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S1. Introduction

This paper illustrates the use of systems framing in the assessment of sub-national climate
solutions with a case study of the Drawdown Georgia project. The project was undertaken in part
to illustrate how robust place-specific plans for climate action could be derived from the
foundational global work of Project Drawdown (1) and by embedding that research into the
context of socio-technical-ecological-systems.

Most detailed analyses of pathways for achieving economywide emission reductions are at the
global or national scale. While these studies provide a powerful point-of-departure, their
perspective must be tailored to meet the unique needs, resources, and preferences of specific
sub-national localities, such as regions, states, or municipalities. We develop a replicable process
and methodology for identifying high-potential solutions that advances the traditional wedge
approach for portraying carbon abatement potential by incorporating solution interdependencies
and by spanning both carbon sources and sinks. We also produce a carbon abatement cost
curve that aligns private as well as social costs and benefits with each million-metric ton of carbon
dioxide equivalent (CO2-e) that could be avoided. These financial impacts are aligned with an
array of co-costs and co-benefits to foster consideration of societal concerns extending beyond
climate impacts, including public health, environmental quality, employment, and equity.



In this Supporting Information Appendix, we describe the materials and methods as well as the
results that underpin the key findings presented in the main text of the paper.

S2. Materials and Methods

Multiple materials and methods were used to 1) describe the wide variation in state-level climate
policies to date; 2) engage with stakeholders across Georgia; 3) complete the down-selection of
solutions from about 100 to 20; 4) provide an overview of Georgia’s current emissions; 5) provide
a baseline forecast of Georgia’'s greenhouse gas (GHG) emissions and sinks, and 6) estimate the
emission reduction potential of 20 climate solutions for the state of Georgia over the next decade.

Summary of Current State-Level Climate Plans. Climate policy varies widely state by state.
Georgia currently has no economy-wide emission reduction target or state-level climate action
plan. We reviewed the current policy landscape. This includes a survey of state-level
economywide GHG reduction goals and targets as well as a survey of state-level climate action
plans. For states with climate action plans, we report whether the plans address both carbon
mitigation and sequestration, and if they consider equity issues. Equity is a key pillar of the co-
benefit analysis for this work, which is highlighted in Figure 3 of the main document. We have
mapped co-benefits consideration for equity, public health, economic development and the larger
environment for mitigation and sequestration solutions.

Engagement with Stakeholders Across Georgia. In order to engage with the general public,
we hosted informational webinars, accepted comments through the Drawdown Georgia website,
and sought input about climate solution preferences via an online public survey. A total of 280
respondents provided input via the public survey. Respondents could weigh in on all sectors
analyzed or a subset that matched their expertise or interests. For example, 82 of the
respondents answered questions about land sink solutions while 98 respondents answered
questions about electricity sector solutions. Respondents included people both inside and outside
of Georgia, with a bias toward affluence and education. A majority of respondents were white (2).
We also reviewed existing public opinion research on Georgia. Our county-level analysis of a
2019 Yale and George Mason University survey (3) helped to better understand opinions in the
state about climate change. The national survey found 72% of Americans think that global
warming is happening and 59% believe that it is mostly human caused. Georgia residents believe
that global warming is happening, but the degree of certainty is lower in rural counties. Compared
to the average American, Georgia residents are less certain that climate change is caused by
human activity: in particular, a majority of residents in rural counties in Georgia do not agree that
climate change is mostly caused by humans.

We also sought input from subject matter experts from universities, government, non-
governmental organizations, and business both inside and outside of the state. We created sector
specific surveys for Electricity, Transportation, Food and Agriculture, Buildings and Materials, and
Land Sinks. We also created a survey that addressed the intersection of climate solutions and
equity, public health, environment, and economic development. We also hosted sector-specific
focus groups and held an in-person workshop with the expert community to review interim
findings and analysis. Finally, the research team engaged more than three dozen
representatives from industry and organizations in Georgia through facilitated discussion on
solutions. Participants were asked which solutions have the highest activation potential, and they
were asked to identify key stakeholders. The team sent a survey to participants following the
group discussion to solicit individual responses on which solutions seem most viable, what
barriers may exist to deploying solutions, and which solutions are most relevant to the respective
company or organization. There were 13 responses to the survey, representing seven
companies—four headquartered in Georgia—from different industries and of varying sizes, one
municipal government, and two nonprofit organizations. Industry sectors represented by survey
respondents include food and beverage, cloud computing services, specialty materials,
remanufacturing, energy consulting, and wire/cable manufacturing. Nine respondents selected
solar farms and community solar as one of the most viable solutions, and eight respondents
selected mass transit as one of the least viable solutions. Respondents rated cogeneration, solar
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farms/community solar, and rooftop solar as relevant to highly relevant solutions to their
respective companies/organizations.

In the “beyond carbon” research, we obtained input from a survey of experts (drawn from non-
profit organizations such as American Rivers and Southface Energy Institute, government entities
such as U.S. Environmental Protection Agency (EPA) and the Center for Disease Control and
Prevention (CDC), and consulting organizations such as Greenlink Analytics, at
stakeholder/community meetings (such as the Just Energy Circle and Summit, Greenprints
Conference, Drawdown Georgia Workshop, and the Georgia Climate Conference) and from
technical working group teams for each solution. In addition, the Partnership for Southern Equity
offered input and feedback on the equity dimension.

The color coding in Figure 3 of the main manuscript indicates the existence of material benefits
and flags that there are issues necessitating attention or management alongside future benefits
(orange). For example, the fact that rooftop solar has more issues than temperate forests that
need to be recognized/managed from an equity perspective does not mean it should be a lower
priority than temperate forests. Rather, it means there are significant equity issues that need to
be considered and managed as part of solution design and implementation. Rooftop solar could,
in fact, offer an enormous opportunity for equity benefits depending on how the solution is
ultimately shaped and how much intentional focus there is on improving equity-related outcomes.

Down-Selection of Solutions. We developed a systematic and replicable methodology for
down-selecting the high-impact solutions for Georgia from Project Drawdown’s original list of
about 100 options (1). In particular, the possible solutions were passed through a five-step down-
select process (2)

Is the solution technology & market ready for Georgia?

Is there sufficient local experience and available data?
Would the solution deliver a megaton of abatement in 20307
Is the solution cost competitive?

Are there other societal priorities that should be considered?

Georgia’s Baseline Carbon Footprint. To generate projections of emission impacts for each
technology, it was crucial to have an accurate accounting of Georgia’s baseline emissions. We
focus particular attention on Georgia’s energy economy because the combustion of fossil fuels is
the largest source of the state’s carbon dioxide (CO2) emissions. The four sectors of Georgia’s
economy with significant consumers of energy and emitters of CO: are transportation, homes,
businesses, and industry.

In 2017, Georgia consumed 2,609 TBtu of energy, accounting for 2.8% of U.S. GDP and 2.9% of
U.S. energy consumption, indicating that the state’s economy is slightly more energy-intensive
than the U.S. economy. The vast majority of this energy budget was spent on fossil fuels,
dominated by petroleum (for transportation), natural gas (in electricity and industry), and coal
(which was the dominant fuel for electricity generation in 2017, but has recently been eclipsed by
natural gas). Transportation is the largest consumer of energy in Georgia, followed by industry,
homes, and businesses. This is the same rank order of energy use across sectors in the United
States as a whole.

Georgia’s CO2 emissions from fossil fuel combustion totaled about 141.7 Mt CO2 (or 141.7
“megatons”) in 2017, representing 2.9% of U.S. emissions from fossil fuels. As with its energy-
intensity, this indicates that in 2017 the state’s economy was slightly more carbon-intensive than
the U.S. economy. The dominant sources were transportation (at 69 Mt CO2) and electricity
generation (at 52 Mt CO2 with 32 from coal and 20 from natural gas), suggesting that these
sectors could be particularly potential targets for emission reductions.



Off-setting these emissions, Georgia has carbon sinks (or “negative emissions”), resulting from
the uptake of CO:z in forests and agricultural soils. The World Resources Institute (4) estimates an
annual sequestration of roughly 46 Mt CO: in Georgia in 2011. This is equivalent to about 32% of
Georgia’s CO2 emissions from fossil fuels in 2017. Assuming that this value holds true in 2017,
Georgia’s net carbon footprint would have been 108.8 Mt CO2 in 2017.

In addition to COz, there are several other sources of GHGs whose global warming potentials can
be considered using standardized equivalency metrics called CO2-e. EPA’s 2017 national GHG
emissions inventory (5) estimated that Georgia emitted 174.1 Mt CO2-e, of which 6% was from
NOx, 2.7% was from methane, and 2.3% was from fluorinated gas. Altogether, the three non-CO2
sources of GHG emissions contributed an estimated 19.3 Mt CO2-e or 11% of Georgia’s total
GHG emissions. The remaining 89% of Georgia’s total emissions are from CO:a.

In sum, Georgia’s net GHG emissions in 2017 are estimated to have been 128 Mt CO2-e: 142 Mt
emissions from energy consumption plus 13 Mt from non-energy CO2 emissions plus 19 Mt from
three non-CO2 GHG emissions minus 46 Mt from carbon sinks. The World Resources Institute (4)
estimates that Georgia’s net GHG emissions in 2005 were 156.5 Mt CO2-e.

Baseline Forecast of Georgia’s GHG Emissions and Sinks. To provide a baseline forecast of
Georgia’s GHG emissions in 2030, we used Georgia Tech’s National Energy Modeling System
(GT-NEMS), a computable general equilibrium model of the U.S. energy economy. Applying a
region-to-state proportioning method, the GT-NEMS Reference Case forecasts that Georgia’s
energy-based CO: emissions will be 122 megatons in 2030. In that year, CO2 emissions from
energy consumption in Georgia are forecast to come 41% from electricity and 39% from
transportation. Residential and commercial buildings are forecasted to be responsible for 22%
and 21% of energy-related CO2 emissions in 2030, much of which comes from their consumption.
To round out the picture, industry, which includes the manufacturing of materials such as
aluminum, chemicals, and paper, is expected to be responsible for 17% of energy-related CO-
emissions in 2030.

