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Technical Appendix: Assumptions, Costs, and Calculations 

General 

The following data sources were used throughout the modeling completed for this application:  
● All energy costs were sourced from the U.S. Energy Information Agency, Annual Energy Outlook 

2023.1 
● Projected electricity emissions factors were based on Michigan’s 100% Clean Energy Standard in 

Senate Bill 271. Emissions factors for years between 2024 and 2040 were derived by assuming a 
steady decrease from the current emissions factor to 0 in 2040. 

● All other emissions factors were sourced from the EPA Community Inventory Tool 
(https://www.epa.gov/statelocalenergy/local-greenhouse-gas-inventory-tool).  

Measure 1: Residential Building Retrofits 

The following assumptions were made to calculation emissions reductions: 
1. The retrofits will achieve the following on average in each dwelling (single- and multi-family): 

 50% reduction in total energy (thermal and plug load) 
 Replacement of fossil fuel systems with air source heat pumps and electric appliances. 

2. The source of current residential building stock data was from NREL’s State-Level Residential 
Building Stock and Energy Efficiency & Electrification Packages Analysis 
(https://public.tableau.com/app/profile/nrel.buildingstock/viz/StateLevelResidentialBuildingStockan
dEnergyEfficiencyElectrificationPackagesAnalysis/Introduction). 

3. All buildings were assumed to currently have natural gas heating. 
4. Retrofit Costs were assumed to be the following, to a maximum of $18,000 per dwelling (source: 

Wayne County Metro Weatherization and Energy Efficiency Program actual average cost to retrofit 
homes) 
 Energy Audit - $50-900 (source: homes.rewiringamerica.org)  
 Repairs - $4,000 average per dwelling (source: Oakland Saves Program ) 
 Weatherization - $12,000 average per dwelling, for leak sealing, weather stripping, insulation 

and roof replacement (source: Wayne County Metro Weatherization and Energy Efficiency 
Program actual average cost for complete weatherization, plus 10% of residents requiring roof 
replacements.) 

 Energy Efficiency - $10,000 average per dwelling for doors, windows, electric clothes dryer, 
electric stove, more energy-efficient refrigerator. 

 Electrification - $10,000 average per dwelling for panel and plug upgrades, and space and water 
heat pumps. (source: homes.rewiringamerica.org) 

 

 
1 U.S. Energy Information Administration. “Annual Energy Outlook 2023 - Table 3 Energy Prices by Sector and 
Source” 
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Measure 2: Residential Renewable Electricity 

The emissions reductions for this measure assumed that a 5 kW rooftop solar PV system will be installed 
on all participating, low-income homes. Each system was assumed to cost $13,000. (Source: Michigan 
Local Solar for All: https://www.localsolarforall.org/michigan.) 

Measure 3: Energy Advisor Service 

The emissions reductions associated with the non-income-qualified residents who accessed the Energy 
Advisor Service, assumed that in the 1500 dwellings, the following upgrades will have been completed 
by 2030: 
● 500 dwellings achieved 50% reduction in thermal and plug load energy. 
● 500 dwellings achieve 25% reduction in thermal and plug load energy. 
● 500 dwellings achieve 10% reduction in thermal and plug load energy. 
 
The only cost to the Program for this was the Energy Advisor Service. Estimating the cost to stand up this 
service and operate it for five years was done two ways. The final budget was created by combining the 
results of the two estimates.  
1. The first approach was to estimate the costs ‘from the bottom up’. To do this, the expected 

workload, expertise, staffing, and physical resources were aligned with the schedule of the 
Residential Decarbonization component of the program. Table 2 presents these calculations and 
proposes a total budget of $26,200,500 for this Service.  

2. The second estimate was based on guidance from similar work currently being done or that was 
done in the past. Experience with the Ann Arbor Energy Advisor pilot program, the Oakland Saves 
Program, the DTE Home Energy Program, and the guidance of Michigan Saves all indicated that this 
service will likely require funds equivalent to 25-30% of the ‘on-the-ground work’ that it will be 
catalyzing. In this case, this produces an estimated budget of between $31.3 and $41.3 million for 
the Energy Advisor Service. (For comparison, the first estimate is approximately 21% of the costs of 
Measures 1 to 4.)  

 
Assumptions and cost data to develop these estimates included: 

- Staff salaries 
- PHIUS Builder Certification 
- HEP Energy Auditor Certification 
- HEP Quality Control Inspector 
- Work space  
- Electric vehicles for travel  
- Funds passed through to supporting agencies 
- Suggested training: The Building Performance Institute (BPI). bpi.org. 
- Salary estimates: The Association of Energy Engineers (AEE). https://www.aeecenter.org/.  
- Electric vehicle costs: “Update on Electric Vehicle Costs in the United States through 2030.” 

theICCT.org  
- Programming costs and estimated staffing requirements: Ann Arbor’s pilot Energy Advisor 

Program
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Measure 4: Climate-Resilient Trees 

The emissions reductions and costs associated with tree planting assumed:  
● 4000 Bur oak (Quercus macrocarpa), 4000 Red maple (Acer rubrum), and 1,850 Ginkgo trees 

(Gingko biloba) will be planted by 2030;  
● Approximately 1% will die annually between 2030 and 2050, such that in 2050, approximately 

8056 trees will still be alive.  
 
