorporation of system innovation thinking into policy mixes (Kern et al., 2019, p. 11). This theme highlights the need to consider various theories of the policy process and to pay attention to both the sender and recipient sides of policy (Kern et al., 2019).
	Actors and agency
	This theme emphasises the need to focus on the agency of actors involved in sustainability transitions. Kern et al. argue that understanding the roles, preferences and agency of various actors can provide deeper insights into the dynamics and effectiveness of policy mixes (2019). Future research could benefit from a more process-oriented analysis that involves studying how the preferences of various actor groups shape the content and implementation of policies over time (Kern et al., 2019).
	Evaluating policy mixes
	One of the main challenges of evaluating policy mixes is attribution, that is linking specific policy interventions to particular outcomes (Kern et al., 2019). Traditional evaluation methods are often inadequate due to the complex, uncertain, and evolving nature of sustainability transitions and the multi-level governance involved in policy mixes (Kern et al., 2019).  The authors suggest that tailored governance arrangements are essential for effective evaluation and policy learning for successful policy mixes (Kern et al., 2019).
	The co-evolution of policy mixes and socio-technical systems
	This theme underscores the complexity of policy mix dynamics and the importance of understanding the co-evolutionary relationship between policy mixes and socio-technical systems for effective sustainability transitions (Kern et al., 2019). According to Kern et al., policy mixes should be designed to generate positive feedbacks to sustain political support over time (2019). They also highlight the importance of local policy developments and the need for policy mixes to adapt over time in line with the phase of the transition (Kern et al., 2019).
	In summary, Kern et al. argue that thinking in terms of broader policy mixes is crucial for policymakers as it enables them to understand policy complexity and provides analytical tools to navigate it (2019).  Key insights for policymakers include: thinking of policy mixes as an ongoing learning process, considering implementation challenges, adopting a dynamic perspective, and designing mixes to generate positive feedbacks over time (Kern et al., 2019). The authors emphasise the need for continued scholarly and practical efforts to understand how policy mixes can effectively foster socio-technical transitions towards sustainability (Kern et al., 2019). 
	This article could inform Toronto's climate action strategies in several ways. It highlights the importance of policy mixes rather than single policy instruments for pursuing sustainability transitions like net zero emissions. This indicates Toronto should develop a strategic policy mix combining different instruments. The methodologies discussed could help Toronto systematically delineate and characterise its existing climate policy mix to understand gaps, inconsistencies or lack of coherence. The temporal analysis approach could reveal how Toronto's climate policy mix has or hasn't evolved over time to ratchet up ambition and identify needs for policy adjustment. Understanding actor preferences and feedbacks could show where there is support or opposition to elements of Toronto's climate policy mix. This info could help build legitimacy and political feasibility.
	Adopting a multi-level perspective would ensure Toronto's municipal climate policies align and interact positively with provincial and federal policies. The governance insights around policy mix evaluation and learning could help Toronto continually improve its mix based on assessment of policy impacts, feedbacks and outcomes. Overall, the interdisciplinary, complex systems perspective would enable Toronto to develop a strategic, comprehensive and dynamic policy mix tailored to its context and able to support transformational sustainability transitions. In summary, Kern et al.’s article provides useful guidance, concepts and methodologies that could substantially strengthen the sophistication of Toronto's climate policy mix design, implementation, governance and evaluation. This would enhance its potential to achieve ambitious emissions reductions like net zero.
	McGahan et al. (2021) suggest that open innovation can be utilized to address global societal challenges such as the climate crisis. Open innovation is the practice of sourcing ideas from external sources and sharing concepts beyond the organization's own limits, fostering competition and potentially sparking new breakthroughs. Open innovation is a multifaceted concept that encompasses invention and commercialization, is both relationship-driven and systemic, and extends beyond the realm of individual corporations (McGahan et al., 2021, p. 51). It challenges traditional thinking by promoting a nuanced, open approach to innovation. The traditional industrial systems that have been the bedrock of innovation are now contributing to severe social and environmental problems (McGahan et al., 2021). To address these global challenges, there is a pressing need to fundamentally rethink and innovate the very process of innovation itself (McGahan et al., 2021, p. 52). Applying open innovation to societal challenges will require system-level change and overcoming tensions like sharing knowledge while protecting it (McGahan et al., 2021). The authors suggest that all stakeholders, including cities, need to assess their available resources and skills, and consider how these can be utilized to resolve conflicts within the UN SDGS to tackle global issues (McGahan et al., 2021, p. 55). Moreover, according to McGahan et al., the goal of innovation ought to be generating societal value and ensuring that this value is equitably distributed among those who contributed to its creation (2021, p. 55). The modern approach to open innovation emphasizes the importance of stakeholder collaboration for effective problem-solving, especially in the face of global challenges (McGahan et al., 2021). The focus is on maximizing joint value creation and knowledge exchange (McGahan et al., 2021). In summary, McGahan et al. argue that open innovation concepts can be applied to address major societal challenges, but this will require rethinking purpose, system-level change, and overcoming tensions inherent in open collaboration. Considering Toronto’s climate action strategy, the concept of open innovation provides several insights that could improve current sustainability efforts. Adopting an open innovation approach could help bring in diverse ideas, resources, and capabilities from outside the city government to tackle the wicked problem of climate change. This could include collaborating with businesses, non-profits, academia, and engaged citizens. The city could identify how its climate strategies align with UN Sustainable Development Goals to ensure they are creating value for society, and this could be informed by the Drawdown framework which supports fulfilling multiple SDGs. This alignment could also open new opportunities for sustainable growth. Applying open innovation would require overcoming tensions like sharing data while protecting privacy. Stakeholder theory suggests engaging groups with resources vital to climate action and enabling co-creation. Cognitive engagement frameworks could help transform Toronto's ecosystem of stakeholders and get buy-in for climate initiatives. Toronto could use open platforms and challenges to source climate solutions from bottom up. This civic engagement could complement top-down policies. Reframing climate change as a human-centred challenge could catalyse faster open innovation. Appealing to shared interests may get more buy-in than fear-based approaches. Tracking open climate innovations and their social impact could build momentum and demonstrating success can encourage further collaboration. In conclusion, this article suggests Toronto should take an open, collaborative approach to climate innovation that aligns with societal goals, engages stakeholders, and tracks impact - rather than siloed, top-down policies. This could unlock the city's full potential for transformative climate action.
	In “Mobilizing innovation for sustainability transitions: A comment on transformative innovation policy” Jan Fagerberg examines how innovation policy can help accelerate a transition towards sustainability. Fagerberg provides key insights from the literature and several policy methods proposed for steering innovation and transitions towards sustainability. Accordion to Fagerberg, current theories and knowledge from innovation studies are crucial for crafting policies to combat climate change and foster sustainability transitions, stressing the importance of lessons learned from the development and implementation of transformative innovation policy (2018).
	Fagerberg provides a comprehensive definition of innovation, encompassing the complete process from the birth of new ideas through their realization and widespread adoption within economic and societal systems (2018, p. 1569). Toronto can implement a similar broad-based approach to climate innovation, considering both the supply and demand side of innovative solutions. Joseph Schumpeter, almost a century ago, uniquely recognized innovation as the catalyst for economic and societal transformation, rather than just economic growth (Fagerberg, 2018). He emphasized innovation as the practical application of new ideas and saw it in various forms and scales, from incremental changes to radical shifts (Fagerberg, 2018). Schumpeter proposed innovation as "new combinations," where the novelty lies not in individual parts, but their assembly (Fagerberg, 2018). Success in innovation relies on mobilizing resources, understanding the institutional context, and market reception (Fagerberg, 2018). This perspective urges policy-makers to adopt a comprehensive approach towards innovation, considering both supply and demand factors rather than focusing on a single resource like knowledge (Fagerberg, 2018).
	Radical innovations, which often start as impractical and costly, can take a long time to mature (Fagerberg, 2018). Creating niche markets is crucial for their development, as it enhances performance and reduces costs, leading to wider acceptance (Fagerberg, 2018). Hence, Toronto can foster sustainability transitions by creating niche markets for radical innovations. To foster such innovations, particularly for sustainability transitions, policy-makers must implement effective strategies, balancing the involvement of private actors for critical knowledge and maintaining government autonomy (Fagerberg, 2018). Therefore, the city could implement policy strategies that balance the participation of private actors with government oversight to support innovations. These strategies should emphasize clear targets, transparency, and accountability (Fagerberg, 2018). Given the complexity of transitioning to a sustainable economy, a more comprehensive view that considers dynamics at the meso and macro levels is needed (Fagerberg, 2018).
	 The "multi-level perspective" for analysing sustainability transitions, focuses on the macro-level (“landscape”), the meso-level (“technological or sociotechnical regime”), and the micro-level (“niches”) where novel technologies evolve (Fagerberg, 2018, p. 1570). Toronto can use the "multi-level perspective" for analysing sustainability transitions, which would involve managing change at all three levels. The assimilation of these novel technologies by the overarching regime can be difficult due to its inherent resistance to change (Fagerberg, 2018). Hence, an innovative policy strategy known as transition management was formulated to tackle these challenges (Fagerberg, 2018). It establishes a transition arena, led by motivated leaders from diverse sectors, aimed at translating policy goals into tangible visions and paths for transitions (Fagerberg, 2018). In practice, this approach has been faulted for its technocratic nature and lack of democratic involvement; therefore highlighting the need for wider societal support when using policy to pursue significant societal changes (Fagerberg, 2018).  By creating a transition arena involving leaders from diverse sectors, the city can translate policy goals into actionable and tangible paths for transition, ensuring inclusive, and participatory decision-making.
	Revolutionary innovations can have a wide range of economic impacts, from altering a specific sector to reshaping the entire economy (Fagerberg, 2018). Key to such "technological revolutions", like the advent of microprocessors, is a cost-effective central resource that is both plentiful and has broad applications (Fagerberg, 2018). However, for such groundbreaking changes to fully flourish, various supportive elements including adequate infrastructure, economic structures, organizational models, and institutional frameworks are required (Fagerberg, 2018). The establishment of these components is a time-consuming process, and any disconnect between the requirements of the emergent technological revolution and the existing societal framework can decelerate its integration (Fagerberg, 2018). Renewable energy represents such a forthcoming revolution due to its continuously reducing costs and simultaneous improvements in production and efficiency. However, switching to a system completely powered by renewable energy would necessitate the electrification of all sectors, coupled with strategies for maintaining power supplies when renewable sources are not available (Fagerberg, 2018). This accentuates the need for advancements in energy storage and management systems. The Drawdown framework provides a number of solutions to facilitate and support the expansion of renewable energy including distributed and utility-scale energy storage, grid flexibility, microgrids and more. Toronto can provide the necessary infrastructure, economic structures, and institutional frameworks to support such revolutionary changes, thus accelerating its transition to a sustainable future. The possibility of a renewable energy revolution brings forth important policy considerations, chiefly concerning the pace of the transition (Fagerberg, 2018). While historical energy transitions spanned several decades, the process could potentially be expedited with substantial benefits to end-users and forward-thinking policies (Fagerberg, 2018). 
	The success of innovation is often attributed to the continuous interaction between businesses and their surroundings, encompassing customers, suppliers, and different organizations from the public or private sectors (Fagerberg, 2018). Consequently, the focus is on fostering system vitality by enhancing interactions and boosting capacity among participants (Fagerberg, 2018). National innovation systems centre on the interplay of social, economic, and political factors and how they shape innovation (Fagerberg, 2018). This interaction between crucial economic players and the larger knowledge framework and political systems develops over time (Fagerberg, 2018). Policymakers can affect these systems in a variety of ways. However, as these policies often pursue multiple objectives, they may not be in sync with other innovation-influencing policies (Fagerberg, 2018). It is therefore vital to create a policy portfolio that optimizes the potential for innovation (Fagerberg, 2018). This may necessitate reform in policy governance and mechanisms (Fagerberg, 2018). Policy coordination and the strategic management of innovation systems have come to the forefront as vital components of innovation policy (Fagerberg, 2018). Instances of this include the formation of innovation councils, which enable policy harmonization across sectors and consideration of strategic, long-term societal goals such as sustainability (Fagerberg, 2018). Thus, a clear direction should be set for national innovation policy to support these strategic aims (Fagerberg, 2018). The interaction between businesses and their environment could be applied to improve Toronto's innovation system. This could involve boosting interaction and capacity among participants, aligning policies that influence innovation, and forming innovation councils for policy harmonization.
	  Innovation along with pertinent policies are critical elements in addressing climate change. Fagerberg offers five essential recommendations for bettering the process of crafting innovation policies: “setting direction”, “embracing opportunity”, “mobilizing”, “holistic policy making” and “improving governance” (2018, p. 1574) These recommendations are especially crucial for the creation of transformative policies with bold objectives. 
	 While there is abundant capacity for transformative innovation, the challenge lies in mobilizing these resources (Fagerberg, 2018).  An effective policy strategy that innovation policymakers can use to address this issue is to influence firms' future expectations, providing clear direction (Fagerberg, 2018).  The broadly recognized objective of sustainable economic transition presents policymakers with a unique chance to provide a clearer path for collective innovation initiatives (Fagerberg, 2018). This can be achieved by formulating a long-term societal vision for growth, establishing quantifiable goals, and synchronizing the activities of diverse stakeholders (Fagerberg, 2018). To ensure effective implementation and to maintain consistency amidst political shifts, it's crucial that this vision is developed through open, inclusive conversations with various societal stakeholders (Fagerberg, 2018).
	 The journey towards sustainability is frequently viewed as a high-cost initiative. However, green innovation can actually result in cost savings or even profitability, which is evident in financial analyses conducted within the Drawdown framework (Fagerberg, 2018). Moreover, the Drawdown framework and IPCC have confirmed that the costs of inaction greatly exceeds the expenses associated with sustainability transitions (Wilkinson, 2020; IPCC, n.d).  The ongoing technological evolution in renewable energy, along with persistent advancements in ICT, could serve as the tools needed to liberate us from our reliance on fossil fuels (Fagerberg, 2018). This transformation requires considerable innovation and experimentation in various areas such as energy storage and distribution, energy consumption, electrifying transportation, business models, public sector activities, and general lifestyle practices (Fagerberg, 2018).  The Drawdown framework offers an array of solution pathways that could guide these innovative endeavours. Thus, by seizing the opportunities presented by the renewable energy revolution, policymakers can stimulate green innovation, boost productivity, generate new employment opportunities, and accelerate the shift to a sustainable economic system (Fagerberg, 2018, p. 1574).
	 The transition towards a sustainable economy heavily depends on the participation of numerous stakeholders across different sectors and geographies, with a key focus on activating the private business sector (Fagerberg, 2018). The expertise and resources of users are essential for successful innovation, a fact made evident by the swift progress in renewable energy technologies recently (Fagerberg, 2018). Therefore, including stakeholders, particularly the wider public, in the collective efforts towards sustainable innovation could result not just in a more democratic process, but also a more effective one (Fagerberg, 2018).
	 Innovation success hinges on the capability to access and integrate various elements, such as knowledge, skills, financing, institutional support, and market demand (Fagerberg, 2018). These components are usually complementary, emphasizing the need for a comprehensive, multi-faceted approach to policy making for innovation (Fagerberg, 2018). The traditional supply-focused stance, still prevalent in many settings, is inadequate and should give way to a broader, more encompassing approach that factors in the critical role of demand for innovation (Fagerberg, 2018).  Many of the recent successful transitions towards sustainability have been closely linked to the extensive application of demand-oriented policy tools (Fagerberg, 2018).
	Moving towards sustainability demands not just economic transformations but also enhancements in governance systems  (Fagerberg, 2018). To ensure policies work in harmony rather than at cross purposes, there's a crucial need for effective coordination and alignment across various domains and levels of authority  (Fagerberg, 2018). The urgency of achieving sustainability makes this requirement even more pressing (Fagerberg, 2018). Given the vast scale of the challenge and the multitude of involved actors, such coordination might need to extend beyond government to include other stakeholders  (Fagerberg, 2018). Moreover, driving transformative innovation necessitates public agencies that are highly skilled and have the capacity to learn from their experiences (Fagerberg, 2018).
	 Fagerberg's five recommendations for improving the process of creating innovation policies can serve as a guide for Toronto in creating transformative policies for climate action. Firstly, Toronto can use policy to influence the future expectations of firms and provide clear direction for collective innovation initiatives. Secondly, the city can leverage the ongoing evolution in renewable energy and ICT to stimulate green innovation, boost productivity, create new jobs, and accelerate the transition to a sustainable economic system. Thirdly, Toronto can ensure the participation of numerous stakeholders, especially the wider public, in efforts towards sustainable innovation for more democratic and effective outcomes. Fourthly, Toronto could replace traditional supply-focused policies with a more comprehensive, multifaceted approach that considers the critical role of demand for innovation. Finally, Toronto could ensure effective coordination and alignment across various domains and levels of authority for harmonious policy execution. This might involve extending coordination beyond government to other stakeholders and ensuring public agencies are highly skilled and capable of learning from experiences. By integrating these five elements, the city can develop robust, effective policies for climate action and sustainability.
	In their editorial, “Urban experimentation & sustainability transitions,” Fuenfschilling et al. examine the interconnection between transition experiments in cities and institutional reform. They acknowledge that cities are especially critical for developing sustainability transitions and relevant systemic innovations (2019, p. 219). There is a heightened need for these transitions and innovations in cities due to their rates and levels of population growth, energy usage and emissions output. Cities have the capacity to be “agents of transformative change” through developing and applying forward-thinking policies and fostering a conducive setting for the emergence and expansion of social and technological advancements (Fuenfschilling et al., 2019). 
	It is well-grounded in transition literature that experimentation can catalyse change, and eventually generate profound systemic shifts. Specifically, experimentation in this context can be defined as “a process, where emerging and fluid ideas, practices, expectations, technologies, and new social relations can develop and align into a new, potentially more sustainable socio-technical configuration that, if diffused more broadly, will radically alter the existing system” (Fuenfschilling et al., 2019, p. 220). Moreover, some of the critical aspects of sustainability transitions that experimentation can enable are greater opportunities for collaboration, education, and shared alignment on long-term goals. Examples of sustainability experimentation include living labs, transition experiments and adopting specialized or innovative technologies (Fuenfschilling et al., 2019). Taken even further, steps toward institutional transformation can also be considered a type of sustainability transition (Fuenfschilling et al., 2019). According to Fuenfschilling et al., the aim of transitions is to “de-institutionalize existing configurations and institutionalize new, potentially more desirable ones” (2019, p. 220). Beyond establishing new ideas and practices within institutions, experimentation can play a role in dismantling prevailing and unsustainable systems (Fuenfschilling et al., 2019). Hence, through experimentation, such as trialling producing its own renewable energy through currently unexamined solutions such as offshore wind turbines, Toronto can work towards being less dependent on current unsustainable systems. Fuenfschilling et al. identify urban living labs (ULL) as a form of experimentation and testing ground that can support systemic change and expansion of innovations through strategies and activities such as networking, education, entrepreneurship, and developing change narratives (2019). The creation of ULLs can be a strategic method to trial and optimize new climate solutions. These labs can serve as testing grounds for novel technologies and strategies, facilitating their development and refinement before they are widely adopted. Therefore, Toronto could develop its own urban living labs or create conditions favourable to them as a test bed for the adoption and diffusion of underdeveloped or unexamined climate solutions such as plant-rich diets. Cities can participate in experimental forms of governance through urban living labs by contributing funding and initiating and overseeing their collaborations (Fuenfschilling et al., 2019). Municipal participation in local experimentation is critical in order for the learning outcomes and enabling approaches resulting from livings labs to grow (Fuenfschilling et al., 2019).  Hence even if there are existing urban living labs and transition experiments occurring within Toronto, the city needs to take a more active role for these sustainability practices and results to take root. 
	Fuenfschilling et al. compare innovation and experimentation in that both require creativity, taking risks and a rich variety of actors, resources and expertise, all of which are generally found in cities and urban areas (2019). Where they differ is that experimentation more openly permits failure and learning from mistakes (Fuenfschilling et al., 2019). Through experimenting with currently unexamined climate solutions, Toronto could reduce its risk and learn how to use additional climate action measures within the confines of open and safe spaces (Fuenfschilling et al., 2019). Engaging in experimentation acknowledges that sustainability transitions are not straightforward but instead possess many pathways, some of which can be politically challenging (Fuenfschilling et al., 2019). Hence, by committing to greater use of experimentation to fulfil its sustainability goals, the city can lend greater credibility and validate innovative climate action measures, which can lead to more transformative changes. 
	Upward and Jones’ (2015) paper in Organization and Environment, “An Ontology for Strongly Sustainable Business Models” argues for the need to adapt a strongly sustainable business model ontology (SSBMO) that aligns business models with sustainability principles and goals. Mainstream business models and the popular Business Model Canvas are profit-driven and do not sufficiently account for environmental, social and economic sustainability (Upward and Jones, 2015). The authors propose the concept of tri-profit, which reconceptualizes profit to include environmental, social and financial returns and business models should aim to create positive value across these three areas (Upward and Jones, 2015). The SSBMO they develop includes concepts like stakeholders, value propositions, business processes, governance, resources, capabilities, environmental and social impacts that need to be incorporated to model a sustainable business. Implementing sustainable business models aligned with the SSBMO can help organisations contribute to sustainability goals and the flourishing of society and the environment (Upward and Jones, 2015).  They define a strong sustainable firm as one that “creates positive environmental, social, and economic value throughout its value network, thereby sustaining the possibility that human and other life can flourish on this planet forever” (Upward and Jones, 2015, p. 7).
