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Disclaimer
Reasonable skill, care, and diligence have been exercised to assess the information acquired 
during the preparation of this analysis, but no guarantees or warranties are made regarding the 
accuracy or completeness of this information. This document, the information it contains, the 
information and basis on which it relies, and the associated factors are subject to changes that are 
beyond the control of the author. The information provided by others is believed to be accurate 
but has not been verified.

This analysis includes strategic-level estimates of climate risk and vulnerability that should not 
be relied upon for design or other purposes without verification. The authors do not accept 
responsibility for the use of this analysis for any purpose other than that stated above and do 
not accept responsibility to any third party for the use, in whole or in part, of the contents of 
this document. This analysis applies to the City of Lakewood and cannot be applied to other 
jurisdictions without analysis. Any use by the City of Lakewood, its sub-consultants, or any third 
party, or any reliance on or decisions based on this document, are the responsibility of the user  
or third party.
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Glossary

BAP Business-as-Planned scenario

EV Electric vehicle

GCRTA Greater Cleveland Regional Transit Authority

FMP Flood Mitigation Assistance Program

GHG Greenhouse gas emissions

HMGP Hazard Mitigation Grant Program

IRA Inflation Reduction Act

IPCC Intergovernmental Panel on Climate Change

MAC Marginal abatement cost

MACC Marginal abatement cost curve

NPV Net present value

PDM Pre-Disaster Mitigation Program

PV Photovoltaic (solar)

SCC Social Cost of Carbon

SSG Sustainability Solutions Group

NOACA Northeast Ohio Areawide Coordinating Agency

NOPEC Northeast Ohio Public Energy Council

REC Renewable Energy Certificate

UHI Urban Heat Island

UNFCCC United Nations Framework Convention on Climate Change



Letter From the Mayor

We are excited to continue past work to make our community more efficient and sustainable in our 
use of resources and as a result, better equip us locally to address the effects of Climate Change. 

Both the administration and City Council have worked hard to build awareness and momentum 
for environmental projects that advance sustainability initiatives. This includes undertaking a 
Climate Action Plan to help us identify where we as a City and as a community can be most 
effective and equitable in addressing climate impacts.  With that, I am pleased to present this 
report from our consultants at Sustainability Solutions Group (SSG) in support of this endeavor.

Over the last several years, the City has taken the initiative to be a regional leader when it comes 
to implementing sustainable policies and projects city-wide. We have:

1.	 Enacted energy benchmarking ordinances;

2.	 Ensured all 77 of the City’s electric energy accounts are 100% green and renewable  
as of May 31, 2021;

3.	 Established a tree planting program with a goal to increase the tree canopy by 10% to 
33.5%by the year 2035;

4.	 Converted 1,047 streetlights to LED, approximately 33% of the City’s streetlights;

5.	 Installed 13 electric vehicle charging ports across the city with two more coming to 
Lakewood High School through a grant from NOACA;

6.	 Provided 6.5 miles of dedicated bike lanes with an additional 5.2 miles of shared-use routes;

7.	 Made energy efficiency improvements to our wastewater treatment plant including a 
digester power generation project, LED lighting replacement, and high-efficiency aeration 
blowers;

8.	 Completed solar energy projects at City Hall, Winterhurst Ice Rink, and the wastewater 
treatment plant; and

9.	 Improved traffic signal timing to reduce pollution from idling cars.

This Climate Action Plan pulls together a variety of mitigation, adaptation, and resiliency policies 
and initiatives into a comprehensive plan, sustaining momentum and creating accountability 
within the City. Our overarching priorities in developing this plan are:

1.	 To contribute to a cohesive, integrated sustainability initiative that considers people, place, 
and prosperity in our neighborhoods;

2.	 To produce realistic metrics to analyze and prioritize City investments, guide prioritization, 
measure progress, and refine actions;



3.	 To establish  a focused and integrated set of actions and goals that facilitate a measurable 
shift in outcomes towards an appropriate balance of environmental, economic, and social 
well-being across our community;

4.	 To ensure the actions address social and racial equity, making sure that no Lakewood 
resident is left behind as the community moves forward by involving frontline communities 
in the planning and decision-making process; and

5.	 To identify and foster partnerships. Lakewood knows that government is just one group 
and not necessarily always the most appropriate group to affect change.  Through these 
plans, we expect to bring others to the table and move towards common goals and 
interests.

We would like to personally thank members of the Climate Action Plan Advisory Committee 
for their assistance in this endeavor. Thank you to all those who participated in making our 
community a better place for current and future generations. 

Meghan F. George 
Mayor



Lakewood City Council is fully committed to the goals and actions laid out in the Climate Action Plan. 
We recognize the urgent need to address the impacts of climate change and are determined to take 
meaningful action to reduce our greenhouse gas emissions and build a more resilient community.  
We are proud of the progress we have already made, but we know that there is much more to 
be done. By working together with our community partners and leveraging the best available 
technologies and practices, we are confident that we can achieve our ambitious climate goals. This 
Climate Action Plan is a critical roadmap that will guide our efforts in the years ahead, and we pledge 
to do everything in our power to make it a reality.

John Litten 
President of Council

Tristan Rader 
Councilmember At Large

Kyle Baker 
Councilmember, Ward 1

Jason Shachner 
Councilmember, Ward 2

Cindy Marx 
Councilmember, Ward 4

Sarah Kepple 
Vice President of Council

Tom Bullock 
Councilmember At Large
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Key Insights
Investing in climate actions requires the participation of all levels of government and all sectors 
of our society. Although the City of Lakewood is the owner of this plan, it cannot accomplish its 
climate action goals on its own. This is a roadmap for the community of Lakewood, and it requires 
assistance and involvement from everyone in Lakewood, as well as from outside Lakewood itself.

1. Climate action is a good investment.  

From an economic perspective, climate action is a no-regret policy for the 
City of Lakewood, with many opportunities for new and existing businesses 
and the creation of new jobs. Implementation of the actions in the Climate 
Action Plan results in savings of $2 billion from reduced energy costs and 
avoided maintenance costs and $170 million in revenues. The implementation 
of the plan requires a societal investment of $1.5 billion over 27 years (from 
2023 to 2050, undiscounted), averaging ~$55 million per year. These 
investments also generate savings that continue beyond 2050 that are not 
included in these results. The net benefit to the community is $720 million 
over 27 years—a climate dividend1 that averages $27 million per year. 

2. Households save money.

Household expenditures on energy—natural gas, electricity, gasoline, and 
diesel—will decline as the plan is implemented. The plan involves shifting 
away from natural gas and gasoline to electricity, using high-efficiency space 
heating and cooling with heat pumps, and improving the thermal efficiency 
of homes. By 2050, the average household is expected to spend 24% less on 
fuel and electricity than they would if business continued as planned. These 
savings can be used to finance the incremental capital expenditures. For 
example, a heat pump can be financed by reduced heating costs and EVs can 
be financed by reduced transportation costs.

3. The Climate Action Plan will improve the quality of life in Lakewood.

The plan will generate a broad range of societal benefits with direct and 
indirect financial benefits, advancing multiple city and societal objectives 
while achieving deep GHG reductions. For example, electrifying 
transportation improves air quality, thereby delivering health benefits 
and reducing health care costs. Similarly, improving walking and cycling 
infrastructure will make it easier for residents to get around without vehicles 
and encourage exercise, which can reduce heart disease. Youth and older 
adults, in particular, indicated in the 2022 Community Health Needs 
Assessment that they did not feel secure walking or cycling.2

 

1 A climate dividend is the financial benefit that comes along with decarbonizing the city. 
2 The Center for Community Solutions (2022). Lakewood Community Health Needs Assessment. Retrieved from:  
https://www.communitysolutions.com/wp-content/uploads/2022/09/Lakewood-CHNA-Report-9.2022.pdf
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Building retrofits to improve energy efficiency will also improve indoor air quality in dwellings and 
office spaces, which can reduce health care costs and absenteeism at work. Reduced air pollution 
from the combustion of fossil fuels (on roads, in houses, and in electricity generation) will reduce 
health problems such as asthma and chronic obstructive pulmonary disease.

Implementing the plan will also create more jobs—over 6,000 person-years of employment 
compared to continuing business as planned between 2023 and 2050. 

4. 	 Electrification is the keystone of the plan.

The plan’s primary strategy for reducing GHG emissions is switching 
heating and transportation systems from fossil fuels to electricity. Achieving 
Lakewood’s net-zero target requires a resilient and flexible electrical 
distribution system that enables households and businesses to install heat 
pumps, charge vehicles, and generate and source clean electricity. 
 

5. 	 Building retrofits reduce the impact on the electrical grid.

Combined with local solar generation and electricity storage, building retrofits 
are expected to reduce annual electricity consumption to create space on the 
electrical grid for electrifying heating and transportation. The combination of 
replacing electric baseboards with heat pumps and retrofitting homes and 
buildings generates electricity savings, or negawatts.3 The negawatts are then 
used to power heating and transportation. Building retrofits are also the key 
strategy for stimulating employment, addressing energy poverty, and 
improving living conditions for vulnerable populations.

6. 	 Implementation strategies can be designed to address equity.

Decisions on the type, order, and magnitude of any actions implemented 
will impact not only emissions reductions but also how people experience 
physical, social, and economic impacts of climate change and climate policy. 
Systemic injustice places greater risk from climate impacts on vulnerable 
communities. As a result, an equity lens must be applied to decision-making 
on both the approach to implementation and the costs of inaction.

Many actions outlined in this plan will benefit low-income and equity-seeking 
groups. For example, the Low-Carbon scenario (LC scenario) reduces transportation costs for 
households and increases accessibility to destinations. This is particularly beneficial for households 
that are primarily dependent on personal vehicles or public transportation.  
Implementing the Low Carbon pathway can also reduce energy poverty, when a household’s 
energy costs represent a disproportionate share of their income, and careful policy design can 
ensure benefits for both renters and homeowners. Since the Low Carbon pathway involves 
investments, the mechanisms for financing the investments could generate higher returns for 
investors, which could exacerbate inequality. It is therefore important to consider the impacts on 
various groups when designing policies to support implementation.

3 Note that the impact on peak electricity demand was not assessed and would require a deeper analysis. 
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7. 	 A climate lens will avoid malinvestments.

The timeline is tight and the pathway ambitious. Any investments or policies 
that the City undertakes that result in increased emissions will become 
malinvestments, stranded investments that are costly to undo. To ensure the 
City’s policies and expenditures align with the Low Carbon pathway, the 
City can implement a climate lens, where each investment is evaluated to 
identify its contributions to decreasing or increasing emissions. In the case 
that an evaluation results in increased emissions, the project or policy 
should not proceed. 

8. 	 A whole-city approach to climate action.

The next generation of climate action planning focuses on the systematic 
transformation of the built environment, as opposed to a long list of 
actions. In particular, this means embedding the consideration of climate 
into every policy and expenditure in alignment with the LC scenario, a 
whole-city approach. This approach requires a cultural and organizational 
transformation so the City itself is a climate mitigation mechanism, applying 
tools such as a climate lens and an annual carbon budget. 

9. 	 Natural assets are central to a climate-ready,  
	 healthy and vibrant community.

Lakewood has a variety of natural spaces that currently help protect the 
community against the impacts of climate change by reducing flooding, 
cooling outdoor spaces, improving water quality, and improving the physical 
and mental health of residents. Careful planning to protect these natural 
assets will ensure they thrive into the future.
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1. Introduction
1.1 The Climate Emergency
Climate change is the greatest long-term global challenge that human society is facing.  
Human-induced climate change poses risks to health, economic growth, public safety, 
infrastructure, livelihoods, and the world’s biodiversity and ecosystems. As local and 
global greenhouse gas (GHG) emissions increase, the Earth continues to warm at an 
unprecedented rate. 

In December 2015, the Paris Agreement was adopted at COP21 by 196 countries, including 
the United States. The U.S. withdrew from the Paris Agreement in 2017 but rejoined in 2021. 
This legally binding international treaty on climate change set a goal to limit global warming 
to well below a 2°Celsius, and preferably to a 1.5°Celsius increase, above pre-industrial 
levels.4 However, current global GHG emissions are not on a trajectory to meet these goals. 

Despite a temporary decline in global emissions in 2020 due to the COVID-19 pandemic, 
the world is heading for 3° Celsius or more of warming.5 This degree of warming threatens 
human health, economic well-being, and the survival of the natural systems that humans and 
eight million other plant and animal species—already increasingly at risk—depend upon.6 

By developing a Climate Action Plan, the City of Lakewood is preparing for these climate 
risks and hazards, while reducing GHG emissions. The plan detailed here is based on 
analysis of  energy flows within the community and the sources and sinks of GHG emissions. 
A baseline inventory of energy and emissions, combined with a projection of energy use 
and production, was used to explore areas for improvement and change. The plan outlines 
a pathway to dramatically reduce GHG emissions while increasing energy efficiency and 
independence  
in Lakewood.

4 United Nations Framework Convention on Climate Change. (2015) The Paris Agreement. Retrieved from: https://unfccc.int/process-
and-meetings/the-paris-agreement/the-paris-agreement   
5 New UNEP Synthesis Provides Blueprint to Urgentaly Solve Planetary Emergencies and Secure Humanity’s Future. 18 Feb. 2021. https://
unfccc.int/news/new-unep-synthesis-provides-blueprint-to-urgently-solve-planetary-emergencies-and-secure-humanity-s 
6 Ibid.
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1.2 The City of Lakewood

Rocky River

LAKEWOOD

Figure 1. Geographic boundary of Lakewood, Ohio.

The City of Lakewood is a vibrant community located on the shore of Lake Erie. It is part of 
the Greater Cleveland Metropolitan Area and is situated within Cuyahoga County. The city’s 
population is assumed to remain constant at 50,000 people. Lakewood has a mix of single-family 
homes and denser apartment blocks, with corridors of commercial activity running through  
the city.  

Figure 2. Trends in population, personal vehicles, number of households, and employment  
(in full-time equivalent person-years) from 2019 to 2050.
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1.3 A Changing Climate
Lakewood residents are already feeling the impacts of the climate crisis; they report power 
outages resulting from air conditioning demand, heavy downpours that cause localized and 
basement flooding, and more ozone awareness days.  

The Link Between Air Pollution and Greenhouse  
Gas Emissions
The combustion of fossil fuels in furnaces and in vehicles generates greenhouse gasses 
which accumulate in the atmosphere to cause climate change. The combustion also results 
in  harmful air pollutants, such as nitrous oxides.7 When nitrous oxide reacts with sunlight, it 
forms ozone, particularly during summer months when temperatures are higher and there is 
more sunlight. While ozone is difficult to detect, you feel stinging eyes, shortness of breath, 
chest pain, wheezing, and coughing. Active children are at the highest risk from ozone 
exposure, as well as active adults and people with asthma or other respiratory diseases that 
make the lungs more vulnerable. Reducing the sources of GHG emissions also reduces 
harmful air pollutants, resulting in a healthier environment. 

The region is already planning for the impacts of the climate crisis. Cuyahoga County’s All-
Hazards Mitigation Plan calculates risk factors for natural hazards, most of which are  expected 
to worsen with the effects of climate change.8 Risk factors are calculated with a combination of 
scores, on a scale of 1 to 4 that rank the probability, impact, spatial extent, warning time, and 
duration of each hazard. In Lakewood, flooding, extreme temperatures, and severe winter 
storms are the climate hazards with the highest risk factor scores, meaning they are more likely to 
occur and affect residents’ well-being than other climate-related natural hazards such as drought. 
The projected changes to average temperatures, days below freezing, and precipitation 
anticipated in Cuyahoga County are shown in Figure 3. 

7 Kinney, Patrick L. "Interactions of climate change, air pollution, and human health." Current environmental health reports 5 (2018): 179-186.
8 Cuyahoga County Office of Emergency Management. 2017. All Hazards Mitigation Plan. Prepared by Baker International.
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Figure 3. Climate change impacts to 2100 under a high global emissions scenario.9

1.3.1 Flooding

Flood damage is a combination of the magnitude of a natural event and the placement and 
function of human infrastructure. Urban planning, water management, and infrastructure shape  
what the risk is, who is at risk, and when they will be at risk. 

Impact: Lakewood will experience more wet basements, road closures, and damage to 
sewer and water infrastructure as a result of climate change.

1.3.2 Temperature Extremes 

As summarized in the Ohio Wildlife Action Plan, effects include the following:

•	Warming  occurring in every season, particularly in winter, at higher latitudes, at higher 
elevations, and inland (away from lake coasts). 

•	Extreme heat events are increasing. 

•	Growing seasons are getting longer, with more growing degree days expected. 

•	The Great Lakes are warming, so lake evaporation rates are increasing. 

Specifically, urban areas experience warmer temperatures as a result of the high concentration 
of buildings, high emissions, and heat-absorbing surfaces such as black roofs and parking 
lots. On average, these urban heat islands (UHIs) will range between 2° and 22° Fahrenheit 
warmer than adjacent rural areas. Generally, plants create cooler ambient temperatures than 
man-made surfaces because of their reflective properties, evapotranspiration, and shading. 
Although trees provide all three benefits, the difference between trees and other forms of dense 
natural vegetation at the landscape scale is low. Near buildings, where trees can be placed to 
lower energy use and greenhouse gas emissions, their value in reducing urban heat islands is 
particularly high. As the climate changes, the ecosystem is also changing, evidenced by the 
changes in viability of tree species.10

9 The Climate Explorer, 2022. NOAA. Accessed: https://crt-climate-explorer.nemac.org/climate_graphs/?city=Lakewood%2C+OH&county=
Cuyahoga%2BCounty&area-id=39035&fips=39035&zoom=7&lat=41.4819932&lon=-81.7981908&id=pcpn
10 USDA Forest Service (2022). Climate Change Atlas Tree Species; Current and Potential Future Habitat, Capability, and Migration. Retrieved 
from: https://www.fs.usda.gov/nrs/atlas/combined/resources/summaries/urban/ua_17668.pdf

59
61 66

71

6.7
15

41

82

38 31
19 7.6

38.8 39

40.3
41.9

159 157 159

164

0

20

40

60

80

100

120

140

160

180

2010 2050 2100Historical Average 
(1961-1990)

Annual days with max 
temperature above 90°F

Days below freezing

Total annual 
precipitation (inches)

Dry days

Average daily maximum 
temperature (°F)

CITY OF LAKEWOOD CLIMATE ACTION PLAN

20

https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/net-zero-by-2050


Impact: Lakewood will experience an increased urban heat effect, a shift in the tree species 
that are viable, and negative impacts on heat-vulnerable populations.

1.3.3 Severe Storms

The frequency and intensity of coastal storm events in the Great Lakes region are predicted to 
increase in the coming decades, exposing at-risk populations to potential hazards, including 
flooding, erosion, and combined sewer overflows. In NE Ohio, these effects will be felt most by 
coastal communities such as Lakewood.

Impact: Lakewood will experience more severe shoreline erosion and more frequent power 
outages due to more frequent and severe storms.

1.3.4 Tornadoes

Although tornadoes are and will remain rare events, most predictive models indicate an increase 
of tornado activity in Ohio (more than six more tornado days each year by 2090). 

1.3.5 Drought

Due to its regional context, Cuyahoga County and its residents are not as subject to some 
commonly associated risk factors like drought, though the 2012 North American drought and 
accompanying low tributary discharge was associated with a record-breaking hypoxic event 
in Lake Erie.11 Similar events are expected to occur more frequently in the future, with potential 
negative impacts on fish populations, regional tourism, recreation opportunities, and human 
health.12 

Mitigation and Adaptation
Actions to address climate change can be grouped into two broad categories: mitigation 
and adaptation. Mitigation actions serve to reduce the severity of climate change by 
reducing the concentration of GHGs in the atmosphere. These actions can include 
reducing or eliminating the use of fossil fuels for heating or transportation or changing 
how we manage organic waste to reduce methane emissions. Adaptation actions work 
to reduce the impacts from the climate change we are currently experiencing and expect 
to experience in the future. Adaptation work involves identifying hazards that result from 
climate change, such as increased flooding or more frequent and severe heat waves, and 
helping people and infrastructure prepare for the effects or reduce their exposure to these 
hazards. Climate mitigation and adaptation work together to address the impacts and the 
severity of climate change across the community.

11 Zhou, Y., A.M. Michalak, D. Beletsky, Y. Y. Rao, and R. P. Richards, 2015. Record-Breaking Lake Erie Hypoxia during 2012 Drought. 
Environmental Science and Technology, 49: 800-807.
12 International Joint Commission (2014). A Balanced Diet for Lake Erie: Reducing Phosphorus Loadings and Harmful Algal Blooms. Report of the 
Lake Erie Ecosystem Priority. 
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1.4 Net-Zero by 2050
The pathways to an emissions target can vary greatly (Figure 4). Different pathways result in much 
more (right figure) or much fewer (left figure) emissions being released overall between now and 
2050. The cumulative GHG emissions released over the next 30 years is just as significant for 
staying within the 1.5° Celsius to 2.0° Celsius warming threshold (recommended by the IPCC 
and UNFCCC Paris Agreement) as reaching net-zero by 2050. Delaying action results in more 
emissions released by 2050. Delaying action also requires a transition so rapid as the target year 
approaches that actions may contribute to or create undesirable social and financial impacts. At 
the same time, it is important for each local government to carefully consider the rate at which it 
can transition to a low-carbon economy given the constraints in which it operates.

Figure 4. Emissions reductions pathways are associated with the timing of actions and setting 
interim targets.

The City of Lakewood has undertaken efforts to reduce the emissions from electricity used in 
municipal buildings, and in 2019 it adopted legislation to power municipal facilities with clean 
energy by 2025 and the community as a whole by 2035. Lakewood partnered with NOPEC to 
offset 100% of its municipal electricity use with Renewable Energy Credits (RECs) beginning in 
2021. By 2023, all of the residential and private electricity accounts under NOPEC will also use 
RECs to offset emissions associated with the generation of electricity.

The City of Lakewood has adopted a two-part GHG emissions target:

•	50-52% reduction in greenhouse emissions from 2005 levels by 2030.

•	Net-zero emissions by 2050.

This target aligns with the United States’ federal emissions reduction target announced in April 
2021 (Figure 5). The target is based on the United States’ Nationally Determined Contribution in 
line with Article 4 of the Paris Agreement. 
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Figure 5. Lakewood’s BAP emissions in comparison to the pathway resulting from the U.S. federal 
emissions targets for 2030 and 2050.

Within the federal emissions target are sector-specific goals to move the country towards carbon 
neutrality. These goals include the following:

•	Achieving 100% carbon-free electricity by 2035.

•	Supporting energy efficiency upgrades and electrification in buildings.

	— A job-creating retrofit program

	— Sustainable affordable housing

	— Wider use of heat pumps and induction stoves

	— Adoption of modern building codes for buildings

•	Reducing carbon pollution from the transportation sector.

	— 50% of personal and light-duty vehicle sales are electric by 2035.

•	 Industry decarbonization.

	— Researching, developing, demonstrating, commercializing, and deploying  
very-low-carbon and zero-carbon industrial processes and products

	— Incentivizing carbon capture

	— Incentivizing new sources of hydrogen produced from renewable energy, nuclear 
energy, or waste 

•	Agriculture decarbonization and land management.

	— Supporting scaling of climate-smart agricultural practices including reforestation, 
rotational grazing, and nutrient management practices

	— Investing in forest protection and forest management

	— Supporting nature-based solutions and sequestration in waterways through blue carbon
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1.4.1 Cumulative Emissions

While GHG emissions targets have typically been put forward in terms of achieving a specified 
level of annual emissions by some future target year (e.g. 30% below 2010 levels by 2030), 
it is the cumulative atmospheric emissions over a period of years or decades that determine 
the degree of global warming that will ensue. Reflecting this scientific reality, the cumulative 
emissions between the present and the target year are limited according to a set cumulative 
emissions target. This underscores the importance of defining viable pathways in which annual 
emissions are continually brought down over time, on a pathway that is feasible and that meets 
the cumulative limit.  

For example, Figure 6 portrays emissions over a 30-year period for seven different pathways.  
The pathways result in very different cumulative emissions, represented by the area under the 
curve. The curves that result in more cumulative emissions are also steeper at the end of the time 
period, and the steepness of the curve is a proxy for the level of disruption. 

Figure 6. Delayed vs immediate action in meeting a common cumulative carbon  
emissions budget.

1.5 A Community Working Together
The Lakewood Climate Action Plan was created hand in hand with the public. Community 
members provided input on how Lakewood should reduce greenhouse gas emissions and 
prepare for the impacts of climate change. 

The consulting team gathered public input through public meetings, a Decarbonization Advisory 
Group, and focus groups. Public meetings were held at the outset of the project to inform the 
public about the City’s efforts, as well as towards the end of the project to review draft actions 
and gather input on how they should be implemented. 
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Additionally, the City created an advisory group that provided input throughout the 
development of the plan. The group brought together individuals with diverse perspectives, 
including representatives from utilities, public transit, community health, etc. Members provided 
input on the Climate Action Plan’s target; the majority recommended the City align its plan with 
the federal target—the target selected for the Climate Action Plan. 