We consulted numerous sources to establish this baseline information. The survey of state-level
policies came from the Center for Climate and Energy Solutions’ U.S. State Greenhouse Gas
Emissions Target Map and information compiled by the National Conference of State Legislators.
The description of Georgia’s baseline emissions is based on data from the Georgia Tech National
Energy Modeling System (GT-NEMS), the U.S. Energy Information Administration’s State Energy
Data System, and the Environmental Protection Division of the Georgia Department of Natural
Resource’s 2012 Greenhouse Gas Emissions Inventory for the State of Georgia. We estimated
kg of carbon per million Btu based on data from the U.S. Environmental Protection Agency’s Fast
Facts of their National Level Greenhouse Gas Inventory for 1990-2017. We used national growth
percentages from EPA’s 2017 national GHG emissions inventory (5) to scale state-level
emissions from 2008 provided by the Georgia Department of Natural Resources’ Environmental
Protection Division. This was the most recent state-level data available.

Estimating Carbon Reduction Potential of High Impact Climate Solutions in Georgia by
2030. Beginning with the 100 solutions listed in Hawken (1) Drawdown book, our research team
divided these solutions into five working groups: Electricity; Transportation; Buildings and
Materials; Food and Agriculture Systems; and Land Sinks. Each working group conducted
surveys and assembled focus groups to help determine whether there were additional solutions
that should be considered and to solicit input from industry, nonprofit organizations, and
government experts on potential modeling approaches. Due to limited resources and a
recognition that not all of the Drawdown solutions would be appropriate for Georgia, several
criteria were used to guide the down-select process. First, given the short analytic time horizon of
the project, 2030, emphasis was placed on solutions that were deemed market ready. Second,
due to modeling requirements, we looked for solutions that have publicly available data that could
allow for rigorous modeling. Third, using some initial modeling efforts, we sought solutions that
could achieve additional carbon reduction potential from the baseline of 1 million metric tons per
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year by 2030. This figure represents approximately one percent of Georgia’'s net CO2e
emissions. This down-select process is described in more detail in Brown et al (2).

The down-select process resulted in 20 solutions to be given more attention and rigorous
modeling treatment. In many cases, individual solutions in Drawdown were combined in order to
better understand systems of solutions and how they interact together. For example, many of the
building solutions (improved insulation, LED lighting, building automation, etc) were jointly
assessed in a solution called “retrofitting.” And telepresence, biking, and walking were all jointly
considered as “alternative transportation”. Each of these 20 solutions has unique data sources,
unique modeling approaches, and assumptions for the “achievable” and “technical potential”
scenarios. These solutions and their accompanying methodologies are listed in Table S2 below.
This includes data sources, models, and methodologies used to estimate the abatement potential
and cost of abatement. For additional details about the modeling of individual solutions, see the
technical reports, PowerPoint presentations, and videos at the following website:
https://cepl.gatech.edu/projects/Drawdown-Georgia.

S3. Results
This section provides additional information about the carbon abatement analysis conducted as
part of the Drawdown Georgia case study. A summary of the results is presented in Table S3.

Projections of Carbon Abatement Potential. \WWe modeled the carbon abatement potential of
the 20 high-impact climate solutions for Georgia out to 2030. The achievable scenario estimates
how emissions could fall if each solution was deployed at an ambitious, but achievable level, that
considers costs, impacts and stakeholder acceptance. The technical potential scenario estimates
the maximum realistic deployment of each solution without regard to cost or other impacts, up to
the hard limits on resources such as available land and materials. Table S4 shows the abatement
potential by technology by year for each solution analyzed. For more information on the modeling
or results for each individual solution, please contact the authors.

Analysis of Solution Interaction. We modeled two bilateral interactions, and the results are now
embedded into our analysis of abatement potential and costs. This includes the interaction
between electric vehicles (EVs) and large-scale solar as well as the interaction between
retrofitting and large-scale solar. We provide a description of those interactions, the conceptual
equations, and MATLAB code used to model the relationships below.

Interaction between Large-Scale Solar and Electric Vehicles. A major consideration for the
growth of Electric Vehicles (EVs) is the energy-shift from liquid fuels to grid power. Solar Fields
have been identified to improve the environmental impact of EVs by reducing the CO2 intensity of
grid electricity and maximizing the reduction of carbon emissions when switching from liquid fuels.
Three effects of this combination have been modelled, namely the decrease of grid CO2 intensity
from solar, the decrease of Light Duty Vehicle (LDV) CO2 emissions in operation, and the
increase in LDV electricity demand. This interaction was modeled using the following quantities
and formula on MATLAB1. Figure S2 shows the matrix used to conceptualize this relationship,
with the results plotted in Figure S3

AD: Increase in Electricity Demand from Light Duty Vehicles [GWh] - EV Scenarios

AE: Decrease in Emissions from Light Duty Vehicle Operation [MMTCOz2] - EV Scenarios
C: CO:z2 Intensity of the Grid [MMTCO2/GWh] - Solar Fields Scenarios

AS: Emission Reduction from the Combined Solar Fields - EV Scenarios [MMTCOz]

AS=AD-C+AE



As shown in Figure S3, there is no major effect on emissions prior to 2026. Although the
introduction of solar fields to the grid generation portfolio has a significant effect on carbon
intensity in this time, the predicted increase in LDV electricity demand is not large enough to gain
any significant emissions advantage prior to 2026. Until this point, carbon abatement is governed
by the reduction of tailpipe emissions. After 2026, the plots diverge to reveal a clear and
significant benefit from cleaner grid power. This is consistent with the expectation that EV growth
is non-linear and more exponential in nature. Marginal CO2 emissions rates have a large
associated error due to the lack of hourly charging/demand data. As the energy required for
higher EV penetration would likely be derived from fossil fuels, CO2 reductions from these cases
could be lower than currently estimated.

Interaction between Solar Fields and Retrofitting Buildings. Retrofitting reduces carbon
emissions through the reduction of building energy consumption. The growth of Solar Fields to
replace fossil fuel-based grid power generation decreases the carbon intensity of the grid,
lowering the avoided emissions from retrofitting as every unit of power saved is now equivalent to
less CO2. This model uses the ratio of CO2 intensities to scale the known CO2 reduction from
retrofitting cases. This interaction was modeled using the following quantities and formula on
MATLAB2. Figure S4 shows the matrix used to conceptualize this relationship, with the results
plotted in Figure S5

AE: Emissions reduction from retrofitting cases, relative to baseline [MMTCO2]

Ib: Baseline CO: intensity of grid power [MMTCO2/GWh]

Is: Drawdown scenario CO:z intensity of grid power [MMTCOQO2/GWh]

AS: Emissions reduction from combined retrofitting-solar fields cases, relative to baseline
[MMTCO2]

AS = AE - Is/lb

The results in Figure S3 are somewhat predictable based on the modelling process used. It is
worth noting that this model assumes the carbon savings from retrofits are a direct result of home
energy reduction alone, disregarding non-energy contributions such as refrigerant use, etc.

Interaction between Rooftop Solar and Solar Fields. The grid is only capable of handling a
finite amount of intermittent solar generation due to several factors, including limitations of energy
storage causing issues of over- and under-generation throughout periods of varying solar
resources (night vs day, winter vs summer, etc.). Therefore, two solar technologies with large
technical potentials are not able to coexist, or “fit” into the same energy space, as is the issue
with rooftop solar and large-scale solar generation. In this interaction, the upper generation limit is
defined to be the independent technical potential of solar fields, the current highest potential for
carbon reduction from a solar technology modeled in this project. If the sum of rooftop and large-
scale solar is less than this limit, no changes are required, and this combination can coexist. As
these two technologies both replace the same conventional generation sources, a unit amount of
energy generated from large-scale solar is assumed to be environmentally equivalent to that
generated from rooftop solar. This interaction was modeled using the following quantities and
formulae on MATLABS3. Figure S6 shows the matrix used to conceptualize this relationship, with
the results plotted in Figure S7.

e AS: Emissions reduction from combined rooftop solar-solar fields cases, relative to
baseline [MMTCO:]

e AE.s: Emissions reductions from large-scale solar cases, relative to baseline [MMTCO2]

AERrs: Emissions reductions from rooftop solar cases, relative to baseline [MMTCOz]

e AEmax: Emissions reductions from the independent large-scale solar technical case,
relative to baseline [MMTCO2]

e AFEwta: Sum of emissions reductions from the independent large-scale solar and
independent rooftop solar case, relative to baseline [MMTCO2]



AEtota= AE s+ AERrs

If AEtotal is more negative than AEmax:

AS = AErs +AEmax-AE total

If AEtotal is less negative than AEmax:
AS = AErs

Figure S7 displays a few overlapping CO2 savings forecasts. The large-scale technical case acts
as our upper limit for solar overall. By definition, no new rooftop solar is allowed to be introduced
when large-scale solar is growing at its technical potential. This causes an overlap at zero as
seen by the red/yellow line. The achievable scenario for large-scale solar is small enough that it
can accommodate the development of rooftop solar at its achievable potential alongside it.
Therefore, the rooftop solar achievable scenario does not require any reduction and overlaps with
the curve plotted independently of large-scale solar, i.e., when large-scale solar is at its baseline
as shown by the black/teal line. The technical potential scenario for rooftop solar is large enough
that it requires significant reduction in order to accommodate the achievable scenario for large-
scale solar. Therefore, the solid teal line diverges from the original logistic curve (solid black) after
2023.