	Adopting policies and incentives that encourage Toronto businesses to develop strongly sustainable business models could help reduce the city's overall environmental footprint. The city could use the SSBMO framework to assess the sustainability of key industries in Toronto and identify opportunities for improvement. Toronto could also examine policies and regulations that currently incentivize profit-maximization without regard for externalities and update them to better align business interests with sustainability goals. Basing business strategies on scientific knowledge, as advocated in the paper, can push Toronto businesses to set evidence-based emissions targets and adopt meaningful actions vs incrementalism. Upward and Jones and emphasize the importance of stakeholder involvement and governance in sustainable business models. Hence, the city could bring together business leaders, community organizations, environmental groups and other stakeholders to co-develop sustainability strategies and goals. The concept of "tri-profit" proposed by Upward and Jones highlights the need to measure environmental, social and economic costs/benefits. Toronto could incorporate tri-profit accounting to better understand the full impacts of industries and businesses in the city. This data could guide policies and programs. As business model innovation is key for enabling sustainability outcomes, Toronto could provide support such as training, resources and funding to help businesses transition their models towards sustainability. In summary, the strongly sustainable business framework provides logic, concepts and ontology Toronto could reference to guide businesses toward business models, goals and indicators properly aligned to strong sustainability and climate action. Adoption by the private sector would complement the city's policies and programs on climate change.
	The concept of "flourishing" as outlined in the paper could help support and expand Toronto's climate action strategy in a few key ways. Flourishing emphasizes sustainability that enables human and ecological health and wellbeing. This provides a positive vision that could make climate action more appealing and engaging. Flourishing means considering multiple dimensions - economic, social, environmental - not just narrow goals like emission cuts. This encourages a systems approach suited for climate change. Upward and Jones  link flourishing to businesses adopting models that regenerate ecology. Toronto could leverage this principle to get companies to invest in green infrastructure, ecosystem restoration, and Drawdown solutions  that also support climate resilience. Flourishing requires stakeholder inclusion on determining indicators of success. Toronto could use this to engage residents, especially youth, marginalized communities, in co-defining city climate goals. The broad time horizons considered under flourishing align with the long-term view needed for climate planning. Toronto could adopt visioning exercises for residents to imagine a flourishing future city. In addition, the concept of flourishing emphasizes activities that sustain life. Toronto could identify urban design, transit, housing, greenspaces, local food systems etc. that both reduce emissions and promote flourishing, such as solutions outlined within Paul Hawken’s Regeneration framework. Toronto could also encourage community climate projects that build social bonds, not just reduce GHGs. Adopting a flourishing lens can help Toronto engage stakeholders in visionary, inclusive climate action oriented toward long-term ecological and human wellbeing rather than just short-term emission cuts.
	In “Innovation for What? Unpacking the Role of Innovation for Weak and Strong Sustainability” Cristina Chaminade explores the purposes and role of innovation in sustainable development and compares weak and strong sustainability in pursuit of innovation (2020). Chaminade notes that addressing wicked problems such as climate change will not only require multiple innovations, but also gradual or profound systemic changes. Whereas advocates of incremental change support improving current systems, academics embracing transformative change suggest that global challenges demand radical transformation of multiple STEEPV systems (social, technological, environmental, economic, political, value) (Chaminade, 2020). To clarify the discussion on sustainability transformations, Chaminade provides definitions of innovation systems, and technological and non-technological innovations. 
	According to Chaminade and the literature, innovations emerge from dynamic processes where firms gain knowledge and insights by observing and engaging with other entities within the production and innovation systems (2020, p. 3). The network of firms, connections and organizational frameworks that facilitate innovations are what constitutes an innovation system (Chaminade, 2020, p. 3). These relationships and structures influence the pace and trajectory of innovation and the development of competencies that emerge from learning processes (Chaminade, 2020). Technological innovations include new products and processes, and major advances in existing products and processes (Chaminade, 2020, p. 3).  Non-technological innovations generally include organizational, managerial, financial, social or regulatory innovations and other innovation pursuits which are unrelated to process, product or service based improvements (Chaminade, 2020, p. 3). While tech based innovations tend to garner greater attention, non-technological innovation are critical to the growth and expansion of structural transformations (Chaminade, 2020). 
	Considering system innovation, Chaminade provides three distinct approaches: “incremental change, transition, and transformation” (2020, p. 4) Firstly, incremental system innovation is characterized by gradual and subtle alterations that may not be readily noticeable (Chaminade, 2020). Next, system transition refers to a gradual and seamless shift towards an enhanced iteration of the existing state, without fundamentally altering the system itself (Chaminade, 2020). Finally, system transformation refers to a shift towards a future state that is fundamentally distinct from the present circumstances (Chaminade, 2020). Of the three system innovation concepts, only system transformation encompasses the revolutionary and unpredictable nature of changing a system (Chaminade, 2020).
	The factors that contribute to an innovation system can also constitute the barriers to radical transformation; these include sunk costs which can cement system attributes and hinder adaptation to transformative shifts (Chaminade, 2020). 
	Merely fixing issues or problems in existing systems is inadequate to address global challenges such as climate change; transformative and profound changes across all aspects and dynamics of the system are required.  Fundamental aspects of profound system transformations include modifying social dynamics, consumer choices, values and more, in conjunction with the restructuring of production and innovation systems (Chaminade, 2020). Therefore, system innovation/transformation can be considered the outcome of “mobilizing old and new actors to experiment with alternative solutions through technological, social and institutional innovations.” (Chaminade, 2020, p. 5) 
	To achieve system transformation, it is necessary to confront novel challenges concerning “directionality [collective priorities and change direction], demand articulation [user needs and public procurement], reflexibility [anticipate changes and actor mobilization] and coordination [policy management in multiple sectors].”  (Chaminade, 2020, p. 5) Chaminade suggests a “dedicated knowledge base” is necessary to tackle these various challenges (2020, p. 5). This knowledge base encompasses understanding of the existing system, the preferred state of the system, and the methods to effectively implement and expedite system change (Chaminade, 2020).
	In pursuit of sustainable development, it is important to define and articulate the desired form of sustainability (weak or strong) and the means to achieve it. Weak sustainability asserts that as long as the total stock of capital remains unchanged, natural capital can be replaced with other forms of capital (Chaminade, 2020).  This form of sustainability prioritizes economic growth above other sustainability concerns and views the environment as instrumental in supplying inputs for growth (Chaminade, 2020).  Weak sustainability involves exploring ways to create and spread innovations within current systems and growth paths. In this paradigm, technological progress and innovation are considered key tools to replace natural resources and mitigate the adverse effects of economic growth on the environment and human well-being.  The idea of weak sustainability emphasizes precipitating and propagating innovations while maintaining current production and consumption systems. Within weak sustainability, innovation systems play a vital role by emphasizing the development of technological improvements and scientific insights in tackling the negative impacts of growth. Weak sustainability places greater importance on promoting growth and making small adjustments to current production and consumption systems, rather than actively advocating for larger-scale systemic transformation (Chaminade, 2020).
	In contrast to weak sustainability, strong sustainability has limited substitution of natural capital. Within strong sustainability, there is less focus on economic growth as it rarely accounts for social and environmental concerns (Chaminade, 2020).  Strong sustainable development involves emphasis on preserving social wellbeing through protecting natural systems, which are seen as crucial to human survival.  The objective is to establish a secure boundary within which economic and social well-being can be achieved for everyone, while ensuring that the Earth's capacity to support future generations is preserved. Strong sustainability requires social and economic welfare to operate within planetary boundaries.  Compared to weak sustainability, strong sustainability involves a much wider perspective on innovation, incorporating both technological and non-technological innovation and systemic change (Chaminade, 2020). System transformations are complex, requiring advanced approaches to understand and govern them. A potential first step towards progress on sustainability would involve identifying and analysing small-scale, rapid transformations occurring worldwide (Chaminade, 2020). Gaining an understanding of which elements of a country's capacity for transformation are time-dependent and which can be influenced by human actions provides valuable insights for expediting change (Chaminade, 2020).  
	Considering Toronto’s climate action aims, the city needs to identify whether it leans towards weak sustainability or strong sustainability. If Toronto focuses on weak sustainability, the focus would be on maintaining economic growth, relying on technological innovation to offset environmental impacts. However, if Toronto opts for strong sustainability, the focus will shift towards significant systemic changes in preserving natural resources and fostering social wellbeing.  Depending on the chosen type of sustainability, Toronto would need to adopt the appropriate system innovation approach —incremental change, transition, or transformation. If strong sustainability is preferred, the city would need to implement system transformations that bring about fundamental changes in multiple systems. Based on current trajectories and plans, Toronto is seemingly opting for weak sustainability with incremental to transitional approaches. 
	Toronto can foster an environment that encourages collaboration and learning between different stakeholders such as businesses, academia, government agencies, and non-governmental organizations. This can speed up the pace of innovation and foster the development of competencies necessary for achieving its climate action goals. Toronto's climate action plans can benefit from incorporating non-technological innovations, such as changes in policies, social norms, or business practices, in addition to technological innovations. To achieve system transformation, it's necessary to recognize and confront potential barriers, such as sunk costs and other systemic attributes that could hinder adaptation. Understanding these obstacles can help Toronto develop strategies to overcome them and expedite system change. Toronto can also build and leverage a dedicated knowledge base to guide its climate action efforts.
	Gente and Pattanaro cite that the OECD, as early as 2009, acknowledged eco-innovation as distinct from other forms of innovation. According to the OECD, eco-innovation, intentionally or unintentionally, “results in a reduction of environmental impact.” (Gente and Pattanaro, 2019, p. 1) Furthermore, the scope of eco-innovation may exceed organizational limits and ”involve broader social arrangements that trigger changes in existing socio-cultural norms and institutional structures.” (Gente and Pattanaro, 2019, p. 1) Based on this definition, if Toronto adopts solutions within the Drawdown, this would be a form of eco-innovation as it would reduce emissions and ideally catalyze wider cultural shifts and changes in the city. Gente and Pattanaro also provide another definition courtesy of the European Commission, which describes eco-innovation as any innovation type which intends or results in “demonstrable progress towards the goal of sustainable development, through reducing impacts on the environment, enhancing resilience to environmental pressures, or achieving a more efficient and responsible use of natural resources” (2019, p. 1). The Drawdown framework indeed supports all these measures of sustainable development, including lowering emissions, supporting UN SDGs, reducing environmental impact, improving environmental resilience and minimizing/preserving natural resources. 
	Gente and Pattanaro recognize the three main drivers of eco-innovation are “cost savings, market opportunities and policy instruments.” In particular, they state that policy instruments such as regulations can policy instruments include regulation, “can stimulate radical innovation even more than market-based instruments (Gente and Pattanaro, 2019, p.3). While the Drawdown solutions provide well-documented clear capital savings and market opportunities such as job creation and economic growth, applying the framework using policy instruments demands further exploration. 
	Eco-innovations can involve multiple economic sectors, value chains and societal actors (Gente and Pattanaro, 2019). The cohesiveness of the Drawdown framework as a comprehensive collection of eco-innovations is confirmed by the many sectors, supply chains and varied groups its solutions can help support achieving sustainability transitions.  
	Achieving the climate action solutions required to get Toronto to carbon neutrality will involve  design (policy, city planning), users (city residents, private and public organizations), products and services (public services, public property, private property) and governance (local, municipal, provincial). According to Gente and Pattanaro, when these dimensions are involved in eco-innovation, it can be described as systemic eco-innovation. They, along with the OECD, confirm that a systemic approach which is “multi-stakeholder and cross-sectoral” is growingly considered critical towards achieving sustainable development (Gente and Pattanaro, 2019, p. 3). The Drawdown framework can be considered a model for systemic eco-innovation as it is composed of groups of technologies and behaviours from multiple areas (buildings, food, energy etc.) to achieve the Drawdown point and long-term sustainable development. 
	In “Nature-based innovation systems” Alexander P.N. van der Jagt et al. conducted a literature review to compare and contrast technological innovation system (TIS) and nature-based innovation system (NBIS) frameworks. Within the transition literature there is major emphasis on technological advancements in envisioning the future of sustainable cities, however there is a gap regarding the role of nature (van der Jagt et al., 2019). There is emerging policy discourse on nature-based solutions (NBS), which involve integrating socio-ecological and socio-technical systems (van der Jagt et al., 2019). Greater integration of nature and NBS in urban areas can enable “hybrid green-grey” development whereby technical systems such as flood prevention could offer multiple co-benefits such as greater biodiversity and improved air quality (van der Jagt et al., 2019, p. 203). Therefore NBS can be employed in cities to cost effectively tackle social, economic, and environmental sustainability issues in tandem (van der Jagt et al., 2019, p. 203). Additionally, nature-based innovations show potential to enable greater transformations for sustainability in cities. Examples of urban NBS include green roofs, parks, community gardens, green infrastructure, urban forests and more (van der Jagt et al., 2019, p. 203). The Drawdown, and particularly Regeneration, frameworks promoted by Paul Hawken includes a number of these nature-based solutions for urban environments.  Urban NBS are compelling because they offer multiple benefits and help address the inadequacy of exclusively utilizing technological solutions to address urban sustainability problems (van der Jagt et al., 2019). Due the difficulties and ambiguities in implementing and measuring the effectiveness of nature-based innovations, van der Jagt et al. developed a framework to analyse NBIS frameworks. This framework can be used to assess and inform the innovation process during the formative phase of a transition, helping to identify system-level dimensions influencing the development and diffusion of nature-based innovations (van der Jagt et al., 2019). 
	The technological Innovation Systems (TIS) framework is a method for studying sustainability transitions, that views technology as a network of actors within a specific industry, creating, distributing, and utilizing technology (van der Jagt et al., 2019). To foster radical innovation, the TIS framework indicates the need for a system that encompasses diverse actor networks, institutions, and material infrastructures (van der Jagt et al., 2019). Functions that propel or hinder TIS development are entrepreneurial experimentation, knowledge development and diffusion, guidance of search, resource mobilization, market formation, legitimation, and development of positive externalities (van der Jagt et al., 2019, p. 204).  The TIS framework has been critiqued for not adequately addressing the role of the system’s environment (van der Jagt et al., 2019).  To remedy this, scholars have started to examine how TIS develop and expand in relation to various contexts, such as existing sectors, political systems, geographical contexts, and other TIS. 
	NBS can be used to facilitate sustainable urban development by offering prolonged social, economic, and environmental benefits (van der Jagt et al., 2019). Due to the multipurpose benefits of using urban nature to address a wide array of sustainability challenges, they can be considered an essential piece in urban sustainability transitions (van der Jagt et al., 2019). NBS can be described as actions inspired, reinforced or duplicated from nature, serving as an hypernym for various nature-based innovations tackling sustainability challenges (van der Jagt et al., 2019). A hallmark characteristic of NBS is multifunctionality, whereby these innovations offer many benefits simultaneously (van der Jagt et al., 2019). Therefore, NBS can be utilized to address a variety of urban issues such as food security, rising temperatures, air quality and more (van der Jagt et al., 2019).  An NBS can represent a technological innovation itself, while also having the capacity to weave ecological principles into city planning and development structures (van der Jagt et al., 2019). The innovation can be manifested in multiple forms asides from just the final output, these include  new methods of governance, planning tools, business structures, and citizen engagement (van der Jagt et al., 2019, p. 204).  These are essential for speeding up the development of NBS and enhancing its impact on various sustainability issues in tandem.  According to van der Jagt et al., successful NBS development is dependent on “a system comprising actor networks, institutions and infrastructures for development, diffusion and mainstreaming.” (2020, p. 205) Although NBS could potentially serve as cost-efficient substitutes for technology-based infrastructure with a smaller ecological impact, their widespread adoption is impeded by a shortage of understanding about the systemic factors that affect their expansion processes (van der Jagt et al., 2019). Given the unique aspects of NBS in comparison to TIS, van der Jagt et al. proposed the term Nature-Based Innovation System (NBIS) as a framework to examine the “enabling and constraining factors for nature-based innovation in cities” (2019, p 205).
	Based on their literature review, van der Jagt et al. identified several dimensions and subcategories which can promote or limit nature-based innovations. The dimensions of the NBIS framework are agency, discourse and vision, legislation and policies, governance structures, learning, resources, and place-based factors (van der Jagt et al., 2019, p. 207). Agency refers to the roles the individuals and organizations, such as champions and mayors, play in supporting nature-based innovation (van der Jagt et al., 2019). These change agents can exhibit “leadership and power” through organizational efforts to develop and adopt NBS, including influencing others, developing and implement NBS, promoting best practices, regulatory changes, and public-private partnerships (van der Jagt et al., 2019, p. 206). The authors also highlight the significant role of mayors and local governments in promoting urban sustainability. Effective leadership can foster long-term commitment to sustainability, which is critical to expanding NBS and overcoming challenges such as a lack of shared vision, insufficient marketing, inadequate skills, and resistant organizational cultures (van der Jagt et al., 2019, p. 207). “Discourse and vision” relate to presenting NBS as a strategy for urban transformation that tackles various local sustainability challenges, with the aim of enhancing collaborative networks centred on NBS (van der Jagt et al., 2019). The framing of NBS as drivers of growth, not hindrances, is crucial to engage a broader group of decision-makers. This includes combining socio-economic and ecological objectives and accounting for locally significant impediments and opportunities. The dimension of “legislation and policies” regards role of different types of regulation, public policy, and financial instruments in supporting the development of NBS in cities (van der Jagt et al., 2019, p. 208). Public policy is crucial for promoting sustainable urban development and is most effective when it incorporates strategic plans for developing green infrastructure at various scales, considers broader regional dynamics, applies a broad and long-term perspective, including data-driven approaches and extensive consultation (van der Jagt et al., 2019). Using levies or fees to disincentivize unsustainable actions can also help to reinforce NBS investment (van der Jagt et al., 2019). The NBIS factor “governance structure” highlights the beneficial impact of multi-actor governance on the development and spread of nature-based innovation. A diverse and balanced mix of participants within a sustainability network (consisting of institutions and intermediaries) can enhance administrative abilities, increase organizational adaptability, and stimulate a wide range of stakeholders to participate in sustainability efforts (van der Jagt et al., 2019). The NBIS dimension of “collaborative arrangements” emphasizes the crucial role of networks and partnerships in bridging gaps across various scales and sectors (van der Jagt et al., 2019, p. 208) These partnerships impart and foster a number of benefits including organizational dedication, trust, reciprocal learning, knowledge sharing, experimentation, viable policy development and more (van der Jagt et al., 2019, p. 208). Thus these alliances can enhance the probability of success for sustainability efforts. Moreover, actively involving the public and communities and bolstering civil society are crucial strategies for the formulation and execution of NBS (van der Jagt et al., 2019).  This can facilitate and build increased public support, inclusive planning, local capacities and more (van der Jagt et al., 2019). 
	The remaining three NBIS dimensions (learning, resources, and place-based factors) are more extensive and include a number of subcategories.  Learning includes education and training, research, experimentation, and monitoring and evaluation (van der Jagt et al., 2019). Education and training are essential tools to improve comprehension and awareness of sustainable alternatives to current infrastructures. Research plays a pivotal role in urban planning and governance, and the gap between research and practice is seen as a barrier to sustainable development. Hence, more interdisciplinary research and user engagement are necessary (van der Jagt et al., 2019). Experimentation is critical to sustainability transitions as it allows the testing of new ideas and methods. It contributes to social learning, encourages sustainability ideas to enter public discourse and provides a chance to refine innovations (van der Jagt et al., 2019). Monitoring and evaluation of NBS is a key part of this iterative experimentation. It ensures a continued delivery of benefits, a greater understanding of different methods, and improved strategy development. 
	The NBIS dimension resources includes the subcategories of knowledge and human capital, financial factors and technologies (van der Jagt et al., 2019). The effectiveness of NBS largely depends on the availability of knowledge and human capital, encompassing not only technical aspects of implementation and maintenance but also understanding of local environmental and socio-cultural conditions (van der Jagt et al., 2019). Financial factors like diverse funding sources and robust financial planning are crucial for the success of nature-based innovations, with institutional spending, grants, and subsidies serving as major financing mechanisms (van der Jagt et al., 2019). The availability of technologies for NBS implementation such as green roofs is another significant condition and can aid processes of inventorying, resource monitoring, and knowledge management (van der Jagt et al., 2019).
	Finally, the dimension place-based factors include the subcategories built enviroment, natural processes and endowments, societal conditions and dynamics and cultural frames of reference (van der Jagt et al., 2019). The successful implementation of nature-based innovations is highly dependent on the specific built environment and natural endowments of a place, including elements like infrastructure, available space, and local ecological conditions (van der Jagt et al., 2019). These are influenced by factors such as city size, obduracy of the built environment, and local cultural contexts (van der Jagt et al., 2019). Additionally, societal processes such as urbanization, economic transformations, and public health issues also play a significant role in the availability and effectiveness of NBS. Local cultural frames shaped by historical and geographical processes, including consumption habits, trust in government, and aesthetic preferences, can significantly influence the diffusion of NBS (van der Jagt et al., 2019.