Finally, the consulting team ran two focus groups to understand how Lakewood residents 
have been affected by climate hazards, their concerns about future climate impacts, and how 
vulnerable members of the community could be affected by climate hazards. The consulting 
team used this input to design the climate adaptation measures in this plan. 

The Decarbonization Advisory Group participated in one focus group, while the other focus 
group was made up of 10 Lakewood residents of varying ages, backgrounds, professions, 
and ethnicities. It included three members of the Lakewood Community Relations Advisory 
Committee, a member of Lakewood’s Climate Resiliency Task Force, the manager of a service-
learning program, a student, a small business owner, and a member of the Lakewood Chamber 
of Commerce.
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2. A Net-Zero Lakewood
2.1 Methodology
Developing the City of Lakewood’s Climate Action Plan involved the following steps: 

1.	 Review and evaluation of: 

a.	 Relevant county, state, and federal legislation, goals, and programs;

b.	 The utility and energy context; 

c.	 The City of Lakewood’s relevant strategies and plans; 

d.	 Lakewood’s physical and natural assets;

e.	 Lakewood’s climate hazards and vulnerabilities;

f.	 Challenges and opportunities specific to the City of Lakewood; and 

g.	 The City of Lakewood’s GHG reduction commitments and goals.

2.	 Input from stakeholders and the public during engagement sessions. 

3.	 Technical modeling of the City of Lakewood’s energy and emissions between now and 
2050, as informed by the review and evaluation above, in a Business-as-Planned scenario.

4.	 Analysis of the hazards and risks posed by climate change to the physical and natural assets 
in Lakewood.

5.	 Selection of actions most appropriate to Lakewood’s context and subsequent modeling of 
an initial LC scenario. 

6.	 Evaluation of the results of the initial LC scenario modeling, additional analysis of options to 
achieve further reductions, and development of the Low-Carbon pathway.

7.	 Identification of actions to reduce the climate risk and protect natural carbon sinks.

8.	 Financial analysis of the Low-Carbon Scenario. 

9.	 Analysis of the co-benefits and co-harms of the LC Scenario.

10.	 Development of an implementation framework for this Climate Action Plan.

2.2 Lakewood Today

2.2.1 Current Sources of Emissions

Energy use in Lakewood is dominated by residential purposes, primarily for space heating, and 
transportation. Fossil fuel use dominates these end-uses, with natural gas for heating and 
gasoline and diesel for transportation. Additionally, the state electricity grid uses carbon-
intensive fuels for generation.  
 

CITY OF LAKEWOOD CLIMATE ACTION PLAN

27



Figure 7 shows the GHG emissions by sector for Lakewood in 2019. Due to the carbon intensity 
of the fossil fuels used in space heating and transportation, residential and commercial buildings 
and transportation are responsible for the majority of GHG emissions.  

Figure 7. GHG emissions by sector for Lakewood in 2019.13

13  Fugitive emissions: Unintentional emissions generated from a leakage of gasses or vapors from pressurized containers.
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2.2.2 Looking in the Future: The Business-as-Planned Scenario 

The City of Lakewood’s population is projected to remain at the same size as it is today. When 
this trend is combined with improved vehicle efficiency,  improved heating equipment efficiency, 
and decreased heating demand as a result of a warming climate, total energy use declines by 
20% by 2050. The Business-as-Planned (BAP) Scenario (Figure 8) tells this story, incorporating 
assumptions for climate change, a stable population, and the continued use of Renewable 
Energy Certificates by the municipality and for some private electricity users. 

Figure 8. Energy (left) and emissions (right) by sector in the BAP, 2019–2050.

0

1000

2000

3000

4000

5000

6000

7000

2019 2024 2029 2034 2039 2044 2049 2054 2019 2024 2029 2034 2039 2044 2049 2054

vM
M

BT
U

 (t
ho

us
an

ds
)

Municipal

Industrial

Commercial

Transportation

Residential

0

50

100

150

200

250

300

350

400

450

500

Fugitive

Municipal

Industrial

Waste

Commercial

Transportation

Residentialki
lo

to
nn

eC
O

2e
 (t

ho
us

an
ds

)

CITY OF LAKEWOOD CLIMATE ACTION PLAN

29



As energy use declines, GHG emissions associated with energy use and other activities in 
Lakewood also declines (Figure 9). An anticipated 27% reduction in total emissions is the result 
of reduced space heating needs and reduced consumption of fossil fuels for transportation. 
GHG emissions from residential and transportation sources continue to dominate into the future, 
highlighting the largest opportunities for efficiency improvements and emissions reductions.

Figure 9. Energy (left) and emissions (right) by fuel in the BAP, 2019–2050.
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Renewable Energy Credits (RECs)

Renewable Energy Certificates (RECs) represent the property rights for 
the environmental attributes of electricity generated from a renewable 
energy resource. RECs were developed to accelerate new renewable 
energy projects. RECs do not result in the delivery of renewable 
energy to the entity purchasing the REC; instead, they represent the 
delivery of renewable energy added to the grid somewhere. RECs are 
being used in Lakewood, purchased from NOPEC, for municipal and 
some private electricity accounts.

There are risks that RECs may not result in actual emissions 
reductions.14 A cautious approach is therefore to purchase RECs 
as both an early move and a ‘last resort’. It is an early move to 
decarbonize electricity as quickly as possible, and it is a ‘last resort’ 
in that efficiency measures and local renewable generation take 
precedence wherever possible.  

RECs differ from carbon offsets. Offsets represent a metric ton of 
emissions avoided or reduced while RECs represent attributes of 1 
MWh of renewable electricity generation. 

One strategy that Lakewood can use to increase the rigor and value of 
RECs is to issue an RFP with specific criteria. For example, a recent RFP 
from the Government of Canada included the following criteria for a 
purchase of RECs: 

	a. 	 Be located in Canada

	b.	 Be able to connect to the existing Electricity grid and be 			
		  located where the available capacity of the line, substation, 		
		  or region of the Electricity grid to which the Facility will 			 
		  connect, under system normal conditions, can accept 100% 		
		  of the REC Projects Contract Capacity.

14 Bjørn, A., Lloyd, S.M., Brander, M. et al. Renewable energy certificates threaten the integrity of corporate  
science-based targets. Nat. Clim. Chang. 12, 539–546 (2022). https://doi.org/10.1038/s41558-022-01379-5

c.		 Utilize Solar Energy or Wind Energy as the sole source(s)  
		  of fuel to generate Electricity.

	d. 	 Have Site Control.

	e.	 Be separately metered.

	 f.	 Not be a Behind-the-Meter Project.

	g.	 Be a New Build or be an Expansion but not a Redevelopment. 	
		  For absolute clarity, a REC Project referred to in a bid that 	
		  is an Expansion is eligible under this RFP only with respect 	
		  to the Contract Capacity relating to the Expansion,  
		  separately metered.
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2.3 A Pathway to Net-Zero
Deep reductions in GHG emissions are required to meet the 2030 and the 2050 emissions 
targets. A series of modeled actions that target improving efficiencies and reducing overall energy 
demands, improving existing infrastructure and assets, and decarbonizing fuels are combined into 
a LC Scenario (LC Scenario). The LC Scenario results in a 93% reduction in total GHG emissions by 
2050. Lakewood can monitor new and emerging technologies and continue to identify and 
engage opportunities to address this remaining ‘carbon gap’ of 10 ktCO2e in 2050. 

Figure 10. GHG emissions for Lakewood in the BAP and LC scenarios, 2019–2050. 

2.3.1 Natural Spaces and the Carbon Gap

Natural spaces in Lakewood are carbon sinks, absorbing and storing carbon that would otherwise 
end up in the atmosphere (these emissions are not included in the GHG emissions inventory). 
Lakewood's natural spaces are critical to preventing increasing climate change, and they deliver a 
range of co-benefits such as providing habitats and reducing the urban heat  
island effect. 

While the current urban tree and forest stock isn’t enough to close the carbon gap of ~10 kt 
CO2e in 2050, the annual sequestration, combined with the carbon storage in this biomass is an 
important factor in reaching the net-zero target.
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Table 1. Carbon stored and sequestered by Lakewood’s tree canopy. 

Currently stored (kt CO2e) Annual sequestration (kt CO2e/yr)

Rocky River Forest 19 0.6

Public Tree Inventory 11 0.3

Private Tree Canopy 58 1.6

Total 89 2.6

Any loss of existing trees will increase the carbon gap, while expansion of the tree canopy will 
help reduce it. If Lakewood were to lose all its trees, not only would this release the stored 
carbon back into the atmosphere, but it would also eliminate the annual sequestration of carbon 
provided by these trees (Figure 11).

Figure 11. Cumulative carbon sequestered by all trees in Lakewood, assuming no changes  
in tree canopy by 2050.

Efficiency First
The underlying approach to the LC scenario is to order the actions according to a priority of 
‘Reduce, Improve, Switch’: reducing energy consumption is the first step, then maximizing 
energy efficiency improvements, and finally switching to low-carbon energy sources for the 
remaining demand. Each kWh of electricity saved through efficiency is a kWh that need not 
be generated. In an electrified future, each trip shifted from gasoline vehicles to transit or 
human-powered transportation modes constitutes an efficiency gain, which reduces the 
burden on the landscape to provide energy. Efficiency gains, therefore, also have  
land benefits.
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2.3.1 The Big Moves

There are four areas that need to make “Big Moves” when it comes to emissions reduction: 
buildings, transportation, local renewable energy, and water and waste. Implementing actions 
within these key areas can reduce GHG emissions as demonstrated in Figure 12.

1.	 Buildings: All buildings, including homes, commercial buildings, municipal buildings, and 
industrial buildings undergo deep retrofits to reduce energy consumption. New buildings 
are built to net-zero standards, meaning they will be highly efficient and generate on-site 
electricity. All buildings, whether new or existing, will switch from fossil fuels to electricity 
for space heating, space cooling, and water heating.

2.	 Transportation: All vehicles are zero emission, with personal vehicles leading the way. 
Cars, SUVs and small trucks are electric, and heavy-duty vehicles are either electric, or use 
a low-emissions fuel. The share of walking and bicycling trips increases by building and 
maintaining more trails, sidewalks, and bike lanes. Additionally, transit is expanded and 
decarbonized. The final portion of a trip, such as getting from a bus stop to a workplace, or 
deliveries of goods from warehouses to final destinations, can be completed using shared 
e-scooters and e-bikes.  

3.	 Local renewable energy: Solar panels are installed on new buildings as they are 
constructed and on existing buildings as they are retrofitted. Additionally, wind generation 
is added to supply zero-emissions electricity to Lakewood, replacing much of the demand 
for grid electricity. Electricity purchased with Renewable Electricity Credits is continued 
into the future. 

4.	 Water and waste: Overall waste generation is reduced and waste diversion to recycling 
and composting facilities is improved. Renewable natural gas is captured from waste 
sources and used to replace natural gas in some systems during the decarbonization 
process. Furthermore, water consumption is reduced with efficiency measures including 
leak detection technology and end-use equipment improvements like smart meters. 
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 As shown in Figure 12 (next page), the result of making these changes is a 93% decrease in 
GHG emissions by 2050 and an overall decrease in total energy demand by 61%. Residential, 
commercial, and municipal buildings are almost entirely decarbonized, while industrial emissions 
are reduced by 75%. 

The retrofitting of buildings and the replacement of natural gas as a heating source for homes and 
buildings with high-efficiency heat pumps removes the primary major source of GHG emissions, 
with only minor emissions remaining in most sectors. 

What is a Deep Retrofit?
A deep retrofit is a set of actions to improve building quality with the express goal of 
improving the energy efficiency of the building. Minor retrofits include draft sealing, 
improving the insulation, and changing out lights for LEDs. Major retrofits can include 
replacing windows and doors, updating heating and cooling systems, and reducing water 
consumption by installing  low-flow faucets. Deep retrofits go a step further, overhauling all 
systems of a building. This can include reconfiguring the interior of the building, replacing 
the roof, rearranging windows to maximize solar gain, and replacing existing HVAC systems 
with electric heat pumps. 
 
A deep retrofit reduces a building’s energy consumption by 50% or more. 

The electrification of transportation, the second-largest source of GHG emissions today, further 
reduces GHG emissions in Lakewood. Even though a small amount of heavy machinery is still 
expected to use fossil fuels by 2050, it will be replaced with zero-emissions options as these 
machines are retired.

Emissions from grid electricity and landfills constitute the largest portion of the remaining 
emissions in the net-zero pathway. The extensive use of renewable electricity is essential to 
meeting the GHG emissions goals. Emissions from landfills are a result of the biodegradation 
of organic materials, some of which may continue to emit GHGs for years or decades after they 
have been deposited, and are very challenging to mitigate.
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Figure 12. Energy (left) and emissions (right) by sector (top) and by fuel (bottom) in the LC scenario, 
2019–2050.
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2.3.2 Detailed Actions

Table 2. Modeled actions within the LC scenario, and the associated GHG emissions reductions 
associated with each action.

Sector Modeled Action GHG 
Reduction 
(ktCO2e) 
relative to 
2050 BAP

Contribution to 
total emissions 
reductions15

New buildings

All new buildings All new builds are required to meet net-
zero ready energy standard by 2030.

87 1.5%

Existing buildings

Residential buildings All existing buildings are retrofitted to 
achieve 60% thermal savings and 25% 
electrical savings by 2050.

926 16%

Commercial, industrial, 
and municipal buildings

All existing buildings are retrofitted to 
achieve 60% thermal savings and 30% 
electrical savings by 2050.

632 11%

Space heating and 
cooling, water heating

High-efficiency heat pumps are installed 
concurrently with building retrofits to 
provide all space heating and cooling, 
and water heating.

968 16%

Transportation

Expand and electrify 
transit

10% of all trips are made by transit by 
2040. 

126 2%

Active transportation 10% of trips less than 1.2 miles (2 km, 
or ~30 mins) are made by walking by 
2040.

10% of trips less than 6 miles (10 km, 
or ~30 mins) are  made by biking or 
e-bikes.

4 0.06%

Electrify municipal fleet Light-duty vehicle fleet is replaced with 
EVs, starting in 2024. 
 
Heavy-duty vehicles are replaced 
with zero-emissions options (EV and 
hydrogen) starting in 2026.

9 0.15%

Electrify personal 
vehicles

All new vehicles purchased in 2030 
onwards are EVs.

360 6%

15 Relative to the 2050 BAP Scenario emissions.
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Sector Modeled Action GHG 
Reduction 
(ktCO2e) 
relative to 
2050 BAP

Contribution to 
total emissions 
reductions16

Electrify commercial 
vehicles

Light-duty vehicle fleet is replaced with 
EVs, starting in 2024. 
 
Heavy-duty vehicles are replaced 
with zero-emissions options (EV and 
hydrogen) starting in 2026.

95 2%

Renewable electricity generation

Solar PV 202 MW of rooftop solar generation by 
2050 (equivalent to installing solar on 
20,000 homes with 10 kW installations).

1,225 21%

Wind generation 85 MW of wind generation capacity by 
2050 (land-based wind turbines range 
from 2 to 5 MW in size, while offshore 
turbines can be as large as 15 MW).

812 14%

Renewable Energy 
Certificates

Continued use of RECs for electricity 
accounts under NOPEC.

476 8%

Waste, water, and wastewater

Waste generation and 
diversion

Reduce food waste generation by 50% 
by 2030 and other waste by 5% by 
2030.

Increase waste diversion to 75% by 
2030 and organic material diversion to 
composting to 95% by 2030.

117 2%

Waste and wastewater 
treatment

Current gas capture is at the maximum 
amount that is reasonable.

N/A N/A

Industry

Industrial efficiencies 50% of fuel use is shifted to electricity 
by 2040. 
 
A 20% improvement in industrial 
process efficiencies by 2040.

58 1%

16 Relative to the 2050 BAP Scenario emissions.

(continued from previous table)
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The Efficiency of Heat Pumps and Electric Vehicles
A cold-weather heat pump can generate 2-4 units of heat for each unit of electricity 
consumed.17 In comparison, a high-efficiency natural gas furnace generates 0.97 units for 
every unit of natural gas consumed. Similarly, an electric vehicle is five times more efficient 
than a gasoline one. These efficiencies, combined with avoided energy costs resulting from 
retrofits, result in financial savings.

Figure 13 (on pages 42-43) shows the impacts of each of these actions on GHG emissions over 
time. The actions have cumulative effects over time, and actions to reduce demand occur before 
actions to improve efficiency and switch to low-carbon fuels. The gray area under the curve 
represents the cumulative emissions from Lakewood in the LC Scenario.

2.3.3 Per Capita Emissions

Table 3. Per capita emissions in 2019, the BAP and the LC scenarios.

2019 2050 BAP 2050 LC SCENARIO 

8.7  tCO2e/person 7.4 tCO2e/person 0.7  tCO2e/person

↓ 15% from 20
↓92% from 2019

↓91% from 2050 BAP

17 NEEA (2020). EXP07:19 Load-based and Climate-Specific Testing and Rating Procedures for Heat Pumps and Air Conditioners. Retrieved from: 
https://neea.org/img/documents/CSA-EXP07-Interim-Testing-Report.pdf
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3. The Costs and Opportunities
3.1 Useful Definitions and Concepts
Key concepts that are used to analyze the financial impacts of the pathways are summarized 
below.18

3.1.1 Costs are Relative to the Do Nothing Scenario

This financial analysis tracks projected costs and savings associated with low-carbon measures 
that are above and beyond the costs in the Do Nothing scenario. 

3.1.2 Discount Rate

The discount rate is the baseline growth value an investor places on their investment dollar. A 
project is considered financially beneficial by an investor if it generates a real rate of return equal 
to or greater than their discount rate. 

An investor's discount rate varies with the type of project, duration of the investment, risk, and the 
scarcity of capital. The social discount rate is the discount rate applied for comparing the value 
to society of investments made for the common good and, as such, it is inherently uncertain and 
difficult to determine. Some argue that a very low or even zero discount rate should be applied in 
the evaluation of climate change mitigation investments. In this project, we evaluate investments 
in a low-carbon future with a 3% discount rate.19

3.1.3 Net Present Value

The net present value (NPV) of an investment is the difference between the present value of the 
capital investment and the present value of the future stream of savings and revenue generated 
by the investment. 

Four aggregate categories are used to track the financial performance of the low-carbon 
actions in this analysis: capital expenditures, energy savings (or additional costs), operation and 
maintenance savings, and revenue generation (associated with renewable energy production 
facilities and some transit actions). Administrative costs associated with implementing programs, 
as well as any energy system infrastructure upgrades that may be required are excluded. 
Similarly, the broader social costs, such as health costs or damages from climate change, that are 
avoided from mitigating climate change are not included in this financial analysis.

3.1.4 Abatement Cost

The abatement cost of an action is the estimated cost for that action to reduce one tonne of 
GHG emissions, which is calculated by dividing the action’s NPV by the total GHG emissions 
reductions (tCO2e) resulting from the action. For example, if a project has a NPV of $1,000 and 
generates 10 tCO2e of savings, its abatement cost is $100 per tCO2e reduced.

18 Detailed financial assumptions are described in the Data, Methods and Assumptions Manual.
19 U.S. Government (2021). Technical Support Document: Social Cost of Carbon, Methane, and Nitrous Oxide. Retrieved from: https://www.
whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
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3.1.5 Amortization

The costs of major capital investments are typically spread over a period of time (e.g. a mortgage 
on a house commonly has a 25-year mortgage period). Amortization refers to the process of 
paying off capital expenditures (debt) through regular principal and interest payments over time. 
In this analysis, we have applied a 25-year amortization rate to all investments.20 

3.2 Overall Costs and Savings
Historically, there has been a discourse that climate action costs money and requires sacrifices; 
however, an economic analysis of the costs and benefits to the community of Lakewood of 
implementing the LC Scenario finds the opposite. There are compelling economic reasons to 
implement a net-zero pathway as quickly as possible with no financial downsides.

Table 4. Summary of financial results, undiscounted (negative number = savings, positive number 
= cost) 2023–2050.

Financial estimate LC Scenario 
(undiscounted)

LC Scenario  
(3% discount rate)

Total incremental capital investment, 
2023–2050

$1.49 billion $978 million

Total savings, 2023–2050 -$2.03 billion -$964 million

Total revenue, 2023–2050 -$173 million -$90 million

Social cost of carbon (SCC) -$507 million -$286 million

Net benefit, 2023–2050 -$721 million -$64 million

Net benefit with SCC -$1.23 billion -$340 million

Capital cost (undiscounted) to reduce 
each tonne of GHG

$273/tCO2e

Abatement cost (NPV) per tonne of GHG -$26/tCO2e

Annual household savings on energy, 
2050 over 2019

-$2,300

Investment $/person-year of employment $284,000

The implementation of the LC Scenario represents a total investment of $1.44 billion from 2023–
2050, averaging ~$53 million annually (undiscounted). For comparison, this is approximately 2% 
of Lakewood’s share of Ohio’s GDP in 2020.21  

This capital investment generates savings of $2.03 billion from energy expense savings and 
from avoided operations and maintenance costs. Additionally, $173 million in revenue comes 

20  To manage the complexity of the analysis, a blanket amortization of 25 years was applied across all actions in order to demonstrate the impact 
of financing the actions.
21 Dividing Ohio’s GDP of 621 billion in 2020 by the population of 11.8 million results in a per capita GDP of $53,000. Based on a population of 
50,848 in 2020, Lakewood’s share of the GDP is $2.7 billion.
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from renewable energy generation, resulting in a net benefit of $721 million to the community, 
or $27 million annually. To put this in context, if Lakewood’s population was to remain stable at 
the current size, the benefit would average $530 per person per year.22 This benefit transfers to 
the community as a whole, including households, businesses, and the municipality itself. The 
financial benefit would decrease if the investments are financed as a result of interest payments, 
while it would increase if natural gas prices increase more rapidly than electricity prices.

The Social Cost of Carbon
Climate change represents a burden on future generations, and the complexity of the 
climatic system means that these impacts are difficult to anticipate. The burden of action 
increases the longer action is delayed. 

The Social Cost of Carbon (SCC) is a comprehensive estimate of climate change damages 
and includes changes in net agricultural productivity, human health, property damages 
from increased flood risk, and changes in energy system costs, such as reduced costs for 
heating and increased costs for air conditioning.

The SCC is one of the best ways to reflect future damages to ensure that decision-making 
that has implications for future emissions accounts for those implications. 

The discount rate is a significant assumption within the models that calculate SCC. 
Discounting reflects the idea that people would rather have $100 now than $100 in 10 
years. From an ethical perspective, a higher discount rate indicates that future generations 
are worth less than current generations; for this reason, the Stern Review23 recommended 
a discount rate of 1.4%, well below traditional discount rates. As Stern pointed out in a 
subsequent article, “A 2% pure-time discount rate means that the life of someone born 35 
years from now (with given consumption patterns) is deemed half as valuable as that of 
someone born now (with the same patterns).” 24  For the purposes of consistency with other 
processes, a 3% discounting rate is used in this analysis.25 

The analysis presents the results of the SCC for the avoided emissions resulting from the 
actions taken in Lakewood’s CAP. 

22 This calculation is to ground the total in more tangible terms. As these benefits are for the community as a whole, the savings will be 
distributed amongst businesses, the City, and households. 
23 Stern, N. (2006). The Stern review on the economic effects of climate change. Cambridge University Press. 
24 Stern, N. (2015). Economic development, climate and values: making policy. Proc. R. Soc. B, 282(1812), 20150820. https://doi.org/10.1098/
rspb.2015.0820
25 U.S. Government (2021). Technical Support Document: Social Cost of Carbon, Methane, and Nitrous Oxide. Retrieved from: https://www.
whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
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Following convention, the following economic analysis of the LC Scenario designates costs as positive, 
and savings and revenue as negative. 

Figure 14. Present values of investments and returns for the LC Scenario, discounted at 3%  
(costs are positive in this convention, and revenue and savings are negative), from 2021–2050.
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The annual costs, savings, and revenue associated with fully implementing the actions in the LC 
Scenario are shown in detail in Figure 15, with capital expenditures shown in full for the years in 
which they are incurred. As is characteristic of low-carbon transitions, the capital expenditures 
in the early years of the transition are greater than the savings and revenues generated, but by 
2035, the savings outweigh the costs.

Figure 15. Figure Year-over-year LC Scenario investments and returns including the social cost of 
carbon, undiscounted. The break-even point occurs in 2034.
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The majority of investments are for building retrofits. Lakewood is a community dominated by 
residential buildings, with little anticipated growth, and so, the need to retrofit existing homes 
dominates the investment of the LC Scenario. The incremental investment in transportation 
is negligible because the costs of electric vehicles are projected to reach parity with internal 
combustion engines as early as 2027. The reduced operation costs represent a major 
opportunity for cost savings going forward. Figure 16 shows the capital investments on a cash 
basis and amortized over 25 years with 3% interest. This approach would presumably reflect 
actual approaches for financing the transition. Amortization has the effect of reducing the annual 
capital requirements by nearly half for peak investment years, with the result of repayments 
petering out beyond 2070.