MATLAB Script for EV-Large Scale Solar

close all

clc

clear
load('EVSolarData.mat’);

%% Conversion

% Desired unit: MMT CO2

% 1 BkWh = 1000 GWh

% 1 tCO2/GWh = 1000 tCO2/1000GWh
% 1 MMTCO2 = 1e6 tCO2

elec_LDV_b=elec_LDV_b*1000; %GWh
elec_LDV_A=elec_LDV_A*1000; %GWh
elec_LDV_T=elec_LDV_T*1000; %GWh

I_elec_A=l_elec_A./1e6; %MMTCO2/GWh
I_elec_b=I_elec_b.1e6; %MMTCO2/GWh
I_elec_T=l_elec_T.1e6; %MMTCO2/GWh

%% Matrix Calculation

year=[2017:2030];
MMT_EVA_SolarA=(elec_LDV_A-elec_LDV_b).*I_elec_A+(MMT_LDV_A-MMT_LDV_b);
MMT_EVA_SolarT=(elec_LDV_A-elec_LDV_b).*I_elec_T+(MMT_LDV_A-MMT_LDV_b);
MMT_EVT_SolarA=(elec_LDV_T-elec_LDV_b).*I_elec_A+(MMT_LDV_T-MMT_LDV_b);
MMT_EVT_SolarT=(elec_LDV_T-elec_LDV_b).*I_elec_T+(MMT_LDV_T-MMT_LDV_b);
MMT_EVA_Solarb=(elec_LDV_A-elec_LDV_b).*I_elec_b+(MMT_LDV_A-MMT_LDV_b);



MMT_EVT_Solarb=(elec_LDV_T-elec_LDV_b).*I_elec_b+(MMT_LDV_T-MMT_LDV_b);
MMT_EVb_SolarA=elec_LDV_b.*|_elec_A-elec_LDV_b.*|_elec_b;
MMT_EVb_SolarA(1:4)=0;
MMT_EVb_SolarT=elec_LDV_b.*I_elec_T-elec_LDV_b.*|_elec_b;
MMT_EVb_SolarT(1:4)=0;

%% Display

close all

figure(1)

hold on

c=plot(year, MMT_EVA_SolarA,year, MMT_EVA_SolarT,year, MMT_EVA_Solarb,year, MMT_E
VT_SolarA,year, MMT_EVT_SolarT,year, MMT_EVT_Solarb)
set(c(1:end),’linewidth’,3);

a=plot(year, MMT_EVb_SolarA,'r-")

a.LineWidth=3;

b=plot(year, MMT_EVb_SolarT,’k:")

b.LineWidth=3;

xlabel('Year")

ylabel('MMT CO2 Reduced’)

legend('EV Achievable, if Solar Achievable','EV Achievable, if Solar Technical',...
'EV Achievable, if Solar Baseline','EV Technical, if Solar Achievable’,...
'EV Technical, if Solar Technical',EV Technical, if Solar Baseline',...

'EV Baseline, if Solar Achievable',...

'EV Baseline, if Solar Technical','location’,'southwest’)

grid on

set(gca,'FontSize',14)

title("MMT CO2 Reduction from EV and Solar Farms Relative to Baseline')
2. MATLAB Script for Retrofitting-Solar Fields

close all

clc

clear

%% Load Data
load("RetroSolarData.mat");

%% Calculate each case combination

R_b=zeros(1,14); % E.g. S_b_R_b signifies "Solar-baseline, Retrofitting-baseline
R_a=MMT_ach;

R_t=MMT_tech;

R_b=MMT_base.*(I_ach./l_base);

R_a=MMT_ach.*(I_ach./l_base);

R_t=MMT_tech.*(I_ach./I_base);

R_b=MMT_base.*(I_tech./I_base);

R_a=MMT_ach.*(I_tech./I_base);

S_t_R_t=MMT_tech.*(I_tech./I_base);

year=[2017:1:2030];

wwwwwwww

_b_|
_b_|
_b_|
_a_|
_a_|
_a_|
_t_
_t_

%% Plot

figure(1)
hold on
d=plot(year,S_t_R_a,year,S_a_R_a,year,S_b_R_a,year,S_t_R_t,year,S_a_R_t,year,S_b_R_t)



set(d(1:end),'linewidth’,3);
a=plot(year,S_a_R_b,'k-")
a.LineWidth=3;
xlabel('Year")
ylabel('MMT CO2 Reduced’)
xlim([2017,2030]);
ylim([-15,1]);
legend('Retrofit Achievable, if Solar Technical',...
'Retrofit Achievable, if Solar Achievable’',...
'Retrofit Achievable, if Solar Baseline',...
'Retrofit Technical, if Solar Technical’,...
'Retrofit Technical, if Solar Achievable',...
'Retrofit Technical, if Solar Baseline',...
'Retrofit Baseline, all cases','location’,'southwest')
grid on
set(gca,'FontSize',14)
title("MMT CO2 Reduction from Retrofit and Solar Fields Relative to Baseline')

Interactions Between EV Penetration and Carbon Intensity of the Electric Grid. General
assumptions:

Georgia Fleet of LDVs (passenger cars, light trucks, vans, SUVs): 8,200,000 vehicles [Ref 1, GA
DOT 2020]
Georgia Electric Power consumption in 2030 129 B kWh [Ref 2]
Grid supplied electricity efficiencies for SERC SE [Refs 3-71:
e Generation, annual average (0.377)
e Transmission, annual average (0.944)
e Wall-charging, average of class 2 chargers (0.87)

Baseline 2030 scenario

Number of EVs: 24,217 vehicles (about the same as in 2019, no new sales) [Ref 1]

Total estimated electric power generation requirement by EVs (authors estimate based on above
assumptions):

0.11 BkWh

0944y - (087) _ (13 BEWh
Achievable 2030 scenario

Number of EVs: 308,826 vehicles (about 3.7% of the Georgia fleet) (author’'s model)

Total estimated electric power generation requirement by EVs (authors estimate based on above
assumptions):

1.90 BkWh

———— = 2.3 BkWh
(0.944) - (0.87)
This annual generation requirement could then be expected to meet in a variety of modes. For
the purposes of simplicity and comparison, we assess two representative cases, reflecting a
range of hourly capacity needs (equal and on-peak):

Equal allocation in an hourly fashion, and assumed to be needed at any given hour, effectively at
full capacity, including coincident with the greatest summer peak plus the 15% margin. This would
imply an additional demand purely due to EV growth as follows:



2.3 BkWh

760~ 263 MW
Since 263 MW < 600 MW (excess reserve capacity of the grid), this level of EV growth under this
charging assumption would be acceptable and still permit compliance with electric power reserve
protocols.

In a second scenario, we allocate the additional demand incurred by EVs to half of the year’s
hours, and consider that so-called “managed charging” (i.e., timed to avoid unintended adverse
effects) is not implemented. This means the capacity requirements may be called upon during
peak hours, implying the effective grid demand may be doubled as follows:
2.3 BkWh
~ 526 MW

4380 h/yr

Since 526 MW < 600 MW, this level of EV growth under this more conservative charging
assumption would be acceptable and still permit compliance with electric power reserve
protocols.

Technical 2030 scenario

Number of EVs: 680,911 vehicles (about 8.3% of the Georgia fleet) (author’'s model)

Total estimated electric power generation requirement by EVs (authors estimate based on above
assumptions):

3.48 BkWh

—————— =4.2BkWh
(0.944) - (0.87)

Again, this annual generation requirement can be allocated in two representative ways as above.

If allocated in an hourly fashion, an additional demand purely due to EV growth is estimated as :

4.2 BkWh

8760 h/yr ~ 480 MW
Again, under this scenario 480 MW < 600 MW (excess reserve capacity), implying that this level
of EV growth remains acceptable.

However, when allocating the additional demand incurred by the technical potential scenario of
EV growth to half of the year’s hours, and consider that so-called “managed charging” (i.e., timed
to avoid unintended adverse effects) is not implemented. This means the capacity requirements
may be called upon during peak hours, implying the effective grid demand may be doubled as
follows:

4.2 BkWh

4380 h/yr 960 MW
Under this scenario 960 MW > 600 MW, meaning capacity may exceed excess reserve capacity
by more than 50%, implying that this level of EV growth would be unacceptable in this 2030
scenario, as it would violate electric power reserve protocols. While it is possible that this
condition could potentially be if managed charging were effectively implemented, this first-order
example of a real-world capacity forecast for the Georgia grid demonstrates one of the potential
grid-demand risks of deep EV deployment.

Finally, even if reserve capacity concerns are navigated, a potential concern remains around CO2
intensity of the generating mix. Naturally, if a utility must meet increasing levels of generation, it
will be forced to deploy an increasing number of dispatchable generating units, the largest
fraction of which are fossil powered (i.e., coal or natural gas). As a result, the marginal emissions
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of the grid (i.e., hourly rate of CO2/kWh), will almost always be greater than the annual average,
or pure off-peak average. The implication of the above in view of our current understanding of the
2030 generation mix for GA is that CO2 reductions derived from EVs will plateau or even reverse
under certain high penetration scenarios (such as the Technical potential scenario).

Supplementary Information Figures

20 Drawdown Georgia Solutions for 2030

Electricity Transportation Food & Agriculture
Cogeneration Electric Vehicles Composting

Demand Response Ny Energy-Efficient Cars Conservation Agriculture
Rooftop Solar Energy-Efficient Trucks Plant Rich Diet
Large-Scale Solar Mass Transit Reduced Food Waste
Landfill Methane & Alternative Mobility

Buildings & Materials Land Sinks

DRAWDOWN

bringing climate solutions home

Recycling @ Afforestation & Silvopasture
Refrigerant Management 9_9_9, Coastal Wetlands

Retrofitting Buildings &9 Temperate Forest
Protection & Management

Fig. S1. Drawdown Georgia Solutions for 2030
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THEN

Electric Vehicles
Baseline |Achievable |Technical
Large-Scale Baseline |0 Raw Raw
Solar Achievable |Raw i
Technical [Raw

Fig. S2. Matrix used to conceptualize the data used for the 9 combined EV-Solar cases.
“Raw” signifies independent, unprocessed data.
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Fig. S3. Carbon Emissions from EV-Solar Fields Cases, Relative to Baseline
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Fig. S4. Matrix used to conceptualize the data used for the 9 combined Retrofitting-Solar

cases.