	Green roofs, parks, community gardens, and urban forests, all examples of urban NBS, can help Toronto reduce CO2 emissions, increase biodiversity, improve air quality, mitigate urban heat island effect, enhance stormwater management, and provide recreational spaces. Transitioning to NBIS can help Toronto move beyond a purely technology-oriented approach to sustainability. NBS are cost-efficient substitutes for technology-based infrastructure with a smaller ecological impact. The city can leverage dimensions such as agency, legislation and policies, governance structures, and resources to bolster its climate action. For instance, Toronto could cultivate change agents to promote NBS, implement supportive public policies, and build multi-actor governance structures. Toronto can facilitate learning through various outreach programs, community initiatives, and partnerships with academic institutions. Public involvement can lead to increased support for, and implementation of, NBS. Toronto can optimize its climate action by considering its unique built environment, local ecological conditions, and cultural context. As a multicultural city, Toronto has the advantage of diverse perspectives and practices that can be harnessed to foster unique NBS. The Drawdown framework includes several solutions within the sectors of ‘food, land, and agriculture’, ‘land sinks’ and ‘coastal and ocean sinks’ that align with the concept of NBS and NBIS. For example, plant-rich diets, reduced food waste, forest protection and Indigenous People’s forest tenure are all nature-based solutions that can be integrated into Toronto's climate action plan. The transition to NBIS and the adoption of NBS can provide a comprehensive and integrative approach to Toronto's climate action plans. However, the city will need to engage with diverse stakeholders, develop supportive policies and governance structures, and consider local conditions for this transition to be effective. The use of NBS and NBIS also aligns well with the Project Drawdown solutions, creating synergies between different climate action strategies.
	In “Scaling the impact of sustainability initiatives: a typology of amplification processes” Lam et al.  review the research literature on amplification frameworks that can help escalate the effects of sustainability measures that support urban and rural transformations. Sustainability transformations denote profound shifts in society towards a more sustainable future (Lam et al., 2020).  Sustainability efforts are localized solutions to address environmental and climate challenges, and when their effects are magnified over time, they can lead to significant transformative changes. (Lam et al., 2020). Based on their research of six frameworks in the areas of resilience, social innovation and sustainability transitions, Lam et al. propose a typology of eight amplification processes to boost the impact of sustainability strategies (2020). The amplification processes are: “stabilizing, speeding up, growing, replicating, transferring, spreading, scaling up, and scaling deep” (Lam et al., 2020, p. 1). These eight amplification processes are grouped into three categories based on how they influence an initiative: 
	1. Amplifying within, increasing impact of one initiative (stabilizing, speeding up)
	2. Amplifying out, increasing number and range of initiatives (growing, replicating, transferring, spreading)
	3. Amplifying beyond, changing how initiatives create impact (scaling up, scaling deep)
	A definition of each of the eight amplification processes is listed below:
	1. “Stabilizing” - strengthening initiatives to prolong impact (Lam et al., 2020, p. 11)
	2. “Speeding up” - increasing pace of impact (Lam et al., 2020, p. 12)
	3. “Growing” - expanding impact range in similar context (Lam et al., 2020, p. 14)
	4. “Replicating” - copying initiative to dissimilar context (Lam et al., 2020, p. 15)
	5. “Transferring” - implementing similar initiative in different but similar context (Lam et al., 2020, p. 15)
	6. “Spreading” - disseminating principles to inspire initiatives in dissimilar contexts (Lam et al., 2020, p. 15)
	7. “Scaling up” - institutionalizing impact into laws, policies (Lam et al., 2020, p. 15)
	8. “Scaling deep” - changing values and mindsets (Lam et al., 2020, p. 16)
	The eight amplification processes proposed by Lam et al. can help strengthen the impact of sustainability initiatives by facilitating cross-research area dialogue, supporting greater coordination and cooperation on sustainability measures, and bringing greater clarity on how to enhance the effectiveness of sustainability solutions.  
	This paper and its typology of amplification processes could help Toronto towards achieving its climate action goals and improve its sustainability strategies in a few ways.  The typology of amplification processes can help Toronto better understand how to increase the impact of local sustainability initiatives and solutions. Based on the typology, Toronto could determine the most relevant amplification processes for scaling up high-potential initiatives. This might involve replicating an initiative across the city (replicating), partnering with organizations to spread principles (spreading), or advocating for supportive policies (scaling up). This is key for enabling grassroots innovations to grow and accelerate progress on climate goals. Lam et al. notes that combining and sequencing different amplification processes is likely needed to achieve large systems change. Toronto could develop strategies for scaling initiatives that use complementary sequences and combinations of different processes. 
	The amplifying beyond category highlights the need to evaluate how initiatives influence cultures, behaviours and systems. Scaling deep which changes mindsets and values underpins transformations.  Toronto could assess and redesign initiatives to better align with sustainability values and transform thinking, by engaging residents through these initiatives that activate the necessary sustainability values and behaviours. Enabling factors like building networks and seeking resources are critical for amplification. The typology provides a common language around amplification that could help Toronto engage citizens, organizations, and different government sectors to coordinate on scaling sustainability solutions. The city can invest in education, outreach, and community engagement to foster a culture of sustainability. The emphasis on scaling up by integrating initiatives into laws and policies can guide Toronto in creating a regulatory environment that supports and enforces sustainability. Toronto can identify policy changes needed to scale promising initiatives. The paper's insights can serve as a roadmap for new sustainability initiatives, ensuring they're designed with amplification in mind from the outset. With a clear understanding of amplification processes, Toronto can set up robust mechanisms to track the progress of its initiatives, ensuring they're on the right path to amplification and impact.  Incorporating these insights into Toronto's climate action strategy can help the city take a structured, informed, and holistic approach to achieving its sustainability targets. Overall, strategically applying this research on amplification processes can help Toronto scale sustainability solutions, accelerate climate action, and engage citizens - key ingredients for sustainability transitions and transformation.
	In “Social Innovation for Sustainability Challenges” Repo and Matschoss explore the concept of social innovation in the context of climate action and how it differs from other five other types of innovation: product, service, governmental, organizational, and system (2019). Moreover they also examine five success factors (economic, environmental, political, social, and technological) across these types of innovation (Repo and Matschoss, 2019). The author recognize that technological innovations alone are inadequate to tackle complex societal issues such as climate change (Repo and Matschoss, 2019).  This aligns with the Drawdown framework, which also emphasizes the need for a multi-faceted approach to climate change, including changes in societal behaviour and norms. Similarly Scoones et al. suggest that directing attention towards social innovation shifts the focus away from relying on technological solutions or policy interventions, and instead promotes the exploration of entirely novel opportunities (2020, p. 71). While social innovations have been pursued to help achieve the transformations towards more sustainable societies and cities, there remains some ambiguity regarding the precise definition and distinctiveness of social innovation as a concept (Repo and Matschoss, 2019). The effects that social innovations aim to achieve are relevant to “ the social economy, bridging societal divides and strengthening new social practices” (Repo and Matschoss, 2019, p. 1) In contrast to other forms of innovation, social innovation is related to “social values, processes, and impacts” (Repo and Matschoss, 2019, p. 2). While other forms of innovation may also target structural changes and transformation, only social innovation focuses directly on social issues. According to Repo and Matschoss, in the context of climate action, examples of social innovation relate more to supporting sustainable lifestyles, with less concern for direct emissions reductions (2019). 
	 The authors acknowledge that the theoretical understanding of social innovation is still developing and, due to its wide and elusive nature, it is seen as a boundary concept which allows for flexible interpretations (Repo and Matschoss, 2019). Social innovation is frequently characterised by its potential for implementation and its objective to positively enhance both the quality and quantity of life (Repo and Matschoss, 2019). Social innovation plays a role in driving changes in social institutions at individual and collective levels, potentially leading to systemic transformations (Repo and Matschoss, 2019). This type of innovation frequently entails self-organization, which is fuelled by internal market forces and shared issues, and supports “new social practices, institution and systems” with the ideal objective of social transformation (Repo and Matschoss, 2019, p. 3). The self- organisation inherent to social innovation tends to be a bottom-up methodology (Repo and Matschoss, 2019). Examples of social innovation include community focused planning, microfinancing, supported employment, socially conscious investing and more (Repo and Matschoss, 2019). The involvement of institutions and social systems plays a crucial role in the mechanisms of social innovation  (Repo and Matschoss, 2019). The role of government as an enabler is particularly relevant as there exists a knowledge gap between social innovation goals and the methods for accomplishing them (Repo and Matschoss, 2019). This article adds to the empirical understanding of social innovation by reviewing numerous case studies (202) from an international, sustainable innovation database to analyse how different types of innovation correspond to various success factors.
	 Building upon the OECD definition of innovation, Repo and Matschoss describe innovation as: “the implementation of a new or significantly improved product (good or service), or process, a new marketing method, or a new organizational method in business practices, workplace organization or external relations” (2019, p. 4). They differentiate social innovation in in that they are “novel solutions that meet social needs more effectively than existing solutions” (Repo and Matschoss, 2019, p. 4). According to Repo and Matschoss, social and organizational innovations primarily concentrate on promoting sustainable lifestyles (2019). Meanwhile, while governance innovations specifically tackle strategic intelligence and citizen involvement (Repo and Matschoss, 2019). System innovations, on the other hand, are aimed at eco-innovation and transitions towards a green economy (Repo and Matschoss, 2019). To delve deeper into how social innovations distinguish themselves from other types of innovations, Repo and Matschoss investigated their fundamental elements, namely, the factors that contribute to their success (2019). They defined success factors as elements that are crucial for the inception, implementation, or success of innovation cases (Repo and Matschoss, 2019).
	Economic success factors in innovation are associated with efficient monetary usage, cost reduction, profit generation, the development of new business models, enhanced competitiveness, and the procurement of funding through subsidies, grants, or investments (Repo and Matschoss, 2019). Environmental success factors pertain to the reduction of waste and emissions, decreased usage of resources, and the curtailment of harmful activities such as transportation (Repo and Matschoss, 2019). Political success factors involve the participation of authorities, especially at the local level, the presence of local political will and support, and the assurance of access to or availability of essential resources (Repo and Matschoss, 2019). Social success factors include the empowerment of citizens and residents, the promotion of social inclusion (such as providing employment or housing for disadvantaged individuals), and considerations for families, young people, and children (Repo and Matschoss, 2019).  These factors are typically connected with social interaction, community engagement, and societal acceptance (Repo and Matschoss, 2019). Technological success factors relate to introducing new technical solutions and processes, especially those focusing on low-energy and environmentally friendly technologies (Repo and Matschoss, 2019). They address usability issues, the establishment of a robust technological foundation for innovation, and the sharing of knowledge through technological platforms (Repo and Matschoss, 2019). Repo and Matschoss's analysis reveals significant differences in the distribution of success factors across different types of innovations. In their social innovation cases, social success factors were more prevalent, while political and technological factors were underrepresented (Repo and Matschoss, 2019. Product innovations demonstrated a significant lack of social success factors and a notable abundance of technological success factors (Repo and Matschoss, 2019). Unsurprisingly, in governance innovations, political success factors were more prevalent. Overall, social success factors play a much more significant role in social innovation compared to other types of innovation that were examined (Repo and Matschoss, 2019). The findings of this study does not dispute the idea that social innovations could share common elements with systemic innovations, as both innovation types aim for systemic change (Repo and Matschoss, 2019). This follows as many social innovation cases primarily address sustainability challenges that necessitate comprehensive systemic transformations in society (Repo and Matschoss, 2019). According to the authors, research suggests that public engagement can lead to innovative and potentially disruptive ideas, implying that similar approaches could be used to foster both disruptive and social innovations (Repo and Matschoss, 2019). Moreover, the abundance of social innovation cases dedicated to sustainable innovation, including climate actions, implies that social innovation contributes to sustainability and aids in addressing climate change (Repo and Matschoss, 2019). The study's findings suggest that social innovation is more associated with social impacts than business activities, opening the possibility for the use of alternative or non-profit marketing models based on social capital (Repo and Matschoss, 2019).
	This article underscores the importance of social innovation in addressing sustainability challenges, including climate change. Toronto could use this insight to prioritize social innovation in its climate action strategy, focusing on initiatives that address social needs and involve community participation. Repo and Matschoss’ research discusses the role of social success factors in social innovation, such as the empowerment of citizens and residents, social inclusion, and community engagement. These factors align with several solutions in the Drawdown framework, such as plant-rich diets and building walkable cities, which all involve social change and community engagement. Toronto could also promote sustainable lifestyles and habits, such as using public transportation, as a way to achieve its climate action targets. Similarly, Toronto could develop more comprehensive climate action strategies by involving its citizens in the process, encouraging them to come up with novel and potentially disruptive ideas. Toronto's government could also play a crucial role in supporting social innovation initiatives, for instance, by providing funding or creating favourable policies. The use of alternative or non-profit marketing models based on social capital could be an additional strategy for Toronto to promote its climate action initiatives. As social innovation often involves collaboration, the city could foster partnerships between different stakeholders, such as government agencies, businesses, non-profit organisations, and citizens, to help reach net-zero emissions. Understanding the various factors success factors for different types of innovations could assist Toronto to design and implement more effective climate action initiatives. In summary, the insights from Repo and Matschoss's article could help Toronto develop a more effective and inclusive climate action strategy that leverages the power of social innovation.
	Trischler et al. suggest that, in addition to producers and firms, users are a significant source of innovation (2020). User innovation is defined as activities that users (consumers, citizens, etc.) engage in voluntarily to develop “innovation solutions to address their personal needs” (Trischler et al., 2020, p. 552).  According to Trischler et al., counting mainly on producers to achieve sustainability goals such as the UN SDG Agenda is inadequate (2020).  Relegating the roles of users in sustainable innovation to be passive or outright ignored is concerning due to two main issues:
	1. Producer led innovations tend to be unsuccessful in changing unsustainable consumer behaviours as the options provided are too far removed from what consumers actually require making the necessary changes (Trischler et al., 2020).
	2. Often sustainable innovations contend against established systems such as non-renewable energy. Therefore the implementation of sustainability innovations are reliant not solely on user adoption, moreover users’ role in “adaptation, reconfiguration, and intermediation”  (Trischler et al., 2020, p. 2).
	Hence Trischler et al. propose that the part users play and their offerings toward achieving innovations in sustainability demand greater examination (2020). In addition, they developed an innovation infrastructure to subdue the two aforementioned challenges of initial adoption and user innovation diffusion (Trischler et al., 2020). The theoretical foundation of Trischler et al.’s hypothesis is based on the following premises:
	“(1) innovation diffusion is a multi-level and -actor phenomenon; (2) an actor-to-actor orientation can help to integrate user innovators into the ecosystem; and (3) the service perspective defines innovation diffusion as an evolving process that relies on ecosystem actors’ resource integration and value co-creation activities” (2020, p. 553).
	Trischler et al. suggest that a service ecosystem perspective could offer a different approach to innovation that is not solely focused on producers and more inclusive of user contributions to innovation (2020). A series of recommendations are provided by Trischler et al. to develop more robust innovation infrastructures that account for user-based innovations. These propositions are relevant to Toronto’s emissions reductions ambitions along with potentially adopting solutions from the Drawdown framework. 
	To start, Trischler et al. suggest that innovation policies should focus on dimensions beyond profit-based motivations, such as altruism, satisfaction in addressing innovation problems, reputational benefits, community identity, educational outcomes, lower development expenses and more (6). Likewise, Toronto’s emissions reductions policies, which require significant adoption of sustainability innovations at both the producer and user level, need to account for non-monetary incentives as these drivers are critical to increased uptake and sharing of user innovations. (Trischler et al., 2020)
	Trischler et al.’s next suggestion is that implementing and scaling sustainable innovations must be less difficult for users, which can be achieved via instruments such as educational programs, loans, open access to data and more (2020). In the context of Toronto’s Net-Zero Strategy, there is insufficient attention given to how some of these tools such as education and open data can support greater adoption and scalability of user centric sustainability innovations and solutions. For instance, some of the solutions being overlooked in Toronto’s emissions reductions plans such as plant rich diets and refrigerant management can be addressed through educational initiatives and financial incentives. 
	The third recommendation from Trischler et al. is that firms and communities should be advised on how to benefit from user innovations to better incorporate user-driven initiatives into innovation ecosystems (Trischler et al., 2020). Specifically, policies could facilitate greater collaboration between producers and users by compelling organizations to invest in initiatives that compliment user innovations (Trischler et al., 2020). Some avenues to achieve this and support user communities include living labs, more dynamic funding opportunities, investing in self-production and providing free and user-friendly platforms for sharing. Currently Toronto’s emissions reduction strategies lack mechanisms to support greater collaboration between producers and users on achieving sustainability innovations. 
	Lastly, Trischler et al. acknowledge that innovation diffusion is “an evolving process relying on ecosystem actors’ resource integration and value co-creation activities” and not merely advanced through solely market provisions (2020, p. 558). The co-creation process is particularly applicable to user-based sustainability innovations as users generally do not possess the required resources to independently develop solutions (Trischler et al., 2020). In addition, the cocreation of user innovations can help build the inertia required to overcome entrenched systems and transition towards wider adoption and acceptance (Trischler et al., 2020). 
	Toronto’s climate action plans could be criticized for lacking a systemic and multi actor approach as it does not account for the role of user contributions towards achieving sustainability-based innovations. Toronto should not only focus on individual behaviour change but also address higher-level factors like policies, funding, infrastructure, and collaborations that enable sustainability innovations. The article advocates an actor-to-actor orientation that integrates users into innovation ecosystems as contributors rather than just adopters. Toronto could provide platforms and support for citizens to develop and share sustainability innovations that meet their needs. The City could also foster connections and collaborations between citizens, government, businesses, NGOs, and other stakeholders to jointly develop sustainability solutions. Trischler et al. notes these actors (e.g. NGOs, civic organizations) can help scale and diffuse grassroots innovations by citizens and provide missing resources. Toronto could identify and empower organizations to play these bridging roles. Moreover, Toronto could use incentives and recognition to encourage sharing of impactful sustainability solutions. In summary, the research highlights the need to take a systemic approach that engages citizens in co-creating solutions, facilitates collaboration, and provides connectivity and resources to scale grassroots innovation. This could inform more inclusive, participatory, and potentially impactful climate action for Toronto.
	Similar to achieving the UN SDGs, supporting the Drawdown pillars of reducing sources of emissions, supporting carbon sinks and improving society will require significant societal transformation (Scoones et al., 2020).  In “Transformations to sustainability: combining structural, systemic and enabling approaches” Scoones et al. (2020) review these three different types of transformation conceptualisations. The authors outline a set of real-world factors to achieve these mutually supportive and enhancing transformation types: “diverse knowledges, plural pathways and the essentially political nature of transformation. (Scoones et al., 2020, p. 65) In this text, transformation is described as foundational changes to various facets of social, technological and ecological systems which can usher in new modes of interactions and results (Scoones et al., 2020, p. 66). This includes alterations to the “structural, functional, relational and cognitive aspects” of these systems (Scoones et al., 2020, p. 66). Based on the transformation literature, the authors identify structural, systemic and enabling approaches as three unique and overlapping social process to advance transformative change (Scoones et al., 2020). 
	Firstly, structural sustainability approaches center on transformations in the fundamental principles governing politics, economics, and society; these methodologies emphasize a comprehensive transformation of the ideological framework supporting broad social systems (Scoones et al., 2020, p. 66).  Early proponents of structural transformations include political theorists such as Marx, Lenin and Gramsci (Scoones et al., 2020). Their theories emphasize the significance of pivotal moments (conjunctures) in driving transformations. These shifts in the interaction between society and economics during these historical moments can lead to the emergence of calamities and conflicts or, preferably, the potential for inspiring new transformational ideas and movements (Scoones et al., 2020). A recent example of a pivotal moment catalysing societal change was the global Covid-19 pandemic of 2020 which necessitated new approaches to a broad array of social, government and economic operations. According to Scoones et al., emerging movements related to alternative economic models or race, class, or gender rights can potentially “come together to create a new politics for transformative structural change” (2020, p. 66). Some of the misgivings of structural approaches are that they often overlook environmental thresholds and underestimate the importance of localized activity, cultural practices, and incremental policy action.
	Relating this to Toronto's climate action goals, these structural analyses can inform the city's approach to achieving its environmental targets. By recognizing the significance of key moments and transformations, Toronto can identify crucial opportunities to enact radical shifts in power, control, and societal values to address climate change. The city can work towards creating a new politics that embraces sustainable practices, alternative economic models, and social justice considerations. However, it is important to acknowledge the limitations of generic and sweeping studies that overlook localized activities, cultural practices, and incremental policy actions. Toronto should ensure a balanced approach that combines structural dynamics with practical, localized efforts and future-oriented strategies to effectively tackle climate change.
	Secondly, systemic approaches, based on systems thinking, involve identifying specific systems characteristics (elements, drivers, etc.) that can be targeted for deliberate change, usually through policy interventions (Scoones et al., 2020). However, systemic approaches acknowledge the substantial unpredictability, and complexity intrinsic to systemic interactions. Systemic sustainability approaches can be further differentiated into social-ecological systems and socio-technical systems.  Social-ecological systems focuses on the interaction of “innovation, learning, and adaptability”, in order to enhance system properties such as resilience, while considering power dynamics, institutions, and local contexts (Scoones et al., 2020, p. 67). Whereas socio-technical systems approaches examine system components such as technology, infrastructure, regulations, policies and more, thereby emphasising controlled transitions and the role of niche innovations in driving broader socio-technical transformations (Scoones et al., 2020). Both approaches highlight the importance of understanding system dynamics and recognize the need for knowledge on social, ecological, institutional, and technological elements. However, they often overlook individual agency, the complexities of politics and power dynamics, and the varying contexts and capacities across different regions.