Figure 16. Two views on capital expenditures: on a cash basis and amortized. Note that the 
amortized capital payments continue post 2050.
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Figure 17 illustrates the energy expenditures by sector. All sectors see financial benefits from 
reduced energy costs through improved energy efficiency and a reduction in total energy 
demand. Total expenditure savings on energy are nearly $64 million annually by 2050, or nearly 
$1billion over the period.

Figure 17. Change in energy expenditures by sector.
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3.3 Inflation Reduction Act
The Inflation Reduction Act (IRA) is an extensive, ambitious piece of climate legislation in U.S. 
history, which is designed to transform the U.S. economy. The IRA reinforces many aspects of 
Lakewood’s CAP by providing opportunities for the City to raise funds and by providing grants 
and incentives to individuals and businesses to support low-carbon investments.  

Municipalities can apply directly to federal agencies for funding for a range of programs, 
including26: 

•	A Greenhouse Gas Reduction Fund which will provide grants, loans, and financial and 
technical assistance “to enable low-income and disadvantaged communities to deploy 
or benefit from zero-emission technologies,” including rooftop solar and other GHG 
reduction activities and provide direct and indirect investment in projects, activities,  
or technologies;

•	Climate Pollution Reduction Grants, which provide grants to implement GHG  
pollution reductions;

•	Clean Heavy-Duty Vehicles, which will fund a program to cover incremental costs 
associated with replacing non-zero-emissions heavy-duty vehicles with zero-emissions 
heavy-duty vehicles, as well as for fueling and charging infrastructure, and for workforce 
development and technical activities;

•	A Low Emissions Electricity Program, which will provide funding for technical 
assistance for domestic electricity generation and use;

•	The Neighborhood Access and Equity Grant Program, which will provide funding 
for highway removal, remediation, or capping; mitigating local impacts of highways; 
building or improving “complete streets, multi-use trails, regional greenways, or active 
transportation networks”; and providing “affordable access to essential destinations, 
public spaces, or transportation links and hubs”;

•	The Environmental and Climate Justice Block Grants, which will provide funding for 
community-led air and other pollution monitoring, prevention, and remediation, and 
investments in low- and zero-emission and resilient technologies”; mitigation of urban 
heat islands, extreme heat, wood heater emissions, and wildfires; reducing indoor air 
pollution; ensuring climate resilience and adaptation; and “facilitating engagement of 
disadvantaged communities.”

•	The State and Private Forestry Conservation Programs, which will support tree  
planting activities.

The IRA also includes the following tax credits and grants that go directly to consumers for 
vehicle and building electrification and distributed energy generation27: 

•	Rebates covering 50-100% of the cost of installing new electric appliances, including 
super-efficient heat pumps, water heaters, clothes dryers, stoves, and ovens. 

26 Sabin Center for Climate Change Law (2022). Cities & the Inflation Reduction Act. https://blogs.law.columbia.edu/
climatechange/2022/08/22/cities-the-inflation-reduction-act/
27 White House. (2022).The Inflation Reduction Act Delivers Affordable Clean Energy for Ohio .. Retrieved from: https://www.whitehouse.gov/
wp-content/uploads/2022/08/Ohio.pdf
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•	Rebates for households to make repairs and improvements in single-family and multi-
family homes to increase energy efficiency.

•	Tax credits covering 30% of the costs to install solar panels and battery storage systems, 
make home improvements that reduce energy leakage, or upgrade heating and cooling 
equipment. No income limits apply. 

•	Tax credits covering 30% of the costs of community solar projects—owned by local 
businesses that sign up families to save on their electric bills—with additional bonus 
credits of 20% for projects at affordable housing properties and 10% for projects in low-
income communities.

•	Upfront discounts up to $7,500 for new EVs and $4,000 for used EVs, helping middle-
class Americans skip the gas pump and save on fuel costs.

The impacts of tax credits on EV purchases and solar PV installations are shown in Figure 14, 
including a $7,500 rebate on EVs and a $900 rebate on solar PV installations. 

3.4 Social Cost of Carbon
Climate change is driving a higher number of extreme weather patterns, resulting in more 
frequent and more expensive impacts than previous decades. The value of the avoided 
damage from climate change can be calculated using the SCC. When the SCC is applied to 
the cumulative emissions between 2023 and 2050, the cost of the damages is $2.01 billion. In 
comparison, the cost of the damages declines to $740 million in the LC Scenario, as illustrated in 
Figure 18.28 

Figure 18. The cumulative Social Cost of Carbon for the BAP and LC scenarios.

28 All values used the 3% discounting rate, 95th percentile, which reflects higher than expected economic damages from climate change.  
Interagency Working Group on Social Cost of Greenhouse Gases, United States Government (2021). Technical Support Document: Social Cost 
of Carbon, Methane, and Nitrous Oxide Interim Estimates under Executive Order 13990. Retrieved from: https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf 
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3.5 Energy Savings for Households
Household energy expenditures (Figure 19)—natural gas, electricity, gasoline, and diesel—are 
projected to decline by 24% in the BAP, from $2,800 in 2016 to $2,130 by 2050. These savings 
result from more efficient vehicles due to national fuel efficiency standards and decreased heating 
requirements as the climate becomes milder due to climate change. In the LC Scenario, the savings 
are much greater, and household energy expenditures fall by 46% to $480 by 2050. Depending 
on the business, policy, and financing strategies used in the implementation of the actions, these 
savings will be partly offset by the incremental capital expenditures required.

Gasoline and diesel expenses are removed through the electrification of vehicles. Furthermore, 
natural gas furnaces are replaced with electric heat pumps as part of the deep retrofits that  minimize 
the heat required to ensure homes are comfortable both in the summer and in the winter.

Figure 19. Household energy costs by fuel type for the Net-ero Scenario, compared to the BAP.
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Energy Poverty
Household expenditures on energy can result in energy poverty, which can have a range 
of impacts. For example, households experiencing energy poverty or energy insecurity 
face challenges such as "pay the rent or feed the kids", "heat or eat", or "cool or eat”. In 
particular, energy insecurity disempowers low-income residents such as single parents, 
the elderly, persons with disabilities, and others with low or fixed incomes, resulting 
in stresses such as utility-related debt, shutoffs, inefficient heating systems, antiquated 
appliances, and extreme home temperatures with have the potential to cause significant 
health impacts. Children may experience nutritional deficiencies, higher risks of burns from 
non-conventional heating sources, higher risks of cognitive and developmental behavior 
deficiencies, and increased incidences of carbon monoxide poisoning.

3.6 Employment Opportunities
Transitioning to a low- or zero-carbon economy is expected to have four impact categories 
on labor markets: additional jobs will be created in emerging sectors, some employment will 
be shifted (e.g. from fossil fuels to renewables), certain jobs will be reduced or eliminated 
(e.g. combustion engine vehicle mechanics), and many existing jobs will be transformed and 
redefined. The LC Scenario adds 6,060 ‘person-years of employment’, over the BAP scenario 
between 2023 and 2050 (Figure 20, next page).

Building retrofits present the largest opportunity for new employment, presenting opportunities 
to partner with local education centers. This could include developing programs that teach 
the skills required to complete deep energy retrofits and install high-efficiency equipment. 
Developing partnerships to expand on local knowledge will help jumpstart this activity. 

In addition to building retrofits, improvements can simultaneously be made to accessibility 
features of public buildings, buildings, and common areas. 

The transportation maintenance sector shows small losses in total person-years of employment, 
since electric vehicles require less maintenance than internal combustion engines. 
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Figure 20. Annual person-years of employment generated in the LC Scenario.
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3.7 Marginal Abatement Costs
The Marginal Abatement Cost (MAC) is the incremental cost of one tonne of GHG reductions. The 
lower the cost, the more affordable the action, and in some cases, the action can be profitable. It is 
calculated by summing the net present value of capital costs and operating costs over the lifetime of 
the investments divided by the tonnes of GHGs reduced. 

By providing individual costs for actions, MACs can imply that the actions are a menu from which 
individual actions can be selected. In fact, many of the actions are dependent on each other; for 
example, energy costs increase without retrofits. Another important message is that in order to 
achieve Lakewood’s target, all the actions need to be undertaken as soon as possible.

Table 5 summarizes the marginal abatement costs for the modeled actions in Lakewood’s low-
carbon future. The actions with negative abatement costs generate financial returns over their 
lifetimes. A red, or positive, abatement cost, costs money over the span of the project. This 
comparison provides one way to view the costs and benefits of the implementation of emissions-
reducing actions but should not be the only metric used to measure an action.

Table 5. Marginal abatement costs for modeled actions. 

Low-Carbon Action Cumulative 
Emissions 
Reduction  
(kt CO2eq)

Net present Value Marginal 
Abatement Cost  
($/t CO2 eq)

Electrify personal-use vehicles 368 -235,390,000 -640

Install rooftop solar 1,100 -192,530,000 -180

Expand transit 121 -98,580,000 -810

Electrify commercial-use vehicles 93 -54,650,000 -590

Electrify heating in commercial buildings 274 -33,680,000 -120

Retrofit commercial buildings 573 -16,150,000 -30

Electrify water heating in residential homes 341 -15,340,000 -40

High-performance new homes 31 -4,930,000 -160

High-performance new commercial buildings 25 -4,870,000 -200
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Low-Carbon Action Cumulative 
Emissions 
Reduction  
(kt CO2eq)

Net present Value Marginal 
Abatement Cost  
($/t CO2 eq)

Energy efficiency in industry 48 -2,560,000 -50

Increase active transportation 4 -1,390,000 -390

Electrify municipal buildings 8 -320,000 -40

Reduce waste 116 0 0

Electrify water heating in new commercial buildings 0 240,000 0

Electrify transit 5 1,680,000 340

Install heat pumps in new homes 7 2,310,000 350

Install heat pumps in new commercial buildings 8 3,290,000 430

Electrify appliances 0 3,550,000 0

Electrify water heating in commercial buildings 22 4,700,000 220

Purchase RECs 297 26,340,000 90

Install heat pumps in homes 282 115,490,000 410

Retrofit homes 885 377,980,000 430

Illustrated differently, the Marginal Abatement Cost Curve (Figure 21, next page) gives a visual 
representation of the financial implications and the emissions reductions associated with each 
action. The height of the bar indicates the size of the financial costs/savings and the width shows 
the potential GHG savings. 

The action with the highest cost per tonne of CO2e reduced is residential retrofits. Residential 
retrofits require costly building envelope improvements and the switch to heat pumps, while 
maximizing efficiency and reducing GHG emissions, requires switching to electricity that is 
currently more expensive than natural gas. While these retrofits may require significant capital 
investment, they provide other benefits. Efficient homes are easier to heat, reduce total energy 
demand, and can help address energy poverty. 

(continued from previous table)

CITY OF LAKEWOOD CLIMATE ACTION PLAN

58



Figure 21. Marginal abatement cost curve, showing the cost per tonne of CO2e reduced for each action.
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4. Lakewood’s Natural Assets 
and Climate Vulnerabilities 
This section explains how climate change is likely to affect Lakewood’s four primary natural 
assets: the shoreline, the Rocky River Corridor, forests, and the network of dispersed living 
infrastructure that permeates the city. The overall vulnerability of each natural system is 
summarized in terms of the potential impacts of climate hazards based on exposure and 
sensitivity, as well as its adaptive capacity. 

Climate Adaptation Terms
Exposure refers to the presence of people, livelihoods, species or ecosystems, 
environmental functions, services, and resources, infrastructure, or economic, social, or 
cultural assets in places and settings that could be adversely affected; for example, assets 
located in a flood plain or people living in poor-quality housing.

Vulnerability refers to the predisposition to be adversely affected and refers to 
characteristics of human or social-ecological systems that are exposed to hazardous 
climatic events or trends. It is a function of sensitivity and adaptive capacity. 

Sensitivity refers to the degree to which a system or species is affected.

Adaptive capacity is the potential or capability of a system to adapt to climate change or its 
impacts.

4.1 Lake Erie Shoreline
Lakewood has a 19,800-foot shoreline along the coast of Lake Erie. The shoreline, which protects 
homes and infrastructure by acting as a buffer against flooding and controlling erosion, provides 
a rich habitat for fish and wildlife and filters and treats water.

Lakewood’s shoreline is formed from soft sedimentary rock. Much of it is characterized by slopes 
that rise abruptly from the shoreline, forming steep wave-cut cliffs. The cliffs are subject to rapid 
and violent wave erosion, which is exacerbated in places by groundwater that fractures the cliff.29 
The shoreline is continually rebuilt by sediment that erodes from the cliffs and moves along the 
shoreline with the waves. How much material is eroded from the cliffs is controlled by the lake 
level and the severity of storms. Due to this relationship between the shoreline sediment supply 
and erosion, the shape of the shoreline and the rate at which sediment is moved is also affected 
by climate change.30 Currently, winter ice helps protect the shoreline from severe erosion by 
winter storms. According to NOAA,31  the number of days the water along the shoreline  

29 Ford, J.P., 1987. Glacial and surficial geology of Cuyahoga County, Ohio. Ohio. Division of Geological Survey.
30 Mattheus, C.R., 2014. Climate-induced changes in rates of headland-beach progradation along the southern coast of Lake Erie. Journal of 
Coastal Research, 30(4), pp.743-755.
31  NOAA (National Oceanic and Atmospheric Administration). 2019. Great Lakes Environmental Research Laboratory: Historical ice cover. 
Accessed December 2019. www.glerl.noaa.gov/data/ice/#historical.
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is covered with ice has declined significantly since 1973. The Great Lakes are frozen for eight to 
46 fewer days now than they were in the early 1970s, and ice cover is predicted to decline faster 
in coming years. For Lakewood, the reduction in winter ice from a warming climate is expected 
to increase shoreline erosion in winter.32

As the climate changes, the shoreline will experience more wave energy and erosion rates 
will increase, threatening coastal infrastructure. At lower elevations, this will reduce the flood 
protection provided by the shore and place more infrastructure at risk. At higher elevations, flood 
risk will be lower but land and property could be impacted by accelerating erosion.

4.2 Rocky River Corridor and Water Resources
The Rocky River is the largest waterway flowing through Lakewood. Lakewood was once home 
to several historic streams, but many of these were dammed by railroad construction before 
1902; though the largest, which flowed north through the modern site of St. Edward High 
School, passed under the railroad. Between 1956 and 1963, it was also buried and piped to 
allow for development. 

Figure 22. Light blue denotes stream corridors that are now buried in pipes.33

32 ELPC (2019).An Assessment of the Impacts of Climate Change on the Great Lakes Retrieved from: https://elpc.org/wp-content/
uploads/2020/04/2019-ELPCPublication-Great-Lakes-Climate-Change-Report.pdf
33 U.S. Geological Survey, Berea 1902 [map]. 1:62500. Topographic Quadrangle Map, Berea, OH 1961.
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These buried pipes convey water rapidly, but large storms can overwhelm the system. In 
contrast, before they were buried, the streams and their drainage system slowed and infiltrated 
water, reducing flood risk. Additionally, because water is cleaned through contact with soil and 
plants, these streams improved water quality.

The combined sewer overflow is an added complication to Lakewood’s water management and 
presents issues that will be worsened by increasingly intense and unpredictable storm events. 
A combined sewer system collects rainwater runoff and domestic sewage into a single system, 
and if the capacity of the combined sewer system is exceeded, then untreated water discharges 
directly to nearby streams, rivers, and other water bodies.

4.3 Forest and Urban Tree Canopy
Lakewood’s urban forest provides shade and helps lower the temperature of the city.  
Lakewood’s tree canopy covers 22.8% of the city and has a fair amount of tree diversity, 
according to a 2020 evaluation for Lakewood’s Tree Action Plan 2021. The top10 species make 
up only 59% of the total canopy cover, with maple trees accounting for 26% of the canopy. The 
City is striving to grow the canopy with the goal of achieving 33.5% canopy cover by 2035. 

Figure 23. Natural spaces and tree canopy cover across Lakewood.

As described in the Trees and the Carbon Gap section, protecting existing trees or adding forest 
cover can contribute to decarbonizing the city; however, the distribution of the canopy cover 
contributes to inequities. Low canopy coverage south of Madison and east of Wascana Avenues 
results in average daily temperatures more than 2° Fahrenheit hotter than neighborhoods to the 
north and west. The difference in outdoor temperatures on a hot, sunny day is much greater—a 
difference of 12° Fahrenheit can be easily felt by residents.
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4.4 Dispersed Living Infrastructure
The fourth natural system to highlight is the aggregation of landscape features that offer urban 
ecosystem services such as water infiltration, pollinator habitat, shade, and aesthetic benefits. 
This network of vegetation is where life can flourish and includes pocket parks, stormwater 
planters, street trees, and landscaped areas.

Lakewood has about 2,900 acres of land outside roadways and sidewalks, and nearly 10% of that 
land area is active or passive greenspace. Other land-use categories, such as school properties, 
have greenspace with potential to provide ecological benefits and habitat for species if activated 
by an alternative planting and maintenance regime. For example, turfgrass that is not required 
for activity space could be restored to forest or grassland habitat. Taken together, this dispersed 
network of living infrastructure is a natural asset that can support healthy soils and food webs for 
pollinators and birds.
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Climate change is unlikely to have a significant impact on these small areas, though irrigation 
requirements could change slightly over time. But rather than evaluating these areas as an 
asset at risk of climate change, living infrastructure is better viewed as a potential asset in the 
face of climate change to enhance and maintain because of its additional capacity to support 
life, shade, water infiltration, and other services. One special subset of living infrastructure is 
stormwater management technologies that use plants and nature-based systems to reduce flows 
to sewer systems and surface waters. Known as “green infrastructure,” these techniques are 
deeply integrated into Lakewood’s building code, parking code, and stormwater code. Green 
infrastructure practices that allow the infiltration of water can be woven throughout the city’s 
dispersed living infrastructure.

These assets are important to the quality of life in Lakewood today, but each asset faces impacts 
under climate change scenarios. Priorities for enhancing and protecting these assets are 
described in the actions and programs outlined in  the next section, The Pathway to Net-Zero.
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5. Pathway to Net-Zero
The City of Lakewood has set the target of net-zero emissions by 2050, and the analysis above 
shows a pathway to achieving this goal. Moving from modeled actions to real-world change 
requires coordination and participation from all members of the community. The following is a 
discussion of the priority steps for the next five years for the City and for the community. 

While not all elements of this plan are under the purview of the municipal government, the City 
can act as a leader, convener, organizer, and coordinator in many sectors. Below is a description 
of the modeled actions, the measurable targets from this modeling, and programs that enable 
the implementation of these targets.

Figure 24. The next five crucial years.

Equity and Climate Change
The energy transition includes major investments in buildings, energy generation, 
transportation, nature preservation, and waste management. People who cannot access 
capital to retrofit their house, who do not own a home, who cannot develop a renewable 
energy project, or who cannot purchase an electric vehicle will continue to be left 
behind. As people move away from fossil fuels, these legacy systems may become more 
costly and more unreliable, further increasing the economic burden. People in poverty 
are also more vulnerable to stress from climate impacts, with less financial capability to 
respond to severe weather events or provide air conditioning in periods of extreme heat. 
Without careful planning, the energy transition and climate impacts can continue  
to exacerbate inequity in Lakewood.
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5.1 Efficient, Healthy Buildings for All
GHG emissions from buildings made up 66% of Lakewood’s total emissions in 2019. Space 
heating and water heating are the biggest energy consumers in this sector and currently rely 
heavily on natural gas and grid electricity. Lakewood has a stock of older buildings with knob-
and-tube wiring and inadequate insulation. By improving the condition of buildings through 
retrofits and a net-zero building code and by replacing systems that use fossil fuels with high 
efficiency heat pumps, the city can reduce the emissions from buildings by 95%. Building retrofits 
will require upgrades to the electrical systems to accommodate the loads for heat pumps and EV 
chargers, as well as for solar PV generation.

Reduced energy consumption from buildings increases the “space” on the electricity grid 
for electrification of heating and transportation, minimizing the investments in new capacity, 
transmission, and distribution. 

Figure 25. GHG emissions from buildings in 2019 (left) and by sector in the LC Scenario (right).

5.1.2 Existing Buildings

1. Develop a deep retrofit program for all buildings: Building retrofits represent the foremost 
opportunity to reduce the emissions associated with energy use by buildings, while also 
improving the quality of homes for everyone in the community. A deep retrofit program will 
require supporting policies at the municipal level, as well as funding to support both the 
development and running of a program, and funding to ensure that the program is available to all 
members of the community. 

The “Lakewood” Home Retrofit
Many homes in Lakewood share physical characteristics because they were constructed 
in a similar era with similar designs. This commonality gives rise to the opportunity of more 
standardized retrofit packages that could include bulk purchases of heat pumps, windows, 
doors, or even “retrofit packages” that could be installed by pre-selected contractors, 
coordinated either by the City or by a third party. The Carbon Co-op is a model in the 
UK where residents undertaking retrofits share their knowledge, collectively procure 
equipment or contracts,and participate in work parties to work on each other’s homes.  
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The Split Incentive and Equity Impacts
Retrofits typically require a capital cost, which improves the efficiency of the building and 
reduces its operating costs. Renters generally do not have access to capital nor do they 
have the legal right to make improvements to building envelopes or equipment. In cases 
where renters pay the utility costs, landlords have no incentive to increase the efficiency of 
the building.  This divergent interest is known as the split incentive and has the implication 
that most retrofit programs primarily benefit homeowners. 

If the building is upgraded, landlords often increase rents, which can increase the cost of 
the housing market, further increasing the strain on low-income residents. 

In each case, the deep retrofit package will include thermal (envelope retrofits), renewable 
energy, and heat pumps. The program should include four streams: 

•	Affordable housing 

•	Residential sector

•	Rental properties 

•	Commercial buildings

Each stream will include different considerations for incentives, loan agreements, and program 
delivery. 

Retrofitting all the buildings in Lakewood will require a skilled labor force that is trained to assess 
the needs of a building and to complete the retrofit work. Many buildings in Lakewood are older, 
and retrofits will need to consider upgrades from older electrical systems, including knob-and-
tube wiring, to accommodate the electrification of heating and transportation. Lakewood can 
develop a partnership with local colleges and trade schools, the construction industry, and the 
County and State to support the development of the workforce. 

Everyone Benefits: A Requirement for Retrofits in 
Rental Housing in Boulder
The City of Boulder adopted its SmartRegs policy in 2010, requiring that all long-term rental 
properties achieve an energy efficiency standard in order to maintain their rental licenses, 
a strategy to achieve Boulder’s Climate Action Plan. Landlords were able to comply using a 
prescriptive path from a checklist, a performance path based on the Home Energy Rating 
System (HERS), or one of several exemptions. The City connects landlords with energy 
efficiency incentives from utilities, identifies upgrades, and evaluates contractor bids. It also  
developed a loan program. By 2019, 50% of the units had complied, 17% were exempted, 
and 32% were pursuing upgrades. The program also effectively addressed the split 
incentive program, so that both landlords and renters shared the financial benefits of the 
reduced operating costs.
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2. Neighborhood retrofit pilot: As a pilot project, the City can coordinate the retrofit of an 
entire neighborhood at once in order to achieve efficiencies through bulk purchasing, and 
other strategies, similar to the EnergieSprong model. The EnergieSprong model provides a 
turnkey retrofit service to existing buildings to convert them to net-zero or net-zero-ready when 
renewable energy becomes available.34 Energiesprong retrofits can be completed in 10 days 
and have been successful in updating social housing without requiring upfront capital from 
tenants.35 As another example, Blocpower, a Brooklyn-based company, has partnered with 
Ithaca and scaled to offer retrofits of an entire city.36 

Scaling Up: The Industrialization of Retrofits
In both Europe and North America, the industrialization of retrofits is an increasingly 
common solution to rapidly retrofit the building stock in order to achieve GHG reduction 
targets. Energiesprong, a Dutch public-private partnership, has pioneered a semi-
industrialized net-zero-energy retrofit package and applied this approach to approximately 
5,000 low- and mid-rise multi-family retrofits, with roughly another 100,000 units of multi-
family demand aggregated across Europe.37 Similar projects are under development 
in New York State, California, and Massachusetts.38 The EU has advanced retrofit 
industrialization programs underway.39 The City of Seattle has developed a mechanism to 
transform deep retrofits into power purchase agreements, described as Energy Efficiency 
as a Service (EEaS) contracts. A pilot project for 30 commercial buildings is currently 
underway.40 Policies to scale up retrofits include integrated design and project delivery, 
refabrication of building facades and HVAC systems, mass customization tools that manage 
distinct building characteristics with greater ease, and aggregation of retrofit projects into 
single portfolios.41

34 Sustainable Buildings Canada. (2016). Energiesprong Summary Report. Retrieved from: https://sbcanada.org/wp-content/
uploads/2017/09/Energiesprong-Summary-Report.pdf
35 Rocky Mountain Institute (n.d.). “How-to-Guide: Net-Zero Retrofit Technical and Cost Benchmark Studies.” Rocky Mountain Institute. https://
www.rmi.org/rmi_techno_economic_study_how_to_guide/.
36 Blocpower (2021).  Ithaca, NY Selects BlocPower to "Green" Entire City, First Large-Scale City Electrification Initiative in the U.S. Retrieved 
from: https://www.blocpower.io/press-release/ithaca-ny-selects-blocpower-to-green-entire-city-first-large-scale-city-electrification-initiative-
in-the-u-s

37 Egerter, A., & Campbell, M. (2020). Prefabricated zero energy retrofit technologies: A market assessment (DOE/GO-102020-5262, 1614689). 
https://doi.org/10.2172/1614689
38 The hub of the U.S. work is a project called REALIZE: https://rmi.org/our-work/buildings/realize/ 
39 An example of one project that is a partnership of major industries is BRESAER: http://www.bresaer.eu/
40 A description of the City of Seattle’s program is available here: https://www.bdlaw.com/publications/seattle-launches-energy-efficiency-as-
a-service-program-encouraging-deep-energy-efficiency-building-retrofits/
41 Haley, B and Torrie, R.  (2021). Canada’s Climate Retrofit Mission. Retrieved from: https://www.efficiencycanada.org/wp-content/
uploads/2021/06/Retrofit-Mission-FINAL-2021-06-16.pdf  
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What can a Homeowner do?
The action plan for a homeowner is simple in concept but complex to implement.  
The five steps are: 

1.	 Increase the efficiency of the home by adding insulation, improving windows, and 		
	 ensuring air sealing.

2.	Electrify heating (and cooling) with a heat pump; water heating and cooking: this can 	
	 involve upgrading the electrical panel, modifying or replacing the ducting system, 		
	 and adding new wiring.