Fig. S5. Carbon Emission from Retrofits- Solar Fields Achievable Cases, Relative to
Baseline

IF

THEN

Retrofitting
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Solar Achievable |Raw AS
Technical |Raw
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- Retrofit Achievable, if Solar Baseline
== = Retrofit Technical, if Solar Technical
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- Retrofit Technical, if Solar Baseline
- Retrofit Baseline, all cases
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2018 2020 2022 2024 2026 2028
Year
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THEN

Rooftop Solar
Baseline |Achievable |Technical
Baseline 0 Raw Raw
Large-Scale -
IF Achievable |Raw
Solar - AS
Technical |[Raw

Fig. S6. Matrix used to conceptualize the data used for the 9 combined Large-Scale Solar-
Rooftop Solar cases. “Raw” signifies independent, unprocessed data.

MMT CO2 Reduced

Rooftop Achievable, if Large-Scale Achievable
== Rooftop Achievable, if Large-Scale Technical
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== = Rooftop Achievable, if Large-Scale Baseline
1 1 1 1 1 1 1

-14 I I
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Year

Fig. S7. Carbon Reductions from Large-Scale Solar + Rooftop Solar Cases, Relative to
Baseline.



Supplementary Information Tables

State

Nature of Goal

California

carbon dioxide emissions by 2045, which

in 2005 to reduce GHG emissions 80%

below 1990 levels by 2050. In 2006, the
state enacted a statutory target to reduce
GHG emissions to 1990 levels by 2020 and
in 2016, it set a statutory target to reduce
GHG emissions 40% below 1990 levels by
2030. (6)

California has a target of reaching net zero

was set in 2018. The state also set a target

Colorado

Colorado has statutory targets to reduce

GHG emissions 26% by 2025, 50% by 2030,
and 90% by 2050, all compared to 2005
levels, which were set in 2019. (7)

Connecticut

Connecticut has an interim statutory target to
reduce GHG emissions 45% below 2001
levels by 2030, which was enacted in 2018.
Additionally, the state has statutory targets
to reduce GHG emissions at least 10%
below 1990 levels by 2020 and 80% below
2001 levels by 2050, which were enacted in

2008. (8)

Delaware

Delaware has a target to reduce GHG
emissions 30% below 2008 levels by 2030,
which was enacted in 2014. (9)

Louisiana

Louisiana has targets to reduce net GHG
emissions 26-28% by 2025 and 40-50% by
2030, compared to 2005 levels, which were
set in 2020. The targets also aim for net-zero

GHG emissions by 2050. (10)

Maine has a target of achieving net-zero

Maine

GHG emissions by 2050, and statutory

targets to reduce GHG emissions 45%

below 1990 levels by 2030 and 80% below

1990 levels by 2050. All three targets were
enacted in 2019. (11)

Maryland

Maryland has a statutory target to reduce
GHG emissions 40% below 2006 levels by
2030, which was enacted in 2016. (12)

Massachusetts

Massachusetts has a target to reduce GHG
emissions 85% below 1990 levels and reach

was set in 2020. The state also has statutory

below 1990 levels by 2020 and 80% below

net-zero GHG emissions by 2050, which

targets to reduce GHG emissions 25%

1990 levels by 2050, which were enacted in

2008. (13)

Seqcl:J?arsbt(r):tion Egg:}é{ Both
Yes Yes Yes
No Yes No
Yes Yes Yes
Yes No No
No No No
Yes No No
Yes No No
Yes Yes Yes
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Michigan

Michigan has a target to achieve economy-
wide carbon neutrality by no later than 2050
and to maintain net negative GHG emissions

thereafter, which was set in 2020. In 2019,

the state also set a target of reducing GHG

emissions 26-28% below 2005 levels by
2025. (14)

Yes

Yes

Yes

Minnesota

Minnesota has statutory targets to reduce

GHG emissions 30% below 2005 levels by

2025 and 80% below 2005 levels by 2050,
which were enacted in 2007. (15)

Yes

No

No

Montana

Montana set a target in 2019 to achieve
economy-wide GHG neutrality at a date to
be determined. In 2020, the state announced
its target to reach economy-wide GHG
neutrality between 2045-2050. (16)

Yes

No

No

Nevada

Nevada enacted statutory targets in 2019 to
reduce GHG emissions 28% by 2025 and
45% by 2030 compared to 2005 levels, and
reach zero or near-zero by 2050. (17)

No

No

No

New
Hampshire

New Hampshire has targets to reduce GHG

emissions 20% below 1990 levels by 2025

and 80% below 1990 levels by 2050, which
were enacted in 2009. (18)

Yes

No

No

New Jersey

New Jersey has targets to reduce GHG
emissions to 1990 levels by 2020 and 80%
below 2006 levels by 2050, which were
enacted in 2007. (19)

Yes

No

No

New Mexico

New Mexico has a target to reduce GHG
emissions 45% below 2005 levels by 2030,
which was enacted in 2019. (20)

No

No

No

New York

New York has statutory targets to reduce
GHG emissions 40% below 1990 levels by
2030 and no less than 85% below 1990
levels by 2050, which were enacted in 2019.
The targets also aim for net-zero GHG
emissions by 2050. (21)

Yes

Yes

Yes

North Carolina

North Carolina has a target to reduce GHG
emissions 40% below 2005 levels by 2025,
which was enacted in 2018. (22)

No

Yes

No

Oregon

Oregon has targets of reducing GHG
emissions 45% below 1990 levels by 2035
and 80% below 1990 levels by 2050, which
were set in 2020. Additionally, the state has
statutory targets of reducing emissions 10%
below 1990 levels by 2020 and 75% below
1990 levels by 2050, which were enacted in

2007. (23)

Yes

Yes

Yes
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Pennsylvania

Pennsylvania has targets to reduce GHG
emissions 26% below 2005 levels by 2025
and 80% below 2005 levels by 2050, which

were enacted in 2019. (24)

No

No

No

Rhode Island

Rhode Island has statutory targets to reduce
GHG emissions 10% by 2020, 45% by 2035,
and 80% by 2050, all compared to 1990
levels, which were enacted in 2014. (25)

No

No

No

Vermont

Vermont has statutory targets to reduce
GHG emissions 26% below 2005 emissions
by 2025, 40% below 1990 levels by 2030,
and 80% below 1990 levels by 2050, which
were enacted in 2020. (26)

Yes

No

No

Virginia

Virginia has a statutory target to achieve net-
zero GHG emissions across all sectors by
2045, which was enacted in 2020. (27)

Yes

No

No

Washington

Washington has statutory targets to reduce
GHG emissions 45% by 2030, 70% by 2040,
and 95% by 2050, all compared to 1990
levels, which were enacted in 2020. The
targets also aim for net-zero GHG emissions
by 2050. (28)

No

Yes

No

Total

15

Table S1. Summary of State-Level Climate Goals and Plans
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Solutions

Data Sources

Modelling Achievable Potential

Modelling Technical Potential

Cogeneration | Hampson, et al. We modeled the baseline forecast for Hampson, et al. (2016) estimates the CHP
(29-45) (2016), U.S. DOE | electricity generation and industrial technical potential of individual industrial and
(2020), experts’ cogeneration using the GT-National commercial sites located in the U.S. Technical
advice, GT-NEMS | Energy Modeling System (GT-NEMS), potential is calculated in terms of CHP electrical
modeling which is the primary modeling tool run by | generation capacity that could be installed at
the U.S. Energy Information existing industrial and commercial facilities based
Administration (USEIA, 2009; 2018). GT- | on the estimated electric and thermal needs of
NEMS uses the 2018 version of NEMS. the site. The analysis focuses on sites with CHP
technical potential of 50kW or higher.
The achievable potential was estimated
taking into account the installed capacity According to Hampson, et al. (2016), Georgia
of industrial facilities and a percentage of | has the technical potential to grow its CHP
the technical potential, as advised by capacity from 42 sites in 2018 to 9,374 sites with
experts. The percent of technical potential | a total capacity of 5,110 MW, which are judged
is smallest for enterprises with the by DOE to be cost-effective.
smallest installed capacities of 50-500
KW (at 10%) and largest for enterprises Of this technical potential, the state has 2,725
with the largest installed capacity >20 MW | MW of industrial on-site potential mainly from the
(50%). textiles, paper, food processing, chemicals and
wood sectors, and 2,371 MW of commercial on-
Assuming a 75% capacity factor, site potential primarily from colleges and
industrial facilities with an additional total universities, commercial buildings, schools,
835 MW nameplate installed capacity hospitals and military sectors (Hampson et al.,
would generate 5,484 GWh /year. In 2016).
2030, it is assumed that 388 tCO2 will be
emitted per GWh of electricity generated Assuming a 75% capacity factor, industrial and
in Georgia (GT-NEMS modelling). At this | commercial facilities with a total 5,107 MW
projected carbon intensity, 2.13 MtCO2 nameplate installed capacity would generate
could be avoided in 2030 by adding 5,484 | 33,555 GWh /year. In 2030, it is assumed that
GWh of zero-carbon electricity 388 tCO2 will be emitted per GWh of electricity
generated in Georgia. At this projected carbon
We assessed CO2 emissions reductions intensity, 13.02 MtCO2 could be avoided in 2030
and other pollutant and public health by adding 33,555 GWh of zero-carbon electricity
impacts using customized spreadsheets. | (source of carbon intensity: GT-NEMS
modelling).
For further details see Brown and
Sanmiguel Herrera (2020). An Excel spreadsheet model was developed to
complete a financial analysis of two typical CHP
configurations implemented in Georgia: (1) a
topping cycle with a gas turbine (GT) combined
with a boiler/steam turbine (ST), and (2) a
bottoming cycle with a reciprocating engine and
gas turbine. Use of CHP in several industries
were evaluated, based on the type of CHP
system most appropriate to the industry’s
characteristics, and informed by expert advice.
Installation and O&M costs were estimated taking
into account the achievable installed capacity of
industrial facilities and the costs that correspond
to the prime mover of the selected configuration.
Demand Data internal to We model the baseline forecast for Modelled using GT-NEMS, by assuming a
Response GT-NEMS (US demand response using Georgia Tech’s maximum 20% demand shift. In addition, In the
(46-90) EIA, 2018); Lazard | version of the National Energy Modeling technical potential scenario, GT-NEMS further

System (GT-NEMS). The baseline

incentivizes DR by reducing the cost of storage
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(2018); BNEF
(2020)

forecast allows a 4% shift of demand from
on-peak to off-peak hours. This is
increased to a maximum of 20% between
2020 and 2030 to estimate the achievable
potential scenario. Under this restriction,
we estimate that consumers would reduce
their on-peak consumption by 10%.