	By adopting systemic sustainability approaches, Toronto can identify specific features of its social-ecological systems and socio-technical systems that require focused changes. By understanding the dynamics of social-ecological systems, strategic policy interventions can be designed to improve the city's ability to bounce back and adapt following various disturbances. Similarly,  Toronto can explore controlled transitions and interlinked processes at different levels to drive socio-technical transformations. Examples include transforming transport systems, promoting renewable energy innovations, and implementing sustainable food and consumption practices. By adopting a holistic perspective, Toronto can navigate system thresholds and effectively address the complexity of human-environment dynamics. Ultimately, these systemic approaches offer a framework for informed decision-making and policy change that can help Toronto achieve its climate action goals by fostering resilience, driving transformative change, and promoting sustainability across various sectors.
	Thirdly, enabling approaches combine elements of structural and systemic approaches to emphasize the role of human agency and acknowledge the inherent uncertainties when determining goals and directions for transformative change (Scoones et al., 2020, p. 67). Compared to structural and systemic sustainability methodologies, enabling approaches are less concerned with system configurations and managing system dynamics (Scoones et al., 2020). The central aim of enabling approaches is to create social capacities which “empower individuals and communities to take action on their own behalf” (Scoones et al., 2020, p. 67). Enabling approaches take an optimistic and activist stance, emphasizing values, relations, and processes rather than predetermined outcomes (Scoones et al., 2020). These approaches recognize the exercise of power, both through structural forces and collective action, and prioritize political mobilization, cultural change, and citizen participation. However, criticisms include the potential bias toward local perspectives and the need to address structural changes for marginalized communities (Scoones et al., 2020).
	In the context of Toronto, enabling approaches can help by empowering individuals and communities to actively participate in sustainability efforts. By fostering agency, mobilizing collective action, and addressing power dynamics, enabling approaches can facilitate transformative change in the city's social, political, and cultural spheres. This inclusive and participatory approach can lead to more effective and equitable outcomes in achieving Toronto's climate objectives.
	All three approaches provide complementary perspectives for understanding and achieving transformative change. These approaches can contribute to Toronto's climate action goals by providing different lenses and strategies.  Instrumental systemic changes can enable social movements and alliances while also creating a foundation for broader structural reconfigurations (Scoones et al., 2020). By considering a combination of these approaches, Toronto can leverage different strategies to drive transformative change, addressing sustainability challenges in diverse ways and lay the groundwork for a reconfiguration of broader structures (Scoones et al., 2020).
	Scoones et al. provide three principles to help facilitate transformative change practically and ethically while also utilizing the complementary aspects of the three sustainability approaches. “Taking diverse knowledges seriously” emphasizes the need for incorporating various perspectives, not just from different sectors of society but also different types of knowledge (Scoones et al., 2020, p. 70). Toronto can apply this approach by considering multiple perspectives in its planning processes, from academic and expert opinions to the lived experiences and insights of residents. This could involve close collaboration with universities, research institutes, businesses, local communities, and Indigenous groups. All these diverse voices could help create a more holistic and effective climate action plan.
	“Take plural pathways seriously” recognizes that there are multiple ways to achieve sustainability, thereby creating more flexible, adaptable, and inclusive strategies (Scoones et al., 2020, p. 70). This approach can account for Toronto's diverse population and varied cityscape, creating different solutions for different communities and environments.  
	“Taking politics seriously” emphasizes the need for negotiations, engaging diverse perspectives, and confronting disparate views and interests (Scoones et al., 2020, p. 70). It also emphasizes that changing the status quo involves understanding the existing political institutions, economic systems, and technical infrastructures. Policy change can drive infrastructural improvements, economic incentives for green behaviour, and set the right framework for achieving climate goals.  By following these three principles, Toronto can make substantial progress in achieving its climate action goals, which will not only contribute to the sustainability of the city but also to the broader UN SDGs.
	According to Fagerberg, a holistic view of innovation, considering both supply and demand factors, is crucial for the success of innovation policy (Fagerberg, 2018, p. 1569). In “A Systemic Design Method to Approach Future Complex Scenarios and Research Towards Sustainability: A Holistic Diagnosis Tool” Battistoni et al. presents systemic design (SD) as a future-focused model for sustainable design and introduces the Holistic Diagnosis (HD)  framework - a key tool in the SD methodology to analyse the current state of a system, including inputs and outputs. Systemic design provides a holistic approach to address complex societal challenges and design sustainable solutions, integrating systems thinking into design (Battistoni et al., 2019). One of systemic design’s aims is to instigate a paradigm shift by enhancing resource management and production processes, and fostering improved relationships, leading to overall well-being in individuals (Battistoni et al., 2019, p. 2). Holistic diagnosis proves effective in addressing complex design challenges across various fields, promoting a comprehensive and collaborative approach to sustainable solutions (Battistoni et al., 2019). This tool has two main phases, energy and matter analysis of a system, and context analysis of the surrounding environment, utilising desk research, field research, and research synthesis (Battistoni et al., 2019). Holistic diagnosis involves assessing, researching, collecting data, visualising, interpreting and reflecting on the system holistically (Battistoni et al., 2019) Expanded further, the steps of the holistic diagnosis framework are: assess data categories based on project scope, research using desk and field methods, collect data into a unified database, visualise data through infographics, interpret complexity by identifying connections (revealed in visualizations) , and reflect on potential strategies/solutions (Battistoni et al., 2019). In turn, holistic diagnosis provides a structured approach to gather and visualise information on complex systems, enabling collaborative interpretation and decision-making towards sustainability. As a supporting tool, holistic diagnosis can  enhance the innovation and efficiency of the public sector, aiding institutions and leaders in addressing public issues with a novel approach in policy-making (Battistoni et al., 2019, p. 15). According to Battistoni et al., designers play a key role in synthesising and communicating the insights of a holistic diagnosis (2019). That being said, holistic diagnosis transcends design by facilitating transdisciplinary dialogue and systemic solutions through its participatory, holistic analysis of interconnected elements within a system (Battistoni et al., 2019). The benefits of holistic diagnosis include holistically diagnosing problems, revealing hidden relationships and potentialities, promoting collaboration between stakeholders, and providing insight for sustainability solutions (Battistoni et al., 2019). Overall, holistic diagnosis is a structured, collaborative process for gaining a holistic understanding of a complex system to address sustainability challenges.
	 There are several ways the holistic diagnosis framework helps inform and support climate action goals and strategies for the city of Toronto. Performing holistic diagnosis of Toronto's emissions and climate impacts could reveal opportunities and connections that are not apparent when looking at sources individually. This could identify new leverage points. Analysing the broader context and relationships between different city systems (energy, transportation, buildings, industry, waste, etc) could lead to more integrated and effective climate solutions. Engaging diverse stakeholders from different city sectors in the holistic diagnosis process could build broader buy-in and spark innovative ideas and partnerships for climate action. Visualising the systemic relationships and flows could help communicate the need for climate action in a more impactful way to policymakers and the public. Applying the framework could introduce more structure and rigour into assessing and prioritising climate actions for the city. The focus on hidden potentialities and assets could uncover underutilised opportunities for climate solutions drawing on Toronto's existing strengths. Positioning designers as connectors between stakeholders could help bridge communication gaps and find creative ways to engage the public on climate action. The holistic lens could help ensure Toronto's climate plans consider social, economic, and environmental factors in a balanced way.  Applying the holistic lens and systems thinking perspective when developing climate action plans enables accounting for indirect effects, unintended consequences, and connections between issues. In summary, introducing a holistic diagnosis approach could ultimately help Toronto develop more comprehensive, integrated, and effective climate action strategies. The collaborative process could also galvanise broader public support and engagement.
	In “Ten principles for a new economics in a time of global crises” Kenter et al. suggest that addressing global issues such as climate change will require the transformation of economic systems through the utilisation of new economic principles. Informed from a foundation of 37 new economics approaches, Kenter et al. synthesise a set “ecological, social, political economy and holistic principles” that aim to achieve greater well being for the Earth and humanity (2023, p. 2). According to Kenter et al., crisis such as the 2020 Covid-19 pandemic can create openings for transforming economic perspectives and policies. Some of these opportunities for change are reassessments of values, confirming the possibility of swift and extensive mobilisation, and greater awareness of the critical role of community and socio-economics (Kenter et al., 2023, p. 2). The ten emerging new economic principles outlined by Kenter et al. are: 
	“1) Social-ecological embeddedness and holistic wellbeing, 2) Interdisciplinarity and complexity thinking, 3) Limits to growth, 4) Limited substitutability of natural capital, 5) Regenerative design, 6) Holistic perspectives of people and values, 7) Equity, equality, and justice, 8) Relationality and social enfranchisement, 9) Participation, deliberation, and cooperation, 10) Post-capitalism and decolonisation”
	Each of these principles can help inform Toronto’s climate action strategy to be more comprehensive and holistic by accounting for social, ecological,  and economic wellbeing while also helping to overcome barriers such as entrenched interests and ideologies. 
	1. Climate actions in Toronto must account for the interconnectedness of human, ecological, and economic systems. By focusing on creating green spaces, improving air and water quality, and reducing noise pollution, Toronto can create an environment where both nature and citizens can thrive. This approach fosters a sense of collective wellbeing, where people are more connected to their community and the environment.
	2. Addressing climate change in a city as diverse as Toronto requires a multifaceted approach. Bringing together experts from fields such as urban planning, environmental science, social work, and public health can help create comprehensive strategies that address climate change's complex impacts. Collaboration between these disciplines will facilitate innovative solutions and more effectively address interconnected challenges.
	3. Recognizing the finite nature of resources is crucial. Toronto should prioritize sustainable urban planning that limits urban sprawl and focuses on efficient land use. This could involve developing vertical gardens, creating multi-purpose public spaces, and implementing policies that discourage wasteful consumption. Moreover, Toronto can promote sustainable business practices and encourage citizens to reduce their ecological footprint.
	4. While technology can provide some alternatives, natural resources are irreplaceable. Toronto should focus on preserving existing natural habitats, enhancing urban biodiversity, and reducing pollution. Initiatives could include creating wildlife corridors, restoring local water bodies, and establishing more stringent pollution control measures.
	5. Toronto should strive for a circular economy where waste is minimized, and resources are reused. Implementing regenerative design principles can transform waste into resources. For example, Toronto can encourage composting organic waste, reusing rainwater for irrigation, and promoting community gardens that utilize these resources. Moreover, constructing energy-efficient buildings that use solar panels or green roofs can help regenerate the urban environment.
	6. Toronto's diverse population requires tailored approaches to climate action. Incorporating the unique needs and values of different communities, such as indigenous peoples, immigrants, and low-income residents, ensures a more inclusive and effective climate strategy. Engaging with these communities and including their perspectives in policy-making can enhance the overall sense of wellbeing and community cohesion.
	7. Climate impacts disproportionately affect vulnerable populations. Toronto should prioritize measures that protect these communities, such as improving public transit access, enhancing flood resilience in vulnerable areas, and providing support for energy-efficient home improvements. By ensuring that climate actions benefit everyone, Toronto can create a more just and equitable city
	8. Strong community ties are essential for collective climate action. Toronto can foster these connections by creating shared green spaces, promoting community-led environmental initiatives, and encouraging local businesses to support sustainable practices. By embracing a relational approach, Toronto can build a sense of community ownership and shared responsibility for the environment.
	9. Engaging citizens in climate action is crucial. Toronto can host town hall meetings, provide platforms for public feedback, and support community-led initiatives. By encouraging active participation, Toronto can create a sense of collective ownership and responsibility for climate actions, enhancing their effectiveness and longevity.
	10. Traditional capitalist models often prioritize short-term profits over long-term sustainability. Toronto can challenge this by supporting businesses that prioritize environmental and social responsibility. Additionally, incorporating indigenous knowledge and perspectives can provide valuable insights into sustainable living and land stewardship. By embracing post-capitalist and decolonized approaches, Toronto can create a more sustainable and inclusive economy.
	Toronto could take a transformative approach to decarbonization that fundamentally reorients economic priorities beyond growth.  Pursuing a just transition and green jobs could be priorities. Toronto could also empower communities in climate solutions and explore post-capitalist models like cooperatives. The pandemic analysis by Kenter et al. shows rapid mobilisation on climate is possible if political will exists. The city could emulate rapid pandemic responses in areas like active transport, remote work, and supporting community responses. Toronto's climate policy may need creative approaches to prevail over vested interests, communicate coherent narratives, and build coalitions. Partnerships with civil society could help. In summary, Toronto's climate action strategy should be grounded in a holistic and interdisciplinary approach that prioritises social and ecological wellbeing, recognizes the limits of growth, and emphasises regenerative design, social inclusion, and cooperation. The city’s strategy should reflect diverse values and perspectives, focusing on equity, equality, and justice. By adopting post-capitalist and decolonized approaches, Toronto can create a more sustainable, resilient, and equitable future for its residents.
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	The need for transformative systemic change
	Multiple sources stress that incremental optimizations and shallow transitions are not sufficient to tackle complex challenges like climate change. What is needed are deep structural transformations across interconnected systems, not just technological but also economic, political, social and cultural. As Chaminade explains, this involves changing the very architecture and dynamics of systems. Scoones et al. describe system transformation as a shift to a fundamentally distinct state compared to superficial transitions that leave core structures intact. Sources emphasize this cannot be achieved through singular policies or innovations in isolation, but rather through changes to multiple systems and their complex interactions.
	Adopting holistic, interdisciplinary approaches
	A holistic perspective recognizes the interconnectedness between issues, systems and disciplines. For instance, Battistoni et al. demonstrate how holistic diagnosis reveals hidden relationships, interdependencies and potentialities within a complex system. Fagerberg advocates for holistic innovation policy that looks at both supply and demand factors, not just R&D investments. Holism often entails combining insights from multiple disciplines to gain a comprehensive understanding of challenges. Kenter et al. propose new economic principles integrating ecological, social and political perspectives rather than siloed thinking. Interdisciplinarity leverages diverse bodies of knowledge to tackle multidimensional problems.
	Central role of social & systemic innovation
	Technological innovation alone cannot spur sustainability transitions. Social innovations that transform norms, behaviours and social practices are critical complements, as Repo and Matschoss describe. This aligns with Trischler et al.’s emphasis on user innovations emerging from grassroots communities. Gente and Pattanaro explain how systemic eco-innovations involve changes across governance, planning, business models and social dimensions. Rather than top-down delivery of technology, decentralized experimentation and learning are key, as evidenced by the importance Fuenfschilling et al. place on local transition experiments.
	Participation, inclusion & empowerment
	Many sources critique lack of public involvement in policymaking and stress principles like cooperation, deliberation and empowerment. Kenter et al. propose making participation a core economic principle to create buy-in and democratic legitimacy for sustainability policies. Fuenfschilling et al. argue cities should shift from technocratic governance towards approaches that engage marginalized communities as changemakers. Enabling approaches described by Scoones et al. focus on amplifying community agency. Inclusion of diverse perspectives and localized participation can enhance collective action, social legitimacy and justice.
	Critiques of growth-focused economics
	Several sources contend that capitalism and economic paradigms focused on unlimited growth are incompatible with sustainability. Kenter et al. advocate for post-capitalist approaches oriented around wellbeing, justice and regenerative principles rather than profits. Upward and Jones propose that firms adopt strongly sustainable business models that account for ecological and social costs, not just financial returns. There are calls for new metrics like tri-profit accounting. Fundamentally, sources argue narrow economic reductionism must be replaced with a more holistic worldview.
	Importance of pluralism
	Many sources warn against narrow thinking and highlight principles like valuing diverse knowledges (Scoones et al.) and recognizing multiple pathways for change (Kenter et al.). Pluralism means accepting multiple legitimate perspectives, forms of knowledge and solution avenues exist. For instance, Repo and Matschoss found that different innovation types have distinct success factors. Openness to pluralism can counter siloed mindsets and avoid standardized “one-size-fits-all” solutions.
	Strategies for scaling sustainability initiatives
	Amplification processes described by Lam et al., like cascading through collaboration networks or policy integration, can help scale grassroots sustainability initiatives. Trischler et al. discuss how innovation systems can be designed to better support user-driven innovations. Scaling strategies are crucial for expanding and accelerating the adoption of promising local sustainability experiments, as discussed by Fuenfschilling et al. This amplification process is key to maximizing impact.
	Significance of local experimentation and leadership
	Cities have unique potential as spaces to pilot sustainability innovations through experimentation, as Fuenfschilling et al. explain. However, they must move towards active leadership roles to drive adoption and systemic impacts, rather than passive or reactive stances. Kenter et al. point to missed opportunities for rapid mobilization on sustainability during crises. Municipal coordination and policy integration can spur wider transformation, as highlighted by Kern et al. 
	In summary, the literature coalesces around the need for deep transformation based on tenets of holism, participation, experimentation and new economic thinking. This suggests potential strategies and directions for cities like Toronto to pursue ambitious sustainability transitions.
	This research project evaluated over 90 different Drawdown climate action solutions within the context of Toronto’s sustainability and net-zero ambitions. While many of the applicable solutions are actively part of the Toronto Net-Zero Strategy, there remain a few key solutions that are being overlooked yet show significant potential to reduce emissions. Toronto could incorporate multiple systemic innovations and climate solutions to transition to a more sustainable socio-technical configuration.
	Toronto and the country as a whole still lacks high speed rail (HSR) networks.  According to Drawdown, HSR reduces emissions by 90% compared to driving or flying (Hawken, 2017). High-speed rail can provide a fast, efficient alternative to driving or flying for many trips. By attracting commuters who would otherwise drive or fly, it could reduce the volume of traffic on the highways and at airports, leading to decreased emissions from those sources. If Toronto were to implement a high speed rail network connected to cities such as Montreal and Ottawa it could significantly reduce both transportation emissions and travel times. HSR is powered by electricity and the emissions associated with power generation would continue to decrease as Ontario’s and Quebec’s power grids utilize greater levels of renewable energy. Moreover, trains, especially electric ones, are more energy-efficient than cars or airplanes, consuming less energy per passenger-kilometer. While there were plans to develop HSR in Ontario from Toronto to London in 2017 with potential for completion by 2025, the 2019 provincial budget ceased all funding for HSR (Jeffords, 2019). 
	In addition to emissions reductions, HSR provides a number of benefits supporting flourishing. Rail transport requires less land than highways or airports, which is particularly relevant in densely populated areas like Toronto. This can help to preserve green spaces and biodiversity, which are also crucial for maintaining a stable climate. The construction, operation, and maintenance of HSR lines can create jobs and stimulate economic growth, all within a clean, low-carbon sector of the economy. This can help Toronto to transition towards a more sustainable economic model. The convenience, speed, and comfort of high-speed rail can encourage more people to choose rail travel over less sustainable options, fostering a societal shift towards lower-carbon lifestyles. Therefore, HSR can result in a significant modal shift from private cars and short-haul flights towards a more energy-efficient and less polluting mode of transport.
	Implementing a high-speed rail system in Toronto or requires careful planning, a significant amount of resources, and multi-stakeholder engagement. However, it's also worth noting that there are potential challenges associated with high-speed rail, including high upfront construction costs, the need for ongoing subsidies, and potential environmental impacts of construction. Any plan for high-speed rail would need to carefully consider and address these issues.
	Managing methane leaks is crucial to both the local environment in Toronto and global efforts to combat climate change. Methane is a potent greenhouse gas, with a warming potential more than 25 times greater than that of carbon dioxide over a 100-year period. So, even small leaks can have a significant impact on the global climate. By finding and fixing methane leaks, Toronto can significantly reduce its overall greenhouse gas emissions.  While Toronto is a large urban area, it's not a major producer of natural gas, but it does consume significant amounts, primarily for heating purposes. Thus, a methane leak management strategy for Toronto would likely involve working with utility providers to ensure the safe and efficient delivery of natural gas.
	Besides environmental benefits, reducing methane and associated pollutants could have public health benefits. Methane leaks often contain other harmful pollutants such as volatile organic compounds (VOCs) and hazardous air pollutants. These substances can deteriorate air quality and cause health problems for Toronto's residents such as causing or worsening respiratory conditions like asthma. By reducing their emissions, Toronto can improve the local air quality and overall health of its residents, along with reducing health care costs. By managing leaks and reducing waste, businesses in Toronto can improve their operational efficiency and save money. The city itself can also benefit economically from this increased efficiency.
	To effectively manage methane leaks, Toronto can employ strategies like better monitoring and detection of leaks, improved maintenance of gas infrastructure, and transitioning to renewable energy sources that don't produce methane. Technologies like satellite and drone surveillance, machine learning algorithms to detect leaks, and advanced materials to prevent leaks can all contribute to these efforts.