3.	Walk, cycle, and take transit wherever possible.

4.	Purchase an electric vehicle.

5.	Install a solar system. 

Barriers to implementation include knowing what measures to implement, finding a trusted 
contractor, and financing the improvements.

5.1.3 New Buildings

3. Zero-emissions building coalition: The City can convene developers, builders, 
consultancies, institutions, and non-profit organizations who are committed to advancing net-
zero projects. This coalition can support the City by undertaking pilot projects and identifying 
strategies to accelerate net-zero projects.

4. Sustainable development checklist: As part of any development application, the City 
can require enhanced performance using planning process approvals. A tiered approach to 
the performance requirement would result in a steady increase in the minimum energy and 
GHG performance, while providing incentives for those projects that exceed the minimum 
performance. Such a program should target 100% net-zero buildings by 2030.42 A building 
performance label can also be tied to the checklist to highlight the best performing homes and 
buildings.  

5. High performance building incentives: The City can identify mechanisms, such as expedited 
permitting, reduced development charges, and other incentives, to acknowledge improved 
performance related to IRA.

42 Example of a tiered approach: City of Toronto (2022). Toronto Green Standard. Retrieved from: https://www.toronto.ca/legdocs/
mmis/2021/ph/bgrd/backgroundfile-168198.pdf
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The Passive House Standard
Compared to a conventionally built residential building, passive house design can yield 
reductions in GHG emissions. Buildings can reach heating and cooling energy reduction of 
up to 90%, with an average of 50% total energy savings.

Passive House buildings aim to minimize heating requirements within the structure 
through multiple techniques. Building orientation encourages south-facing windows, so 
that solar insolation through the window can warm the interior of the building in colder 
temperatures, while deciduous trees provide shade and reduce solar insolation through 
the same windows in the summer. Passive design encourages the use of exterior insulation 
and high airtightness to reduce heat loss in the structure. Finally, heat recovery systems 
that use the warm exhaust air to preheat incoming air are critical to reducing overall energy 
requirements.

Passive House certification is performance based, meaning requirements are based on 
building performance not on required inclusion of building features.  However, generally, 
standards are achieved through superior ventilation strategies, airtightness, reduced 
thermal bridging, extensive use of thermal insulation, and high R-value windows and doors.

6. Incentivize a net-zero building code: Building codes are set at the state level, but the City 
can develop opt-in incentives to encourage net-zero buildings, including priority permitting, 
planning approval requirements, and tax incentives. Advocacy at the state level can help 
encourage the adoption of net-zero building codes across Ohio.

5.2 Rethinking Transportation 
Transportation is the second-largest contributor to GHG emissions in Lakewood. Personal vehicle 
use, commercial operations, transit, and heavy transportation were responsible for 29% (126 kt 
CO2e) of emissions in 2019. Personal vehicles accounted for the majority of these emissions (84% 
from cars and 9% from light trucks and SUVs, while heavy trucks made up the remaining 7% of 
the emissions). 

Transportation emissions also come from many small sources, —the emissions total takes into 
account every personal vehicle, snowblower, lawn mower, and bus. The decarbonization of 
transportation requires coordination across the entire city to encourage the mass electrification 
of all vehicle types.

Through the use of electric personal vehicles and zero-emissions heavy vehicles, as well as active 
transportation and trip avoidance, transportation emissions can be reduced almost entirely. The 
remaining emissions are primarily from the use of grid electricity to power vehicles, emphasizing 
the importance of carbon-free renewable electricity in this sector.
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Figure 26. GHG emissions from transportation in 2019 (left) and by fuel in the LC Scenario (right).

5.2.1 Zero-Emissions Vehicles

7. EV charging infrastructure: Unlike gas stations, charging stations do not require storage 
tanks and careful zoning for watershed protection. They can be installed in parking lots, 
alongside street parking, and at facilities such as libraries, restaurants, and gyms. Ownership 
of the charging stations can be dispersed, allowing local businesses to install chargers for their 
customers, providing financial benefits from the chargers on their properties. The City can 
coordinate with the electrical utilities on an EV charging partnership to ensure availability of 
infrastructure and electrical capacity, and it can require electrical infrastructure in new homes and 
buildings.

Equity and the Cost of Transportation 
EVs are not accessible to everyone and even though they are very efficient vehicles, 
walking, cycling, and transit are more efficient and are lower cost. Prioritizing investments 
in these modes over private vehicles is the priority from an equity perspective. A car 
co-operative is a strategy to provide access to vehicles at a lower cost. Some cities require 
new developments to provide allocated parking spots for car co-operatives to ensure their 
availability. 

8. Zero-emissions transportation education program: The switch to EVs raises questions for 
many within Lakewood who have concerns about pricing, availability, winter performance, range, 
and availability of charging infrastructure. By coordinating education programs to encourage and 
incentivize zero-emissions, the City can encourage the switch from gasoline- and diesel-powered 
vehicles to more sustainable options. 

9. Parking strategy: The City can reduce or eliminate parking fees for zero-emissions vehicles 
as an immediate strategy to incentivize EVs. Another parking strategy is to remove parking 
minimums for development approvals in order to encourage density and active transportation.
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10. Fleet transformation coalition: The City can convene major vehicle fleet owners to develop 
an expedited electrification strategy, in coordination with the Vehicle Technology Centre. The 
strategy can include procurement coordination, leasing strategies, charging station deployment, 
and pilot projects for heavy vehicles and technologies such as green hydrogen.

5.2.2 Active Transportation and Transit

11. Walking and cycling infrastructure: Infrastructure and maintenance is critical to ensuring that 
people feel safe to walk and cycle. When people feel safe, cycling increases and demand for 
bicycles and infrastructure increases, creating a virtuous feedback loop. Electric bikes (e-bikes) 
are transformational for increasing the number of people who are comfortable cycling and 
increasing the trips that can be taken by bicycle. 

Every vehicular trip shifted to active transportation represents avoided investments that will 
be required in the electrical grid to support vehicle electrification. This financial value can 
contribute to justifying investments in active transportation. The best practice is to target ~$20 
per capita to walking and cycling infrastructure.43 Similar investments would allow for significant 
improvements to the active transportation infrastructure.

Since walking and cycling is more accessible to low-income individuals than driving, investing 
in walking and cycling advances equity, and complete streets offer opportunities to add 
shade via street trees or barrier plantings. To be successful from an equity perspective, 
infrastructure improvements must consider connectivity to popular destinations and low-
income neighborhoods. Additionally, the design of infrastructure can incorporate elements to 
make it accessible to those with limited mobility. The City can also include measures to provide 
accessibility across seasons, such as by ensuring sidewalks and cycling paths are promptly 
cleared after snow storms or paths are well shaded to protect users during heat waves.   

12. Car-free or car-light zones: Clean air zones are a strategy to reduce air pollution and GHG 
emissions. Barcelona’s superblock approach is a strategy applicable to Lakewood. Superblocks 
aim to ensure that every citizen enjoys access to clean air, humane levels of noise, walkable green 
and public spaces, community, and multimodal transportation options. Superblocks are a cluster 
of nine city blocks, three by three, and within the perimeter of the cluster, cars can go no faster 
than walking pace in only one direction. Only residents and delivery vehicles have any reason to 
enter, and all through traffic remains on the perimeter of the cluster. 

43 Cradock, A. et al. (2019).  Evidence to Inform a Cycling and Walking Investment Strategy. Retrieved from: https://cdn1.sph.harvard.edu/
wp-content/uploads/sites/84/2019/05/Evidence-to-Inform-a-Cycling-and-Walking-Investment-Strategy_2019_04_30.pdf 
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The Superblock Comes to Lakewood
What might a superblock in Lakewood look like? The principles guiding superblocks in 
Barcelona are as follows: 

Life in the street—Priority use for citizens: Absolute priority for pedestrians on any route, 
whether walking, resting, or socializing. Vehicles are guests. They will be able to travel, 
in exceptional cases, at 6 mph and not along straight routes, as they will have to turn at 
corners.

A single-level street from façade to façade, with asphalt road surfaces a thing of the 
past: Green hubs will be single-level streets, without barriers or divisions. The current 
differences in height between pavements and road surfaces will be eliminated and the 
entire space of the street will be dedicated to social uses and people.

Explosion of greenery: From 1% to more than 10%: Only 1% of the surface area of today’s 
streets is allocated to greenery. At least 10% will be dedicated to greenery in future streets, 
with trees playing a much bigger role in the landscape. It is estimated that the 21 hubs 
provided for in the Barcelona Superblock project will have as many as 4,000 new trees. 
Trees will occupy the central part of streets so they can grow taller and more leafy.

A new environmental infrastructure and more fertile subsoil: Streets will become an 
environmental infrastructure committed to sustainability, efficiency, and self-sufficiency. 
This will be achieved by switching over from a compacted and impermeable subsoil linked 
to the passage of vehicles, to a permeable and fertile subsoil that promotes the growth of 
greenery and trees and the management of the water cycle.

New furniture to encourage social uses: More urban furniture will be incorporated to 
promote street life and local-resident activities. More benches, fountains, play areas, and 
even tables will be provided. The goal is to encourage social uses of streets.

Promoting local commerce: The new model will also help boost the local economy by 
promoting commercial life from façade to façade, thanks to its single-level paving and the 
elimination of the barriers caused by traffic lanes. 

13. Behavior change: Shifting away from vehicular travel requires a cultural shift and behavior 
change. Given the impacts of electrification of vehicles on the electricity grid and health, the City 
can work with relevant partners to help people make lifestyle changes to shift to electric vehicles, 
transit, walking, and cycling in the context of other incentives.44 The City of Edmonton’s Change 
for Climate45 is an example of this type of program. 

14. Partnership with NOACA: By coordinating with NOACA on their concurrent 
decarbonization strategies, Lakewood can ensure fleet expansion and decarbonization plans 
are aligned with local plans to expand active transportation trail networks, e-bike sharing, rental 
strategies, and carbon-free last-mile transportation options.

44 The Sustainable Travel Towns initiative is an example of a successful program that supports a cultural shift on transportation. For more details, 
see: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/738305/ppr776-sustainable-
travel-towns-final-report.pdf

45 City of Edmonton (n.d.). Change for Climate. Retrieved from: https://changeforclimate.ca/
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15. E-scooter and e-bike rentals/incentives: Electric bikes and scooters are transformational 
for increasing the number of people who are comfortable using bike lanes and trails and 
increasing the trips that can be taken by active transportation. Every vehicular trip shifted to 
active transportation represents avoided investments that will be required in the electrical grid 
to support vehicle electrification. The City can support the development of a city-wide rental 
system, using existing examples of public bike-sharing as blueprints. In addition, some cities are 
providing grants to low-income households for the purchase of e-bikes.

16. Improve public transit: The City can work with NOACA and the GCRTA to implement 
key changes that will increase transit mode share. These changes include increasing the 
frequency and reliability of services, improving transit waiting environments, and increasing 
transit destinations. In order to ensure transit is accessible to low-income communities, the City 
can work with NOACA and GCRTA to explore lowering fares or providing subsidies, as well as 
ensuring low-income neighborhoods are well connected to transit routes.  

5.3 Clean Electricity for All
The switch from fossil fuels to renewable electricity is an essential part of the pathway to reduce 
Lakewood’s GHG emissions. By switching from natural gas for space heating and gasoline and 
diesel for transportation, we can reduce emissions across the biggest energy-using sectors. 

Ohio’s grid electricity relies on the use of fossil fuels for electricity generation. Currently, the 
City of Lakewood is using RECs to offset these emissions, and this program is being expanded 
to many residential accounts within Lakewood. RECs are an excellent strategy for immediate 
action to reduce emissions associated with energy use, but the long-term market stability is 
difficult to predict. Consequently, local renewable energy, including rooftop solar PV and wind 
generation, is prioritized in the LC Scenario,. By supplementing the current electricity supply with 
renewables and local storage, we can reduce the need to expand the existing electricity grid to 
accommodate the increased demand from electrification of transportation and space heating. 
Additionally, by diversifying the sources of electricity and adding energy storage, Lakewood will 
become more resilient to disruptions in electricity supply.

Figure 27. Energy sources by fuel type in the present day, and the BAP and LC cenarios by 2050.
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5.3.1 Renewable Energy Generation

17. Rooftop solar PV: The City can set up single desk permitting to expedite solar PV 
installations. Expanding the local generating capacity of Lakewood will increase the city’s 
resilience to electricity supply disruptions and provide additional capacity to support the 
electrification of buildings and transportation. The PV installations can be integrated into the 
building retrofit and new construction programs. 

18. Parking lot solar PV: Parking lots are land assets compatible with large-scale urban solar 
installations.46 The City can partner with First Energy and parking lot owners to advance solar 
installations where appropriate. 

19. Community solar gardens: To facilitate solar access for households where it is inaccessible 
due to physical or financial reasons, solar gardens can be constructed in appropriate locations as 
a new energy service provided by the City or a renewable energy cooperative. 

5.3.2 Wind Generation

20. Wind generation partnerships: Lakewood does not have many large, open areas 
of undeveloped land for the installation of wind generation facilities. By partnering with 
neighboring communities, Lakewood can share the costs and benefits of the development of a 
wind farm.47 Some wind farms also follow habitat provision guidance to allow native pollinators 
and plants to persist. 

21. Offshore wind generation pilot project: The City of Cleveland is exploring offshore 
wind generation in Lake Erie. Lakewood could undertake a similar pilot project to enable the 
community to benefit from the development of renewable energy and leverage the learnings 
from the Cleveland Icebreaker Wind project.

5.3.3 Sharing the Benefits

22. Renewable energy co-operatives: Renewable energy co-operatives are a powerful 
mechanism to increase community capacity, build expertise and excitement, and create new 
investment opportunities for communities. They are also a key strategy in reducing climate 
anxiety because they empower communities to take action. Additionally, cooperatives can 
help create equitable access to local renewable energy and provide opportunities for low-
income groups to participate in the energy transition. The City can provide grants to support the 
establishment of renewable energy co-operatives and sites for installation.48 

46 Coniff, R. (2021). Why Putting Solar Canopies on Parking Lots Is a Smart Green Move. Retrieved from: ​​https://e360.yale.edu/features/putting-
solar-panels-atop-parking-lots-a-green-energy-solution
47 The AREA wind farm in Ellershouse, Nova Scotia, Canada, is an example of this type of partnership between three municipalities.
48 A detailed guide on how to support renewable energy co-operatives is available here: https://www.rescoop.eu/toolbox/community-
energy-a-practical-guide-to-reclaiming-power
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Renewable Energy Co-operatives
Renewable energy co-operatives enable broader participation in the energy transition. 
Households can pool funds to invest in renewable energy projects that can be sited on 
the roofs of schools or non-profits or non-profit organizations. Revenue from the projects 
is distributed to the investors based on the size of their investment. Renewable energy 
co-operatives are common in North America and Europe and have a long track record for 
major projects. For example, a renewable energy co-operative in Denmark developed an 
offshore wind farm, which helped to decarbonize Copenhagen’s electricity system. 

23. Household and neighborhood energy storage:  The City can support small- and medium-
scale energy storage projects for households and neighborhoods in coordination with electricity 
utilities. The installations can target low-income neighborhoods to increase resiliency.  

24. Workforce development program: Building local capacity and expertise can grow the local 
clean energy economy. The City can work with the local colleges, trade schools and universities, 
unions and trades organizations, and industry experts in developing a program to scale up the 
workforce in alignment with the City’s targets.49 Ensuring access to all members of the community 
to training and education programming is essential in ensuring the energy transition is equitable. 
Partnerships with the West Shore Career- Technical District, the Greater Cleveland Partnership, 
and Cuyahoga County Workforce Development can jumpstart the workforce development 
required to retrofit buildings. 

5.4 Protected and Enhanced Natural Spaces
Lakewood has four major natural resource assets that can help protect citizens against climatic 
changes if managed sustainably for ecosystem services. Forests and the urban tree canopy offer 
cooling relief from urban heat islands and sequester carbon. The Lake Erie shoreline protects 
coastal infrastructure from erosion driven by increasingly intense storms. The Rocky River and 
its tributaries provide cultural benefits as well as water quality uplift and water storage. Finally, 
a dispersed network of activated public lands and green infrastructure can provide pollination 
services and water infiltration opportunities. Protecting and enhancing these assets requires 
proactive management that preserves these natural areas and maximizes their ability to help 
Lakewood and its residents adapt to a changing climate.

25. Zoning to protect natural spaces: Limit development in naturalized spaces, and limit tree 
cutting to protect natural spaces and reduce impacts from flooding and the urban heat island 
effect. 

26. Wetland and riparian forest management: Protect the Rocky River corridor through activities 
and policies to regenerate beech-maple forest along the river, and explore opportunities to 
restore and create new wetlands along the riparian zone in conjunction with MetroParks. 

27. Make green infrastructure standard: Continue to encourage the use of green infrastructure 
by providing incentives for development that includes green infrastructure for parking, roofs, and 
other spaces. Lead community workshops on building small-scale green infrastructure to improve 
water quality, increase infiltration, and provide habitat for pollinator species.  

49 For an example of a green workforce development strategy, see: https://www.nyserda.ny.gov/All-Programs/Clean-Energy-Workforce-
Development
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28. Incorporate green infrastructure into Lakewood’s stormwater management system 
and developments (e.g. via incentives for developers, site planning approvals): As weather 
becomes more extreme, floods in Lakewood will increase in frequency and size, leading to more 
wet basements and infrastructure damage. Green infrastructure,such as green roofs, bioswales, 
permeable pavements, and wetlands,can absorb water and guide runoff to reduce flooding 
impacts.  

29. Shoreline stabilization: Undertake pilot projects for offshore structures to reduce shoreline 
erosion with nature-based elements that enhance habitat for native species.

30. Protect and expand the forest canopy: A healthy and robust urban forest can reduce the 
risk of urban heat islands and lower local temperatures. A tree cover of 33.5% will greatly reduce 
the impacts of urban heat islands on the community.

Efforts to expand the tree canopy must consider how to reduce existing inequities and increase 
the resilience of Lakewood as a whole. Neighborhoods south of Madison and east of Wascana 
Avenues have less tree coverage and, consequently, experience higher daily temperatures. 
Efforts to expand the forest canopy must include initiatives to improve the tree canopy in these 
areas.  

31. Tree planting initiatives: Develop a list of appropriate climate-proof species for  
tree planting, and lead community workshops to encourage tree planting on public and  
private property. 

5.5 Extreme Weather Emergency Management
Lakewood residents are already feeling the effects of climate change. Their concerns include 
rising temperatures and temperature extremes, severe storms, and flooding, as well as how these 
issues may negatively impact public health and worsen inequities. For example, seniors, children, 
and low-income residents are among those most vulnerable to high temperatures.  Seniors 
and children tend to experience more health problems during heat waves, while low-income 
residents are less likely to be able to afford air conditioning.

The City can mitigate the risks posed by climate hazards by planning for emergencies and 
considering the needs of vulnerable populations. 

32. Create extreme heat emergency management plans: Lakewood residents are already 
struggling with heat waves. In order to minimize heat-related health risks, the City can create 
an extreme heat emergency management plan with special consideration for residents who 
do not have AC, as well as vulnerable and/or isolated populations, such as children, seniors, 
people with disabilities, and those reliant on public transit or active transportation. It is essential 
that this plan be developed with input from vulnerable populations, community groups, and 
the Westshore Regional Community Emergency Response Team. The City can also draw on 
recommendations from the 2019 Community Vision developed by the Resiliency Task Force.

33. Create an extreme cold emergency management plan: Ice and other winter storms are 
also a concern for residents. They have the potential to isolate seniors, as well as those who have 
limited mobility or do not have a car. An extreme cold emergency management plan that builds 
upon the City’s Snow and Ice Control Plan, as well as the 2019 Community Vision recommended 
by the Resiliency Task Force, can minimize the impact of such challenges. This plan should be 
developed with input from vulnerable populations, community groups, and the Westshore 
Regional Community Emergency Response Team. 
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34. Incorporate climate adaptation measures into energy efficiency retrofits: With many 
homes in the city being over 100 years old, and due to the widespread flooding risks, Lakewood 
must consider how to mitigate potential damage from temperature extremes and flooding. 
Energy efficiency retrofits can be designed to enable buildings to better regulate temperatures 
during temperature extremes.

Retrofits and Resilience
The number of homes retrofitted is used as a proxy indicator of increased resilience. 
Retrofits improve building envelopes so that they can better regulate temperature and 
therefore protect inhabitants in periods of extreme weather, which has been defined as 
passive survivability or thermal safety. Thermal safety is defined as maintaining thermally 
safe conditions during a power outage that lasts four days during peak summertime and 
wintertime conditions.

35. Incorporate climate resilience considerations into asset management: Lakewood 
residents are worried about the capacity of the community’s aging infrastructure to withstand 
extreme temperatures, and flooding. For example, the grid may be more likely to go down 
during storms or if the cooling or heating load becomes too much during temperature extremes. 
It is critical for the City to assess its infrastructure and plan infrastructure investments with a 
climate resilience lens to ensure resilience and minimize potential damage from climate hazards.  

5.6 Water, Waste, and Wastewater 
The majority of the emissions from this sector come from organic matter in landfills that decays 
over time and releases GHGs long after it is deposited in the landfill. The most effective strategy 
in reducing these emissions is to reduce the amount of waste entering them. This can be 
achieved through a combination of waste reduction and waste diversion to composting and 
recycling facilities.   

Emissions from waste accounted for 4% of the total GHG emissions in 2019. GHG emissions from 
waste are not entirely eliminated in the LC Scenario because tackling the remaining emissions 
from waste and wastewater is technically challenging, and Lakewood is capturing the majority of 
emissions from these sources already.
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Figure 28. GHG emissions from waste and wastewater in 2019 (left) and by source in the  
LC Scenario (right). 

36. A circular economy strategy: The City will develop a circular economy strategy that focuses 
on the ideas of zero landfill waste and using waste as a resource. This can include promoting Buy 
Nothing Groups to encourage the reuse of items and zero-waste stores within the community.

37. Municipal organics collection: The affordability and physical accessibility of the dropoff 
site can help increase uptake. Centralized curbside collection of organics for composting can 
be started as a pilot project and rolled out to Lakewood as a whole. Including larger producers 
of organic waste, like grocery stores and restaurants, can have a meaningful impact on GHG 
emissions, while also providing compost for municipal landscaping or for community use. The 
City should consider partnering with existing composting services, such as Rustbelt Riders. 

38. Water conservation strategies: Support water conservation through public education 
and awareness and include water efficiency measures in building retrofits on public buildings. 
Support the use of landscaping measures with no or low irrigation needs.

5.7 The Role of the City

5.7.1 Leading the Change 

39. Develop an annual carbon budget: A carbon budget is a mechanism to align financial 
budgets with GHG targets in order to operationalize the City’s GHG targets. A carbon budget 
process ensures all departments and expenditures are aligned with GHG reductions. 

40. Apply an equity lens for expenditures and policies: An equity lens evaluates the impact of 
a policy or action on equity-seeking groups and identifies measures or changes that ensure no 
one is left behind.