For further details, see Brown and
Chapman (2020).

by 50%. and by reducing the cost of storage by
50%.
(1) Overnight capital cost of $1238/KW in

the technical potential case vs $2475/KW
in the baseline forecast

(2) Variable O&M cost of $4.2/MWh in the
technical potential case vs $8.4/MWh in
the baseline forecast

(3) Fixed O&M cost of $20.9/KW in the
technical potential case vs $41.8/KW in
the baseline forecast.

Rooftop Solar
(91-95)

Google Sunroof
dataset of county
data based on
aerial and satellite
imagery, 3-D
modelling, and
shade (Google
Project Sunroof,
2020); data on
Solarize
participation

To estimate the achievable potential for
rooftop solar, we develop a logistic growth
function. The function is fitted to the past
four years of Solarize participation data.
Total annual abatement figures for
Solarize were aggregated using the end
years of each Solarize campaign, with two
ongoing projects in Decatur-Dekalb and
Savannah still adding abatement potential
in 2020. The logistic curve is also fitted to
the estimate of the state’s technical
potential of 12.1 megatons (see column to
the right).

The generic logistic growth curve that was
fitted to historic growth rates and the
technical potential for rooftop solar in
Georgia, is specified below.

TP

e = T Ae e
where:
e R:=reduction (MtCOz) in year t
e TP = technical potential (MtCOz)
e A and b are the logistic parameter
Customized R-based spreadsheets were
developed to calculate cost-effectiveness
of market penetration using various
assumptions about costs and efficiency
from the National Renewable Energy
Laboratory (Fu et al., 2018). Baseline
forecast modeled by GT-NEMS
Reference Case.

For further details see Brown, M.A.,
Hubbs, J., Gu, V. and Cha, M-K (2021),
Rooftop Solar: Closing the Gap Between
the Technically Possible and the
Achievable, Working paper.

Analysis of Google Sunroof data by county
produced estimates of the rooftop area suitable
for solar photovoltaics. Potential electricity
generation from these rooftops is based on the
capacity factor of existing rooftop solar in Georgia
(14.7%) derived from Google Sunroof data on
existing installations.

To use the per-county estimates to evaluate the
total potential by county requires making
assumptions about the frequency distribution of
the potentially available power within the size
bins used in the Google Project Sunroof data.
The single-point estimate of available power for
rooftops within a capacity size bin is set to its
midpoint (e.g., 7.5 KW represents the bin
spanning 5-10 KW).

Analysis of the data on current installations is
used to derive the frequency distributions of the
potential for additional solar PV capacity by
county.

We assume that the nameplate capacity of
current installations has the same frequency
distribution as the potentially available rooftop
space by county provided by Project Sunroof. For
the existing installations and the potential
installation, we assume there are no installations
smaller than 3 kW.

We focus on the technical potential for generating
electricity on flat and south-facing angled roofs.
The resulting 24.3 GW of potential is close to the
estimate produced by NREL and published in
Lopez, et al. (2012, Table 4). At a capacity factor
of 14.7, Georgia has the technical capacity to
generate 31,300 GWh of electricity in a year.
Based on the GT-NEMS baseline forecast for
power generation in Georgia in 2030, 2,580 GWh
of new solar electricity generation in that year
would displace 1 Megaton of emissions. Thus,
24.3 GW of feasible technical potential rooftop
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solar in Georgia could displace 12.1 megatons of
emissions.

Large-Scale
Solar (96-103)

Data internal to
GT-NEMS
(USEIA, Annual
Energy Outlook,
2018)

GT-NEMS Reference case was used for
the baseline forecast. To estimate the
achievable potential for large-scale solar,
the Reference case was modified to
reflect a carbon tax of $10/tCO2, levied on
CO:2 emitted by the electricity sector,
implemented in 2022, and escalating at
5% per year through 2050. As with the
Green New Deal and the Energy
Innovation and Carbon Dividend Act of
2019, all carbon tax revenues are
recycled back to households on a per
capita basis. GT-NEMS models the 22
NERC regions, and we model Georgia as
40.9% of the generation and emissions of
the SERC-SE region.™

Carbon abatement costs are estimated in
two ways, which produces a range: by
using GT-NEMS outputs of utility resource
costs and by reviewing the details of
recent power purchase agreements in the
uU.S.

For further details see Brown, M.A,
Tudawe, R., and Steimer, H. (2021)
“Carbon drawdown potential of utility-
scale solar in the United States: Evidence
from a case study of Georgia,” Working
paper.

We do not consider the potential impact of
agrivoltaics on the achievable potential or
cost-effectiveness of solar farms, since
this is an emerging approach to
regenerative energy. It involves creating a
dual purpose for land: producing
renewable solar energy and raising small
livestock.

To estimate the technical potential for large-scale
solar, the Reference case was modified to reflect
a carbon tax of $15/tCO2, levied on CO2 emitted
by the electricity sector, implemented in 2022,
and escalating at 5% per year through 2050. As
with the Green New Deal and the Energy
Innovation and Carbon Dividend Act of 2019, all
carbon tax revenues are recycled back to
households on a per capita basis. GT-NEMS
models the 22 NERC regions, and we model
Georgia as 40.9% of the generation and
emissions of the SERC-SE region.*

** According to S&P data, SERC-SE had 66 GWs of generating capacity in 2018, and 30.5 gigawatt (GW)
(46.2%) of this was located in Georgia. SERC-SE generated 254,000 GWh of electricity in 2018, and
104,000 GWh (40.9%) of this total was produced in Georgia. There are also two dams in north Georgia that
are owned and operated by the Tennessee Valley Authority. Since hydropower is considered to be nearly
carbon-free, we do not make any adjustments for this electricity.
* According to S&P data, SERC-SE had 66 GWs of generating capacity in 2018, and 30.5 gigawatt (GW)
(46.2%) of this was located in Georgia. SERC-SE generated 254,000 GWh of electricity in 2018, and
104,000 GWh (40.9%) of this total was produced in Georgia. There are also two dams in north Georgia that
are owned and operated by the Tennessee Valley Authority. Since hydropower is considered to be nearly
carbon-free, we do not make any adjustments for this electricity.
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Landfill
Methane (104-
107)

EPA LMOP
LFGcost
Spreadsheet

The U.S. Environmental Protection
Agency'’s Landfill Methane Outreach
Program Landfill Gas Energy Cost Model
(EPA LMOP LFGcost) was used to
estimate the achievable potential using 21
candidate landfills in GA totaling 45 MW
of nameplate installed capacity.

The U.S. Environmental Protection Agency’s
Landfill Methane Outreach Program Landfill Gas
Energy Cost Model (EPA LMOP LFGcost) was
used to estimate the technical potential using 22
candidate landfills in GA totaling 47 MW of
nameplate installed capacity.

EVs (108-128)

U.S. DOE Energy
Information
Administration;
U.S. DOE,
Alternative Fuels
Data Centre;

U.S. EPA;

U.S. DOT
(Household Travel
Trends);

Other
DOT/NHTSA;
U.S. DOE, EERE,
Vehicle
Technologies
Office;

IRS (Tax credit);
GA Tax Code;
GA DOT vehicle
registration
database;

DOC (CPI inflation
tables);

WG authors’
publications;
Edison Electric
Institute; NREL;
EPRI;

Bloomberg New
Energy Finance;
Brattle; Others.