The species-specific sequestration factor, average lifetime, air pollution reductions, canopy cover, 
rainfall interception, and avoided runoff values were calculated using i-Tree Planting Version 2.7.0 
(https://planting.itreetools.org/app/location/.) 
 
The costs were provided by coalition members based on tree-planting programs in their regions.  

Measure 5: Municipal Retrofits 

The emissions reductions achieved from retrofits in municipal buildings assumed: 
● 50% reduction in total energy use, including space and water conditioning; 
● Fossil fuel furnaces, boilers and water heaters are replaced with air source heat pumps.  
● 518,000 square feet of floor space are retrofits between 2026 and 2030, distributed across 

small, medium and large offices, as well as stand-alone single-story buildings in all participating 
counties. 

 
The criteria air contaminant reductions were calculated based for the retrofit work only (not the solar 
installations), using the EPA’S Co-Benefits Risk Assessment (COBRA) system. 
 
The emissions reductions for this Measure assumed that 690 kW of rooftop solar PV systems were 
installed on municipal facilities by the end of 2029.  
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Calculations 
 
All of the calculations shown in this section are derived from the Energy System Simulator modeling 
software provided by Sustainability Solutions Group.  

Building Retrofits 

The calculation of emissions savings from residential and municipal building retrofits (in Measures 1, 3 
and 5) used the following formulas: 

Part 1: Electricity Use 

New NonSpace Conditioning Electricity Use (MMBTU) =  
     (1−Energy ReducƟon %) × Baseline NonSpace CondiƟoning Electricity Use (MMBTU) 

New Space Conditioning Electricity Use (MMBTU) =  
     (1−Thermal Energy ReducƟon %) ×    Baseline Space Conditioning Natural Gas Use (MMBTU)/COP  
     + (1−Energy ReducƟon %) × Electricity of Baseline Buildings (MMBTU) 

New Electricity Use (MMBTU) = New Space Conditioning Electricity Use (MMBTU)  
     + New NonSpace Conditioning Electricity Use (MMBTU) 

 

Part 2: Natural Gas Use 

New NonSpace Conditioning Natural GasUse (MMBTU) =  
     (1−Energy ReducƟon %) × Baseline NonSpace CondiƟoning Natural GasUse (MMBTU) 

New Space Conditioning Natural Gas Use (MMBTU) =  
     (1−Thermal Energy ReducƟon %) × Baseline Space CondiƟoning Natural Gas Use (MMBTU) 

New Natural Gas Use (MMBTU) = New Space Conditioning Natural Gas Use (MMBTU)  
     + New NonSpace Conditioning Natural Gas Use (MMBTU) 

 

Part 3: Emissions Reduction 

Net Electricity Emissions (MT CO2e) =  
     Baseline Electricity Use (MMBTU) - New Electricity Use (MMBTU)  
     × Emission Factor of the Grid (MT CO2e/MMBTU) 

Net Natural Gas Emissions (MT CO2e) =  
     Baseline Natural Gas Use (MMBTU) - New Natural Gas Use (MMBTU)  
     × Natural Gas Emission Factor (MT CO2e/MMBTU) 

Net Emission Reduction (MT CO2e) = Net Electricity Emissions (MT CO2e)  
     + Net Natural Gas Emissions (MT CO2e) 
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Renewable Power: Measures 2 and 5 

The calculation of emissions reductions from the installation of rooftop solar PV systems (in Measures 2 
and 5) used the following formulas: 

Part 1: Annual Power Generation 

Annual Generation (GWh) = Installed Capacity (GWh) × 8760 hours/year  
     × Michigan’s Rooftop Solar Capacity Factor 

 

Part 2: Emissions Reduction 

Emissions Reduction (MT CO2e) = Emission Factor (MT CO2e/GWh) × Annual Generation (GWh) 

 
 

Climate-Resilient Trees: Measure 4 

The calculation of emissions sequestered by climate-resilient trees planted as part of this Project (in 
Measure 4) used the following formulas: 

Emissions Sequestered 

Carbon Sequestered (MT CO2e) = number of trees  
     × Species-Specific Carbon Sequestration Factor (MT CO2e/tree) 
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Results 
The following tables present the results of the Energy System Simulator modeling results for Measures 1, 2, 3 and 5, and the results of i-Tree 
Planting Version 2.7.0 for Measure 4. 

Measure 1: Residential Retrofits 
Emissions Reductions, Energy Cost Savings, and CAC Reductions - For 2025-2030 and 2025-2050 

 

Measure 2: Residential Renewable Energy 
Emissions Reductions and Energy Cost Savings - For 2025-2030 and 2025-2050 

 
Avoided criteria air contaminants were not calculated for Measure 2. 
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Measure 3: Energy Advisor Service 
Emissions Reductions and Criteria Air Contaminant Reductions - For 2025-2030 and 2025-2050 
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Measure 4: Climate-Resilient Trees 
Emissions Reductions, Pollution Reductions, and Other Environmental Benefits - 2025-2050. 

 
 

Measure 4: Municipal Retrofits and Renewable Energy 
Total Non-Residential Floorspace Impacted by Municipal Retrofits and Emissions Reductions, Years 1 - 5, Annual Average, 2025-2030 and 
2025-2050. 
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Total Capacity of Municipal Solar PV Installed, and Emissions Reductions - Years 1 - 5, Annual Average, 2025-2030 and 2025-2050.

 