	Wind turbines generate electricity without emitting any carbon dioxide or other greenhouse gases. The electricity produced by wind power can replace electricity that would otherwise have to be produced by burning fossil fuels, which would release CO2. In Toronto, which has a considerable demand for electricity, the offset of fossil fuel-generated electricity could lead to substantial reductions in greenhouse gas emissions. Offshore wind farms do not emit air pollutants during operation. This would lead to improved air quality in the area, reducing the health risks associated with air pollution. Offshore wind turbines typically generate more electricity than their onshore counterparts because wind speeds are often higher and more consistent over water. This allows for a reliable supply of renewable energy to Toronto, further reducing the city's dependency on fossil fuels. By producing its own renewable energy, Toronto could reduce its dependency on external energy sources. This could have economic benefits and increase the city's resilience to changes in energy markets. The installation, maintenance, and operation of offshore wind farms can create jobs and stimulate economic growth. This could provide a local economic boost for Toronto. By reducing the need for electricity from fossil fuel power plants, wind energy may also help reduce the heat generated by these plants, potentially mitigating the urban heat island effect in the city. Before implementing offshore wind turbines, it is essential to conduct thorough environmental impact assessments to ensure that the benefits of the wind turbines outweigh potential negative impacts, such as disruption to marine life. Proper siting and design of the wind farms can minimize these potential impacts.
	While Toronto did sign a commitment in 2019 (C40 Good Food Cities Declaration) to support an increase in healthier plant-based diets, plant-rich diets are not explicitly mentioned as a solution in their climate plans. Toronto’s carbon footprint would be significantly reduced if more residents switched to a more plant-based diet. Less demand for meat and dairy would lead to less reliance on livestock farming, which is a significant source of methane, a potent greenhouse gas. According to Toronto Public Health, greater adoption of plant-rich diets could impart a number of health and environmental benefits (2017). Considering Torontonians do not consume sufficient fruits and vegetables, this would be an apt climate action and public health solution for the city (Toronto Public Health, 2017). Plant rich diets provides a number of health and environmental benefits including: lower risk of chronic diseases, better weight management, improved gut health, lower greenhouse gas emissions, reduced deforestation and lower land and water usage. 
	Eating more plant-based foods can decrease the risk of heart disease, stroke, high blood pressure, type 2 diabetes, and certain types of cancer. These foods are typically lower in saturated fats and higher in fibre, leading to better heart health and digestion. Plant-rich diets can also help in maintaining a healthy weight. Fruits, vegetables, whole grains, and legumes are often lower in calories than meat and dairy products, while still being very filling due to their high fibre and water content. Their high fibre content also aids in digestion and promotes a healthy gut microbiome. This can help prevent digestive disorders and may even contribute to better mental health.
	Livestock farming is responsible for a significant proportion of global greenhouse gas emissions, so reducing consumption of animal products can help lower these emissions. In addition, animal agriculture, particularly beef, is a major driver of deforestation. By shifting to plant-based diets, Toronto can reduce the demand for agricultural land and thus reduce deforestation. Plant-based diets require less land and water to produce the same amount of food compared to meat and dairy-based diets. This is beneficial for global sustainability and can help protect the environment and preserve natural habitats critical for biodiversity.
	Enhancing the awareness about the influence of food habits on personal health and the environment could encourage a wider acceptance of eco-friendly diets in the city (Toronto Public Health, 2017). City-level initiatives could include education campaigns about the benefits of plant-based diets, policies encouraging the availability of plant-based options in public institutions like schools and hospitals, and programs supporting local plant-based food production. By making plant-rich diets more accessible, appealing, and affordable, Toronto could help residents reduce their environmental impact, improve their health and contribute to the city's climate goals.
	Refrigerants, particularly hydrofluorocarbons (HFCs), are a significant source of greenhouse gas emissions. They are much more potent than CO2 in terms of their global warming potential (GWP). Reducing refrigerant emissions can therefore have a substantial impact on the climate. There are several ways in which managing refrigerants could benefit Toronto and help reduce emissions. Better management of refrigerants can help in reducing the overall emissions from the city. For example, proper disposal or recycling of refrigerants can help prevent leaks into the atmosphere. With the development of alternative refrigerants with lower global warming potential, there is an opportunity to switch over to these less harmful alternatives. This would require the retrofitting or replacement of existing equipment, but the long-term benefits in terms of reduced emissions can be significant. Often, modern refrigeration equipment that is designed to use lower-GWP refrigerants is also more energy-efficient. This means that in addition to the direct benefits from reduced refrigerant emissions, there can also be indirect benefits from reduced energy use and therefore reduced CO2 emissions from energy production. Providing proper training and certification for technicians can ensure that refrigerants are handled properly throughout their lifecycle - from installation to maintenance, repair, and eventual disposal or recycling. 
	Quebec’s refrigerant regulations are stricter than federal mandates, limiting commercial refrigerant units to a maximum of 50kW and global warming potential (GWP) of 150. If the Government of Ontario or Toronto adopted more stringent refrigerant policies, it could help reduce one of the most significant sources of greenhouse gas emissions. Toronto can introduce local regulations that mandate the use of low-GWP refrigerants, require the proper handling and disposal of refrigerants, or provide incentives for the adoption of more efficient and less damaging refrigeration technologies.
	Building awareness about the environmental impact of refrigerants can encourage individuals and businesses to take steps to reduce their own impact, whether that's by choosing products with low-GWP refrigerants, properly maintaining their refrigeration equipment to prevent leaks, or properly disposing of old equipment. By managing refrigerants effectively and adopting alternative refrigerants, Toronto can make a significant contribution towards achieving its climate emissions targets. It will require a concerted effort involving policy changes, investment in infrastructure, training, and public engagement, but the potential benefits in terms of reduced emissions and climate impact make it a worthwhile endeavour.
	In addition to reducing emissions, these previously unexplored Drawdown solutions (high speed rail, methane leak management, offshore wind turbines, plant rich diets, refrigerant management, and alternative refrigerants) would yield additional benefits and help contribute towards long-term sustainable development. Some of these benefits include: improved urban mobility, stimulating the local economy, strengthening the knowledge economy, job creation, skilled workforce development, improving safety in energy industry, greater energy efficiency, reduced reliance on fossil fuels, increased renewable energy capacity, reduced health care costs, improved public health and increased local plant food production. Many of these benefits also include subcategories of benefits that would also contribute towards sustainable development. Therefore, due to the sheer number and breadth of co-benefits that can contribute towards flourishing, it is worthwhile to further investigate the feasibility and viability of these Drawdown solutions. 
	There is a misalignment in how funds are currently allocated across various sectors for climate action. This misalignment is evident in Toronto's climate action strategy, which overemphasizes electricity solutions at the expense of other sectors like food/agriculture and industry. This misalignment could lead to inefficiencies and missed opportunities in achieving climate goals. Toronto needs to get the right mix of solutions to accomplish its climate goals (Project Drawdown). The majority of solutions in the Drawdown framework are either cost-neutral or can generate revenue is a compelling argument for immediate action (Project Drawdown). This challenges the common misconception that climate action is prohibitively expensive. The fact that only a fifth of these solutions would require subsidies further strengthens the case for their economic viability. The Drawdown claim that every dollar spent on these solutions could generate a return of five dollars is a powerful incentive for both private and public sectors to invest in climate action. This isn't just about saving the planet; it's also a financially sound investment strategy. The high ROI could be a game-changer in how we perceive the economics of sustainability.
	Project Drawdown suggests that initiating action with lower-cost solutions can act as a catalyst for economic activity across various sectors and industries. This approach could create a positive feedback loop, where initial investments lead to economic benefits, which in turn make it easier to fund more expensive solutions. To address these issues, a more holistic approach is needed that aligns investments with science-based recommendations. This would involve a portfolio approach that distributes capital across various sectors based on their potential impact and cost-effectiveness, rather than current trends or political considerations. By doing so, Toronto can optimize their climate action plans to achieve maximum impact for each dollar spent.
	Project Drawdown emphasizes that time is the most critical factor in addressing climate change. A phased approach involving "waves of climate action," starting with immediate "emergency brake" solutions like reducing methane leaks and ecosystem degradation is recommended in Drawdown roadmap. The next wave involves infrastructure-based solutions, followed by social interventions, nature-based solutions, and finally, new technologies. Toronto's climate action plan has some focus on energy but lacks a comprehensive approach that includes all the waves of action suggested by Project Drawdown, including social interventions and specific types of emissions like methane and refrigerants.  According to the roadmap, a multi-pronged approach is advisable, as different solutions will have their maximum impact at different times. Toronto must use high-impact, immediate solutions to bend the emissions curve right away (Project Drawdown). Nature and social-based solutions are more likely to peak in the future  (Project Drawdown). We should continue to invest in new and emerging technologies such as carbon removal but these are likely to have the most impact by mid century (Project Drawdown). By adopting a more holistic approach that aligns with Drawdown’s  phased strategy, Toronto can better position itself to meet its climate action goals effectively and equitably.
	The Drawdown roadmap emphasises the importance of geographic fit and identifying high-leverage points for climate action (Project Drawdown). Dr. Foley advocates for an "80:20" rule, also known as the Pareto Principle, suggesting that 80% of effects come from 20% of causes. In the context of climate action, this means identifying those solutions that will provide the most significant impact with the least amount of investment. There is a definite need to evaluate solutions based on their impact-to-cost ratio, something currently missing from the city's approach. (Project Drawdown) This is a significant oversight, as it could lead to investments in solutions that are less effective or more costly than alternatives that could achieve the same or greater impact. For example, if Toronto has specific sectors or activities that are disproportionately contributing to its carbon footprint, those would be the high-leverage points where action could yield the most significant results per dollar spent. By focusing on these high-impact, low-cost solutions, Toronto can maximize its return on investment in terms of emissions reductions. 
	To align with the Drawdown roadmap recommendations, Toronto should conduct a thorough analysis to identify its own high-leverage points. This could involve mapping out the city's emissions sources, evaluating the cost and impact of various solutions, and then prioritizing those that offer the best impact-to-cost ratio. Such an approach would not only make the city's climate action more effective but also more economically efficient. By incorporating geographic considerations and focusing on high-leverage points, Toronto can create a more targeted and effective climate strategy. This would align the city's efforts more closely with the science-based recommendations of the Drawdown framework, thereby maximizing both the environmental and economic benefits of its climate actions.
	The concept of co-benefits is integral to the Drawdown Roadmap. It suggests that effective climate solutions should not only reduce emissions but also offer additional advantages like preserving biodiversity, protecting ecosystems, and promoting social equity. These co-benefits can be particularly impactful in low and middle-income countries but are also highly relevant for high-income countries like Canada. For instance, solutions that improve air quality can lead to better public health, reducing healthcare costs and improving quality of life. While Toronto's current climate strategy focuses mainly on emissions reduction, it lacks a comprehensive evaluation of co-benefits. This approach may miss opportunities to address multiple challenges simultaneously, such as social inequality or ecosystem degradation. Toronto could gain from a more comprehensive strategy that evaluates the full range of benefits—economic, environmental, and societal—provided by different climate solutions. By doing so, the city could prioritize actions that offer the most significant overall impact, thereby achieving greater sustainability and social equity. Future strategies could benefit from a more holistic approach that prioritizes solutions with multiple benefits, like offshore wind turbines, to improve both environmental sustainability and human welfare. For example, not only do these turbines generate clean energy, reducing greenhouse gas emissions, but they also have the potential to create jobs and stimulate economic growth. Additionally, well-designed offshore wind farms can have minimal impact on marine ecosystems and can even serve as artificial reefs that enhance local biodiversity. By adopting a more holistic approach that considers the co-benefits of various climate solutions, Toronto can create a more effective and comprehensive climate action plan. This would not only help the city meet its emissions reduction targets but also improve the quality of life for its residents and contribute to a more equitable and sustainable future.
	Toronto needs to be more mindful of multiple barriers (policy, financing, business practices, technology, cultural behaviour) and look at them more comprehensively (Project Drawdown).  Toronto's current NetZero strategy falls short in addressing these barriers; while it considers policy and business practices, it lacks details on financing and capital requirements, as well as technological and behavioural challenges.  Without a well-defined financial strategy, even the best-laid plans may remain unexecuted. For instance, it does not provide clarity on how the city plans to finance its climate initiatives, particularly in sectors like transportation. Another example of a barrier, Toronto's reliance on renewable energy and electrification could be hindered by Ontario's increasingly dirty energy grid. This technological barrier could significantly impact the city's ability to reduce its carbon footprint through electrification, including the use of electric vehicles. Toronto's strategy also overlooks the importance of behavioral and cultural changes in achieving its climate goals. For example, one of the top solutions in the Drawdown framework is promoting plant-rich diets, which can significantly reduce carbon emissions. Yet, Toronto's current strategy does not address food-based solutions or other behavioural aspects that could contribute to emissions reduction. To increase its chances of achieving net-zero emissions, Toronto needs to address these barriers more comprehensively. This would involve creating a detailed financial plan, considering technological limitations and opportunities, and incorporating behavioural and cultural solutions into its strategy. By adopting a more holistic approach that tackles all five barriers identified within the Drawdown Roadmap, Toronto can create a more robust and effective climate action plan. This would not only help the city meet its emissions reduction targets but also make it a model for other cities looking to overcome similar challenges.
	The literature review highlights that partnerships are integral to Toronto achieving its climate action goals in several key ways. Partnerships enable collaboration between diverse actors, allowing for reciprocal learning and exchange of ideas as van der Jagt et al. explain regarding nature-based innovation systems. Multi-stakeholder partnerships can bridge silos and integrate perspectives from government, business, academia, NGOs and local communities to develop comprehensive climate solutions. Partnerships allow participating organizations to combine and leverage their unique resources and capabilities, as Trischler et al. discuss in the context of user innovation systems. This can increase access to funding, technical skills, infrastructure, data and other assets to implement climate solutions. Hence, Toronto can pursue strategic partnerships to unlock resources. By bringing together different actors, partnerships provide a platform for joint experimentation with innovative climate solutions, as Fuenfschilling et al. describe regarding transition experiments. Partnerships allow collaborative design, development and testing of new approaches in real-world contexts. Partnerships facilitate co-creation, giving diverse stakeholders the opportunity to actively shape climate action strategies, which creates buy-in according to Trischler et al. Broad inclusion of groups like businesses, NGOs and communities enables co-development and citizen participation. The involvement of multiple actors through partnerships can accelerate on-the-ground implementation and scaling of climate solutions according to transition management approaches discussed by Kern et al. Partnerships enable division of labor and coordination for quicker realisation and wider reach. Multi-actor governance is enhanced by partnerships spanning the public, private and civil society sectors as van der Jagt et al. explain. Diverse cross-sectoral partnerships support improved administrative capabilities for sustainability governance. By bringing together different organizations, partnerships encourage identification of interdependencies and hidden relationships between issues as Kenter et al. propose regarding holistic perspectives. This fosters climate strategies that take a systemic approach rather than siloed thinking. Partnerships can cultivate shared visions and goals, helping align different interests towards collective climate action as emphasized by Fagerberg in discussing innovation policy. This enables moving past fragmentation towards coordinated effort.   Overall partnerships enable Toronto to tap into diverse capabilities, resources and insights, experiment and learn collectively, achieve public buy-in, rapidly implement solutions, strengthen governance, take a systems approach, and build collaborative momentum. This integration and synergy is key to unlocking Toronto's full potential to achieve its ambitious climate action goals.
	The innovation and sustainability literature emphasizes that pursuing transformation across multiple levels and scales is critical for Toronto to effectively implement its climate action strategy and achieve net zero emissions. Several sources stress the need to transition away from siloed thinking and narrowly focused innovations, towards systemic transformation that cuts across multiple interconnected domains. As Scoones et al. explain, this means reshaping not just technological systems but also the economic, political, social and cultural systems they are embedded within. Transformation requires alterations to how these complex systems operate, interact and evolve. To develop climate strategies that take a systemic approach, Toronto policymakers need to identify leverage points that shift dynamics between interdependent city systems like transportation, buildings, energy, industry, land use and waste.
	To maximize policy impact, Toronto's municipal climate plans need to align with and reinforce provincial and federal level climate policies, as Kern et al. discuss regarding coherent policy mixes. For example, Toronto's net zero strategy should synergize with Ontario's emission reduction plans and Canada's climate policies, rather than operate in silos. Vertical integration, cooperation and policy coherence between municipal, provincial and federal governance can close gaps, reduce contradictions, and harness synergies across climate regulations and programs targeting different scales.
	Holistic transformation requires moving past fragmented governance. As van der Jagt et al. explain, cities need enhanced horizontal coordination between different municipal departments and sectors locally. For instance, Toronto could set up cross-departmental working groups or units to encourage collaboration between transit planning, housing, parks and recreation, economic development and other sectors on integrated climate solutions. As previously stated, breaking down governance silos through partnerships can enable knowledge sharing and coordinated efforts across Toronto's sprawling municipal landscape for more coherent and effective climate action.
	As Geels explains, sustainability requires shifts across multiple domains like energy, transport, buildings, industry, waste systems etc. Rather than a narrow focus, Toronto needs to pursue multi-domain solutions tailored to sectoral nuances but connected through systems thinking. For example, decarbonization pathways will differ for office towers versus single-family homes. Multi-domain strategies enable customized interventions while avoiding fragmentedness.
	To achieve widespread emissions reductions, niche climate innovations need scaling up strategies to expand impact across neighbourhoods, the city, and beyond, as discussed in transition management approaches. Demonstrating success from pilot projects can spur replication. Toronto should cultivate scalable innovation ecosystems and identify high-potential climate solutions for accelerated scaling locally and through collaboration with other cities.
	Factors like local built infrastructure, community values, and natural endowments shape the adoption of sustainability solutions, as noted by van der Jagt et al. Toronto should ensure climate actions build on local assets like its vibrant diversity, strong neighbourhoods and academic institutions. At the same time, collaborating with other cities can accelerate learning.
	Mobilizing bottom-up community climate action creates pressure for deep change, according to Scoones et al. Toronto should support hyper-local sustainability initiatives while integrating grassroots demands into city-wide climate strategies. Nurturing extensive citizen engagement complements top-down policymaking.
	In summary, achieving net zero emissions necessitates Toronto pursuing vertically integrated, horizontally coordinated, multi-sectoral strategies that leverage local potential while connecting across multiple scales and systems. This enables holistic transformation that is rooted in Toronto's unique context but integrated into higher systems and broader partnerships. A multi-dimensional approach can unlock the full capacity for climate action.
	Another insight from the literature review is that spurring behavioural change is critical for Toronto to effectively implement its climate action strategy. Several sources argue that technological solutions alone are insufficient to reduce emissions, as Repo and Matschoss explain in regards to social innovation. Shifting behaviours and social practices are equally, if not more, important complements to technology. Toronto cannot rely solely on technical fixes like electric vehicles or building retrofits without also addressing lifestyle behaviours.
	To complement technical measures, Toronto should pursue social innovations that normalize sustainability behaviours and transform social practices, as Trischler et al. discuss. This can involve community-based initiatives, education campaigns, and leading by example to foster norms around transit use, responsible consumption, and waste reduction. Social and cultural shifts are key accelerators.
	Research shows sustainability behaviours strongly correlate with intrinsic motivations like altruism more than extrinsic incentives, as Trischler et al. note. Toronto should tap into these intrinsic motivations by giving residents opportunities to actively shape climate solutions. Community-led initiatives can cultivate buy-in and collective action, creating viral behavioural spillovers.
	Holistic diagnosis, as explained by Battistoni et al., can uncover relationships between cultural, infrastructural and technical elements influencing behaviours. Toronto needs to adopt systems thinking to address hidden drivers of high-carbon lifestyles like urban planning priorities and social norms. This enables designing integrated interventions. Holistic diagnosis, as explained by Battistoni et al., can uncover relationships between cultural, infrastructural and technical elements influencing behaviours. Toronto needs to adopt systems thinking to address hidden drivers of high-carbon lifestyles like urban planning priorities and social norms. This enables designing integrated interventions.
	Kenter et al. discuss how new economic models can encourage sustainable behaviours more aligned with wellbeing. Toronto can implement incentives like transit subsidies, energy-efficient mortgages, EV rebates, bike vouchers, and eco-tax shifts. Combining incentives with community-based social marketing provides a carrot-and-stick approach.
	Enabling approaches described by Scoones et al. focus on building community capabilities for climate action. Toronto can provide tools, skills and resources to empower residents to adopt sustainable lifestyles. For example, providing cycling infrastructure increases mobility options beyond car dependency. Capability-building removes adoption barriers.
	To sum up, achieving Toronto's climate goals requires going beyond a narrow technocratic approach to holistically transforming social practices, norms, incentives and capabilities that shape residents' high-carbon behaviours. This entails participatory social innovation, targeted messaging, economic levers, infrastructure provision and grassroots education. Fundamentally, spurring broad citizen engagement and lifestyle shifts is key to reaching Toronto's ambitious emissions reduction targets.
	Paul Hawken's "Regeneration" framework and his earlier "Drawdown" framework both offer comprehensive approaches to addressing climate change, but they differ in scope, focus, and methodology.  The Drawdown framework focuses on identifying and ranking the most effective solutions to reverse global warming. It provides a list of technologies and practices that can draw down carbon dioxide and other greenhouse gases from the atmosphere. The solutions are ranked based on their potential to reduce emissions or sequester carbon, as well as their financial viability.