Assessed CO2 emissions reductions and
net present value of investments using
customized Excel spreadsheets based on
input data from open-source publications
and resources. For EV 2030 growth
projections, plausible estimates were
determined based on the best fit of
multiple third-party research projections
(e.g., DOE/EIA AEO 2019 Reference
Case, EPRI Low/Medium Nov 2019,
BNEF 2018 EV Outlook, NREL
Electrifications Futures, Medium, NAS
Midrange PEV, as summarized by BNEF
chart below). For GA electricity grid
COzprojections, data from GT- NEMS,
Working Group (WG) 1 projections, and
open-source data from public reports
(e.g., DOE EIA, FERC, EPA) were
employed. Other economic indicators use
stated assumptions and follow accepted
best practices (e.g., discount rates of 3%
and 7%, assumed DOC/CPI inflation
trends, 2019 Real$, etc. as disclosed in
(Simmons, Applied Energy)). For the
Achievable Scenario, an EV adoption
growth rate corresponding to 21% of new
vehicle sales 2030 has been assumed.
This corresponds to a total about 310,000
electric vehicles (3.7%) in the Georgia
light duty fleet of about 8.2 million
vehicles. This level of growth has been
inferred from the external sources and
economic feasibility. For instance, it
represents an approximation based on an
average of predicted growth scenarios as
per the compiled data shown below. Then,
steps were taken to apply this growth
trend to the specific case of Georgia,
based on compliance with Federal CAFE
regulations (DOT/NHTSA and EPA), as
well as projections around EV tax credits
(Breetz, Energy Policy; Author), existing
and future composition of the registered
light duty vehicle fleet (GA registered
vehicle database, author). An annual
turnover of the vehicle stock of between 5-
6% for Georgia is assumed, based on
recent historical trends from DOT

For the Technical Potential Scenario, an EV
adoption growth rate corresponding to 40% of
new vehicle sales 2030 has been assumed. This
corresponds to a total about 680,000 electric
vehicles (8.3%) in the Georgia light duty fleet of
about 8.2 million vehicles. This level of growth
has been inferred from the external sources. This
EV adoption rate represents an approximation
based on aggressive growth scenarios as
forecasted by the compiled data shown below.
Then, steps were taken to apply this growth trend
to the specific case of Georgia. For the technical
potential scenario, several constraints were
relaxed in conjunction with author's independent
analyses, including: compliance with Federal
CAFE regulations (DOT/NHTSA and EPA), EV
tax credits, electric power generation
infrastructure, reserve capacity and marginal
CO2 emission rates, public and private charging
demands, and economic feasibility. An annual
turnover of the vehicle stock of between 5-6% for
Georgia is assumed, based on recent historical
trends from DOT (Household survey).
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(Household survey). Economic feasibility
was based on projected price trends for
new vehicles and battery prices from the
literature, in conjunction with author's
independent analyses.

Energy- Simmons, et al. Assessed CO2 emissions reductions and For the technical potential scenario, a 2% fuel
Efficient Cars | (2015); net present value of investments using economy improvement above the regulatory
(129-130) Simmons, (2015) | author’s benefit cost modeling baseline projection was assumed for light duty

U.S. EPA; methodology for incremental cost and cars and trucks, and the share of cars is

www.fueleconomy. | efficiency gains. This includes customized | assumed to increase from a 36% baseline in

gov; Excel spreadsheets based on input data 2020 to 44% in 2030.

U.S. DOT; from open-source publications and

U.S. DOE EIA; resources. For future fuel economy

U.S. DOE, standards, and technology adoption

Alternative Fuels projections, current and future US

Data Center; Corporate Average Fuel Economy

U.S. DOE, EERE, | Regulations (EPA and DOT/NTHSA) as

Vehicle well as market trend analyses were

Technologies employed. Other economic indicators use

Office; stated assumptions and follow accepted

GA DOT vehicle best practices. For the achievable

registration scenario, a 1% fuel economy

database; improvement above the regulatory

Edmunds.Com; baseline projection was assumed for light

Kelly Blue Book; duty trucks, and the share of cars is

WG authors’ assumed to increase from a 36% baseline

publications; in 2020 to 44% in 2030.

Others
Energy- Atlanta Regional Assessed CO: emissions reductions and | The technical potential scenario was established
Efficient Commission. net present value of investments using to meet or exceed a 30% overall reduction in
Trucks (131- Argonne National | customized Excel spreadsheets based on | truck fuel consumption by 2030. Such a scenario
183) Laboratory; input data from open-source publications | would result in 4.2 MMT/y in CO2 reductions.

Birkey, et al. and resources for eleven medium and

(2017); light-heavy duty vehicle use cases.

Curry, et al. Weighted average emissions reductions

(2012); for these use cases was used to estimate

Davis and Boundy | emissions reductions for use cases not

(2020); specifically modeled. For future fuel

North American
Council for Freight
Efficiency;
NHSTA,;

Scora, et al.
(2020);
Simmons, et al.
(2015);

Smith, et al.
(2019);

U.S. DOE EIA;
U.S. DOE EERE;
U.S. DOE NREL;
U.S. DOT;

U.S. EPA

economy standards, and technology
adoption projections EPA and
DOT/NTHSA standards and market trend
analyses were referenced. Other
economic indicators use stated
assumptions and follow accepted best
practices. The achievable scenario was
established to meet a 25% overall
reduction in truck fuel consumption by
2030.
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Wang, et al.

(2016)
Mass Transit Atlanta Regional New housing units were estimated based | New housing units were estimated based on
(184-187) Commission, on future population growth projections future population growth projections from the
CALTRANS, from the Atlanta Regional Commission. Atlanta Regional Commission. Study adopted
Georgia Study adopted projected GHG emissions | projected GHG emissions reductions associated
Tech/ORNL Fuel reductions associated with transit-oriented | with transit-oriented development developed for
and Emissions development developed for CALTRANS. CALTRANS. Additional emissions reductions
Calculator Additional emissions reductions based on | based on electrification of transit buses were
U.S. DOT FTA electrification of transit buses were estimated using the Georgia Tech/ORNL Fuel
U.S. EPA estimated using the Georgia Tech/ORNL | and Emissions Calculator (FEC) developed for
Fuel and Emissions Calculator (FEC) U.S. DOT FTA. For the technical potential
developed for U.S. DOT FTA. For the scenario, approximately 36% of new households
achievable scenario, approximately 30% (360,000) in Atlanta would lie within Transit
of new households (288,000) in Atlanta Oriented Development zones. This would result
would lie within Transit Oriented in a reduction of 1.1 MMT/yr compared to the
Development zones. This would result in baseline forecast.
a reduction of 0.8 MMT/yr compared to
the baseline forecast.
Alternative U.S. DOE Energy | Assessed CO2 emissions reductions and | Achievable potential was defined as a 42% shift
Mobility (188- | Information net present value of investments using to cycling and walking across all trips and 50%
202) Administration; customized Excel spreadsheets based on | telecommuting.
U.S. DOE, input data from open-source publications
Alternative Fuels and resources. Achievable potential was
Data Center; defined as a 5 — 10% increase in biking /
U.S. EPA; cycling for urban trips <4 miles, and 10 —
U.S. DOT 20% telecommuting.
(Household Travel
Data);
Other DOT;
Matisoff (2020)
Recycling U.S. EPA Waste Used published data from literature to The technically achievable scenario represents a
(203-214) Reduction Model estimate average waste stream for 95% improvement in recycling rates to achieve a
(WARM); R.W. Georgia, and the Environmental 33% recycling rate.
Beck (2005); Shin | Protection Agency (EPA)'s Waste
(2014). Reduction Model (WARM) to calculate the
energy savings and CO2 savings from
increased recycling. The results were
then used to calculate the cost of avoided
generation as part of estimating the
private costs and benefits of recycling
associated with the recycling of paper
products, glass, plastics, and metals. The
Achievable Scenario represents a 50%
improvement in recycling rates to achieve
a 20% recycling rate.
Refrigerant EPA's Estimated the current state of refrigerants | The technical potential involves eliminating the
Management. | Greenhouse Gas in Georgia using EPA SIP tool with a leakage of GWP refrigerant leakage from grocery
(215-238) State Inventory linear extrapolation from the 2010-2016 stores. And, in addition to replacing residential air

and Projection
(SIP) Tool;
California’s High
Global Warming
Potential Gases

data to create a 2020 baseline. Estimated
Georgia’s loss rates and inventories
associated with the various sectors that
use refrigerants using 2015 California
refrigerants inventory. Projected potential

conditioners with SNAP low GWP alternatives,
50% of commercial refrigeration systems would
be replaced with 0-GWP alternatives.
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Emission
Inventory 2015
Edition; U.S. EPA
GreenChill grocery
store data; U.S.
EPA Significant
New Alternatives
Policy (SNAP);
Regulatory Impact
Analysis from
2016 & 2018
Section 608
Refrigerant
Management /
ODS regulations

savings using EPA Greenchill store data
and SNAP approved low-emitting
chemicals to predict possible effects of
new technologies. The low-achievable
scenario reduces grocery store leakage
rates to 13% on average. The high
achievable scenario adds a replacement
of 20% of residential air conditioners with
a SNAP approved low GWP alternative.

Retrofitting U.S. DOE Baseline delivered energy usage was The technically feasible scenario adds high
(239-269) analyses of determined from NEMS. Individual efficiency heat pumps, hybrid heat pump water
state/utility energy | technologies were evaluated for cost- heaters, and improved insulation in the
efficiency effectiveness based on DOE estimates, commercial sector. These technologies create a
potentials; U.S. peer reviewed literature, and expert input | bundle of cost-effective technologies at an 12%
DOE SCOUT; from focus groups._The Achievable discount rate. It assumes a 5% per year market
Residential scenario utilizes smart thermostats, penetration for all technologies reaching 50%
Energy improved insulation, and LED lighting for penetration by 2030.
Consumption the residential sector and retro-
Survey (RECS); commissioning, building automation, and
Commercial LED lighting for the commercial sector.
Building Energy These technologies were deemed cost-
Consumption effective with a 12% discount rate.
Survey (CBECS) Cumulative retrofit rates are based on the
annual energy efficiency potentials
observed from various state / utility
analyses. The scenario assumes 2% per
year market penetration. Typical relative
energy savings from the retrofit solutions
were estimated from SCOUT. The CO2
savings arising from the energy savings
were calculated using Georgia-specific
emission factors.
Composting U.S. MSW data The current and projected organic waste, | Technically, all the organic wastes generated in
(270-275) and distribution including food waste, was estimated for Georgia can be composted, so the technical

fractions from U.S.
EPA (2017)

GHG emission
factors data from
U.S. EPA Waste
Reduction Model
(WARM) (U.S.
EPA, 2020; Weitz
et al., 2002)
Economic data
related to
composting
obtained from
refed.com (ReFed,
2016); U.S. EPA,
1998).

Georgia from the U.S. EPA’s municipal
solid wastes (MSW) data on a per-capita
basis. The total organic waste sent to
landfills that would otherwise be
composted was modeled in a customized
excel spreadsheet that accounts for the
current rate of composting and
combustion of organic wastes in Georgia
for baseline projection.