41. Apply a climate lens for expenditures and policies: A climate lens is a policy that aligns 
investments and policies with the climate targets. Staff can ensure that all proposals are “tested” 
against climate targets and revised accordingly. 
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42. Addressing the emissions gap: While the LC Scenario guides the decarbonization of the 
city, it is not enough to reach net-zero emissions by 2050. Therefore, the City must identify and 
implement opportunities to: (a) accelerate planned action, (b) support carbon removals,  
and (c) purchase carbon offsets. The City can accelerate action when there is momentum in 
certain sectors (e.g. electric vehicle adoption) or when the financial returns are higher than 
anticipated. The second two options are more uncertain. Carbon removals are currently an 
unproven and expensive technology. Carbon offsets are a mechanism for purchasing emissions 
reductions, but this represents a cost that does not generate returns and the integrity of carbon 
offsets is difficult to validate.

43. Annual GHG and energy use reporting: The City can undertake annual reporting on 
energy, costs, and emissions. The annual report can also include a review of programs to 
determine the ones that are successful and the ones that need to be adjusted to be more 
effective.

44. Make sustainability someone’s job: Lakewood will need staff to develop pilot projects, 
build relationships with working groups, and work within the City to decarbonize municipal 
operations. With dedicated resources and capacity, the staff can share resources and knowledge 
and effectively disseminate information throughout the rest of the city government. Each 
program area will need to be supported by staff with subject matter expertise. 

45. A zero-emissions fleet: The City can develop a strategy to decarbonize its fleet by 
purchasing only zero-emissions light-duty vehicles by 2023 and heavy-duty vehicles by 2026. 
A key aspect of this effort will be providing appropriate charging and fuelling infrastructure for 
these vehicles. 

46. Zero-emissions buildings: The City can commit to only constructing net-zero buildings 
beginning in 2023 and can develop a decarbonization strategy to retrofit its existing building 
stock by 2050.50 

Making Climate-Safe Investments Now
Every expenditure on infrastructure either locks in new GHG emissions or reduces GHG 
emissions. The longer the investment life (period over which it pays off) of a type of 
infrastructure that results in emissions, the more vulnerable it is to transition risk. In other 
words, if a natural gas boiler is projected to have an operating lifetime of 20 years, it will 
likely need to be replaced within the decade in order to stay within 1.5° Celsius, forfeiting 
half of its planned lifetime. A new house that generates emissions will likely need to be 
retrofitted to be zero emissions within the next decade. As a result, if those decisions are 
climate safe or climate proofed moving forward, society can avoid significant transition 
costs. For example, retrofitting a house to zero emissions can cost between $70,000 and 
$100,000, whereas building a new net-zero home can have an incremental cost of less than 
$10,000.51  

50 Depth of retrofits are defined in Appendix A, but municipal buildings are retrofitted with 60% thermal efficiency improvement and 30% 
improvement in electricity consumption.
51 These costs are based on analysis completed by SSG for various projects. 



5.7.2 Prioritizing Community Involvement

47. Revolving loan fund: A revolving loan fund would be a stable funding program to 
leverage external funding and offset the cost of a climate change project. It would also  provide 
sustainable funds for climate change retrofits, pilot projects for new climate change efficient 
technologies, incremental retrofit projects of higher climate change efficiency options, and 
environmental pilot projects. Initial capital for this fund could come from a carbon fee similar to 
that developed in Athens, Ohio, where revenues are reinvested into the community to fund the 
implementation of the LC Scenario. 

48. PACE Financing: Develop a city-led Property Assessed Clean Energy (PACE) financing 
program to provide low-interest loans to property owners to complete energy efficiency retrofits, 
solar installations, and conversions to heat pumps. Careful program design can ensure that 
avoided energy costs for households exceed loan payments in the PACE program.   

49. Community Climate Advisory Committee: A Community Climate Advisory Committee is 
a powerful mechanism for selecting and building community support for challenging climate 
actions.52 The committee can advise the City on climate actions and serve as a forum for initiating 
or coordinating community-level programs. 

50. Storytelling: A communications roadmap can highlight successes of the implementation, 
building momentum and enthusiasm. Key strategies include web-based stories, podcasts, 
learning laboratories, and peer-learning groups. 

Climate Action Planning
A key aspect of community energy planning includes prioritizing interventions in terms 
of a hierarchy based on what lasts longest.53 The first priority is land-use planning and 
infrastructure, including density, mix of land uses, energy supply infrastructure, and 
transportation infrastructure. The second is major production processes, transportation 
modes, and buildings, including industrial process, choice of transportation modes, and 
building and site design. The final priority is energy-using equipment including transit 
vehicles, motors, appliances, and HVAC systems. 

52 For more information on climate assemblies, see: https://climateassemblies.org/
53 Jaccard, M., Failing, L., & Berry, T. (1997). From equipment to infrastructure: community energy management and greenhouse gas emission 
reduction. Energy Policy, 25(13), 1065–1074.
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6. Co-Benefits and Co-Harms
Co-benefits and co-harms are effects that result from and are 
incidental to actions reducing GHG emissions. 

The terms co-benefits and co-harms have a variety of synonyms, including ancillary effects and 
ancillary benefits and costs. The definitions of these terms often vary depending on the context 
in which they are used.

In the context of completing a monetary analysis, these definitions become particularly 
important. One distinction, made by the Organisation for Economic Co-operation and 
Development (OECD), is that co-benefits are effects that are valued in the mitigation costs of a 
policy or action, whereas ancillary benefits are effects that are incidental and are not accounted 
for in that analysis.54 For the purposes of this paper, co-benefits are assumed to be any benefits 
that occur in addition to the action’s impact on GHG emissions. Correspondingly, co-harms are 
any harms that occur in addition to the action’s impact on GHG emissions. 

Co-benefits and co-harms are not equal. They have different 
categories of effects. 

Not all co-benefits or co-harms are equal. The following set of criteria can be used to consider 
the co-benefits of initiatives and actions to reduce GHG emissions:55

	● Synergies: Many low-carbon actions have multiple socio-economic benefits. Examples 
of these types of actions include transit, improving energy efficiency, and fostering a 
more compact urban design. 

	● Urgency: Some actions are associated with greater urgency in order to avoid loss of 
inertia on action already taken, lock-in effects,56 irreversible outcomes, or elevated costs. 
This may occur with road infrastructure decisions, major ecosystems displacement 
and urban form. Some low-carbon actions require time to realize their effects, making 
immediate implementation paramount.

	● Costs: Acting early is generally less expensive than acting later. This is because delayed 
action often involves ‘fixing’ high-emissions infrastructure rather than making it a 
low- carbon option from the beginning. Examples include buildings that are initially 
constructed to low energy efficiency standards and then need to be retrofitted later. 

	● Longevity: Related to urgency, the longevity of planning and development decisions 
locks cities into their effects for decades and sometimes centuries. For example, 
widening a roadway allows more vehicles to travel, encouraging more emissions for as 
many years as the widened roadway remains in use.

	●

54  OECD. (2000). Ancillary Benefits and Costs of Greenhouse Gas Mitigation. OECD Publishing.
55 Adapted from (Fay et al., 2015).
56 Lock-in effect refers to implementation of a strategy or action that improves performance of an object or activity in the short term but is 
prohibitive of future change. Lock-in effect can refer to building upgrades or land use. For example, where quick building retrofits are undertaken, 
no additional improvements in the equipment installed can be expected over the course of its lifetime without considerable additional expense. 
In this way, lower levels of energy reductions can be locked in for a long period.
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	● Distribution effects: Low-carbon actions have different impacts on different subsets of the 
population. Those with lower income levels may be unable to afford new heating and cooling 
systems in their homes; those with limited mobility may not be able to use transit as easily 
as the able-bodied; and those living in future generations will inherit the impacts of climate 
change caused by those who came before them. 

The following table provides an assessment of the co-benefits and co-harms of taking the low-carbon 
and adaptation actions over the Business-as-Planned scenario. 

Table 6. Summary of impacts.

1. Health 1. Health 

Co-benefits/ 
co-harms Adaptation Buildings Co-benefits/ 

co-harms Transportation Energy Waste

1.1 Co-benefit:  
Improved air quality

Dependent on urban design to reduce exposure 
of pedestrians to air pollution. Locally improved by 
increasing tree canopy.

Energy-efficient buildings with low- carbon heating/cooling 
systems have fewer drafts, less condensation, and  less 
temperature variation resulting in greater comfort and better 
health.

1.1 Co-benefit:  
Improved air quality

Reduced combustion of gasoline and diesel 
in vehicles reduces NOx and particulate 
matter in the air. In turn, this reduces 
respiratory illnesses and flare-ups.

Reduced natural gas combustion in 
furnaces and industrial processes 
reduces NOx and particulate matter in 
the air. In turn, this reduces respiratory 
illnesses and flare-ups.

Treating waste so as to 
reduce and capture methane 
reduces odor issues.

1.2 Co-benefit:  
Increased physical 
activity and health

Increased access to natural spaces and trails improves 
physical and mental health of the community.

1.2 Co-benefit:  
Increased physical 
activity and health

Comprehensive, well-maintained, and safe 
cycling and walking infrastructure results in 
increased activity, better mental and physical 
health, lower obesity rates, and lower rates of 
absenteeism from work.

1.3 Co-benefit: 
Reduction in noise 
pollution

Vegetation absorbs noise and provides areas in which 
animals can hear intraspecies communications.

Improved insulation in buildings reduces residents’ exposure 
to exterior noise.

1.3 Co-benefit: 
Reduction in noise 
pollution

Switching to electric vehicles reduces total 
vehicle noise as EVs do not produce as much 
noise as combustion engines.

1.4 Co-benefit:  
Improved accessibility

Mixed urban design results in dwellings being closer to 
commercial and service destinations.

1.4 Co-benefit:  
Improved accessibility

Transit-oriented development provides easier 
access to transit corridors and hubs.
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2. Economic prosperity 2. Economic prosperity

Co-benefits/ 
co-harms Adaptation Buildings Co-benefits/ 

co-harms Transportation Energy Waste

2.1 Co-benefit: 
Increased employment

Retrofitting buildings and building to new, higher 
standards will create a significant number of direct and 
indirect jobs annually. 

2.1 Co-benefit: 
Increased employment

Supplying, installing, and maintaining 
renewable and alternative energy 
systems, renewable fuels, and energy 
storage will generate a significant 
number of new jobs annually.

Waste mining for the circular 
economy, recycling, and the 
conversion of waste to fuel 
will all generate new jobs.

2.2 Co-harm: 
Decreased employment

2.2 Co-harm: 
Decreased 
employment

The large-scale shift to EVs will result 
in a reduction in overall maintenance 
requirements for vehicles.

2.3 Co-benefit: 
Increased  
long-term affordability

Initial capital costs for more energy- efficient buildings 
are more than offset with the resulting long-term 
savings in energy costs.

2.3 Co-benefit: 
Increased  
long-term affordability

EVs have higher initial capital costs 
than ICE vehicles; however, in the 
longer term, they save the owner more 
in avoided fuel and maintenance. 
Increased use of transit and active 
transportation also cost less than 
personal vehicles. 

Initial capital costs to replace high 
emissions heating and cooling 
technologies are more than offset 
with the resulting long-term savings in 
energy costs.

2.4 Co-benefit: 
Increased leadership 
reputation

A requirement for high-performance buildings creates 
a reputation for the city’s developers and builders as 
having the skills required for innovative and sustainable 
building.

2.4 Co-benefit: 
Increased leadership 
reputation

Less congestion, shorter commutes, 
more biking and walking infrastructure 
draw new, young residents to the city’s 
reputation of being a more liveable 
community.

Large-scale renewable and alternative 
energy deployment increase the 
city’s exposure as a climate leader 
and prepare the local labor force to 
maintain the energy systems of the 
future.

 The city becomes known not 
only for managing its own 
waste, but for converting 
it from a high-energy 
consuming enterprise to a 
profitable energy producer.
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2. Economic prosperity 2. Economic prosperity

Co-benefits/ 
co-harms Adaptation Buildings Co-benefits/ 

co-harms Transportation Energy Waste

2.5 Co-benefit: 
Increased  
social capital

Increased mixed-use spaces result in more interactions, 
increased safety, and larger social networks.

2.6 Co-benefit: 
Increased  
social capital

Increased active transportation and 
transit use promotes more interaction 
among citizens, improving social 
cohesion.

2.6 Co-benefit: 
Improved 
environmental capital

More intentional and denser use of land reduces 
impervious surfaces, creates opportunities for new 
public spaces, and preserves  greenspace as parks and 
natural areas that reduce heat island effects. Activating 
underperforming greenspace provides habitat and 
infiltration for runoff management.

More efficient buildings require less energy 
generation, decreasing the need for new energy 
generation facilities in green spaces outside the city 
boundary. 

2.7 Co-benefit: 
Improved 
environmental capital

Energy generation within the city 
boundaries decreases the need to 
import energy (losing some in the 
process) and reduces the need for 
new generation facilities in green 
spaces beyond the city. 

Waste managed as a valued 
resource results in less 
pollution of ground and 
groundwater.

(continued from previous table)
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3. Social equity 3. Social equity

Co-benefits/ co-harms Adaptation Buildings Co-benefits/ 
co-harms Transportation Energy Waste

3.2 Co-benefit:  
Quality of life for the elderly 
improves

Access to naturalized spaces improves physical and 
mental health of all ages, especially when cool outdoor 
areas provide relief from extreme heat.

Low-carbon buildings are more comfortable 
and healthier for residents who are more 
susceptible to illness.

3.2 Co-benefit:  
Quality of life for the 
elderly improves

Sidewalks and cycling infrastructure is 
developed to be safe for “anyone aged 
8-88”, improving seniors’ ability to 
continue to move in their communities. 

Heat exchange systems provide 
air conditioning to all residents, 
reducing the impacts of heat waves. 

3.3 Co-benefit:  
Quality of life for children 
improves

Increased access to outdoor recreation areas and 
complete green streets makes it easier for children 
to do more outside,get to know their neighbors, and 
travel independently.

Low-carbon buildings are healthier, meaning 
the important development that occurs during 
childhood years takes place in cleaner spaces.

3.3 Co-benefit:  
Quality of life for 
children improves

Safe, connected, well-maintained, 
and well-used bike paths, sidewalks, 
and transit infrastructure make these 
options better for children. 

3.4 Co-benefits:  
Increased intergenerational 
equity and resilience

Low-carbon actions that begin early avoid locked-in emissions and increased costs to fix stranded assets in all 
of these areas. Action now also ensures changes are made before the worsening impacts of climate change 
begin to damage outdated infrastructure. All of this reduces the burden on future generations.

3.4 Co-benefits:  
Increased 
intergenerational 
equity and resilience

Low-carbon actions that begin early avoid locked-in emissions and increased costs to fix stranded assets in all of these 
areas. Action now also ensures changes are made before the worsening impacts of climate change begin to damage 
outdated infrastructure. All of this reduces the burden on future generations.
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7. This is Only the Beginning
In the context of climate action, cities are, and must be, leaders. This role takes many forms: 
custodian, facilitator, implementer, investor, convener, decision-maker, regulator, prompter, 
and activator. The Climate Action Plan is an ambitious roadmap to achieve net-zero emissions 
by 2050, and it relies on a whole-city approach in which each staff member and department 
advances the objectives and targets. 

Climate action is about reducing greenhouse gas emissions, building a new economy, and 
improving quality of life. As is demonstrated by this analysis, the investments required to achieve 
the City’s targets generate both financial returns and health benefits for the people of Lakewood. 

By prioritizing actions that will reduce emissions and immediately improve the lives of community 
members, Lakewood can build momentum to continue the hard work of decarbonization. These 
actions include:

	● Retrofitting buildings, including developing pilot projects and supports for low-income 
households and rental properties. This can include partnering with local businesses to 
lead the retrofits, working to identify funding for these retrofits from grants and other 
sources, and sharing the learnings from these projects.

	● Supporting the development of renewable energy, starting with municipal buildings, 
and those able to participate easily on private properties. By pairing building retrofits 
with the installation of solar panels, immediate benefits will be felt by homeowners.

	● Establishing a network of charging stations for EVs and encouraging new development 
to include EV charging infrastructure. 

	● Expanding municipal capacity for managing and delivering these projects.

The scale of the transformation required to meet Lakewood’s climate goals can feel 
overwhelming. Focusing on the first year and then the first 5 years of the transformation will allow 
for concentrated effort, maximized learning, and appropriate risk-taking and exploration. 

There is no time to waste. 
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Appendix A: Data, Methods 
and Assumptions

Purpose of This Document
This Data, Methods, and Assumptions (DMA) manual details the modeling approach used 
to provide community energy and emissions benchmarks and projections while providing a 
summary of the data and assumptions used in scenario modeling. The DMA makes the modeling 
elements fully transparent and illustrates the scope of data required for future modeling efforts.

Glossary

BAU Business-as-Usual

CBECS Commercial Buildings Energy Consumption Survey

CHP Combined heat and power

DMA Data, methods, and assumptions manual

GHG Greenhouse gasses

GIS Geographic information systems

GPC Global Protocol on Community-Scale GHG Emissions Inventories

IPCC Intergovernmental Panel on Climate Change

VMT Vehicle miles traveled
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Accounting and Reporting Principles
The municipal greenhouse gas (GHG) inventory base year development and the scenario 
modeling approach correlate with the Global Protocol for Community-Scale GHG Emissions 
Inventories (GPC).1 The GPC provides a fair and true account of emissions via the following 
principles:

Relevance: The reported GHG emissions appropriately reflect emissions occurring as a result of 
activities and consumption within the City boundary. The inventory will also serve the decision-
making needs of the City, taking into consideration relevant local, state, and national regulations. 
Relevance applies when selecting data sources and determining and prioritizing data collection 
improvements.

Completeness: All emissions sources within the inventory boundary shall be accounted for and 
any exclusions of sources shall be justified and explained.

Consistency: Emissions calculations shall be consistent in approach, boundary, and 
methodology.

Transparency: Activity data, emissions sources, emissions factors, and accounting 
methodologies require adequate documentation and disclosure to enable verification.

Accuracy: The calculation of GHG emissions should not systematically overstate or understate 
actual GHG emissions. Accuracy should be enough to give decision makers and the public 
reasonable assurance of the integrity of the reported information. Uncertainties in the 
quantification process should be reduced to the extent possible and practical.

1 WRI, C40 and ICLEI (2014). Global Protocol for Community-Scale Greenhouse Gas Emissions Inventories. Retrieved from: https://ghgprotocol.
org/sites/default/files/standards/GHGP_GPC_0.pdf 
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Scope

Geographic Boundary

Energy and emissions inventories and modeling for the project will be completed for the  
City of Lakewood’s current boundary (Figure 1).

Figure 1. Geographical boundary for Lakewood, Ohio.

Time Frame of Assessment

The modeling time frame will include the years 2019–2050. The year 2019 will be used as the 
base year since it aligns with the City’s existing inventory and the latest census, and 2050 is the 
relevant target year. Model calibration for the base year uses as much locally observed data as 
possible. 

Rocky River

LAKEWOOD
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Energy and Emissions Structure

The total energy for a community is defined as the sum of the energy from each of the following aspects:

EnergyCity = Energytransport + Energybuildings + Energywaste&wastewater

Where:

Energytransport is the movement of goods and people.

Energybuildings is the generation of heating, cooling, and electricity.

Energywastegen is energy generated from waste.

The total GHG emissions for a community is defined as the sum from all in-scope emissions sources:

GHGlanduse = 	GHGtransport + GHGenergygen + GHGwaste&wastewater +  
	 GHGagriculture + GHGforest + GHGlandconvert

Where:

GHGtransport is emissions generated by the movement of goods and people.

GHGenergygen is emissions generated by the generation of heat and electricity.

GHGwaste&wastewater is emissions generated by solid and liquid waste produced.

GHGagriculture is emissions generated by food production.

GHGforest is emissions generated by forested land.

GHGlandconvert is emissions generated by the lands converted from natural to modified conditions.
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Emissions Scope

The inventory will include emissions Scopes 1 and 2 and some aspects of Scope 3, as defined by 
GPC (Table 1 and Figure 2). Refer to Appendix 1 of this DMA for a list of included GHG emissions 
sources by scope.

Table 1. GPC scope definitions.

Scope Definition

1 All GHG emissions from sources located within the municipal boundary.

2 All GHG emissions occurring from the use of grid-supplied electricity, 
heat, steam, and/or cooling within the municipal boundary.

3 All other GHG emissions that occur outside the municipal boundary as a 
result of activities taking place within the boundary.

Scope 1

Scope 2

Scope 3

Agriculture, forestry & 
other land use (AFOLU) 

In-boundary 
transportation 

Industrial 
processes & 
product use 
(IPPU) 

Out-of-boundary 
transporation

Other indirect 
emissions

Transmission 
& Distribution

Grid-supplied energy

Out-of-boundary waste 
& waterwaste

In-boundary waste 
& waterwaste  

Stationary fuel 
combustion

Figure 2. Diagram of GPC emissions scopes.
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The Model
The model is an energy, emissions, and finance tool developed by Sustainability Solutions Group and 
whatIf? Technologies. The model integrates fuels, sectors, and land use in order to enable bottom-up 
accounting for energy supply and demand, including:

•	 renewable resources;

•	conventional fuels;

•	energy consuming technology stocks (e.g. vehicles, appliances, dwellings, and buildings); and 

•	all intermediate energy flows (e.g. electricity and heat). 

Energy and GHG emissions values are derived from a series of connected stock and flow models, 
evolving based on current and future geographic and technologic decisions/assumptions (e.g. EV 
uptake rates). The model accounts for physical flows (e.g. energy use, new vehicles by technology, 
VMT) as determined by stocks (buildings, vehicles, heating equipment, etc.).

The model applies a system dynamics approach. For any given year, the model traces the flows 
and transformations of energy from sources through energy currencies (e.g. gasoline, electricity, 
hydrogen) to end uses (e.g. personal vehicle use, space heating) to energy costs and GHG emissions. 
An energy balance is achieved by accounting for efficiencies, technology conversion, and trade and 
losses at each stage in the journey from source to end use.

Table 2. Model characteristics.

Characteristic Rationale

Integrated The tool models and accounts for all city-scale energy and emissions in relevant 
sectors and captures relationships between sectors. The demand for energy services 
is modeled independently of the fuels and technologies that provide the energy 
services. This decoupling enables exploration of fuel-switching scenarios. Feasible 
scenarios are established when energy demand and supply are balanced.

Scenario-based Once calibrated with historical data, the model enables the creation of dozens of 
scenarios to explore different possible futures. Each scenario can consist of either one 
or a combination of policies, actions, and strategies. Historical calibration ensures that 
scenario projections are rooted in observed data.

Spatial Built environment configuration determines walkability and cyclability, accessibility to 
transit, feasibility of district energy, and other aspects. The model therefore includes 
spatial dimensions that can include as many zones (the smallest areas of geographic 
analysis) as deemed appropriate. The spatial components can be integrated with GIS 
systems, land-use projections, and transportation modeling.

GPC-compliant The model is designed to report emissions according to the Global Protocol for 
Community-Scale GHG Emissions Inventories (GPC) framework and principles.

Economic 
impacts

The model incorporates a high-level financial analysis of costs related to energy 
(expenditures on energy) and emissions (carbon pricing, social cost of carbon), as well 
as operating and capital costs for policies, strategies, and actions. This allows for the 
generation of marginal abatement costs.
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Model Structure

The major components of the model and the first level of their modeled relationships (influences) 
are represented by the blue arrows in Figure 3. Additional relationships may be modeled by 
modifying inputs and assumptions—specified directly by users—or in an automated fashion by 
code or scripts running “on top of” the base model structure. Feedback relationships are also 
possible, such as increasing the adoption rate of non-emitting vehicles in order to meet a GHG 
emissions constraint.

The model is spatially explicit. All buildings, transportation, and land-use data are tracked within 
the model through a GIS platform and by varying degrees of spatial resolution. A zone-type 
system is applied to divide the city into smaller configurations, based on the city’s existing traffic 
zones (or another agreeable zone system). This enables consideration of the impact of land-use 
patterns and urban form on energy use and emissions production from a base year to future 
dates using GIS-based platforms. The model’s GIS outputs will be integrated with the City’s 
mapping systems.

For any given year, various factors shape the picture of energy and emissions flows, including the 
population and the energy services it requires, commercial floorspace, energy production and 
trade, the deployed technologies that deliver energy services (service technologies), and the 
deployed technologies that transform energy sources to currencies (harvesting technologies). 
The model is based on an explicit mathematical relationship between these factors—some 
contextual and some part of the energy-consuming or energy-producing infrastructure—and the 
energy flow picture.