	Regeneration goes beyond technological solutions to include social, cultural, and ecological aspects. It emphasizes the interconnectedness of systems, which could help Toronto create a more comprehensive and inclusive climate action plan. Regeneration stresses the importance of involving communities in the process of healing the planet. Toronto could use this framework to engage its diverse communities in co-creating solutions, thereby ensuring more equitable outcomes. While Drawdown offers global solutions, Regeneration encourages local, place-based strategies. This could help Toronto tailor its climate action plan to its unique challenges and opportunities. Regeneration focuses on changing the narrative from one of "fighting" climate change to one of healing the Earth, which could help shift public perception and increase engagement in Toronto.  The framework also discusses how regenerative practices can stimulate local economies, which could be particularly relevant for Toronto's economic development goals.
	The innovation and sustainability literature highlights that adopting regenerative practices, in addition to socio-technical solutions, is beneficial for Toronto's climate strategy and net-zero goals. Linear "take-make-waste" economic models are unsustainable. As Kenter et al. describe, Toronto needs to shift towards a circular economy that maximizes resource usage through continual looping. Practices like composting food scraps and landscaping debris to produce fertilizer, reusing greywater for irrigation, repairing consumer products rather than disposing, and remanufacturing all enable resource circulation. Circular systems powered by renewable energy can meet citizen needs while achieving net zero carbon. Adopting a circular economy approach through initiatives like building deconstruction, material banks, and industrial symbiosis allows Toronto to save carbon and enhance resource resilience.
	Cities like Toronto can nurture natural processes that regenerate the urban ecosystem, as van der Jagt et al. explain regarding utilizing nature-based innovation systems. Investing in ecological regeneration through expanding urban forests, wetland and waterway restoration, bioswales, green roofs and walls can boost biodiversity, improve air quality, reduce flooding risk, mitigate heat island effects and more. Integrating green infrastructure builds climate resilience. Toronto has already piloted regenerative projects like the Meadoway that could be replicated and scaled up across the city to tap into ecological regeneration.
	As Fagerberg notes, the ongoing evolution of renewable energy represents a potential for revolutionizing urban systems including buildings. Toronto's ageing building stock presents major opportunities for energy efficiency retrofits and distributed solar generation to transition to a low-carbon and self-sufficient building ecosystem. Deep retrofits and renewable energy upgrades to housing, commercial buildings and institutional facilities regenerate the built environment. Toronto's Zero Emissions Buildings Framework lays out pathways for regenerating buildings.
	Fossil-fuel powered transportation undoubtedly causes major emissions. Redesigning Toronto's mobility systems based on sustainability and active transport concepts like walkable neighbourhoods, complete streets, cycling networks, and pedestrianization promotes ecological regeneration while also delivering public health and social benefits. Investing in low-carbon multi-modal transportation infrastructure helps regenerate Toronto's urban fabric. The TransformTO climate strategy includes plans to expand cycling networks and create vibrant public realms through Complete Streets guidelines.
	Regenerative cities build local resilience, as recommended by transition management approaches discussed by Kern et al. Toronto should promote localized food systems, sharing and cooperatives, circular material exchanges, community hubs and repair shops. Enabling neighbourhoods and communities to produce, share and recycle essential goods and services locally reduces carbon-intensive global supply chains. Building local renewable energy systems and decentralized organic waste management creates local circularity.
	As Scoones et al. describe, cultural and social regeneration is critical alongside technical shifts. Toronto needs to enable residents to connect with nature and collaborate on climate solutions through citizen science initiatives, climate innovation labs, sustainability hubs and environmental education. Fostering community environmental stewardship and care ethics regenerates society's intrinsic relationship and sense of responsibility to nature critical for sustainability.
	Kenter et al. recommend exploring post-capitalist models like cooperatives and community land trusts that shift control locally and recentre economic activity around environmental stewardship and solidarity rather than profit maximization. Toronto could enable experiments with localized cooperative sustainable business models that directly enrich communities. Blending indigenous knowledge and practices could also offer wisdom for more balanced human-nature relations.
	In conclusion, making a broad transition to regenerative climate action solutions and regnerative models of production and consumption across Toronto's built, natural, economic and social systems is key to creating an urban environment that can continually sustain itself while reaching net zero carbon emissions. A regenerative approach allows Toronto to move beyond just reducing harm towards proactively healing and enriching its regional ecosystem.
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	Several currently overlooked Drawdown solutions show significant potential to help Toronto achieve its emissions reduction targets, including high-speed rail, methane leak management, offshore wind turbines, plant-rich diets, and refrigerant management.
	High-speed rail between Toronto and other major Canadian cities could significantly reduce emissions from air and car travel. Studies show rail travel emits around 90% less CO2 per passenger-mile compared to driving or flying. Constructing new rail lines powered by clean electricity would enable large mode shifts away from high-carbon transportation.
	Methane is a potent greenhouse gas, with more than 25 times the warming impact of CO2. Toronto could collaborate with utilities to detect and repair leaks in natural gas infrastructure, install methane capture systems at landfills, and transition to biogas for residual emissions. These actions target a super-pollutant and can substantially cut overall emissions.
	Offshore wind farms in the Great Lakes could generate abundant renewable electricity for Toronto's grid. Studies show offshore turbines are more productive than onshore due to higher, steadier wind speeds. This clean energy could displace fossil fuel generation, enabling building and vehicle electrification while decarbonizing Toronto's energy supply.
	Shifting Toronto residents to more plant-based diets through education campaigns, food policies, and promoting local urban agriculture would reduce carbon-intensive meat production. Plant-rich diets also have public health co-benefits like lower obesity and disease rates. The city could provide plant-based eating incentives to accelerate adoption.
	Banning high global warming potential HFC refrigerants, requiring leak prevention and refrigerant reclamation, and upgrading HVAC equipment to use low-GWP alternates like ammonia would eliminate a major GHG source. Toronto could also adopt stringent building codes to mandate passive cooling and reduce AC demand.
	In terms of social innovations, Toronto could promote community-based sustainability initiatives, alternative economic models like cooperatives, participatory climate policymaking, and programs to make sustainable living easier and more accessible. Cultural shifts supporting sustainable behaviours and lifestyles are essential to complement technological solutions.
	Toronto should foster experimentation through living labs, demonstration projects, and testing innovative policy approaches at small scales to refine solutions before wider implementation. Multi-stakeholder collaboration can accelerate learning and development cycles.
	Adopting a climate action agenda focused on enabling human flourishing involves participatory visioning of a future Toronto that meets resident needs equitably within ecological limits. Centering ethics of care, community resilience, ecological regeneration and social inclusion helps reframe climate action as healing the earth. This positive vision can galvanize public support.
	To recap, Toronto should pursue a multi-pronged climate strategy encompassing overlooked but impactful Drawdown solutions, social and systemic innovations, and a sustainability vision focused on regeneration, wellbeing and justice. This holistic approach can help Toronto equitably reach its ambitious emissions reduction targets and become a model sustainable city.
	The preceding recommendations for Toronto's climate action strategy are comprehensive and ambitious, but they also come with their own set of criticisms, obstacles, and points for further discussion and research.
	While high-speed rail is a promising solution for reducing emissions, it's also a costly and time-consuming infrastructure project. Funding is a significant obstacle, and public-private partnerships might be necessary to make it viable. There's also the question of whether enough people will switch from cars and planes to trains to make the investment worthwhile. Further research could focus on the economic feasibility and the potential for mode shifts in transportation choices.
	Expanding methane leak detection and repair implies increased costs for natural gas utilities, so incentives or mandates would be needed. The infrastructure to detect and repair methane leaks can be expensive to install and maintain. There's also the issue of regulatory hurdles and the need for multi-stakeholder collaboration, including utilities that may not have a financial incentive to invest in such technologies. Further discussion could explore innovative financing and incentive structures.
	Offshore wind farms in the Great Lakes could face opposition from various stakeholders, including fishing industries, shipping lanes, and residents concerned about the visual impact. Environmental impact assessments would be needed to understand the effects on local ecosystems. Toronto would need to partner with Ontario and the federal government on large-scale development.  Research could focus on minimizing these impacts and optimizing the location and design of wind farms.
	Promoting plant-based diets could face cultural and economic obstacles. Meat-based diets are deeply ingrained in many cultures, and shifting to plant-based options may not be easily accepted. Additionally, plant-based foods can sometimes be more expensive or less accessible in certain communities,  access and affordability of fresh produce would need to be further investigated and suppported.  Research could focus on how to make plant-based diets more accessible and culturally acceptable.
	Transitioning to low-GWP refrigerants and upgrading HVAC systems is costly and may face resistance from building owners and industries that rely on refrigeration. Regulatory frameworks would need to be robust and may require significant time to implement. Further research could explore cost-effective transition plans and the lifecycle emissions of alternative refrigerants.
	While community-based sustainability initiatives and alternative economic models are promising, they often require a cultural shift that can be slow to materialize. The effectiveness of these models at scale is also not well-understood. Moreover, social innovations and grassroots initiatives often lack resources and institutional support. Impact measurement and scaling of community projects remains challenging.  Further discussion and research could focus on how to scale these initiatives, measure their impact and explore of how municipalities can incubate and integrate bottom-up solutions.
	Although experimentation is crucial, it also comes with the risk of failure and financial loss. Stakeholders may be hesitant to invest in unproven solutions.  Living labs and experimental approaches can be politically contentious and are difficult to coordinate across government silos. Research could focus on risk mitigation and the criteria for selecting projects to move from pilot to full-scale implementation. Streamlining administrative processes to enable agile innovation is an area for improvement. 
	Though the focus on human flourishing and social justice is commendable, it may also be seen as too idealistic or abstract by some stakeholders. A climate agenda explicitly focused on equity and justice may face ideological resistance from powerful incumbent interests and climate denialists. Lobbying efforts and public narrative strategies would be required to build support. Another challenge lies in translating these ethical and visionary principles into actionable policies. More interdisciplinary research on indicators and metrics for sustainable wellbeing and ecological regeneration would strengthen measurement frameworks. Continued innovation around governance and policy to actualize new economic models is also needed. Further discussion could focus on operationalizing these principles in a way that is both effective and politically feasible.
	In summary, there are a number of valid concerns, adoption barriers and knowledge gaps that would need to be addressed regarding the proposed climate solutions, innovations and sustainability vision. However, none seem insurmountable given sufficient political will, multi-stakeholder collaboration and public support. A pragmatic, evidence-based approach can help Toronto overcome obstacles and realize the potential of these recommendations. Further research and discussion would strengthen the path towards implementation.
	The literature review and analysis make a strong case that Toronto should expand its climate action strategy to encompass currently overlooked but high-impact Drawdown solutions, systemic and social innovations, and a broader sustainability agenda focused on human flourishing. Several major emission sources are under-addressed in Toronto's current plans, including transportation, methane leaks, HFCs, and carbon-intensive diets. Implementing solutions like high-speed rail, methane capture, alternative refrigerants, and plant-rich promotion could significantly help Toronto reach its ambitious emissions reduction targets. In addition to technological fixes, social innovations that engage communities and transform norms and behaviours are essential to drive the systemic changes required for deep decarbonization. Toronto needs to embrace experimental partnerships and grassroots climate action initiatives to catalyse sustainability transitions. Shifting to a solutions-focused vision of enabling human and ecological wellbeing can help overcome polarization on climate change. Cantering ethics of care, regeneration, equity, and climate justice in policymaking can accelerate emissions reductions while creating a more liveable city for all. Adopting this multi-pronged strategy encompassing overlooked climate solutions, social innovation, and sustainability principles can help Toronto justly transition to a post-carbon future. While critiques are valid, the synthesis shows the benefits outweigh the concerns. Collaboration, public support, and political will can drive implementation. In conclusion, this transformative systems-based approach provides Toronto the comprehensive framework required to equitably reach its net-zero climate goals and become a leader in sustainable urban development.
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	Transforming degraded lands into productive areas can improve food production, farmer incomes, and carbon sequestration. Considering the Greater Toronto Area, most of its farmland exists outside of the City of Toronto in the regions of Durham, York, Halton and Peel. Due to urbanization and rising costs of real estate, more farmland is being lost to urban sprawl than abandonment within the GTA. Ontario is losing an average of 319 acres of farmland a day (Griffin, 2022). Minister's Zoning Orders (MZOs) enable the provincial government to accelerate land development anywhere and override farmland protections. More strategic land use planning and limiting MZOs can help protect the higher quality soils and farmland located in the surrounding GTA regions. 
	Standard cement production methods are a significant source of global carbon emissions due to considerable energy requirements and the creation of carbon dioxide as a waste byproduct. Modifications to the cement-making process to lower emissions include: using alternative materials to make clinker (an intermediary cement material) more efficiently and upgrading cement kiln technologies. In 2021, the Government of Canada and the Cement Association of Canada announced a partnership to establish a roadmap to net-zero carbon concrete (Government of Canada). The roadmap is being developed to guide and support the Canadian cement industry with the technologies and policies required to achieve carbon-free concrete by 2050. Support structures include establishing a low emissions supply chain and greater collaboration between industry and government on research and investments in new cement/concrete technologies and processes. However, a 2050 target for using alternative cement in Canada would fall short of Toronto’s net-zero strategy by a decade. 
	Fluorinated gases, such as hydrofluorocarbons (HFCs), are highly potent greenhouse gases used as refrigerants in air conditioners, refrigerators and other cooling appliances. Phasing out HFCs with natural refrigerants such as ammonia or carbon dioxide can reduce the global warming potential of cooling systems and cold supply chains. The 2016 Kigali amendment to the Montreal Protocol is a legal commitment signed by over a hundred nations to phase down HFCs. Canada ratified the Kigali amendment to the Montreal protocol in 2017. The country has pledged to reduce HFC usage to 15% of baseline levels (2011-2013) by 2036 (Government of Canada, 2020). Quebec’s refrigerant regulations go even further than the federal mandates, limiting commercial refrigerant units to a maximum of 50kW and global warming potential (GWP) of 150 (Les Publications du Québec, 2023). If the Government of Ontario or Toronto adopted stricter refrigerant policies, it could help reduce one of the most significant sources of greenhouse gas emissions.
	Bamboo can flourish on damaged landscapes and quickly captures and stores carbon in biomass and soil. Durable bamboo products can sequester carbon throughout their existence. Within North America, bamboo species are native to Mexico and parts of the Southern United States, but none exist within Canada. Therefore, growing bamboo on Toronto’s limited degraded forestland would introduce an invasive species and lower biodiversity. Supporting the regeneration and expansion of Toronto’s deciduous forests is an ecologically safer, simpler, and cost-effective route to sequestering carbon than bamboo production.
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	Bicycling is a low-cost and emissions-free alternative to fossil fuel-based transportation. Implementing more biking infrastructure such as dedicated bike lanes can promote greater adoption of cycling and lower emissions through decreased use of ICE (internal combustion engine) vehicles.
	The TransformTO Net Zero Strategy includes expanding biking infrastructure (cycling routes, parking, and bike share) as one of its “Actions for implementation 2022-2025”. Further developing bicycle infrastructure will help Toronto achieve its goal of “75 per cent of school/work trips under 5 km are walked, biked, or by transit, by 2030.”
	Creating biochar involves slow baking biomass at high temperatures without oxygen. This pyrolysis byproduct can be buried to trap carbon and potentially improve soil quality. Scientists at Agriculture and Agri-Food Canada (AAFC) have demonstrated that biochar can benefit soil health, decrease fertilizer use, and lower greenhouse gas emissions in Canada. According to the AAFC there are 50 producers of biochar in Canada as of 2021 (Canada, 2021).
	Anaerobic digesters are oxygen-free enclosed spaces where microorganisms convert organic matter such as manure and crop waste into biogas and fertilizer. Biogas methane is a valuable cooking fuel. Using biogas to cook lowers emissions by replacing the burning of dirtier fossil fuels or organic matter and preventing the release of GHGs caused by anaerobic decomposition. The City in partnership with Enbridge Gas will begin to capture biogas from green compost bins in early 2022 (Toronto, 2021). Methane captured in anaerobic digesters at city waste management is blended with facilities will be routed into Toronto’s natural gas grid. 
	Biomass feedstock, raw plant materials, can be used to generate power and heat, substituting fossil fuels. Perennial biomass power serves as a "bridge" solution, supplementing wind and solar power until energy storage and grid flexibility expand. Toronto’s sixth implementation action for 2022-2025 includes addressing barriers and developing strategies to increase the deployment of biomass and other energy and storage technologies.
	Biopolymers or bioplastics are plastics composed of organic materials sourced from plants. Bioplastics emit lower emissions by sequestering atmospheric carbon. In contrast, standard petroleum-based plastics contribute to emissions through reliance on fossil fuels. The “Plastics Challenge: Improved Compostability of Bioplastics” sponsored by Natural Resources Canada (NRCan) and Agriculture and Agri-Food Canada (AAFC) has provided grants for businesses and organizations innovating new and improved bioplastics. One example is an investment of $1 million in BOSK Bioproducts to build a production line for prototyping bioplastics formulated at the National Research Council of Canada (Natural Resources Canada, 2021). 
	Automation systems can manage commercial buildings' heating, cooling, lighting, and appliances. Building automation systems enhance energy efficiency and reduce waste, thereby lowering emissions. The Toronto District School Board (TDSB) is the second largest property owner in Toronto. The TDSB’s Energy and Climate Action team within the Sustainability Office is replacing their obsolete building automation systems with new BAS that provide remote monitoring and better heating, cooling, and ventilation efficiency (Toronto District School Board, n.d.). According to the City of Toronto, “Several City sites employ Building Automation Systems, which optimize the performance of a building’s heating, ventilation, air conditioning, refrigeration and lighting control systems” (Toronto, 2017). 
	Retrofits reduce fuel and energy waste with more efficient windows, insulation, lighting, and modern heating and cooling systems. The increased efficiencies lead to lower emissions from current buildings. In 2021, the City passed the Net Zero Existing Buildings Strategy (ExB Strategy), a plan that outlines nine actions to decarbonize all existing buildings by 2050. Advancing execution of the ExB Strategy is the third measure of Toronto's Net Zero strategy, which aims to cut GHGs from existing buildings in half by 2030 (2008 levels).
	Ride-sharing or carpooling lowers greenhouse gas emissions per rider through more efficient fuel and vehicle capacity use. Strategies to promote carpooling include using high occupancy vehicles (HOV), high occupancy lanes, HOV parking, and shared taxis/transportation-network services. Toronto’s tenth action for implementation 2022-2025 is updating and accelerating the city’s “Transportation Demand Strategy.” (City of Toronto, 109) One of the activities in this action includes leading “community outreach and engagement campaigns to support the uptake of more sustainable modes of transportation/ commuting.” This includes carpooling along with other low emissions of transportation such as public transit and human powered locomotion. SImilarly Toronto’s 29th net zero implementation action for 2022-2025 includes encouraging city employees to use carpooling, public transit or active modes of transportation for their commuting needs. 
	A significant portion of the global population cook with polluting fuels and biomass such as wood and charcoal, which create emissions harmful to the climate and human health. Clearing forests for cooking fuel reduces carbon sinks, and burning polluting fuels produces harmful air pollutants and GHGs such as carbon dioxide, methane and more. Increasing residential use of solar-powered or cleaner fuel stoves can lower emissions and pollutants through improved efficiencies in heating and ventilation. The Drawdown solution of clean cooking focuses on developing regions such as Africa, Asia (minus Japan), the Middle East, and Latin America (Project Drawdown, 2020). Hence this solution does not directly apply to Canada and Toronto specifically, as cooking with biomass is limited to niche use cases compared to natural gas or electric-based cooking methods. Over 90% of Ontario’s electricity is produced using carbon-free energy sources such as nuclear, hyrdo and wind power (Government of Canada, 2023). Clean cooking for Toronto would represent a switch from cooking with natural gas to electricity-powered cooking appliances. Phasing out natural gas cooking methods would reduce carbon emissions and improve public health, as recent studies have shown NG appliances release methane and nitrogen oxides (Chung, 2022). Methane is released from NG appliances during operation and even while not in use due to minor leaks, thereby reducing indoor air quality and continually emitting potent greenhouse gas (Lebel et al., 2022) 
	The soil and vegetation of mangroves, salt marshes, and seagrasses store vast quantities of carbon. Their preservation prevents deterioration and maintains their carbon sinks. While Toronto is not a coastal region, it does possess wetlands. Ontario's four types of wetlands are swamps, marshes, bogs and fens” (Ontario, 2023). Due to development and agriculture, Toronto has lost most of its original wetlands (Toronto Region and Conservation Authority, n.d.). Ontario has multiple laws and policies in place to protect existing wetlands, such as the 2020 “Provincial Policy Statement,” which protects specific wetlands designated as natural heritage systems (Ontario, 2022). Ontario’s 1990 Conservation Authorities Act also prohibits developmental activities or modifications to wetlands (Ontario, 2022). Ontario also has multiple partnerships,  tax incentive programs and grants to conserve wetlands, such as the Eastern Habitat Joint Venture.
	Numerous coastal wetlands have endured harm from construction, agriculture, and natural disasters. Restoring their carbon sequestration potential requires rejuvenating mangrove forests, salt marshes, and seagrass beds. While Toronto’s wetlands are not coastal, restoring them can still provide multiple ecological services and benefits, such as improving carbon sequestration, biodiversity, flood attenuation, water quality and more (Ontario, 2022). The Toronto and Region Conservation Authority (TRCA) is actively engaged in restoring and creating wetlands. The TRCA prioritizes restoration opportunities that show the most potential to benefit humans and wildlife based on various geophysical, ecological and historical factors (Toronto Region and Conservation Authority, n.d.). In addition to restoring wetlands, the TRCA is also creating new wetlands on unused farmland and urban valleys.