Our achievable potential estimates are
assumed to evaluate the carbon reduction
potential, if 50% of organic wastes are
diverted from landfills to composting by
2030.

potential is 100%.

The GHG emission reduction potential by
composting was calculated based on the total
amount of organic wastes sent to landfills. The
current organic waste data does not include
biosolids from municipal sewer systems and crop
residues such as cotton gin wastes and other
wastes such as poultry litter generated in
Georgia.
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The cost-benefits of composting 50%
organic wastes were estimated based on
the composting cost data obtained from
open literature sources and the estimates
from ReFed organization (Refed, 2016).

Conservation | Georgia specific The historic total cropland area, types of Technically, every acre of the major row crops
Agriculture historic cropland crops grown, irrigation types, current grown in Georgia (cotton, peanuts, corn and
(276-283) data obtained from | conservation practices, current crop soybean) could adopt conservation agriculture
https://www.nass. | rotation information for the state of practices, so the technical potential is 100% of all
usda.gov (USDA- | Georgia were obtained from the USDA row crops grown in Georgia.
NASS, 2019) and | National Agricultural Statistical Services
conservation (NASS) databases. We developed a
adoption practices | spreadsheet-based model to assess the
information from baseline GHG reduction potential due to
Knowler and conservation agricultural practices in
Bradshaw (2017). | Georgia (current annual adoption rate is
1.5%).
Enterprise budget
data obtained from | Although conservation agriculture is a
https://agecon.uga | broad term encompassing multiple
.edu/extension/bu | physical and management practices, we
dgets.html (UGA | focused in this analysis exclusively on the
Extension, 2019) effects of conservation tillage practices
(no-tillage and/or strip-tillage), crop
rotation and leaving the residues in the
field to prevent soil erosion. For each
major crop, the life cycle GHG emissions
for conventional and conservation
practices were used to estimate the GHG
reduction potentials from adoption of
conservation agriculture practices. The
GHG reduction potentials include the soil
carbon sequestrations due to
conservation agriculture practices.
The achievable potential analysis
assumes a 3% annual adoption rate of
major row crops grown using
conservation tillage practices and its
potential to reduce GHG emissions by
2030.
Plant-Rich The U.S. meat We used the Georgia population data to We used the Georgia population data to estimate

Diet (284-296)

consumption rate
data was obtained
from
www.ers.usda.gov
(USDA-ERS,
2019)

The GHG
emission factors
data obtained from
open literature

estimate the GHG emission potentials of
plant-rich diets.

The per capita meat consumption in the
U.S. estimated by the U.S. Department of
Agriculture (USDA), Economic Research
Services (ERS) was used to estimate the
current-level of meat consumption rate in
Georgia. Open literature per-capita data
on the emission factors for animal-rich
and plant-rich diets were coupled with

the GHG emission potentials of plant-rich diet
solution. We assumed a technical potential as
about 75% of the Georgia population shifts to
plant-rich/low-carbon diets.
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sources [Eshel, et
al., (2019); Heller
etal., (2013);
Shepon, et al.,
(2018); Tilman et
al., (2014)]

The solution
strategies and
economic data
were obtained
from Ranganathan
et al., (2016), NAS
(2019) and Drew,
et al., (2020),
Eshel, G., P.
Shepon, A., Noor,
E. & Milo, (2016).

Georgia population projections to
estimate Georgia-specific GHG emission
reduction potentials.

The baseline analysis assumes that about
2.5% of Georgia’s population shifted to
plant-rich diets. The achievable potential
estimate assumes about 25% of
Georgia’s population shift to a plant-
rich/low-carbon diet by 2030 at an annual
adoption rate of 2.5%.

The strategic interventions to adopt plant-
rich diets proposed by Ranganathan et
al., (2016) was applied to estimate the
potential cost of adoption or shift to plant-
rich diets.

Reduced
Food-Waste
(297-306)

The U.S. food
waste data
obtained from
various sources
compiled by
(ReFED, 2016);
(Buzby et al.
2012); (Heller et
al. 2014); (Hoover
etal. 2017).

The economic
data and other
strategies to
reduce regional
food wastes
information
obtained from
(ReFED, 2016);
(Tilman et al.
2014); (FAO,
2011); (Snyder et
al.2018); (CAST,
2018).

U.S. food waste data from open literature
sources were used to estimate Georgia-
specific food waste tonnage on a per-
capita basis. The Georgia specific food-
wastes data were further divided into
wastes at the consumer and retail levels
and losses at the farm and during
processing based on the national average
values.

The potential food waste reduction
interventions by the ReFed.com
organization were used to compute food
wastes that can be preventable and
reusable by food banks. The emission
factors data for food waste prevention and
reuse by the U.S. EPA’'s WARM model
were used to estimate GHG reduction
potential specific to Georgia. The food
waste reduction by disposal methods
such as composting and anaerobic
digestions was not considered in our
analysis to estimate GHG emission
reduction potentials.

The achievable potential analysis
estimated the GHG emission reduction
potential of 20% reduction in food waste
by 2030.

The economic data related to potential
food waste reduction interventions
reported by ReFed.com were applied to
estimate cost and benefits data.

The technical potential analysis estimated the

GHG emission reduction potential, if 50% of food

waste can be reduced by 2030.
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Afforestation
and
Silvopasture
(307-317)

USDA (2016),
Georgia Forestry
Commission
(2019),

Richter et al.
(1999),

Machmuller et al.

(2018),

Carey et al.
(2016),

Crowther et al.
(2016),

Moore et al.
(2011),

Georgia Forestry
Commission
(2019)

The state of Georgia contains 2.8 million
acres of pasturelands (Georgia Forestry
Commission 2019, USDA 2016). For the
Afforestation and Silvopasture solution,
we estimated annual COze gain in trees
and soils if planted in a 50:50 mix of
loblolly pine (Pinus taeda; the main timber
species in the Southeast and the United
States) and native hardwood species, as
well as if planted exclusively in loblolly
pine. To calculate annual amounts of
carbon dioxide equivalents (COze) stored
in living tree biomass per acre, we
calculated annual carbon gain in wood
and roots, assuming green wood contains
28% carbon (Wang 2010) and converted
to COze. (Loblolly pine green wood
ranges from 25-30% carbon, Wang 2010).
For loblolly COze annual gain in living
biomass, we estimated a rate of 4.6 t
COze per acre in above and below ground
living tree biomass. Hardwood species
have lower productivity and growth over
the initial years of stand development, so
we assumed COze accumulation rates in
hardwood trees of half that of pines
(Christensen and Peet 1981; Mohan et al.
2007, 2009; Schlesinger and Bernhardt
2020). We note that while our current
models only include planting trees in
Georgia pastures, additional CO-e plus
non-carbon benefits including local
cooling, biodiversity habitat, and filtering
of air and water pollutants would be
achieved by planting trees in urban,
suburban, and rural lands including parks
and yards.

To estimate COze stored in loblolly-
associated soils, we based our
calculations on Richter et al. (1999), who
measured soil carbon accrual over time in
the degraded soils of a 40-year old loblolly
stand in South Carolina, which naturally
recruited following mid-20" Century
agricultural land abandonment. We also
supplemented with Machmuller et al.
(2018), Carey et al. (2016), and Crowther
et al. (2016). The much more chemically
labile (easy for microbes to break down)
hardwood leaf litter leads to much faster
litter decomposition rates which respire
CO:2 to the atmosphere and reduce carbon
stored in the soil litter layer (Schlesinger
and Bernhardt 2020). Thus, we assumed

For the technical potential, we assumed 100% of
the current 2.8 million acres of pasturelands were
planted in mixed loblolly-hardwood tree species
(Note: this would convert the land use from
pastures to forests, potentially managed for
timber and non-timber forest products). Under
this scenario, we estimated sequestering an
additional 14.3 MtCOze annually by the year
2030 in living tree biomass and soils. As trees
continue to grow and funnel carbon to soils, this
annual amount would increase over time. We
additionally modeled an “extreme technical
potential,” which considered planting 100% of
current pasturelands exclusively in loblolly pine,
one of the most productive temperate forest tree
species, and calculated a potential storage rate
of 19.5 MtCO:e per year by 2030. Again, as trees
continue to grow and funnel carbon to soils, this
annual amount would increase over time.
However, an important caveat is that high risk is
associated with planting a single species due to
the risk of pests, pathogens, susceptibility to
extreme weather events, etc., so this extreme
technical potential should be viewed with caution.
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soil CO2e accumulation to occur at about a
quarter of the rate of that under loblolly
pine trees. For the mixed half loblolly and
half hardwood planting scenarios, we used
an annual CO2e accumulation rate of 4.8
tCOze per acre in living tree biomass and
soils. For the loblolly-only planting
scenarios, we assumed a COze rate of 6.6
tCOze per acre per year in living tree
biomass and soils.

For the Achievable Potential, we estimated
if 20% of the current 2.8 million acres of
pasturelands were planted in mixed
loblolly-hardwood  tree  species, an
additional 2.8 MtCO2e would be stored
annually by the year 2030 in living tree
biomass and soils. As trees continue to
grow and funnel carbon to soils, this
annual amount would increase over time.

Coastal
Wetlands
(318-326)

Georgia
Department of
Natural Resources
Coastal Resources
Division (2012),

Creswell (2018),

United States
Global Change
Research Program
(2018),

Edwards, L., J.
Ambrose, and L.K.
Kirkman. (2013),

Aber, J.D. and J.E.
Melillo. (2001),

Schlesinger, W.H.
and E.S.
Bernhardt (2020).