Some factors are modeled as stocks—counts of similar things, classified by various properties. 
For example, population is modeled as a stock of people classified by age and gender. 
Population change over time is projected by accounting for the natural aging process, inflows 
(births, immigration), and outflows (deaths, emigration). The fleet of personal-use vehicles, an 
example of a service technology, is modeled as a stock of vehicles classified by size, engine 
type, and model year, with a similarly classified fuel consumption intensity. As with population, 
projecting change in the vehicle stock involves aging vehicles and accounting for major inflows 
(new vehicle sales) and major outflows (vehicle discards). This stock-turnover approach is applied 
to other service technologies (e.g. furnaces, water heaters) and harvesting technologies (e.g. 
electricity generating capacity).
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Figure 3. Representation of the CiS model structure.

Sub-Models

Population and Demographics
City-wide population is modeled using the standard population cohort-survival method, 
disaggregated by single year of age and gender. It accounts for typical components of change: 
births, deaths, immigration, and emigration. The age-structured population is important for 
analyzing demographic trends, generational differences, and implications for shifting energy-use 
patterns. These numbers are calibrated against existing projections. 

Residential Buildings
Residential buildings are spatially located and classified using a detailed set of 30+ building 
archetypes capturing footprint, height and type (single, double, row, apt. high, apt. low), and 
year of construction. This enables a “box” model of buildings that helps to estimate the surface 
area, model energy use and simulate the impact of energy efficiency measures based on what 
we know about the characteristics of the building. Coupled with thermal envelope performance 
and degree days, the model calculates space conditioning energy demand independent of any 
space heating or cooling technology and fuel. Energy service demand then drives stock levels of 
key service technologies including heating systems, air conditioners, and water heaters. These 
stocks are modeled with a stock-turnover approach, capturing equipment age, retirements, 
and additions; exposing opportunities for efficiency gains and fuel switching; and showing the 
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rate limits to new technology adoption and the effects of lock-in (obligation to use equipment/
infrastructure/fuel type due to longevity of system implemented). Residential building archetypes 
are also characterized by the number of contained dwelling units, allowing the model to capture 
the energy effects of shared walls but also the urban form and transportation implications of 
population density.

Non-Residential Buildings
These are spatially located and classified by a detailed use/purpose-based set of 50+ 
archetypes. The floorspace of these archetypes can vary by location. Non-residential floorspace 
produces waste and demand for energy and water and provides an anchor point for locating 
employment of various types.

Spatial Population and Employment
City-wide population is made spatial through allocation to dwellings using assumptions 
about persons-per-unit by dwelling type. Spatial employment is projected via two separate 
mechanisms: population-related services and employment, which is allocated to corresponding 
building floorspace (e.g. teachers to school floorspace), and floorspace-driven employment (e.g. 
retail employees per square foot).

Passenger Transportation
The model includes a spatially explicit passenger transportation sub-model that responds to 
changes in land use, transit infrastructure, vehicle technology, travel behavior, and other factors. 
Trips are divided into four types (home-work, home-school, home-other, and non-home-
based), each produced and attracted by different combinations of spatial drivers (population, 
employment, classrooms, non-residential floorspace). Trips are distributed and trip volumes are 
specified for each zone of origin and zone of destination pair. For each origin-destination pair, 
trips are shared over walk/bike (for trips within the walkable distance threshold), public transit (for 
trips whose origin and destination are serviced by transit), and automobile. A projection of total 
personal vehicles miles traveled (VMT) and a network distance matrix are produced following 
the mode share calculation. The energy use and emissions associated with personal vehicles are 
calculated by assigning VMT to a stock-turnover personal vehicle model. The induced approach 
is used to track emissions. All internal trips (trips within the boundary) are accounted for, as well 
as half the trips that terminate or originate within the municipal boundary. Figure 4 displays trip 
destination matrix conceptualization.
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Figure 4. Conceptual diagram of trip categories.

Waste and Wastewater
Households and non-residential buildings generate solid waste and wastewater. The model 
traces various pathways to disposal, compost, and sludge, including those that capture energy 
from incineration and recovered gas. Emissions accounting is performed throughout the waste 
sub-model.

Energy Flow and Local Energy Production
Energy produced from primary sources (e.g. solar, wind) is modeled alongside energy converted 
from imported fuels (e.g. electricity generation, district energy, CHP). As with the transportation 
sub-model, the district energy supply model has an explicit spatial dimension and can represent 
areas served by district energy networks.

Finance and Employment
Energy-related financial flows and employment impacts are captured through an additional layer 
of model logic (not shown explicitly in Figure 2). Calculated financial flows include the capital, 
operating, and maintenance cost of energy-consuming stocks and energy-producing stocks, 
including fuel costs. Employment related to the construction of new buildings, retrofit activities, 
and energy infrastructure is modeled. The financial impact on businesses and households 
of implementing the strategies is assessed. Local economic multipliers are also applied to 
investments.
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Model Calibration for Local Context

Data Request and Collection
Local data was supplied by the municipality. Assumptions were identified to supplement any 
gaps in observed data. The data and assumptions were applied in modeling per the process 
described below.

Zone System
The model is spatially explicit: population, employment, residential, and non-residential 
floorspace are allocated and tracked spatially within the City’s zone system (see zvzv 5). 
These elements drive stationary energy demand. The passenger transportation sub-model, 
which drives transportation energy demand, also operates within the same zone system.

LAKEWOOD

Figure 5. Zone system used in modeling.

Buildings
Buildings data, including building type, building footprint area, number of stories, total 
floorspace area, number of units, and year built was sourced from City property assessment 
data. Buildings were allocated to specific zones using their spatial attributes, based on the zone 
system. Buildings are classified using a detailed set of building archetypes (see Appendix 2). 
These archetypes capture footprint, height, and type (e.g. single-family home, semi-attached 
home, etc.), enabling the creation of a “box” model of buildings and an estimation of surface area 
for all buildings.

Residential Buildings
The model multiplies the residential building surface area by an estimated thermal conductance 
(heat flow per unit surface area per degree day) and the number of degree days (heating and 
cooling) to derive the energy transferred out of the building during winter months and into 
the building during summer months. The energy transferred through the building envelope, 
the solar gain through the building windows, and the heat gains from equipment inside the 
building constitute the space conditioning load to be provided by the heat systems and the air 
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conditioning. The initial thermal conductance estimate is a regional average by dwelling type 
from a North American energy system simulator, calibrated for the Midwest. This initial estimate 
is adjusted through the calibration process as the modeled energy consumption from the market 
profile in the 2015 Residential Energy Consumption Survey (RECS) and City property  
assessment data.

Non-Residential Buildings
The model calculates the space conditioning load as it does for residential buildings with two 
distinctions: the thermal conductance parameter for non-residential buildings is based on 
floorspace area instead of surface area, and the model incorporates data from Ames.

Starting values for output energy intensities and equipment efficiencies for non-residential end 
uses are taken from the 2012 Commercial Buildings Energy Consumption Survey (CBECS). All 
parameter estimates are further adjusted during the calibration process. The calibration target for 
non-residential building energy use is the observed commercial and industrial fuel consumption 
in the base year.

Using assumptions for thermal envelope performance for each building type, the model 
calculates total energy demand for all buildings, independent of any space heating or cooling 
technology and fuel.

Population and Employment
Federal census population and employment data was spatially allocated to residential 
(population) and non-residential (employment) buildings. This enables indicators, such as 
emissions per household, to be derived from the model and drives the BAU energy and 
emissions projections for buildings, transportation, and waste.  

Population for 2018 was spatially allocated to residential buildings using initial assumptions about 
persons-per-unit (PPU) by dwelling type. These initial PPUs were then adjusted so that the total 
population in the model (which is driven by the number of residential units by type multiplied by 
PPU by type) matched the total population from census/regional data.

Employment for 2018 was spatially allocated to non-residential buildings using initial 
assumptions for two main categories: population-related services and employment allocated to 
corresponding building floorspace (e.g. teachers to school floorspace) and floorspace-driven 
employment (e.g. retail employees per square foot). Like population, these initial ratios are 
adjusted within the model so that the total employment derived by the model matches the total 
employment from census/regional data.

Transportation
The model includes a spatially explicit passenger transportation sub-model that responds to 
changes in land use, transit infrastructure, vehicle technology, travel behavior change, and other 
factors. Trips are divided into four types (home-work, home-school, home-other, and non-home-
based), each produced and attracted by a different combination of spatial drivers (population, 
employment, classrooms, non-residential floorspace). Trip volumes are distributed as pairs for 
each zone of origin and zone of destination. For each origin-destination pair, trips are shared over 
walk/bike (for trips within the walkable distance threshold), public transit (for trips whose origin 
and destination are serviced by transit), and automobile. Total personal vehicle miles traveled 
(VMT) is produced when modeling mode shares and distances. The energy use and emissions 
associated with personal vehicles is calculated by assigning VMT to model personal vehicle 
ownership. 
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The passenger transportation model is anchored with origin-destination trip matrices by trip 
mode and purpose generated by the City’s transportation department. The results are cross-
checked against indicators such as average annual VMT per vehicle. For medium- to heavy-duty 
commercial vehicle transportation, the ratio of local retail diesel fuel sales to State retail diesel fuel 
sales was applied to estimate non-retail diesel use.

The modeled stock of personal vehicles by size, fuel type, efficiency, and vintage was informed 
by regional vehicle registration statistics. The total number of personal-use and corporate 
vehicles is proportional to the projected number of households in the BAU.

The GPC-induced activity approach is used to account for emissions. Using this approach, all 
internal trips (within boundary) as well as half of the trips that terminate or originate within the 
municipal boundary are accounted for. This approach allows the municipality to understand its 
transportation impacts on its peripheries and the region.

Transit VMT and fuel consumption was modeled based on data provided by Ames in the 2018 
emissions inventory data.

Waste
Solid waste stream composition and routing data (landfill, composting, recycling) was sourced 
from local data sources. The base carbon content in the landfill was estimated based on historical 
waste production data. Total methane emissions were estimated for landfills using the first order 
decay model, with the methane generation constant and methane correction factor set to 
default, as recommended by and based on values from IPCC Guidelines for landfill emissions. 
Data on methane removed via recovery was provided by the landfills.

Data and Assumptions

Scenario Development

The model supports the use of scenarios as a mechanism to evaluate potential futures for 
communities. A scenario is an internally consistent view of what the future might turn out 
to be—not a forecast, but one possible future outcome. Scenarios must represent serious 
considerations defined by planning staff and community members. They are generated by 
identifying population projections into the future, identifying how many additional households 
are required, and then applying those additional households according to existing land-use 
plans and/or alternative scenarios. A simplified transportation model evaluates the impact of the 
new development on transportation behavior, building types, agricultural and forest land, and 
other variables.

Business-As-Usual Scenario

The Business-As-Usual (BAU) scenario estimates energy use and emissions volumes from the 
base year (2018) to the target year (2050). It assumes an absence of substantially different policy 
measures from those currently in place.

Methodology

1.	 Calibrate model and develop 2018 base year using observed data and filling  
in gaps with assumptions where necessary.
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2.	 Input existing projected quantitative data to 2050 where available:

	- Population, employment, and housing projections by transport zone

	- Build out (buildings) projections by transport zone

	- Transportation modeling from the municipality

3.	 Where quantitative projections are not carried through to 2050, extrapolate the 
projected trend to 2050.

4.	  Where specific quantitative projections are not available, develop projections by:

	- Analyzing current on-the-ground action (reviewing action plans, engagement 
with staff, etc.), and where possible, quantifying the action.

	- Analyzing existing policy that has potential impact and, where possible, 
quantifying the potential impact.

Low-Carbon Scenario

The model projects how energy flow and emissions profiles will change in the long-term by 
modeling potential changes in the context (e.g., population, development patterns); projecting 
energy services demand intensities, waste production and diversion rates, and industrial 
processes; and projecting the composition of energy system infrastructure.

Policies, Actions, and Strategies
Alternative behaviors of various energy system actors (e.g. households, various levels 
of government, industry, etc.) can be mimicked in the model by changing the values of 
the model’s user input variables. Varying their values creates "what if"-type scenarios, 
enabling a flexible mix-and-match approach to behavioral models that connect to the 
physical model. The model can explore a wide variety of policies, actions, and strategies 
via these variables. The resolution of the model enables the user to apply scenarios 
to specific neighborhoods, technologies, building or vehicle types or eras, and 
configurations of the built environment.

Methodology

1.	 Develop a list of potential actions and strategies.

2.	 Identify the technological potential of each action or group of actions to reduce 
energy and emissions by quantifying the actions:

a.	 If the action or strategy specifically incorporates a projection or target; or,

b.	 If there is a stated intention or goal, review best practices and literature to 
quantify that goal; and

c.	 Identify any actions that are overlapping and/or include dependencies on 
other actions.

3.	 Translate the actions into quantified assumptions over time.

4.	 Apply the assumptions to relevant sectors in the model to develop a low-carbon 
scenario (i.e. apply the technological potential of the actions to the model).
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5.	 Analyze results of the low-carbon scenario against the overall target.

6.	 If the target is not achieved, identify variables to scale up and provide a rationale 
for doing so.

7.	 Iteratively adjust variables to identify a pathway to the target.

8.	 Develop a marginal abatement cost curve for the low-carbon scenario.

Addressing Uncertainty
There is extensive discussion about the uncertainty in models and modeling results. The 
assumptions underlying a model can be from other locations or large data sets that do not 
reflect local conditions or behaviors, and even if they did accurately reflect local conditions, it 
is exceptionally difficult to predict how those conditions and behaviors will respond to broader 
societal changes and what those broader societal changes will be.

The whatIf?/SSG modeling approach uses four strategies for managing uncertainty applicable to 
community energy and emissions modeling:

1.	 Sensitivity analysis: One of the most basic ways of studying complex models is sensitivity 
analysis, which helps quantify uncertainty in a model’s output. To perform this assessment, 
each of the model’s input parameters is drawn from a statistical distribution in order to 
capture the uncertainty in the parameter’s true value (Keirstead, Jennings, & Sivakumar, 
2012).

	 Approach:  Selected variables are modified by ±10–20% to illustrate the impact that 
an error of that magnitude has on the overall total.

2.	 Calibration: One way to challenge untested assumptions is to use ‘back-casting’ to ensure 
the model can ‘forecast the past’ accurately. The model can then be calibrated to generate 
historical outcomes, calibrating the model to better replicate observed data.

	 Approach: Variables are calibrated in the model using two independent sources of 
data. For example, the model calibrates building energy use (derived from buildings 
data) against actual electricity data from the electricity distributor.

3.	 Scenario analysis: Scenarios are used to demonstrate that a range of future outcomes are 
possible given the current conditions and that no one scenario is more likely than another.

	 Approach: The model will develop a reference scenario.

4.	 Transparency:  The provision of detailed sources for all assumptions is critical to ensuring 
policy-makers understand the uncertainty intrinsic in a model.

	 Approach: Modeling assumptions and inputs are presented in this document.
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Sub-Appendix A: GPC Emissions Scope Table for 
Detailed Model

Green rows = Sources required for GPC BASIC inventory

Blue rows = Sources required GPC BASIC+ inventory

Orange rows = Sources required for territorial total but not for BASIC/BASIC+ reporting

Exclusion Rationale Legend

  N/A Not Applicable or not included in scope

  ID Insufficient Data

  NR No Relevance or limited activities identified

  Other Reason provided in other comments

GPC ref 
No.

Scope GHG Emissions Source Inclusion
Exclusion
rationale

I STATIONARY ENERGY SOURCES

I.1 Residential buildings

I.1.1 1 Emissions from fuel combustion within the city boundary Yes

I.1.2 2 Emissions from grid-supplied energy consumed within the city 
boundary

Yes

I.1.3 3 Emissions from transmission and distribution losses from grid-
supplied energy consumption

Yes

I.2 Commercial and institutional buildings/facilities

I.2.1 1 Emissions from fuel combustion within the city boundary Yes

I.2.2 2 Emissions from grid-supplied energy consumed within the city 
boundary

Yes

I.2.3 3 Emissions from transmission and distribution losses from grid-
supplied energy consumption

Yes

I.3 Manufacturing industry and construction

I.3.1 1 Emissions from fuel combustion within the city boundary Yes

I.3.2 2 Emissions from grid-supplied energy consumed within the city 
boundary

Yes

I.3.3 3 Emissions from transmission and distribution losses from grid-
supplied energy consumption

Yes
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GPC ref 
No.

Scope GHG Emissions Source Inclusion
Exclusion 
rationale

I.4 Energy industries

I.4.1 1 Emissions from energy used in power plant auxiliary operations 
within the city boundary

Yes

I.4.2 2 Emissions from grid-supplied energy consumed in power plant 
auxiliary operations within the city boundary

Yes

I.4.3 3 Emissions from transmission and distribution losses from 
grid-supplied energy consumption in power plant auxiliary 
operations

Yes

I.4.4 1 Emissions from energy generation supplied to the grid No NR

I.5 Agriculture, forestry, and fishing activities

I.5.1 1 Emissions from fuel combustion within the city boundary Yes  

I.5.2 2 Emissions from grid-supplied energy consumed within the city 
boundary

Yes  

I.5.3 3 Emissions from transmission and distribution losses from grid-
supplied energy consumption

Yes  

I.6 Non-specified sources

I.6.1 1 Emissions from fuel combustion within the city boundary No NR

I.6.2 2 Emissions from grid-supplied energy consumed within the city 
boundary

No NR

I.6.3 3 Emissions from transmission and distribution losses from grid-
supplied energy consumption

No NR

I.7 Fugitive emissions from mining, processing, storage, and transportation of coal

I.7.1 1 Emissions from fugitive emissions within the city boundary No NR

I.8 Fugitive emissions from oil and natural gas systems

I.8.1 1 Emissions from fugitive emissions within the city boundary Yes

II TRANSPORTATION

II.1 On-road transportation

II.1.1 1 Emissions from fuel combustion for on-road transportation 
occurring within the city boundary

Yes

II.1.2 2 Emissions from grid-supplied energy consumed within the city 
boundary for on-road transportation

Yes

II.1.3 3 Emissions from portion of transboundary journeys occurring 
outside the city boundary and transmission and distribution 
losses from grid-supplied energy consumption

Yes

(continued from previous table)
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GPC ref 
No.

Scope GHG Emissions Source Inclusion
Exclusion 
rationale

II.2 Railways

II.2.1 1 Emissions from fuel combustion for railway transportation 
occurring within the city boundary

No N/A

II.2.2 2 Emissions from grid-supplied energy consumed within the city 
boundary for railways

No N/A

II.2.3 3 Emissions from portion of transboundary journeys occurring 
outside the city boundary and transmission and distribution 
losses from grid-supplied energy consumption

No N/A

II.3 Water-borne navigation

II.3.1 1 Emissions from fuel combustion for waterborne navigation 
occurring within the city boundary

No NR

II.3.2 2 Emissions from grid-supplied energy consumed within the city 
boundary for waterborne navigation

No NR

II.3.3 3 Emissions from portion of transboundary journeys occurring 
outside the city boundary and transmission and distribution 
losses from grid-supplied energy consumption

No NR

II.4 Aviation

II.4.1 1 Emissions from fuel combustion for aviation occurring within 
the city boundary

Yes

II.4.2 2 Emissions from grid-supplied energy consumed within the city 
boundary for aviation

Yes

II.4.3 3 Emissions from portion of transboundary journeys occurring 
outside the city boundary and transmission and distribution 
losses from grid-supplied energy consumption

No  ID

II.5 Off-road

II.5.1 1 Emissions from fuel combustion for off-road transportation 
occurring within the city boundary

Yes  

II.5.2 2 Emissions from grid-supplied energy consumed within the city 
boundary for off-road transportation

No ID

III WASTE

III.1 Solid waste disposal

III.1.1 1 Emissions from solid waste generated within the city boundary 
and disposed in landfills or open dumps within the city 
boundary

No NR

III.1.2 3 Emissions from solid waste generated within the city boundary 
but disposed in landfills or open dumps outside the city 
boundary

Yes

(continued from previous table)
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GPC ref 
No.

Scope GHG Emissions Source Inclusion
Exclusion 
rationale

III.1 Solid waste disposal

III.1.3 1 Emissions from waste generated outside the city boundary and 
disposed in landfills or open dumps within the city boundary

No  N/A

III.2 Biological treatment of waste

III.2.1 1 Emissions from solid waste generated within the city boundary 
that is treated biologically within the city boundary

Yes

III.2.2 3 Emissions from solid waste generated within the city boundary 
but treated biologically outside the city boundary

No ID

III.2.3 1 Emissions from waste generated outside the city boundary but 
treated biologically within the city boundary

No N/A

III.3 Incineration and open burning

III.3.1 1 Emissions from solid waste generated and treated within the 
city boundary

Yes

III.3.2 3 Emissions from solid waste generated within the city boundary 
but treated outside the city boundary

No N/A

III.3.3 1 Emissions from waste generated outside the city boundary but 
treated within the city boundary

No N/A

III.4 Wastewater treatment and discharge

III.4.1 1 Emissions from wastewater generated and treated within the 
city boundary

Yes

III.4.2 3 Emissions from wastewater generated within the city boundary 
but treated outside the city boundary

No NR

III.4.3 1 Emissions from wastewater generated outside the city 
boundary

No N/A

IV INDUSTRIAL PROCESSES AND PRODUCT USE (IPPU)

IV.1 1 Emissions from industrial processes occurring within the city 
boundary

No ID

IV.2 1 Emissions from product use occurring within the city boundary No ID

V AGRICULTURE, FORESTRY, AND LAND USE (AFOLU)

V.1 1 Emissions from livestock within the city boundary Yes  

V.2 1 Emissions from land within the city boundary No NR

V.3 1 Emissions from aggregate sources and non-CO2 emission 
sources on land within the city boundary

No ID

VI OTHER SCOPE 3

VI.1 3 Other Scope 3 Yes

(continued from previous table)
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Sub-Appendix B: Building Types in the Model

Residential Building 
Types

Non-residential Building  
Types

Single_detached_small

Single_detached_medium

Single_detached_large

Double_detached_small

Double_detached_large

Row_house_small

Row_house_large

Apt_1To3Storey

Apt_4To6Storey

Apt_7To12Storey

Apt_13AndUpStorey

inMultiUseBldg 

college_university

school

retirement_or_nursing_home

special_care_home

hospital

penal_institution

police_station

military_base_or_camp

transit_terminal_or_station

airport

parking

hotel_motel_inn

greenhouse

greenspace

recreation

community_centre

golf_course

museums_art_gallery

retail

vehicle_and_heavy_equiptment_
service

restaurant

commercial_retail

commercial

warehouse_commercial

warehouse

religious_institution

surface_infrastructure

energy_utility

municipal_office

municipal_fire_station

municipal_police_station

municipal_culture

municipal_entertainment

municiipal_recreation

municipal_community_centre

municipal_arena_pool

municipal_yards_maintenance

municipal_other

municipal_retirement_home

water_pumping_or_treatment_
station

industrial_generic

pulp_paper

cement

chemicals

iron_steel_aluminum

mining

agriculture

industrial_farm

barn
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Sub-Appendix C: Emissions Factors Used

Category Value Comment

Natural gas 50 kg CO2e/GJ United States Environmental Protection Agency—
Emissions Factors for Greenhouse Gas Inventories

Table 1

March 9, 2018

Electricity 2019:

CO2: 386.01 g/kWh

CH4: 0.04 g/kWh

N2O: 0.01 g/kWh

2050:

CO2: 270.20 g/kWh

CH4: 0.03 g/kWh

N2O:0.004 g/kWh

This is from the Cuyahoga County Emission 
Report—believe it is direct from utility. The 2019 
eGrid emission factor is lower, Lakewood may 
prefer to use that emission factor if not confident 
of the County Emission Report source

Gasoline kg/mmBtu

CO2: 70.22

CH4: 0.003

N2O: 0.0006

United States Environmental Protection Agency—
Emissions Factors for Greenhouse Gas Inventories

Table 1

March 9, 2018

Diesel kg/mmBtu

CO2: 10.21

CH4: 0.003

N2O: 0.0006

United States Environmental Protection Agency—
Emissions Factors for Greenhouse Gas Inventories

Table 1

March 9, 2018
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Category Value Comment

Fuel oil Residential kg/mmBtu

CO2: 73.96

CH4: 0.003

N2O: 0.006

Commercial kg/mmBtu

CO2: 73.96

CH4: 0.003

N2O: 0.006

Industrial kg/mmBtu

CO2: 73.96

CH4: 0.003

N2O: 0.006

United States Environmental Protection Agency—
Emissions Factors for Greenhouse Gas Inventories

Table 1

March 9, 2018

Wood Residential kg/mmBtu

CO2: 93.8

CH4: 0.0072

N2O: 0.0036

Commercial kg/mmBtu

CO2: 93.8

CH4: 0.0072

N2O: 0.0036

Industrial kg/mmBtu

CO2: 93.8

CH4: 0.0072

N2O: 0.0036

United States Environmental Protection Agency—
Emissions Factors for Greenhouse Gas Inventories

Table 1

March 9, 2018

(continued from previous table)
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Category Value Comment

Propane kg/mmBtu

! transport

CO2: 61.46

CH4 : 0.003

N2O: 0.0006

! residential

CO2: 61.46

CH4 : 0.003

N2O: 0.0006

! all other sectors

CO2: 61.46

CH4 : 0.003

N2O: 0.0006

United States Environmental Protection Agency—
Emissions Factors for Greenhouse Gas Inventories

Table 1

March 9, 2018

Waste Landfill emissions are calculated 
from first order decay of 
degradable organic carbon 
deposited in landfill

derived emission factor in 2019 
= 0.012 tonne CH4/tonne solid 
waste (assuming 75% recovery of 
landfill methane),

.05 tonnes CH4/tonne solid waste 
not accounting for recovery

Landfill emissions: IPCC Guidelines Vol 5 Ch 3, 
Equation 3.1

Wastewater CH4: 0.2 kg CH4/kg BOD MCF: 
0.8

N2O: 3.2 g/(person * year) from 
advanced treatment

0.005 g/g N from wastewater 
discharge

CH4 wastewater: IPCC Guidelines Vol 5. Ch 6, 
Tables 6.2 and 6.3; MCF value for anaerobic 
digester

N2O from advanced treatment: IPCC Guidelines 
Vol 5. Ch 6, Box 6.1

(continued from previous table)
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Category Value Comment

Greenhouse 
gasses

Carbon dioxide (CO2), methane 
(CH4), and nitrous oxide (N20) are 
included.  