	Composting transforms biodegradable organic waste into a fertile soil amendment. The organic refuse in city landfills can be used as compost, preventing the release of methane caused by bacterial decomposition. Added benefits of composting include more carbon sequestration within the soil and possibly reducing reliance on nitrogen fertilizers. Toronto’s Green Bin program collects and processes organic materials into compost. Almost half a million homes participate in the Green Bin composting program, along with most apartments, buildings, and schools (Toronto, n.d.).
	Concentrated solar power uses an array of mirrors to focus solar heat onto a receiver of fluid. The extreme heat creates steam and drives turbines to generate clean electricity. 
	CSP is not feasible in Ontario due to insufficient solar radiation. CSP is better suited to the prairie provinces. According to Djebbbar et al., “Results show that there is an adequate solar resource for CSP applications south of the Canadian Prairie Provinces, Alberta, Saskatchewan and Manitoba” (2013).
	Cover crops, crop rotation, and limited tilling are used in conservation agriculture to grow annual crops. Along with sequestering carbon, it preserves soil and reduces emissions. New Horizons is Ontario’s agricultural conservation strategy. Similar to the principles of the conservation agriculture Drawdown solution, Ontario’s soil strategy is guided by recognizing the importance of applying organic matter, crop diversification, reducing soil disturbance, and using cover crops. (Ontario, 2023). Likewise, one of the soil management actions outlined in New Horizons is supporting reduced tillage as over tillage can diminish soil health.
	During daily periods of intermittent solar or wind power generation, the energy stored in electric cars and standalone batteries can be used to provide electricity. Many other electricity solutions rely upon distributed energy storage systems to facilitate their use. Toronto’s sixth implementation action for 2022-2025 includes addressing barriers and developing strategies to increase the deployment of renewable energy and storage technologies. Specifically, the City will collaborate with Toronto Hydro to “enhance distributed Energy Resource interconnection process for renewable energy.” In addition, the building permit process relevant to renewable energy and storage will be reviewed for streamlining opportunities. (City of Toronto, 2021)
	In photovoltaic technology, a solar cell converts the Sun's energy into electricity. Distributed solar photovoltaics such as rooftop solar panels provide local and clean power generation. To increase the uptake of rooftop solar panels, the City plans to “review zoning requirements and identify restrictions that prohibit renewable energy development including solar photovoltaic, and assess opportunities for improvement.”(City of Toronto, “Net Zero Strategy” 107)
	District heating systems heat several buildings with hot water from a central facility. These systems heat water and spaces more effectively than onsite systems while producing fewer emissions. The fourth implementation action of TransformTO Net Zero Strategy short-term implementation plan is exploring “limiting the expansion of natural gas systems”. The second point of the more detailed description of the action includes expanding “districting heating systems into communities.” Within the TTO Net Zero strategy there is a greater emphasis on district energy compared to district heating.
	Dynamic glass may lower a building's energy use for heating, cooling, and lighting by reacting to sunlight and weather changes. Improved window efficiencies and reduced energy usage lead to lower emissions. Examples of dynamic glass being used in Toronto include the CN Tower, which uses thermochromic glass to automatically darken based on sunlight intensity (US Glass News Network, 2017).
	There are multiple technologies and methods to lower aviation emissions, including improved engines, wing retrofits and reducing weight using lighter interiors. Improving efficiency and reducing aviation fuel use can help lower growing airline industry emissions. Canada’s aviation regulations and standards are managed by Transport Canada. In 2012, the Canadian government and the Canadian aviation industry partnered to create their action plan to reduce GHGs caused by aviation. Their 2019 annual report cited upgrades, more efficient operations, sustainable fuels and many more measures to reduce emissions from the Canadian aviation sector. 
	Multiple technologies and strategies are available to increase ocean shipping fuel efficiency. These include decreasing ship speed (slow steaming), using ducktails or compressed air to lower resistance, and diligent propeller upkeep. Incorporating many efficiency technologies and standards could reduce ocean shipping fuel consumption by 50%. Ocean shipping in Canada is regulated by Transport Canada. Legislations that regulate marine transport include the 2001 Canada Shipping Act. Canada also has ratified many International Marine Organization (IMO) conventions regarding environmental protection, safety standards and more Canada, 2010). The 2010 North American Emission Control Area designation from the IMO applies strict emissions standards to all ships operating within North American coasts (US EPA, 2016).
	Most of the shipping industry's emissions are due to trucks and heavy fuel usage. Multiple technologies can improve trucking fuel efficiency, such as using enhanced tires, engines, aerodynamics and smarter cruise control. Adopting most of these innovations can help stem trucking emissions which continue to grow. The City is in the process of replacing their heavy-duty waste collection diesel trucks with compressed natural gas trucks (Toronto Environment and Energy Division, n.d.).
	The most sustainable type of powered vehicle is an electric bike. A motor and rechargeable battery enables e-bike riders to travel faster and longer with less exertion. These benefits make bicycling and emissions-free transportation more accessible to a broader audience, potentially supplanting fossil fuel-based vehicles in urban areas. Toronto’s bicycle sharing system, Bike Share Toronto, includes access to pedal-assist e-bikes at no extra charge. These ebikes are capable of speeds up to 25km and a range of 70 km (Bike Share Toronto, n.d.).  Toronto is also supporting ebikes and bicycling in general by building new bike lanes, trails and parking infrastructure (Toronto, 2017). 
	Electric vehicles (EVs) are more efficient than internal combustion engine (ICE) vehicles. Beyond lowering carbon emissions, EVs are easier to manufacture and maintain. Emissions are even lower when EVs recharge using renewable energy. Increasing access to low carbon transportation such as electric vehicles is one of the five critical steps of Toronto’s TransformTO Net Zero Strategy (City of Toronto, 2021).
	Converting freight train tracks that are currently diesel-based to electric-powered would decrease emissions, energy use and operational expenses. Emissions are further limited if renewable electricity powers the rail. The city’s public transit system, the Toronto Transit Commission, operates four rapid transit lines with 75 stations, and more in development. Toronto’s heavy rail, light rail and light metro lines all rely on electrical feeds for operation. The Canadian government announced plans for a high-frequency rail corridor for the cities of Toronto, Ottawa, Montreal and Quebec City (Saba, 2021). This new line which is set to reduce travel times significantly will be almost 90% electricity-based.
	Fundamental human rights include access to inclusive high-level education and voluntary family planning rights. Sustaining these rights improves gender equality, economic growth, health and wellbeing. Broader access and support for family planning and education leads to slower population growth and lessens greenhouse gases. In 2018, Canada, along with the other G7 nations, committed to the Charlevoix declaration “ on quality education for girls, adolescent girls and women in developing countries” (Canada, 2020). The Charlevoix Education Initiative aims to reduce barriers to education and training for girls and women.
	Energy-efficient types of irrigation such as sprinkler and drip systems can reduce agricultural energy, fuel and water usage. These efficient methods lower emissions by saving water in pumping and distribution compared to traditional practices such as flooding. Sprinkler and micro-irrigation systems are already the dominant irrigation methods in Canada as of 2018 (Statistics Canada, 2021). Only 10% of Canadian farms use surface irrigation. Many Canadian farms are also implementing other water and energy conservation practices, such as composting, optimizing watering schedule, and using efficient nozzles (Statistics Canada, 2021). 
	Forests are effective carbon sinks because of their biomass and soil. Preventing deforestation reduces emissions, protects carbon stocks, and promotes continuous carbon storage. Toronto has two forest types: deciduous and mixed, with the latter having coniferous and deciduous trees (Toronto and Region Conservation Authority, n.d.). The city’s 2008 “Ravine and Natural Feature Protection” by-law protects Toronto’s ravines, tableland forests and other ecological sites from degradation due to construction or other forms of habitat inference (Toronto, n.d.). 
	Generating geothermal power requires steaming hot water from subterranean reservoirs. The superheated water is pumped to the ground level to activate turbines that generate clean electricity. Toronto’s fifth and sixth implementation action includes supporting the adoption and increasing deployment of new energy developments such as geothermal. Specifically, the City will support various municipal departments and energy developers to create “renewable thermal energy projects’ such as geothermal, “sewer heat recovery” and “lake-based exchange.” (City of Toronto, 2021)
	Large carbon reserves exist in grasslands, mostly underground. Keeping grasslands protected prevents the emissions that result from their transformation into agricultural, commercial, or residential areas. Shielding these carbon stores supports biodiversity and healthier ecosystems. Vast areas of Southern Ontario were originally tallgrass prairie centuries ago. However, agriculture and development have displaced most of these tallgrass areas. Ontario’s remaining tallgrass prairie areas mostly exist within protected parks and nature reserves such as the Ojibway Park near Windsor.
	Green roofs employ soil and vegetation to help insulate buildings and catch water runoff. In contrast, cool roofs use materials or pigments to reflect more sunlight and assist in cooling structures. Both roof types help buildings reduce their overall energy usage and, in turn, greenhouse gas emissions. Toronto’s 2009 Green Roof bylaw requires new commercial or industrial development/ additions greater than 2000m² to include green roofs (Toronto, 2017). The city’s Eco-Roof Incentive Program also promotes the installation of green or cool roofs through grants and incentives (C40, 2018). 
	The electric grid needs to be more flexible and adaptable to support the transition to variable renewable energy sources. Many technologies and processes are available to improve the grid's efficiency and resilience, such as constant renewables, energy storage, smart networks, etc. Increasing local renewable energy output is one of Toronto’s five critical steps for achieving the rapid transformation required to reach 2030 targets.  The City is working with Toronto Hydro to increase opportunities for local renewable generation to foster a more resilient and decarbonized electricity grid. 
	Heat pumps can help heat and cool spaces by transferring warm air indoors or outdoors. High-efficiency heat pumps can significantly decrease the energy used by homes and buildings compared to conventional heating and air conditioning systems. Toronto’s sixth action for implementation for 2022-2025 includes addressing barriers and developing strategies to increase the deployment of heat pumps and renewable energy.
	Many mature high-performance glass technologies such as multiple layers and tints enhance window insulation and improve heating and cooling efficiency. Advanced glass types can reduce energy use and emissions compared to ordinary glass.  Since 2010, Toronto Green Standard (TGS) is the city’s sustainability and performance requirements for new developments (Toronto, 2017). The fourth version of TGS started in May 2022. Section GHG 1.1 of Tier 1 of the TGS version 4 for corporate-owned facilities is related to “Energy and Greenhouse Gas Emissions Limits.” One of the performance measures for section GHG 1.1. is meeting Passive House Standards. Passive House is a set of building standards focused on achieving energy efficiency, comfortability, and affordability (Passive House Institute, 2015). One of the principles for meeting the standard’s requirements is using Passive House windows, (well-insulated window frames made with low emissivity glazings to reduce heat loss). Low emissivity glass is a type of high performance glass. The (CAGBC) Canada Green Building Council’s Zero Carbon Building (ZCB) standard is another sustainable building design and performance framework acceptable within the Toronto Green Standard (Cotton, 2019). 
	New electric railway lines with train speeds above 250km per hour are considered high-speed rail (HSR). Using HSR is one of the fastest forms of travel for destinations within hundreds of kilometres. HSR can significantly reduce travel emissions compared to automobiles or planes, especially as electrical grids become more renewable. Canada has no high-speed rail network. The greater Toronto Hamilton area is home to almost 7 million residents. Both Montreal and Ottawa are within a roughly 500km radius of Toronto. Connecting Toronto to Canada’s second and fourth-largest cities would reduce reliance on transportation by aviation or ICE vehicles. More ambitious proposals have suggested a high-speed rail network extending from Winsdor, Ontario, to Quebec City, Quebec. However, all high-speed rail proposals in Ontario to date have been cancelled or indefinitely put on hold. 
	Hybrid cars are a transitional transportation technology between internal combustion engine (ICE) cars and electric vehicles. Hybrids employ an ICE and electric motor to increase fuel efficiency, lowering emissions compared to fossil fuel-only vehicles. Toronto’s Electric Vehicle Strategy lays out critical actions to help the city completely decarbonize all transportation (Toronto, 2019). The EV strategy is focused on increasing the ratio of plug-in hybrid electric vehicles and battery electric vehicles. Toronto’s EV strategy aims to increase charging availability, reduce costs through incentives, promote EV economic benefits, and support EV education and awareness.
	More than half of all fish consumed by humans are grown in aquaculture. While aquaculture is one of the quickest growing animal food industries, it is also one of the most energy-intensive. Aquaculture producers can lower emissions by switching their generators from fossil fuels to hybrid or fully renewable energy systems. Ontario’s aquaculture industry is relatively small compared to British Columbia and the maritime provinces. Ontario was only responsible for 3.4% of the Canada’s total aquaculture production for 2020 (Government of Canada, 2022). Furthermore there are little to no aquaculture producers in Toronto, with the closest farm being located in Georgetown, Ontario (Ontario Aquaculture Association, 2018).
	The digestive system of cattle generates the potent greenhouse gas methane. Reducing methane emissions is achievable by modifying cattle's feed composition or nutrient consumption. Higher quality feed and diet improvements can increase livestock nutrition, food security, and agricultural production efficiency. While Ontario does produce beef, there are no commercial cattle farms in Toronto. Most of Southerm Ontario’s cattle are located in the counties of Bruce, Wellington, Huron, Grey and Perth (Ontario, 2022).
	Management of wild-capture fisheries must be reformed and enhanced to lower overspending, overfishing and surplus exertion. In addition to strengthening carbon sequestration, this can decrease fuel use and reestablish fish stocks. Ontario’s commercial freshwater fishing industry is among the largest in North America. Ontario’s 2011 “strategic policy for commercial fisheries” is the province’s framework to define commercial fishing and policies related to managing natural resouces. (Government of Ontario, 2021) Part of Ontario’s goal for commercial fisheries includes “ensuring the long term sustainability of fish populations” (Government of Ontario, 2021). The guiding principles of Ontario’s commercial fishing strategy policy acknowledge that “fish resources are limited” and their use should be regulated  (Government of Ontario, 2021). Ontario’s fishing policy does support reestabilishing fish stocks as a first priority, “First allocation of the resource will always go to conservation of the resource.” 
	Methane is a powerful greenhouse gas emitted from beef and pork livestock manure. Two practices to lower these emissions are lowering manure storage time and shielding anaerobic pools. Spreading manure on farmland boosts soil nutrients, and sealing manure lagoons prevents the release of methane and odours. Ontario’s 2002 Nutrient Management Act includes regulations for managing manure storage, treatment and application. (Ontario, 2021; OECD, 2020)
	The microbes that thrive in flooded rice paddies generate vast amounts of methane. Lowering methane emissions and storing more carbon can be achieved using better rice production methods, such as alternating wetting and drying. There are no commercial rice paddies in Ontario, asides from agricultural research projects or institutional scientific partnerships (Ontario Ministry of Agriculture, Food and Rural Affairs, 2012). 
	Grant secure legal tenure rights of ancestral forestlands to Indigenous groups. Growing the area under protected Indigenous land rights can raise carbon stocks and lower deforestation-related emissions. Indigenous Peoples’ Forest Tenure refers to the rights of Indigenous Peoples to own, use, and manage their ancestral lands, including forests. Such rights have been recognized globally as crucial for both the well-being of Indigenous communities and the conservation of forests. When these rights are protected, Indigenous Peoples can apply their traditional knowledge and sustainable practices to manage forests effectively.
	Forests are significant carbon sinks, meaning they absorb more carbon dioxide than they release. When managed sustainably, as is often the case with Indigenous stewardship, these forests can sequester significant amounts of carbon, thus helping to offset the carbon emissions of cities like Toronto. Indigenous management often results in a high degree of biodiversity, which is crucial for ecosystem health and resilience. Indigenous Peoples often have sophisticated methods of resource management that have been honed over generations. They can offer lessons in sustainability that Toronto, and other cities, can apply in their own resource use and management.  Strengthening ties with Indigenous communities and recognizing their forest tenure rights can lead to cultural exchange, fostering greater understanding, and respect for Indigenous culture and knowledge. This can enrich the cultural and educational landscape of cities like Toronto.
	As for reducing greenhouse gas emissions, ensuring Indigenous Peoples’ Forest Tenure supports sustainable forest management that enhances carbon sequestration. Moreover, learning from Indigenous resource management could inspire more sustainable practices within the city itself, leading to a decrease in greenhouse gas emissions.
	The Ministry of Natural Resources and Foresty manages Ontario’s Crown forest, which cover more than half of the province’s land (Ontario, 2021). Ontario is in the process of updating its forest tenure system (Ontario, 2022) Opportunities for improving Ontario’s forest management system include incorporating and increasing Indigenous community involvement. The 2011 “Ontario Forest Tenure Modernization Act” allows for the establishment of local forest management corporations such as the  Nawiinginokiima Forest Management Corporation (Nawiinginokiima Forest Management Corporation, n.d.). The NFMC includes representatives from local First Nations communities. The NFMC’s mission includes sustainably managing forests and creating more economic opportunities for Indigenous peoples (Nawiinginokiima Forest Management Corporation, n.d.). 
	Insulation prevents unwelcome airflow in or out of structures. Using better insulation materials is a simple and low-cost method to improve heating and cooling efficiency and reduce emissions. BetterHomesTO is Toronto’s guide to developing more climate-friendly homes. One of the home and building upgrades BetterHomesTO recommends is using insulation with higher R-values for walls, attics and basements (BetterHomesTO, n.d.). There are financing programs and rebates available to support insulation upgrades such as Toronto’s Home Energy Loan Program. Enbridge’s Home Winterproofing Program provides eligible households with free upgrades such as insulation for walls, attics or basements and draft proofing to reduce air leaks.
	The decay of organic waste in landfills produces methane, a potent greenhouse gas. This methane can be captured and used to generate electricity, lowering emissions and air pollution. Toronto’s 30th and last implementation action includes “producing energy from biogas at City facilities” (City of Toronto, 2021). The city’s Solid Waste Management Services “will continue to capture biogas for beneficial use.” In addition, “The City has also identified potential biogas and landfill gas upgrading opportunities at other City waste facilities including the Green Lane and Keele Valley landfills and a future third organics processing facility,” (City of Toronto, 2021).
	The highest efficiency light bulbs are light-emitting diodes. Compared to incandescent or fluorescent bulbs, LEDs' high efficiency and negligible heat output result in lower energy use for lighting and cooling. Many of Toronto’s street lights still use high-intensity discharge (HID) lamps (City of Toronto best practices for lighting, 2017). The two types of lamps used in the city are metal-halide lamps and high-pressure sodium lamps. These lamp types both contain mercury and require additional safety precautions during disposal. As previously stated LED lighting technologies have already surpassed HID lamps. “Toronto Hydro requires a new mandate from City Council to implement this [LED conversions across Ontario]. The costs of this opportunity would be approximately $180 million in total, and, while it could be completed in as little as four years, there are a range of options for pacing the project.” (Toronto Hydro, n.d., p. 5) Toronto Hydro is requesting a new mandate from the City to convert all of Toronto’s streeglights to LEDs. (Toronto Hydro, n.d., p. 8) Toronto Hydro’s Business Incentive Program (BIP) was introduced in 2007 to help businesses to implement energy efficiency improvements using incentives. 
	Replacing conventional faucets and showerheads with low-flow fixtures can decrease residential water and energy usage. Low-flow appliances can also contribute to savings in power and emissions.  Ontario’s “Water and Energy Conservation Guidance Manual for Sewage Works” recommend fixing leaks, low-flow showers, tap aerators and dual flush-toilets as measures and upgrades to reduce domestic water use (Ontario, 2019).  Toronto’s Home Energy Loan Program allows homeowners to borrow up to $125k at 0% interest  to cover energy efficiency updgrades such as toilet replacements and more. 
	One of Earth's most prolific habitats is macroalgae forests. The deep sea's carbon-sequestering capacity can grow by preserving and rehabilitating these ecosystems. This Drawdown solution focuses on the total ocean area worldwide in respect to macroalgae forests. While Toronto borders Lake Ontario, the city is distant from the ocean and therefore this solution is not applicable for Toronto’s georgraphy and flora.
	Carefully regulating animal numbers, timing, and grazing intensity are all components of managed grazing. These grazing practices can improve grassland soil health and carbon sequestration, contrasting traditional pasture management. The Ontario Ministry of Agriculture, Food and Rural Affairs recommends managed grazing as a best management practice  (BMP) to conserve “soil, water, and other natural resources in rural areas.” (2012) The OMFRA’s guide to rotational grazing focuses on cattle in the beef and dairy industry. However. the dominant farm type in the Toronto area is “horse and other equine based production” according to an agricultural census by Statistics Canada (2019). Managed grazing shows more potential to lower emissions in rural areas and counties in Southern Ontario outside of Toronto. 
	The biogas produced by farms and wastewater facilities can be tapped with large digesters to generate power in specialized biogas power plants. In addition to lowering emissions, anaerobic digesters produce a highly nutrient fertilizer called digestate. The City in partnership with Enbridge Gas will begin to capture biogas from green compost bins in early 2022. Methane captured in anaerobic digesters at city waste management is blended with facilities will be routed into Toronto’s natural gas grid. 