The state of Georgia has ~100 miles of
coast and the coastal wetlands it has are
markedly undeveloped compared with
those of other states. Further, with a few
small exceptions these wetlands are
owned by federal, state and conservation
agencies (the exceptions being Jekyll
Island, Tybee Island, and St. Simons).
The over 429,924 acres of tidal marshes
in Georgia comprise the largest amount of
healthy tidal wetlands in the U.S. Atlantic
seaboard (Seabrook (2006), Edwards et
al.(2013), Georgia Department of Natural
Resources Coastal Resources Division
(2012). Further, Georgia’s tidal marshes
are among the most productive
ecosystems in the world on a per-unit
area basis, rivaling those of tropical
rainforests (Aber and Melillo (2001),
Edwards, et al. (2013), Schlesinger and
Bernhardt (2020), Ouyang and Lee
(2014). Thus, maintaining Georgia's
Coastal Wetlands is an important
Drawdown Solution.

Carbon sequestration rates were
calculated from data in publicly-available
and published sources (e.g Georgia
Department of Natural Resources Coastal
Resources Division (2012), Creswell
(2018), U.S. Global Change Research
Program (2018). State level economic
data were estimated from Creswell (2018)

Technical Potential - By increasing coastal
wetland cover by 14% we would increase annual
CO:ze storage in the state’s coastal wetlands by
0.2 Mt by 2030, for a 2030 total sequestration
rate of 1.6 MtCOze per year.
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research in Chatham County, GA. Most
Coastal Wetland ecosystem carbon
storage is belowground, helping protect
this carbon from storms and other natural
disturbances.

Coastal inland land protection is also
required to account for inland coastal
migration in response to sea level rise
(U.S. Global Change Research Program
(2018). Additionally, healthy Coastal
Wetlands are critical for protecting coastal
lands and properties from storms and
surges which are becoming increasingly
apparent with climate change (Creswell
2018, U.S. Global Change Research
Program 2018, Kirwan and Megonigal
2013).

We estimate the 429,294 acres of
Georgia’s tidal wetlands (Seabrook 2006)
currently sequester 1.4 MtCO2e annually.

Achievable Potential - By increasing
coastal wetland cover by 7% we would
increase annual CO:e storage in the
state’s coastal wetlands by 0.1 Mt by
2030, for a 2030 total sequestration rate
of 1.5 MtCOze per year.

Temperate
Forest
Protection and
Management
(327-333)

USDA (2020),
Richter et al.
(1999),

Machmuller et al.

(2018),

Carey et al.
(2016),
Crowther et al.
(2016),

Moore et al.
(2011)

To estimate CO2ze annually stored in living
tree biomass we used data from the
USDA Forest Inventory and Analysis data
for the state of Georgia between 2007
and 2017 and calculated average annual
storage amounts of 27 MtCO:ze for
Georgia. To estimate annual soil carbon,
we relied on FIA soil data and Richter et
al. (1999), supplemented with Machmuller
et al. 2018, Carey et al. 2016 and
Crowther et al. 2016. For calculating
annual soil carbon storage on lands with
already established forest cover, unlike
degraded post-agricultural soil, we
estimated a 0-3 Mt CO:e of annual soil
carbon storage for the state of Georgia,
depending on the initial soil carbon levels,
with relatively carbon-rich soils already
supporting canopy trees having lower
levels of annual new carbon accumulation
and sites with depleted soils having
higher rates of new soil carbon
accumulation upon planting trees (Richter
et al. 1999). For the Achievable Potential,
we estimated CO2e sequestration in forest
trees and soils by increasing the state’s

For the Technical Potential, we estimated CO2e
sequestration in forest trees and soils by
increasing the state’s forest cover by 15%,
resulting in enhanced annual CO2e storage of 4.3
Mt per year by 2030.
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forest cover by 10%, resulting in
enhanced annual COze storage of 2.8 Mt
per year by 2030.

Table S2. Data Sources and Modelling Approaches Used to Estimate the Potentials and
Costs of 20 Solutions
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Achievable

Technical

Carbon Abatement in
2030
(MT CO2-e)

Net Present Value
of Abatement Cost

Carbon Abatement in

2030
(MT CO2-¢)

Solution (2017$/tCO2-e)

Rooftop Solar 0.85 -118 to -26 12.1
Utility-Scale Solar 11.2 -3.9t071.0 214
Demand Response 1.95 6.10 1.45
Cogeneration 21 -178 13.0
Landfill Methane 14 -11.43 1.5
Electric Vehicles 14 27.to0 144 2.3
Energy-Efficient Cars 1.4 251040 4.1
Energy-Efficient Trucks 3.3 -37.0 4.2
Mass Transit 0.8 116 1.1
Alternative Mobility 1.8103.6 -4.67 to -1.58 21.5
Recycling 20to 41 -43 to -21 7.7
Refrigerant Management 0.71 7.61 2.80
Retrofitting 26t04.0 -0.8510 2.12 13.7
Composting 0.70 -17.0 1.38
Conservation Agriculture 0.5 1.9106.6 0.7
Plant-Rich Diet 1.13 0to 8.0 3.44
Reduced Food-Waste 1.8 -336 4.3
Afforestation & Silvopasture 2.8 20 14.3 t0 19.5
Coastal Wetlands 0.1 1.6 0.2
Temperate Forests 2.8 20 4.3

Table S3. Abatement Potential and Costs from 20 Solutions Implemented in Georgia in

2030
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Solution Scenario | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
.| Achievable 0| -02| -04| 06| 09| 11| 13| 15| 17| 19| -2.1

Cogeneratio
n Technical 0| 13| 26| -39| 52| 65| -78| 9.1|-104]|-117| -13
Demand | Achievable 0 1 2| -02| 38| 23| 28| 38| 21| 32| 17
Response | tochnical ol -08| 18| 16| 29| 57| 36| -47| 38| 52| -15
Rooftop | Achievable 0 0 0 0 o| -01| -01| 02| 03| -06| -09
Solar Technical 01| 21| -51 8| -89| 94| 96| -99|-103|-11.8|-12.1
Large Scale | Achievable 02| 39| -91|-117|-141]|-147]-151|-151|-122|-138 | -11.2
Solar Technical 02| -42|-102]|-16.1]|-178|-188|-192|-199| -206 | -23.6 | -21.4
Langfil | Achievable o| -01| -03| -04| 06| -07| -08 Al 11| 13| 14
Methane | +ochnical o| 02| 03| -05| -06| 08| 09| -11| 12| 14| -15
Eloctric | Achievable 0 o| -01| -01| 01| -01| -04| -06| 09| 12| -14
Vehicles | 1ochnical o| 02| 03| -05| -07| 08| 11| 14| 17| 2| 23
Energy- | Achievable o| 01| -01| 02| 02| -03| -05| 07| 09| 11| 14

Efficient
Cars Technical 0| -03]| -07 Al 14| 17| 22| 27| 31| 36| -4.1
Energy- Achievable of -05( -09( 14| 18] 23| -25| 27| -29| -31 -3.3

Efficient
Trucks | Technical o| -05 Al 15 2| 25| 28| 32| 35| 39| -42
Mass Achievable o| -01| -01| 02| 03| -04| -05| 05| 06| -07| -08
Transit | +ochnical ol -01]| 02| 03| -04| -05| -06| 07| -09 A4 11
Aternative | Achievable o| -02| -04| 05| 07| -09| 11| 13| 14| 16| -18
Mobility | technical o| 22| 43| 65| -86|-108|-129|-151|-172|-194 | -215
Achievable o| -03| -06| 09| 12| 16| 19| 22| 25| 28| -3.1

Recycling
Technical o| -08| 15| 23| 31| 38| 46| 54| 61| 69| -7.7
Refrigerant | Achievable 0.3 0.2 0.1 o 01 02| -03| -04( -05]| -06| -0.7

Manageme
nt Technical 0.3 o| -03| -06| 09| 13| 16| 19| 22| 25| -28
Achievable 0| -03| -05| -08 A| 13| 16| 18| 21| 23| 26

Retrofitting
Technical 0| 14| 27| 41| 55| 69| -82| 96| -11|-123|-137
Composting | Achievable 0| 01| -01] -02| -03(-034| -041]-047|-0.55]-0.62 | -0.69
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Technical ol -01| -03| 04| -05|-067|-081|-095|-1.09|-1.23]-1.38
Conservatio | Achievable 0 -01 -01 -0.2 -0.2 -0.31-0.34]|-0.38 | -0.42 | -0.46 -0.5
n
Agriculture | Technical ol -01| 02| -03| -04| -05|-054|-058|-062]|-066| -0.7
Plant Rich | Achievable ol -01| -02| -03| -04|-053|-065]|-077]-0.87 -1]-1.13
Diet Technical ol -03| -06| 09| -13[-161]|-195| 23| -2.7 3| -34
Reduced | Achievable ol -02| 03| -05| -07| -09 Al 12| 14| 16| -18
Food Waste | 1o pical o| 04| 08| 13| 17| 21| 26| 3| -35 4| a5
Aﬁo;‘ezta“o Achievable o| 01| -02| 04| -05| 07| 11| 15| 2| 24| -28
S"Vogasmr Technical o| 07| 14| 22| 29| 36| 57| 79| -10/|-122/|-143
Coastal | Achievable 0 0 0 0 ol -01| 01| 01| -01| -01] -0.1
Wetlands | 1oopnical 0 0 ol 01| 01| 01| -01| 01| 02| -02| -02
Temperate | Achicvable 0 o 12| 14| 16| 18] -1.9 2| 22| 24| -26
Forest
Protection &
Manageme | Technical 0 0| -2.8 3| 33| 35| 36| 37| -39 41| -43
nt
Table S4. Abatement Potential, by Year

Year Summer Peak Peak + 15% Installed Capacity Excess Excess

MW MW MW MW %

2019 16,300 18,750 20,300 1,550 76

2029 17,150 19,700 20,300 600 3.0

Table S5. Forecasted capacity of Georgia Power, for subject years
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