Global Warming Potential

CO2 = 1 
CH4 = 34 
N2O = 298

Hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulfur 
hexafluoride (SF6), and nitrogen trifluoride (NF3) are not 
included. 

(continued from previous table)



Appendix B: GPC Reporting
Green rows = Sources required for GPC BASIC inventory

Blue rows = Sources required GPC BASIC+ inventory

Orange rows = Sources required for territorial total but not for BASIC/BASIC+ reporting

Exclusion Rationale Legend

  N/A Not Applicable or not included in scope

  ID Insufficient Data

  NR No Relevance or limited activities identified

  Other Reason provided in other comments
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I STATIONARY ENERGY SOURCES

I.1 Residential buildings

I.1.1 1
Emissions from fuel combustion 
within the city boundary Yes 116,345 75 62 116,481

I.1.2 2

Emissions from grid-supplied 
energy consumed within the city 
boundary Yes 53,627 212 262 54,102

I.1.3 3

Emissions from transmission and 
distribution losses from grid-
supplied energy consumption Yes 5,052 20 25 5,097

I.2 Commercial and institutional buildings/facilities

I.2.1 1
Emissions from fuel combustion 
within the city boundary Yes 45,393 30 26 45,449

I.2.2 2

Emissions from grid-supplied 
energy consumed within the city 
boundary Yes 45,961 182 225 46,367
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I.2.3 3

Emissions from transmission and 
distribution losses from grid-
supplied energy consumption Yes 4,330 17 21 4,368

I.3 Manufacturing industry and construction

I.3.1 1
Emissions from fuel combustion 
within the city boundary Yes 8,646 6 5 8,657

I.3.2 2

Emissions from grid-supplied 
energy consumed within the city 
boundary Yes 8,033 32 39 8,104

I.3.3 3

Emissions from transmission and 
distribution losses from grid-
supplied energy consumption Yes 757 3 4 763

I.4 Energy industries

I.4.1 1

Emissions from energy used in 
power plant auxiliary operations 
within the city boundary No NR 0 0 0 0

I.4.2 2

Emissions from grid-supplied 
energy consumed in power plant 
auxiliary operations within the city 
boundary No NR 0 0 0 0

I.4.3 3

Emissions from transmission and 
distribution losses from grid-
supplied energy consumption in 
power plant auxiliary operations No NR 0 0 0 0

I.4.4 1
Emissions from energy generation 
supplied to the grid No NR 0 0 0 0

I.5 Agriculture, forestry and fishing activities

I.5.1 1
Emissions from fuel combustion 
within the city boundary No NR 0 0 0 0

I.5.2 2

Emissions from grid-supplied 
energy consumed within the city 
boundary No NR 0 0 0 0

I.5.3 3

Emissions from transmission and 
distribution losses from grid-
supplied energy consumption No NR 0 0 0 0

(continued from previous table)
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I.6 Non-specified sources

I.6.1 1
Emissions from fuel combustion 
within the city boundary No NR 0 0 0 0

I.6.2 2

Emissions from grid-supplied 
energy consumed within the city 
boundary No NR 0 0 0 0

I.6.3 3

Emissions from transmission and 
distribution losses from grid-
supplied energy consumption No NR 0 0 0 0

I.7 Fugitive emissions from mining, processing, storage, and transportation of coal

I.7.1 1
Emissions from fugitive emissions 
within the city boundary No NR 0 0 0 0

I.8 Fugitive emissions from oil and natural gas systems

I.8.1 1
Emissions from fugitive emissions 
within the city boundary Yes 4 3,282 0 3,287

II TRANSPORTATION

II.1 On-road transportation

II.1.1 1

Emissions from fuel combustion for 
on-road transportation occurring 
within the city boundary Yes 71,141 104 182 71,427

II.1.2 2

Emissions from grid-supplied 
energy consumed within the 
city boundary for on-road 
transportation Yes 211 1 1 213

II.1.3 3

Emissions from portion of 
transboundary journeys occurring 
outside the city boundary, and 
transmission and distribution 
losses from grid-supplied energy 
consumption Yes 53,914 79 138 54,131

(continued from previous table)
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II.2 Railways

II.2.1 1

Emissions from fuel combustion for 
railway transportation occurring 
within the city boundary No NR 0 0 0 0

II.2.2 2

Emissions from grid-supplied 
energy consumed within the city 
boundary for railways No NR 0 0 0 0

II.2.3 3

Emissions from portion of 
transboundary journeys occurring 
outside the city boundary, and 
transmission and distribution 
losses from grid-supplied energy 
consumption No NR 0 0 0 0

II.3 Water-borne navigation

II.3.1 1

Emissions from fuel combustion for 
waterborne navigation occurring 
within the city boundary No N/A 0 0 0 0

II.3.2 2

Emissions from grid-supplied 
energy consumed within the 
city boundary for waterborne 
navigation No N/A 0 0 0 0

II.3.3 3

Emissions from portion of 
transboundary journeys occurring 
outside the city boundary, and 
transmission and distribution 
losses from grid-supplied energy 
consumption No N/A 0 0 0 0

II.4 Aviation

II.4.1 1

Emissions from fuel combustion for 
aviation occurring within the city 
boundary No N/A 0 0 0 0

II.4.2 2

Emissions from grid-supplied 
energy consumed within the city 
boundary for aviation No N/A 0 0 0 0

(continued from previous table)
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II.4.3 3

Emissions from portion of 
transboundary journeys occurring 
outside the city boundary, and 
transmission and distribution 
losses from grid-supplied energy 
consumption No N/A 0 0 0 0

II.5 Off-road

II.5.1 1

Emissions from fuel combustion for 
off-road transportation occurring 
within the city boundary No NR 0 0 0 0

II.5.2 2

Emissions from grid-supplied 
energy consumed within the 
city boundary for off-road 
transportation No NR 0 0 0 0

III WASTE

III.1 Solid waste disposal

III.1.1 1

Emissions from solid waste 
generated within the city boundary 
and disposed in landfills or open 
dumps within the city boundary Yes 0 17,975 0 17,975

III.1.2 3

Emissions from solid waste 
generated within the city boundary 
but disposed in landfills or open 
dumps outside the city boundary Yes 0 0 0 0

III.1.3 1

Emissions from waste generated 
outside the city boundary and 
disposed in landfills or open 
dumps within the city boundary No N/A 0 0 0 0

III.2 Biological treatment of waste

III.2.1 1

Emissions from solid waste 
generated within the city boundary 
that is treated biologically within 
the city boundary Yes 0 0 0 0

(continued from previous table)
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III.2.2 3

Emissions from solid waste 
generated within the city boundary 
but treated biologically outside of 
the city boundary No N/A 0 296 951 1,247

III.2.3 1

Emissions from waste generated 
outside the city boundary but 
treated biologically within the city 
boundary No N/A 0 0 0 0

III.3 Incineration and open burning

III.3.1 1

Emissions from solid waste 
generated and treated within the 
city boundary No N/A 0 0 0 0

III.3.2 3

Emissions from solid waste 
generated within the city boundary 
but treated outside of the city 
boundary No N/A 0 0 0 0

III.3.3 1

Emissions from waste generated 
outside the city boundary but 
treated within the city boundary No N/A 0 0 0 0

III.4 Wastewater treatment and discharge

III.4.1 1

Emissions from wastewater 
generated and treated within the 
city boundary Yes 0 454 62 516

III.4.2 3

Emissions from wastewater 
generated within the city boundary 
but treated outside of the city 
boundary No NR 0 0 0 0

III.4.3 1

Emissions from wastewater 
generated outside the city 
boundary No N/A 0 0 0 0

IV INDUSTRIAL PROCESSES AND PRODUCT USE (IPPU)

IV.1 1
Emissions from industrial processes 
occurring within the city boundary No ID 0 0 0 0

(continued from previous table)
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IV.2 1
Emissions from product use 
occurring within the city boundary No ID 0 0 0 0

V AGRICULTURE, FORESTRY AND LAND USE (AFOLU)

V.1 1
Emissions from livestock within the 
city boundary No NR 0 0 0 0

V.2 1
Emissions from land within the city 
boundary No NR 0 0 0 0

V.3 1

Emissions from aggregate sources 
and non-CO2 emission sources on 
land within the city boundary No NR 0 0 0 0

VI OTHER SCOPE 3

VI.1 3 Other Scope 3 No N/A 0 0 0 0

TOTAL 438,184

(continued from previous table)
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 Appendix C: Engagement Plan
The Intent of this Document
The intent of this Engagement Plan is to outline the purpose, desired outcomes, approach, and 
roles and responsibilities of the engagement portion of Lakewood’s Climate Action Plan (CAP). 

 

Background
Context
The City of Lakewood intends to be a regional leader in climate and sustainability planning. 
This involves the creation of a Climate Action Plan for both the municipality and the community, 
building on the City’s 2019 Resiliency Task Force. The CAP will be created through an equity lens 
in order to meet the City’s energy transition goals while ensuring a just transition for all residents. 
This project will also include a risk and vulnerability assessment. 

Supporting Strategic Documentation
Strategic documents, planning initiatives, and climate modeling for the City of Lakewood have 
been compiled and reviewed to develop a plan and modeling method for the CAP. Drawing on 
examples, principles, and approaches from these documents will increase the Climate Action 
Plan’s alignment with these other plans and help to integrate all of these different, but related, 
initiatives. These plans include:

•	Cuyahoga County Solid Waste Management Plan

•	Cuyahoga Greenways Plan

•	Tree Action Plan

•	Downtown Lakewood Development Site Market Study

What is Being Decided and Who Decides? 
By October 2022, the City of Lakewood’s Council will approve a Climate Action Plan, designed 
to achieve the City’s goal to reduce climate risk and vulnerability while also reflecting the 
knowledge, input, and perspectives of the community.

Engagement Strategy
The Engagement Strategy is the framework that will ensure key internal and external interested or 
affected parties are given opportunities to inform and provide feedback to create the best CAP 
possible and to establish a community that will support the implementation of the plan through 
to its completion. 



Givens 
Givens are facts that are outside the scope of engagement, which means they are not negotiable. 
The givens for this engagement will include the following:

•	Climate change is real and primarily driven by human activity. 

•	The City of Lakewood will set climate action targets and develop a Climate Action Plan 
for adoption by October 2022.

Guiding Principles
The following principles should guide the design and execution of all engagement activities: 

•	Engagement meeting formats will be guided by interested or affected parties’ 
preferences.

•	While in-person engagement opportunities are preferred, the challenges of COVID-19 
direct us to online engagement for the near future. Online engagement opportunities 
will be as interactive as possible and in-person opportunities will be planned should 
physical distancing measures be modified during the active engagement period. 

•	Engagement conversations will be values-based.

•	The Project Team will communicate values and educate interested or affected parties 
about complexity before and during the active engagement period, in order to raise the 
general level of understanding around climate action planning.

•	The Project Team will involve key interested or affected parties in information collection 
to demonstrate process integrity and build credibility for recommendations.

•	Communication of background information and engagement opportunities (times, 
dates, online venues) will happen in a reasonable time prior to engagement.

•	 Interested or affected parties will have opportunities to provide input.

•	Concerns and aspirations will be discussed in order to formulate options for 
consideration.

•	Decision-making will be consensus-based. In the event that a consensus is not possible, 
the decision-maker will consider the advice received during the engagements to the 
extent possible in making the required decisions.

Interested or Affected Community Parties
Interviewees from the pre-engagement interviews suggested the plan incorporate interested 
or affected parties that can be grouped into four categories: government/public organizations, 
businesses and economic organizations, non-profit and community groups, and the community. 
Multiple interviewees recommended the inclusion of people with diverse backgrounds. The 
following is a list of suggested interested or affected parties:

•	A variety of groups, including youth, seniors, refugees, arborists, and environmentalists. 

•	Environmental groups, including the local chapter of Sierra Club and Facebook groups 
like Buy Nothing Lakewood (East) and Buy Nothing Lakewood (West). 

•	City advisory groups, commissions, task forces, and civil service organizations, including 
the Tree Advisory and Education Board, Clean Water Lakewood Task Force, Anti-Racism 
Task Force, and Help to Others. 
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•	Regional organizations that have an interest in or manage infrastructure in Lakewood, 
including Cleveland Metroparks, regional sewage management organizations.

•	Businesses and business owners, including small businesses, developers, and 
businesses aligned with climate action like vegan restaurants and Little Spark Refill Shop. 

•	Property owners. 

•	Groups that are part of the Community Health Needs Assessment. 

•	Community organizations, including Lakewood Chamber of Commerce, 
LakewoodAlive, schools and teachers, schools groups, libraries, churches and 
organizations, Kiwanis Club of Lakewood, Rotary Club of Lakewood, and Lakewood 
Democratic Club.

•	Members of City Council and people who ran for Council but did not win a seat.

Communications
Comprehensive communications and education efforts are critical to the engagement’s overall 
success. Interested or affected parties will need to see that sustained efforts are necessary in 
order to implement the low-carbon climate action transition over the long term. Working with 
the City of Lakewood’s communications staff and the Project Team, we will communicate the 
following key messages through the channels outlined below, targeting the specific  
audiences listed.

Key Messages
The following key messages, which have been informed by the pre-engagement interview 
process, have been developed for the project: 

•	The City of Lakewood is committed to creating a climate-friendly future by partnering  
with the community.

•	The Climate Action Plan is essential to the City of Lakewood's sustainable and vibrant 
climate friendly future, and the City is committed to creating a meaningful and  
feasible plan. 

Engagement Objectives
Engagement objectives are strategic. They outline the purpose (not the technique) of the 
plan, defining what is successful and meaningful, while being clear about the level of influence 
participants have. Engagement techniques (e.g. workshops, committees, surveys, etc.) are 
tactical; they appear in the next section and are linked with these objectives to show how the 
techniques achieve the objectives.  

Outcomes are changes in state (e.g. the development of a relationship) and outputs are tangible 
(e.g. a list or a request). The combination of these with the engagement techniques ensure 
achievement of the objectives. 
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Objective 1: To inform diverse residents about the creation of the plan through regular 
communications channels and frequent invites to participate. 

•	Outcome: A diverse segment of Lakewood residents will understand how to engage 
with the plan creation and be motivated to participate. 

•	Outcome: A series of pre-engagement interviews with key interested and affected 
parties to ask how residents should be engaged for the plan. 

•	Output: A list of residents who wish to participate in the plan and their contact 
information (ongoing intake for the project’s duration). 

•	Output: Sharing information through the City’s digital communications channels and 
advertising (print and digital) about how to contribute and the benefits of participation. 

Objective 2: To involve residents in documenting their preferred approaches to climate action, 
their local climate change concerns, and the decision-making criteria for the plan. 

•	Outcome: Members of the public provide their input, are familiar with the plan’s 
necessity, and are enthusiastic about their involvement. 

•	Output: Documented advice and preferred criteria for the selection of climate actions 
for the plan. 

•	Output: Identify a list of, and engage with, popular community FB groups in Lakewood 
(e.g., Buy Nothing Lakewood (East) and Buy Nothing Lakewood (West)) to inform them 
about the plan and invite them to participate (not debate the plan). 

Objective 3: To involve the Advisory Committee in documenting their preferred approach to 
climate actions, their local climate change concerns, and decision-making criteria for the plan. 

•	Outcome: Members are champions of the plan and actively encourage members of 
their networks to participate. 

•	Output: Documented advice and preferred criteria for the selection of climate actions 
for the plan.  

•	Output: List of community assets, characteristics, and vulnerabilities for the Climate 
Vulnerability Assessment.

•	Outcome: City stakeholders gain an understanding of the city’s current and future 
emissions profile and begin to identify emissions reduction actions.

•	Output: A list of the top most impactful climate-related actions/initiatives prioritized.

Objective 4: To inform residents and affected communities how their feedback and 
participation shaped the plan. 

•	Outcome: Residents and affected communities understand how their feedback shaped 
the plan and find the process acceptable. 

•	Output: “What we Heard” updates provided at key points of the project. 
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Engagement Phases and Techniques Timetable
The timeline of engagement will be integrated with the project’s modeling activities. Between the stages of 
modeling, engagement input will be gathered and incorporated into modeling considerations.

Data Collection Calibrated 
Base Year

Scenario 
Development

Scenario 
Modelling

Scenario 
Refinement

Engagement

Engagement

Data & 
Visualization

Preferred
ScenarioEngagementContextEngagement

 

Figure 1. Timeline of Engagement 
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Figure 2. Phase 1: Pre-Engagement Interviews  
and Engagement Design
Project initiation: October 2021 - January 2022

Activity SSG LAKEWOOD Objectives Timeframe

Pre-Engagement Interviews and 
Summary Report

•	Conduct interviews of 
individuals identified by Town 
staff (30-minute to 1-hour phone 
or video call). 

•	Analyze interviews.

•	 Identify 
participants and 
invite them.

1 Completed 

Engagement Plan design •	Draft engagement plan. •	Refine and 
approve.

All January 

CAP engagement materials, 
including a dedicated project logo, 
promotional materials that can be 
shared online (e.g. social media, 
City’s website), and content for the 
CAP website. 

•	Prepare communications 
materials for the CAP 
engagement process. 

•	Provide support 
and guidance. 

1, 2, 3 Ongoing 
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Phase 2: Active Engagement Period 
February – September 2022

Phase 2: Active Engagement Period

Activity
IAP2 Spectrum 
Level

SSG LAKEWOOD Objectives Timeframe

Public comms updates Inform. 

Promise to the public: 
We will keep you 
informed on the 
plan’s progress and 
opportunities for you 
to become involved. 

•	Develop key messages in 
partnership with Lakewood 
staff. 

•	Assist in developing 
regular project updates 
for distribution through 
Lakewood communications 
channels.

•	Provide key calls to action 
from modeling output for 
inclusion in other materials.

•	Edit draft key messages. 

•	Create invites for 
engagement events. 

•	Create an email newsletter 
list.

•	Assist with distribution of 
engagement information/
updates on relevant 
platforms, including a variety 
of social media, and local 
organizations and groups. 

1 Throughout 
project

Public Engagement Webinar: 
Climate Action and Adaptation

The team will lead a public webinar 
that introduces the community, 
and frontline communities most 
impacted by climate change, to 
the key elements of climate action 
and adaptation planning, and 
the CAP process. The webinar 
will also share information about 
how communities can get further 
involved in the project.

Involve.

Promise to the public: 
We will incorporate 
your preferences 
and feedback to 
the extent possible 
and seek advice 
in formulating 
alternatives. 

•	Prepare an energy and 
emissions planning 101 
presentation.

•	Prepare an overview of 
the project process and 
milestones.

•	Provide digital framework/ 
exercise tools.

•	Recruit participants.

•	Coordinate meeting timing 
and hosting.

•	Review presentation 
materials prior to the 
workshop.

•	Respond to questions about 
the City’s role, jurisdiction.

2  January 
2022
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Phase 2: Active Engagement Period

Activity
IAP2 Spectrum 
Level

SSG LAKEWOOD Objectives Timeframe

Advisory Committee Meeting 1: 
The Process

The Team will present the project 
approach to the Advisory 
Committee, and describe how 
and when during the process 
their feedback and inputs will 
be sought. The workshop will 
identify draft criteria for prioritizing 
low-carbon actions and policies 
that will be refined further in the 
project.

Involve.

Promise to the public: 
We will incorporate 
your preferences 
and feedback to 
the extent possible 
and seek advice 
in formulating 
alternatives. 

•	Prepare a 
climate action 
and adaptation 
planning 101 
presentation.

•	Prepare an 
overview of 
the project 
process and 
milestones.

•	Provide digital 
framework/
exercise tools.

•	Recruit committee 
members.

•	Coordinate meeting 
timing and hosting.

•	Provide presentation 
background material 
on the CAP, indicating 
how it fits with other 
City plans/strategies.

•	Review presentation 
materials prior to the 
workshop.

•	Respond to questions 
about the City’s role, 
jurisdiction.

3  Jan/Feb 
2022

Advisory Committee Meeting 2: 
Inventory and BAU

SSG will present the GHG 
inventory and BAU modeling 
results to the City’s Advisory 
Committee. The workshop will 
give the committee a chance to 
explore key opportunities and 
challenges in reducing emissions.

Involve.

Promise to the public: 
We will incorporate 
your preferences 
and feedback to 
the extent possible 
and seek advice 
in formulating 
alternatives. 

•	Prepare an annotated 
agenda for the session.

•	Prepare an inventory 
and BAU  presentation.

•	Provide digital 
framework/exercise 
tools.

•	Coordinate meeting 
timing and hosting.

•	Provide presentation 
material as needed.

•	Review presentation 
materials prior to the 
workshop.

•	Respond to questions 
about the City’s role, 
jurisdiction.

3 Feb/March 
2022

(continued from previous table)
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Phase 2: Active Engagement Period

Activity
IAP2 Spectrum 
Level

SSG LAKEWOOD Objectives Timeframe

Community & Advisory 
Committee Focus Groups 
- Adaptation

SSG will run two focus groups—
one with a cross section of 
community members and 
another with the Advisory 
Committee—focused on 
understanding community assets 
and vulnerabilities with respect 
to climate risks. Through these 
focus groups, SSG will gather 
insights on community assets and 
characteristics that may strengthen 
or weaken the implementation 
of potential climate actions, 
in addition to enhancing or 
weakening climate resilience.

Involve.

Promise to the public: 
We will incorporate 
your preferences 
and feedback to 
the extent possible 
and seek advice 
in formulating 
alternatives. 

•	Prepare focus group 
annotated agenda.

•	Lead the focus 
group, create 
questions for the 
Climate Vulnerability 
Assessment. 

•	Facilitate focus groups.

•	Produce summary 
report. 

•	Recruit appropriate 
sector-based focus 
group attendees.

•	Review presentation 
materials prior to the 
workshop.

•	Coordinate meeting 
timing.

•	Note that City officials 
do not attend Focus 
Groups but will receive 
a summary of what was 
heard.

3 Feb/March 
2022

(continued from previous table)
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Phase 2: Active Engagement Period

Activity
IAP2 Spectrum 
Level

SSG LAKEWOOD Objectives Timeframe

Public Engagement  Workshop: 
Actions Prioritization

SSG will work with the City to 
facilitate a community engagement 
session to identify which catalog 
actions are priorities for residents, 
as well as additional actions 
desired. The first part of this 
session could include exercises 
to identify action selection criteria 
(e.g., emissions impact, health 
benefits, equity impacts, costs). 
The second part could identify 
actions to test in the model and 
incorporate into the CAP.

Involve.

Promise to the public: 
We will incorporate 
your preferences 
and feedback to 
the extent possible 
and seek advice 
in formulating 
alternatives. 

•	Prepare an annotated 
agenda.

•	Prepare actions 
presentation.

•	Review the project 
process and 
milestones.

•	Provide digital 
framework/exercise 
tools.

•	Recruit participants.

•	Coordinate meeting 
timing and hosting.

•	Review presentation 
materials prior to the 
workshop.

•	Respond to questions 
about the City’s role, 
jurisdiction.

2  Feb/March 
2022

(continued from previous table)
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Phase 2: Active Engagement Period Phase 2: Active Engagement Period

Activity
IAP2 Spectrum 
Level

SSG LAKEWOOD Objectives Timeframe

Advisory Committee Meeting 
3: Targets and Actions

SSG will present the targets 
analysis and catalog of actions 
to the Advisory Committee 
in a workshop. Based on the 
discussion and a real-time 
survey, we will recommend final 
emissions reduction targets and a 
list of low-carbon and adaptation 
actions to model (five to 10 most 
impactful actions for both the 
community and City operations).

Involve.

Promise to the public: 
We will incorporate 
your preferences 
and feedback to 
the extent possible 
and seek advice 
in formulating 
alternatives. 