	There are multiple practices and technologies available to reduce methane emissions stemming from oil and natural gas supply chains. Addressing leaks and using improved equipment and materials can limit methane released from the production and transportation of fossil fuels. A 2020 investigative study by Ars et al. looked for sources of methane emissions in the Greater Toronto Area using mobile gas detectors. The study confirmed that Toronto’s waste industry is the greatest contributor of methane emissions in the city (Ars et al., 2020) . The mobile gas monitoring systems found methane leaks ranging from 4-22 per 100km (Ars et al., 2020).  
	Toronto’s TranformTO Net Zero strategy recommends phasing out natural gas to end combustion and fugitive emissions, from distribution and storage. Torontos strategy does not mention of addressing methane leaks directly. A 2021 report from the Independent Electricity System Operator (IESO) examined the possiubility of Ontario phasing out natural gas generation by 2030. The IESO found that it ending natural gas generation would significantly increase residential electricity bills and possibly lead to power blackouts (2021). According to the IESO, Ontairo’s electric system is one of the cleanest of any jurisdiction, contributing only 3% of the province’s GHGs over a 5-year period (Independent Electricity System Operator, 2021) 
	Small wind turbines with a capacity of 100 killowatts or less can generate clean electricity in areas lacking access to centralized grids. Micro wind can replace fossil-based energy in rural and urban areas, lowering emissions. In Ontario turbines that produce less up to 50kW of electricity are considered small wind turbines, whereas turbines under 1kW of power are called micro wind turbines (Ontario, 2021). Micro wind projects between 3-50kW tend do require Renewable Energy Approval (REA) from the the Ontario Ministry of the Environment and Climate Change (MOECC).
	Localized collections of electricity generation systems and loads are known as microgrids. They typically link to the conventional, central power grid but possess the ability to decouple and run independently using energy storage and demand management tools. Launched in 2011, Ontario’s Smart Grid Fund has provided innovative companies and organizations capital to develop and advance technologies to help modernize Ontario’s electrical grid (Ontario, 2018). One of the project categories supported by the fund includes microgrids, specifically combining renewable energy, storage and smart networks to provide reliable carbon-free energy. The Smart Grid Fund has already given millions of dollars five separate microgrid projects underway in Ontario, such as the Microgrid Research and Innovation Park at Ontario Tech University campus in Oshawa (Ontario, 2018).
	Trees, perennial crops and carbon sequestering plants are layered and grown on the same land in multi-level agroforestry. This arrangement is comparable to the ecological network of wild forests. Multistrata agroforestry provides many benefits, such as gains in carbon sequestration, food yields, and ecosystem services. The geographic region for the Drawdown solution multistata agroforestry are tropical humid grasslands. Toronto is outside the scope of tropical humid climates.
	Net-zero buildings are not reliant on centralized grids for power and emit zero net carbon emissions annually.  These buildings combine methods that improve energy efficiency with onsite renewable energy systems to supply their energy needs. The city’s first implementation action of the TranformTO Net Zero Strategy is  “Ensure near zero emissions for all new construction” (City of Toronto, 2021). As buildings are the leading source of GHG emissions in Toronto, the city recognizes that “Net zero buildings are critical to achieving a net zero Toronto” (City of Toronto, 2021).
	Nuclear power can avert the emissions released by fossil fuel-based energy production. Within Drawdown, nuclear power is a "regrets" solution due to liabilities such as prolonged build times, high costs, radioactive waste and radiation/pollution leaks. Originally, Ontario’s electric system was projected to be “more GHG intensive per unit of electricity generated” due to the phasing out of nuclear energy plants and upcoming increases in energy produced from natural gas. However, in July 2023 the Ontario government announced plans to work with Ontario Power Generation to start planning for three more small nuclear reactors (SMRs) at the Darlington nuclear site (Ontario, 2023). Ontario’s Independent Electricity System Operator has recommended that Ontario expand its nuclear power generation to fulfill increasing energy needs (Ontario, 2023). These new reactors are planned to be operational by 2034-2036.
	In crop production, nitrogen fertilizers are often over-utilized, and bacteria convert the excess into the powerful greenhouse gas nitrous oxide. Using fertilizers more prudently with the four Rs of nutrient management (right source, right rate, right time, and right place) lowers agricultural energy use and emissions. Ontario’s 2002 Nutrient Management Act includes regulations and requirements for farmers to document certain nutrient management practices which pose a risk of water contamination (OECD, 2020). 
	Wave energy converters and tidal-power systems can produce electricity utilizing the ocean's mighty and steady kinetic energy. Ocean power lowers emissions by substituting for fossil fuel-based energy production. This solution does not apply to Toronto as it lacks direct access to the ocean. Coastal provinces and territories such as British Columbia and Nunvaut possess the greatest potential for renewable marine energy resources. (Cornett. 2006)
	In comparison to wind on land, maritime winds are more reliable. Offshore wind turbines utilize that energy to produce utility-scale power free of emissions. Canada has no offshore wind farms. The Trillium Power Wind 1 was a proposed 500MW off shore wind farm set to be located in the waters of Lake Ontario. However this project was cancelled by the Ontario government in 2011. Similarly, Windstream Energy’s 300MW offshore wind project in Lake Ontario was also cancelled after the 2011 moratorium.  
	Onshore wind turbines provide energy at a utility scale and continue to gain market share thanks to lower costs and performance increases. Further growth and replacement of fossil fuel energy will require energy storage and grid infrastructure investments. The City intends to work with Toronto Hydro and the provincial government to expand local renewable energy technologies such as on shore wind power (City of Toronto, 2021). Commissioned in 2003, the ExPlace Wind Turbine in Toronto is first wind turbine in a major North American city centre. 
	Despite only covering a small percentage of Earth's land, peatlands store more than twice the carbon of all forests combined. Peatland destruction from foresty, agriculture, and resource extraction diminishes this carbon sink and its sequestration capacity. Preventing degradation and revitalizing peatlands ensures they can continue lowering atmospheric emissions for hundreds of years. Most of the province’s peatlands are located in Northern Ontario The Hudson Bay Lowlands are one of the largest peatland areas in the world.
	Perennial plants are a better source of biomass for bioenergy than annual crops, most commonly corn. The energy required for corn and other annual crops is too steep to reduce emissions notably. Perrenial large grasses and woody plants are more productive bioenergy crops that require less energy and adequately sequester carbon within their soil. As of 2022, Ontario Power Generation has only one biomass power plant, the Atikokan Generating Station in Northwestern Ontario. The main source of feedstock for Ontario biomass power plants are wood pellets from logging residues and, to a much lesser extent, low grade wood from boreal forests (Pembina Institute, 2011). According to modelling from the Ontario Ministry of Natural Resources and Pembina Institute, the Southern limit for sourcing biomass in Ontario is the Great Lakes - St. Lawrence forest region which is well outside the deciduous forest region of the Greater Toronto Area.
	The bulk of global cropland grows annual crops such as corn, wheat and potatoes, contributing to agricultural emissions. Bananas and avocados are perennial staple crops grown in tropical areas that also help sequester carbon in biomass and soil. Perrenial crops store carbon much better than annual crops, provide ecosystem services, and demand fewer energy inputs. The Drawdown solution Perennial Staple Crops proposes replacing annual crop production on grasslands and farmlands in the tropic. Thus Toronto is outside the scope of this solution as it has a humid continental climate according to the Köppen climate classification system.. 
	Livestock farming substantially contributes to global greenhouse gas emissions. Adopting a more plant-based diet, reducing meat consumption, and eating locally grown foods lowers emissions and improves health. A plant-rich diet can also help developed nations tackle the growing issue of obesity. A 2017 report from Toronto Public Health on sustainable and diets found that adopting a more plant based diet and reducing meat consumption would improve health and reduce greenhouse gases. (Toronto Public Health) According to Toronto Public Health, Torontonians do not eat enough fruits and vegetables (2017) Furthermore one of its conclusions are that raising public knowledge of the effects of dietary choices on health and the environment could increase adoption of more sustainable diets in Toronto (Toronto Public Health, 2017). In 2019 Toronto signed the C40 Good Food Cities Declaration which is a commitment to support an increase in healthier plant-based diets and reducing food waste. Canada’s food guide reccommneds eating plenty of vegetables and fruits and eating protein foods but stops short of recommending reducing meat consumption. (Canada, 2021)
	Public transit modes such as buses, streetcars, light rail and subways are efficient alternatives to car travel. Benefits of mass transit include reduced emissions from fossil fuels, less traffic and fewer accidents compared to driving ICE automobiles. One of TranformTO’s actions for implementations are increasing bus and streetcar service levels to increase adoption of more sustainable transportation mode. The Toronto Transit Commission’s “5-Year Service Plan and 10-Year Outlook” are focused on enhancing “reliability, speed and capacity” on the Toronto’s busiest routes (City of Toronto, 2021).
	Manufacturing metals increasingly contribute to greenhouse gas emissions as ores have degraded in quality and demand extra energy for extraction and processing. Metal production using recycled materials needs less energy and water, thus lowering emissions through improvements in manufacturing efficiency. The City of Toronto’s Blue Bin recycling program accepts metals from the following sources: “Aluminum/steel food & beverage cans, aluminum trays, burner liners, pie plates, roasting pans, cookie tins, aerosol cans and paints cans” (Toronto, 2017).
	Recycling paper uses less energy and emits less greenhouse gas than producing paper with virgin tree pulp. Beyond lowering emissions, recycling paper conserves forests and water usage. Toronto’s Blue Bin recycling programs accepts paper materials from the following sources: “bag, advertising mail, fine paper, envelopes, newspapers, flyers, directories, magazines, catalogues, gift wrap, tissue paper, cards, shredded paper, and soft/hard cover books” (Toronto, 2017).
	Creating short-lived plastics from recycled materials instead of petrochemicals is less energy-intensive and more climate and environmentally friendly. Specifically, recycling plastics lessens waste, pollution and demand for fossil fuels in contrast to virgin plastics. Toronto’s Blue Bin recycling program accepts rigid plastics such as “food jars, tubs, clear food containers/clamshells, fisposable plates, cups, neverage bottles. detergent, soap, shampoo bottles, clear CD/DVD cases.” Currently black plastic is grouped with garbage for disposal. The Blue Bin program also allows soft and stretchy plastics such as “grocery/retail shopping bags, produce/bulk food bags, bread bags, milk bags, sandwich bags, frozen fruit/vegetable bags,  over-wrap, newspaper/flyer/magazine bags, dry cleaning bags, diaper/feminine hygiene outer bags and garden soil/manure/compost/road salt bags” (Toronto, 2017).
	Using waste materials for manufacturing new goods saves virgin raw materials, generates fewer emissions and diminishes the environmental impact of landfill disposal. Commercial and residential recycling are practical strategies to address waste and lower emissions. The city only manages recycling for 60% of multiple occupant residences (Toronto, 2017). This coverage could be expanded as Toronto already provides recycling services for all single family homes. 
	Approximately a third of food produced globally ends up wasted. Unnecessary food production also squanders many resources, including energy, land, labour, and capital. Decreasing food waste at every step of production and consumption can prevent unnecessary emissions of uneaten food. The sixteenth action for implementation of the TranformTO net zero strategy mentions continuing Toronto’s long term waste management strategy and a goal of diverting 70% of the city’s waste away from landfills, which includes a food waste reduction strategy (City of Toronto, 2021). In 2019 Toronto signed the C40 Good Food Cities Declaration which is a commitment to support an increase in healthier plant-based diets and reducing food waste.
	Creating short-lived plastics from recycled materials instead of petrochemicals is less energy-intensive and more climate and environmentally friendly. Specifically, recycling plastics lessens waste, pollution and demand for fossil fuels in contrast to virgin plastics. In 2022,  the Canadian government published the single-use Plastics Prohibition Regulations which “prohibit the manufacture, import, sale and eventually export of 6 categories of single-use plastic (SUP) items” (Canada, 2022). The federal government is attempting to reduce plastic pollution and move towards a circular economy with these regulations (Canada, 2022).
	Fluorinated gases such as HFCs are some of the most potent greenhouse gases, with global warming potentials thousands of times higher than carbon dioxide. Since 2016, hundreds of countries have committed to phasing out HFCs, but their stocks will continue to grow before its wholly phased out. Two approaches for reducing refrigerant emissions are: managing refrigerant leaks in existing appliances and ensuring proper recovery, recycling, or disposal of refrigerants at the end of their lifecycle. Canada and other higher-income nations began to reduce HFC use in 2019. Even though refrigerants cause emissions throughout their lifecycles, up to 90% of their emissions occur during disposal. If these chemicals or cooling appliances are not correctly destroyed, the refrigerants leak into the atmosphere and cause more global warming. Unfortunately Canada lacks the necessary regulations or incentives to enforce refrigerant management and proper disposal techniques. 
	Regenerative farming methods improve soil health by restoring their levels of carbon. These strategies include compost use, cover crops, green manure, crop rotation, minimal tillage and organic farming. By promoting higher carbon sequestration in soil, regenerative agricultural practices enhance efficiency and lower emissions. Ontario’s soil health and conservation strategy, New Horizons, is composed of four main soil themes: management, data/mapping, evaluation/monitoring, and knowledge/innovation (Ontario, 2023). Some of the strategies from regenerative annual cropping are found within New Horizon’s soil management objectives such as using organic soil amendments (manure or compost), expanding cover crop adoption, diversifying crop rotation, and reudcing tillage.
	Seabed sediment holds a considerable amount of unprotected organic carbon. The seafloor's sequestered carbon is potentially released if its sediments are intruded by bottom-trawling fishing. Shielding this critical carbon sink includes prohibiting bottom-trawling, enacting legal safeguards and expanding marine protected areas. This Drawdown solution considers expanding the range of marine protected areas and safeguarding the ocean’s organic sediments. The ocean’s seafloor is not within the range of Toronto’s geographic region, hence this solution is out of scope to address reducing the city’s emissions. 
	One of the most environmentally-friendly forms of aquaculture is seaweed farming. Increasing seaweed farming sequesters more carbon and yields more biomass for biofuel, bioplastics, and food for humans and animals. This solution is relevant to locations in close proximity of the ocean in order to farm seaweed. As Toronto only possesses freshwater access this solution is not applicable due to geographic constraints. 
	In silvopasture, trees are grown on livestock grazing areas to improve the health and production of farm animals and their pastures. Despite integrating trees demanding more time and investment, it offers farmers more resiliency and a wider diversity of foods to sell. In addition to financially benefiting farmers, adding trees to grazing fields sequesters significantly more carbon than open pastures. Drawdown’s silvopasture solution is applicable to non degraded grasslands or pastures in humid climates. As Toronto’s climate is continental and its geography lack grazing lands this solution is out of scope. 
	Small hydropower technologies, under 10 megawatts, use natural river flows to produce electricity without needing a dam. Small hydropower systems in remote areas can replace costly, polluting diesel generators. The Ontario government is examining opportunities for new hydroelectric development in northern Ontario (Ontario, 2022). 
	Smart thermostats alleviate residential heating and cooling demands using intelligent sensors and settings to maintain climate control. Compared to conventional thermostats, these smart devices increase energy efficiency and reduce emissions related to heating/cooling. Since 2012, Enbridge’s Home Winterproofing Program provides eligible households with free upgrades such as smart thermostats to reduce energy usage and costs (Enbridge, n.d.). 
	Instead of using fuel or electricity to heat water, solar hot water technology uses radiation from the Sun.  It lowers emissions by replacing fossil fuel-based heating with a clean energy source. The province provides a program to subsidize solar hot water systems; “The federal ecoENERGY incentive and the Ontario Home Energy Savings Program Initiative offer $1,250 each towards the cost of a residential solar water heating system” (Ontario Ministry of Agriculture, Food and Rural Affairs, n.d.)
	Employing sustainable intensification methods boosts smallholder farmers' yields and their economic standing. These strategies for increasing efficiency include eco-friendly pest management, crop diversification, and capacity development. Ideally, greater productivity relieves demand to exploit more land for agricultural purposes. In 2021, Canada announced that it would increase its contribution to the UN’s International Fund for Agricultural Development (IFAD) to $112.5 million for the period 2022-2024 (Canada, 2021). This funding will help small scale farmers adapt to climate change and support food security and greater gender equality. According to Canada’s 2021 census of agriculture, Canadian farms are getting larger and consolidating while small to mid size farms are in decline (Statistics Canada, 2022). 
	SRI is a holistic approach to sustainable rice cultivation. By minimizing water use and alternating wet and dry conditions, it minimizes methane production and emissions. There are no commercial rice paddies in Ontario, asides from agricultural research projects or institutional scientific partnerships. 
	Business air travel generates millions of tons of carbon dioxide every year. Audiovisual conferencing software and hardware paired with digital connections can reduce the need for business-related flights. Since the start of the COVID-19 pandemic, business videoconferencing has experienced a tremendous increase, especially using cloud-based software tools. According to Statistics Canada, Toronto has telework capacity of of 50.8% and unused telework capacity of 44% (2021). A 2021 report on working from home found that Canadians in large cities could save an average of an hour per day in commute times. More importantly the report found that a transition to “full telework capacity” could reduce Canadian households’ transportation emissions to by 11% (Statistics Canada, 2021).
	Temperate forests are massive carbon sinks, but timber, agricultural, or developmental use has harmed most of them. Regrowing and protecting temperate forests on damaged and cleared lands can significantly help sequester more carbon. Letting nature regenerate these forests offers multiple advantages, such as supporting biodiversity and resiliency at a minimal cost. The Toronto and Region Conservation Authority has engaged in forest restoration such as the Bellissimo refrorestation project in Brampton which has planted trees along the West Humber River. Similarly, the Bolton Resource Management Tract reforestation project will increase natural cover and expand habitats along the Humber River in the Town of Caledon (Toronto and Region Conservation Authority, n.d.). 
	The agroforestry technique of combining trees and annual crops raises production efficiency and the amount of carbon sequestered in soil and biomass. Tree intercropping also helps build resiliency and safeguards against erosion, flood and wind damage. A 2010 study at McGill University examined the economics of tree intercropping in Southern Ontario. The study found that tree intercropping could provide a “productive, profitable and feasible alternative” to existing monocrop systems in Ontario (Toor, 2010). This solution is more applicable to the rural areas outsides of the Greater Toronto Area as there is limited to minimal farmland within the city.
	Land degraded by agriculture or industrial purposes such as mining is ideal for tree plantations. Cultivating trees in damaged areas can provide more sustainable wood sources, sequestering carbon in soil, biomass and timber. Planting on degraded land also averts emissions associated with deforestation. The City of Toronto supports Canada’s aim of planting 2 billion trees 10 years. In August 2021, Toronto announced the city will plant 10,000 trees along the Betty Sutherland Trail (Canada, 2021).
	Tropical forests have suffered deforestation, degradation and biodiversity reductions for decades. The biomass, vegetation and trees in tropical forests all sequester carbon. Reviving and protecting tropical forests allows them to regenerate and expand stores of carbon, among other benefits such as ecosystem services and promoting biodiversity. There are no tropical forests in Canada so this solution is out of scope. 
	Advanced technologies and methods for utility-scale energy storage are critical to renewable energy sources fulfiling peak electricity demand. Higher energy storage will allow renewables to supersede dirtier "peaker" plants, such as coal or gas, to lower emissions and air pollution. Toronto Hydro is collaborating with Metrolinx to implement large scale (20MW) lithium-ion battery storage to support the Eglinton Crosstown LRT (Toronto, 2017). TransformTO’s key actions for the energy sector includes scaling up energy storage, specifically increasing onsite battery storage up to 2000 MW by 2050. (City of Toronto, 2021)
	Solar photovoltaic (PV) systems can use the Sun's clean and free energy to generate electricity, substituting fossil fuel energy and lowering emissions. An array of hundreds or thousands of PVs can provide power at a utility level. Toronto’s sixth action for implementation for ‘22-’25 includes addressing barriers and creating strategies to increase the deployment of renewable energy and storage technologies such as solar power. (City of Toronto, 2021, p. 107)
	Promoting walking as a form of urban mobility can be accomplished by designing and retrofitting cities to be more pedestrian-friendly. Measures to foster more trips by walking include improved sidewalks and walkways, safer crossings and mass transit connections. Opting for walking instead of driving averts emissions generated by ICE vehicles. One of Toronto’s 2030 targets is three-quarters of school or work trips under 5km are walked biked or transit. The eighth action for implementation by 2025 aims to “expand biking pedestrian infrastructure” (City of Toronto, 2021, p. 108). The City also intends to promote “public uptake of active transportation” through “community outreach and engagement campaigns” (City of Toronto, 2021, p. 109).
	Waste-to-energy combustion methods utilize waste to generate heat or power, lowering emissions by reducing methane from landfills and replacing fossil fuel energy. Waste-to-energy is a "transition solution" as it comes with elevated social and environmental costs. Toronto’s last action for implementation by 2025 includes “managing waste and producing renewable energy from biogas at City facilities.” (City of Toronto, 2021, p. 133)
	One of the highest consumers of electricity worldwide is water utilities. Reducing water leakages and oversupply can decrease the electricity required for pumping and pressurizing water, lowering emissions. One of Toronto’s 2018 Downtown Water Strategy priority actions for its water supply infrastructure includes assessing the water supply system performance and identifying any deficiencies (Toronto, 2018). 
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