•	Prepare an annotated 
agenda for the session.

•	Prepare a targets and 
actions presentation.

•	Provide digital 
framework/exercise 
tools.

•	Coordinate meeting 
timing and hosting.

•	Provide presentation 
materials as needed.

•	Review presentation 
materials prior to the 
workshop.

•	Respond to questions 
about the City’s role, 
jurisdiction.

3  April 2022

(continued from previous table)
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Phase 3: Final Report and Presentation
June 2022

Phase 3: Final Report and Presentation Phase 3: Final Report and Presentation

Activity
IAP2 

Engagement
SSG LAKEWOOD Objectives Timeframe

Presentation to Council 
[optional] 

If requested, we will support 
staff with presenting the final 
CAP to Council. We anticipate 
that this would be a formality 
for adoption and part of the 
budgeting process for the 
City.

•	Draft presentation.

•	Deliver 
presentation 
to Council and 
answer questions. 

•	Edit presentation. 

•	Co-deliver presentation. 

•	Organization of posts for use in 
final plan as it relates to specific 
data or modeling results.

•	Editorial story summary report.

4 Aug/Sept 
2022

Summary of Engagement 
Comments

The team will prepare a 
summary of public and 
Advisory Committee 
engagement activities 
throughout the process of 
creating the CAP. They will 
also include their input and the 
input of City staff on the draft 
CAP. These will be integrated 
into the final CAP.

Inform. 

Promise to the public: 
We will keep you 
informed on the plan’s 
progress.

•	Prepare report. •	Review report. 4 July 2022
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Sub-Appendix D: IAP2 Public Participation 
Spectrum

 ©2007 International Association for Public Participation
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To provide the 
public with 
balanced and 
objective 
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understanding the 
problem, 
alternatives, 
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To obtain public 
feedback on 
analysis, 
alternatives and/or 
decisions. 

We will keep you 
informed, listen to 
and acknowledge 
concerns and 
aspirations, and 
provide feedback 
on how public input 
influenced the 
decision.

To work directly 
with the public 
throughout the 
process to ensure 
that public concerns 
and aspirations are 
consistently 
understood and 
considered. 

We will work with 
you to ensure that 
your concerns and 
aspirations are 
directly reflected in 
the alternatives 
developed and 
provide feedback 
on how public input 
influenced the 
decision.  

To partner with the 
public in each 
aspect of the 
decision including 
the development of 
alternatives and 
the identification of 
the preferred 
solution. 

We will look to you 
for advice and 
innovation in 
formulating 
solutions and 
incorporate your 
advice and 
recommendations 
into the decisions 
to the maximum 
extent possible. 

To place final 
decision making 
in the hands of 
the public. 

We will implement 
what you decide. 
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Appendix D: Engagement 
Summary
How We Engaged
To meet the engagement objectives identified in the Engagement Plan (Appendix C), SSG 
worked with the City to engage interested and affected parties through a series of Community 
Advisory Committee meetings, focus groups, and public meetings. 

Community Advisory Committee

The Community Advisory Committee (CAC) was formed by the City of Lakewood to inform the 
development of the CAP and identify priority themes and actions. The committee was made up 
of diverse interested and affected parties, including: 

•	A representative of a utility; 

•	A representative of an energy aggregator; 

•	A representative of Northeast Ohio Areawide Coordinating Agency (NOACA); 

•	A representative of Lakewood City Schools;

•	A representative of the Greater Cleveland Regional Transit Authority (GCRTA); 

•	A member of the Black Environmental Leaders Association; 

•	A representative of Power a Clean Future Ohio, a non-partisan coalition focused on 
advancing climate solutions; 

•	A representative of an organization that promotes green building and sustainable 
communities; and

•	Five residents. 

The CAC had five meetings facilitated by SSG in collaboration with the City. 

CAC Meeting 1
The first meeting introduced the CAC to the project and outlined the following aspects of the 
climate action planning process: 

•	The objectives, milestones, and key elements of the Lakewood CAP Process; 

•	Lakewood’s greenhouse gas inventory; and

•	The Business-as-Usual (BAU) modeling results. 

During the Q&A period, CAC members asked questions about Lakewood’s greenhouse gas 
inventory, the BAU modeling results, and potential climate actions solutions.  
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CAC Meeting 2
At the second meeting, SSG briefed the CAC about the modeling approach, target setting, and 
potential approaches for setting a target for Lakewood, including an evidence-based approach 
and alignment with the federal target. SSG then sought CAC feedback on potential targets via a 
group discussion and Mentimeter (digital polling tool). The majority (eight of 12) recommended 
alignment with the federal target. 

CAC members noted that this approach would give the City access to federal funding and could 
help garner public support. One described aligning with the federal target as “the minimum 
level of aggressiveness necessary.”  At the same time, CAC members expressed concerns about 
aligning with the federal target, including that the federal target is not aggressive enough, that it 
would be challenging to achieve, that it did not provide sufficient consideration for equity, and 
that the target might change when the administration changes. 

Two CAC members recommended the evidence-based approach. CAC members said they 
liked the approach because it is not prescriptive, it allows for more flexibility, and it could be 
“more realistic” and “achievable.” However, members also said that they were concerned this 
approach would be too ambiguous, that it would be difficult to measure success, and that it 
might result in less-aggressive action.

CAC Meeting 3
 At the third CAC meeting, SSG informed the CAC members about draft low-carbon actions for 
the CAP and their short- and long-term impact on emissions. CAC members were asked for input 
on their positive and negative perceptions of low-carbon actions, considerations related to the 
low-carbon actions, and their priorities related to the low-carbon actions. 

Several CAC members expressed excitement about the building actions, noting the potential of 
retrofitting existing buildings to improve energy efficiency and reduce emissions while providing 
benefits, especially to lower-income residents, by reducing energy bills. They also saw potential 
opportunities for educating residents about retrofits and energy, creating new training programs 
and jobs (for retrofits and building net-zero buildings), and expanding on existing programs 
and incentives for retrofit programs. CAC members also saw opportunities in shifting to and 
building new heating systems with air-source and water heat pumps, as well as in requiring all 
new buildings to meet net-zero energy standards by 2030. One person commented that it is 
“much easier to build it right than to retrofit.” Additionally, CAC members pointed to Rewiring 
America and Minnesota’s Energy Conservation and Optimization Act as examples of resources 
and policies that should be considered by the City of Lakewood. 

CAC members also pointed to challenges and concerns that might hinder the impact of the draft 
building actions. 

CAC Meeting 4
The fourth CAC meeting was structured as a focus group on climate adaptation. Input from this 
meeting was analyzed with input from a community focus group on the same topic. Please see 
below for more details. 

CAC Meeting 5
At the fifth CAC meeting, SSG presented the final set of modeled actions to CAC members and 
gathered their input on implementing actions in each sector. Members were divided into two 
groups and shared their feedback on a Miro board and via group discussion. The facilitators 
captured spoken feedback on the Miro board. For each action, CAC members responded to the 
following questions:
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•	Who should implement this action?

•	Who can fund this action?

•	What opportunities are there for action?

•	What are barriers to action?

•	What equity considerations are relevant to this action?

CAC members were broadly supportive of the actions. They indicated that people across 
the Lakewood community and beyond (the federal and state governments) can contribute 
to the success of climate action in Lakewood. Their comments highlighted the critical role of 
government (at the municipal, regional, and federal level) as an enabler, suggesting that all levels 
of government could provide incentives and subsidies to enable low-carbon action. At the same 
time, CAC members noted instances in which regional and federal governments might hinder 
climate action. For example, members were concerned that state regulations related to building 
codes and solar energy could hinder Lakewood’s ability to take effective action.

At the same time, CAC members highlighted ways in which the City can be an enabler of climate 
action, such as through educating the public, partnering with local organizations to launch 
initiatives, coordinating action with regional agencies, and creating an EV charging network to 
enable increased uptake of EVs.

Additionally, CAC members noted that cost can be a major barrier to participation in 
decarbonization. They also suggested ways in which implementation of the modeled actions 
could increase and decrease inequity. These included:

•	Helping create equitable access to jobs that arise from low-carbon actions, such as 
increasing renewable energy and retrofits;

•	Ensuring equitable opportunity to participate in low-carbon action, such as through 
financial support for low-income households that want to undertake retrofits; and

•	Ensuring equitable access to the benefits of low-carbon action, such as by focusing on 
increasing tree canopy in areas with low tree cover.

Climate Adaptation Focus Groups

As a part of the climate action planning process for the City of Lakewood’s Climate Action 
Plan, SSG and Biohabitats undertook two online focus groups with a diverse cross section of 
community members to gather input about: 

•	Hazards and risks that might be missing from our analysis; 

•	The impact of climate risks and hazards on the Lakewood community so far; 

•	The groups that will be most affected by climate risks and hazards; and

•	Equity considerations related to climate hazards. 

The focus groups helped us identify community concerns and vulnerabilities related to climate 
risks and hazards. 
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The team held one focus group with seven members of the Community Advisory Committee 
and a second focus group with 10 Lakewood residents of varying ages, backgrounds, 
professions, and ethnicities, including three members of the Lakewood Community Relations 
Advisory Committee, a member of Lakewood’s Climate Resiliency Task Force, the manager of 
a service-learning program, a student, a small business owner, and a member of the Lakewood 
Chamber of Commerce.

The following themes emerged during the discussions: 

•	Residents are highly concerned about rising temperatures, temperature extremes, 
severe storms, and flooding.

•	Aging infrastructure could decrease Lakewood’s climate resilience. 

•	Lakewood’s energy system is not sufficiently resilient. 

•	Residents are worried about how climate change will impact public health and 
inequities. 

•	Residents are worried about the impact of climate change on air, water quality, and 
local ecosystems.

•	Seniors, children and youth, low-income residents, renters, people with disabilities, 
and people who use active or public transportation are among the most vulnerable to 
climate impacts.   

Public Meetings
SSG facilitated two public meetings related to this project.

Public Meeting 1

At the first meeting, SSG introduced attendees to the team, the project, and climate action 
planning. Attendees had an opportunity to ask questions and participate via Mentimeter, an 
online polling tool. Twenty-two attendees participated in the Mentimeter poll. The feedback 
gathered via Mentimeter focused on peoples’ hopes for the Climate Action Plan and existing 
sustainability initiatives. Their responses are summarized below. 

Lakewood’s Great Qualities
In order to get an understanding of Lakewood’s strengths and characteristics, we asked 
attendees “What makes Lakewood a great place to live?” Their response generated the 
word cloud below. The most common themes related to walkability, community, and 
progressiveness. 
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Figure 1. Word cloud generated in response to “What makes Lakewood a great place to live?” 
Thirteen people responded to the question.  

Successful Environmental Initiatives in Lakewood
We asked the audience, “Are there any environmental initiatives in Lakewood that you think have 
been really successful?” Participants submitted 17 comments that highlighted: 

•	The City’s deployment of renewable energy in its operations, including solar on the 
City’s roofs; 

•	Effective stormwater management; 

•	EV charging stations; 

•	 Improvements to bicycle and pedestrian infrastructure; 

•	Local tree planting initiatives; 

•	The City’s sidewalk repair program; 

•	Lakewood Earth and Food Community (LEAF), including community gardens;

•	Curbside recycling; 

•	The City’s Clean Water Lakewood program; 

•	Bus route with RTA down Clifton; and

•	The creation of Solstice Steps in Lakewood Park. 
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Effective Problem-Solving in Lakewood 
Next, we asked the audience, “Are there any other problem-solving examples in the community 
that you think have been really effective?” Participants submitted 10 comments that highlighted: 

•	COVID response; 

•	Buy nothing groups; 

•	Rust Belt Riders curbside, drop-off, and restaurant composting services;

•	 Improvements to Madison Park, such as improved pedestrian access, community 
building, the successful fight to keep and maintain a full basketball court, and improved 
safety; 

•	Circular economy business growth; 

•	Stormwater management;

•	Curbside recycling; 

•	Systemic sidewalk repairs;

•	Beginning of clean power for the City, followed by private meters; 

•	Healthy Lakewood; 

•	 Improvements to urban forest; 

•	Lakewood Alive’s community shoveling program; and

•	Bringing neighbors together to resolve conflicts because of density. 

Hopes for Climate Action 
Next, participants described their hopes and aspirations for climate change in Lakewood. We 
asked “If there were no constraints, what are the first things you would want to see happen in 
Lakewood to tackle climate change?” Nineteen people responded. 

The most common theme in the responses was a shift to renewable energy (9 of 19 participants). 
Participants said they would like to see: 

•	A shift to 100% renewable energy; 

•	Community solar co-operatives; 

•	 Incentives, bylaws, and subsidies focused on residential solar;  

•	The City leave NOPEC and find a 100% clean-energy aggregator for residential; and

•	City-wide contracts for solar conversions. 

Additionally, participants said they would like to see a focus on energy efficiency (5 of 19 
participants) and improvements to buildings through: 

•	Subsidies for building efficiency improvements, home insulation, and electric heat 
pumps; 

•	Free building efficiency improvements, 

•	Reduced energy use followed by a reduction in use of fossil fuels; 

•	Affordable housing; and 
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•	Policies supporting and subsidizing residential solar. 

In addition, participants suggested initial actions should focus on improving pedestrian, cycling, 
and transit infrastructure (5 of 19 participants) by: 

•	 Improving transportation infrastructure and providing sufficient services to enable one-
car and no-car households;

•	 Increasing focus on and improving transit;

•	Creating protected bike lanes and safer intersections; and

•	Turning Uptown into a walking mall. 

Participants also expressed a desire for more greenery (3 of 19 participants). They said they 
would like to see: 

•	A larger and replenished tree canopy; 

•	More no-mow, native-plant-supporting lawns; 

•	Changes to the City’s landscaping policies to create more public sustainable greenspace 
(“Visually, this is powerful and offers opportunity for education.”); and

•	 Increased bioswales as a part of an effort to make Lakewood’s land more permeable. 

Two participants said they would like to see the amount of permeable surfaces increase in 
Lakewood. One of them focused on reducing impervious surfaces to decrease the heat island 
effect. The other said they would like to see “everything appropriate” repaved with permeable 
pavement and other permeable materials, alongside an increase in bioswales.  

Additionally, two participants focused on EVs. One said they would like the City to green its fleet. 
The other said they would like to see a city-wide contract for home-based EV infrastructure. 

Finally, participants answered the question, “When the plan is implemented, what do you want 
the community to look like?” Their responses generated the word cloud below. Participants 
focused on increased greenery with more trees, resilience, cleanliness, vibrance, and a more 
pedestrian-friendly atmosphere. 
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Figure 2. Word cloud generated in response to “When the plan is implemented, what do you want 
the community to look like?” Eighteen people responded to the question.  

Public Meeting 2

At the second and final meeting, SSG updated participants on the CAP process and presented 
the actions modeled for the draft plan. SSG then asked participants for feedback on the actions 
via Mentimeter, an online polling tool. Fourteen people participated. Their responses are 
summarized below. 

Level of Interest in Plan Action Areas
Early in the meeting, participants responded to a question on the action areas they were 
most excited about. Their responses generated the word cloud below. The most prominent 
action areas participants were excited about included retrofits and energy efficiency, public 
transportation, active transportation, and renewable energy. 
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Figure 3. Word cloud generated in response to “Which action areas are you most excited about?” 
Thirteen people responded to the question.  

Opportunities for Building Actions 
Participants identified several opportunities for implementing building actions. 

Many participants suggested using grants, tax credits, subsidies, and other incentives from 
the federal, state, and local governments, as well as from utility providers, to encourage 
implementation of retrofits and other building actions. The suggested incentives included: 

•	Tax credits provided through the Inflation Reduction Act and state programs; 

•	City incentives to reduce the burden on low-income residents; 

•	Grant programs to assist community members with rising construction costs; 

•	Grants from NOPEC; 

•	Lower utility rates to subsidize renewables; 

•	Funding streams for homeowners to implement building actions; and

•	City-wide shared savings contracts to assist homeowners. 

One participant recommended assistance to help residents navigate credits in the Inflation 
Reduction Act. Another participant suggested using and promoting existing energy efficiency 
programs. Additionally, a third participant recommended the City carry out state and federal 
advocacy related to building options. A fourth participant suggested reassessing codes. 
(Building codes are currently mandated by the state government.) 
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Additionally, participants saw opportunities for: 

•	Co-operative purchasing of materials for retrofits (by block clubs and other collective 
groups);

•	Exploring ways to progressively mandate efficiency and zero-emission retrofits;

•	Heating powered by renewable energy; 

•	Performing LED retrofits; 

•	Building new buildings to net-zero standards; 

•	Layering healthy homes and energy interventions; 

•	Making existing buildings more energy efficient while improving indoor air quality;

•	Co-operative purchasing of retrofits and other incentives;

•	Retrofitting Lakewood City schools and requiring schools to quickly adopt zero- or low-
carbon technology; and 

•	Retrofitting affordable and multi-family housing. 

Challenges for Implementing Building Actions 
Cost was the challenge most commonly cited by participants. Participants also mentioned the 
following challenges:

•	Achieving buy-in from property owners and motivating them to implement the actions.Cost 
and financing.

•	Managing change. 

•	Energy sector organizations, including Dominion Energy and NOPEC.  

•	Establishing clear communication with utility companies.

•	Local workforce capacity. 

•	Ensuring proper engagement for those who will benefit from changes. 

•	Addressing political issues related to climate action. 

•	Overcoming poor understanding of and misinformation about the climate challenge. 

•	Changing old mindsets.

•	The age of Lakewood’s housing stock and infrastructure.

•	Developing cost-effective methods and technology for Lakewood’s old buildings. 

Who to Involve in Building Actions
Participants said the following people and groups should be involved in implementing building 
actions: 

•	Government and regional agencies (Cuyahoga County, State of Ohio, NOACA); 

•	NOPEC; 

•	Utilities and energy suppliers; 

•	Advocacy and solar energy groups and co-operatives (LakewoodAlive, Solar United 
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Neighbors, Power a Clean Future Ohio, solar co-operatives, Cuyahoga County Solar Co-op 
Initiative, Cleveland Community Solar);

•	Lakewood City Schools; 

•	Regional housing organizations; 

•	Weatherization contractors; 

•	Product manufacturers; 

•	Block clubs for co-operative purchases; 

•	Solar companies that specialize in reducing city costs; and

•	Low-income advocates and groups. 

Increasing Uptake of Active Transportation 
Participants said the following things would make it easier for them to walk, cycle, or take another 
mode of active transport: 

•	Protected and more-connected bike lanes;

•	Lower speed limits for cyclist safety;

•	Shower availability in offices;

•	Wider sidewalks and fewer car lanes;

•	Community engagement that centers on transportation safety with a focus on pedestrians, 
cyclists, and people who rely on transit; and

•	Warm, sunny weather.  

Increasing Uptake of Public Transportation  
Participants said the following things would convince them and their families to use public 
transportation more often: 

•	More frequent services in general and on routes other than 26 and 55; 

•	Frequent bus service to Triskett and Q117 rapid stations;

•	Loop trolley-type system, especially to business areas and on weekends;

•	Bringing back the Circulator; 

•	Destination spots for transit;

•	 Improved waiting environments, including heated spaces at bus stops and public art near 
transit stops; 

•	Real-time information at transit stops;

•	Better first- and last-mile connections;

•	Better pedestrian connections;

•	Low-cost or free community-wide passes;

•	 Increased transit destinations; and

•	More time in the day. 
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Additionally, some participants said they would be interested in using city-based car-sharing 
services. 

Barriers to Adopting EVs
Participants voted on the issues below that could pose a challenge for EV adoption. The 
challenges are presented in order from most to least selected: 

4.	 Cost of purchasing EVs (9 votes)

5.	 Lack of EV charging stations (3 votes)

6.	 Other (3 votes)

7.	 Lack of interest in climate action (2 votes)

8.	 Lack of knowledge of EVs (2 votes)

9.	 Preference for fossil fuel cars (1 vote)

One participant who voted “other” explained that the difficulty of long-distance travel with EVs 
would pose a challenge. 

Increasing Composting
Participants said the following things would enable them to increase composting: 

•	Education about what is appropriate to compost;

•	Subsidized backyard composters;

•	A centralized composting site; 

•	Opportunities for restaurants to compost; 

•	Community programs that use compost; and

•	Compost pickup from homes. 

Participants also suggested the City partner with county composting programs and 
organizations like Rust Belt Riders. 

Increasing Reuse and Recycling
Participants said the following things would enable them to reuse and recycle more frequently: 

•	Encouraging community groups for sharing and donations, such as buy nothing groups;

•	Requiring restaurants to stop using takeout containers that have to be thrown in landfills; 
and

•	Accepting more items for recycling.  

Adopting Rooftop Solar
The majority (9 out of 10 participants) said they would install solar on their home or business. 
Participants said tax credits, as well as the return on investment and access to companies 
experienced with implementing solar in municipalities, would motivate them to put solar on their 
roofs. 
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Participants said the following issues could deter them from adopting rooftop solar: 

•	Cost, 

•	An insufficient return on investment, 

•	Fixed utility costs,

•	Old roof (e.g., 110-year-old slate roof),

•	Maintenance of solar panels on roofs, and

•	Using too little electricity to justify the cost of solar.   

Barriers to Adopting Solar Energy
Participants said the following issues could act as barriers to rooftop solar adoption: 

•	Upfront cost;

•	Cost of energy storage;

•	State policy;

•	Uninvolved landlords; 

•	 Inertia; 

•	Old buildings; 

•	Cost of energy storage, replacement, and disposal;

•	Lack of interest or understanding;

•	Poor REC incentives for solar; and 

•	Tax credits do not reach all populations. 

Who to Involve in Increasing Renewable Energy 
Participants recommended the City work with the following groups and organizations to increase 
renewable energy in Lakewood: 

•	Government (the State, Cuyahoga County); 

•	NOPEC;

•	Black Environmental Leaders;

•	Solar energy groups/initiatives, including Solar United Neighbors, Cleveland Solar 
Cooperative, Cuyahoga County Solar Cooperative Initiative; 

•	Energy co-operatives more generally; 

•	Companies experienced with solar in municipalities; and

•	The energy consulting firm Verde Solutions. 
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Barriers to Adopting Renewable Energy 
Participants said the following barriers could hinder the adoption of renewable energy in 
Lakewood: 

•	Costs, including initial investment, energy storage costs, and infrastructure replacement 
and disposal; 

•	Low interest rates; 

•	Lack of access to tax deductions (e.g. tax deductions do not reach all populations); 

•	State policy; 

•	 Inertia; 

•	Uninvolved landlords; and

•	Building age. 

Successful Implementation of Climate Adaptation Actions
Participants made the following suggestions of things the City should do to successfully 
implement the climate adaptation actions:  

•	Subsidize the improvements discussed; 

•	Educate citizens about and encourage tree planting and action on private property, 
homes, and yards; 

•	Add more natural native-land installations; 

•	 Incentivize more residential native installations like rain gardens and native trees; 

•	Advocate at the state level; 

•	 Introduce pervious areas and green strips wherever possible; 

•	Lead by example, such as by beginning to convert light-duty fleets to EVs and retrofitting 
public buildings;

•	Encourage community engagement that reaches less politically active populations; and

•	Acquire sites for tree planting (ODOT and railroad).  

Priority Actions
Participants said the following items should be prioritized for early implementation: 

•	Educate the public about the Climate Action Plan and its benefits; 

•	 Involve Lakewood’s K-12 students in the conversation and create curriculum on climate 
action with Lakewood schools; 

•	Encourage City to lead by example by converting its fleet to EVs and retrofitting public 
buildings; 

•	Get the entire city administration on the same page about goals and real implementation; 

•	Protect bike lanes; 

•	Establish better mobility and access to jobs and entertainment; and

•	Organize community forums on actions such as solar adoption. 
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Benefits of the Climate Action Plan
Participants said they thought the Climate Action Plan could improve Lakewood in the  
following ways: 

•	 Increase equity; 

•	 Improve quality of life; 

•	Clean the air; 

•	 Improve public health;  

•	Create healthy, affordable homes; 

•	Prepare the community for the economy of tomorrow; 

•	Becoming part of the solution to the problem; 

•	Reduce energy costs and create savings; 

•	Make Lakewood more pedestrian and bike friendly; 

•	Make Lakewood a leader in the state on climate action; 

•	Create strong support from city leadership, including the mayor and Council; and

•	Lead to many vocal and active champions across the citizenry and community. 

Successful Implementation of the Climate Action Plan
Participants said the following could help Lakewood successfully implement the  
Climate Action Plan: 

•	Access to upfront funding and/or affordable payment options for homeowners; 

•	Support from city leadership (Mayor, entire council); 

•	Cooperation among community leaders and organizations; 

•	Technical assistance; 

•	Creative thinking; 

•	Recognition of the limits of what the City can and cannot do; 

•	Community cooperation; 

•	The Inflation Reduction Act; 

•	Vocal and active citizen champions across the community; 

•	Diverse perspectives; and

•	Engagement of hard-to-reach stakeholders. 
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