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IMPORTANT NOTICE 

This report was prepared for AltaGas, Ltd. (AltaGas) by ICF Resources LLC (ICF). AltaGas 

defined the cases to be evaluated and reviewed the overall methodology and major 

assumptions.  

This report and information and statements herein are based in whole or in part on information 

obtained from various sources: 

• The Energy Information Administration’s Annual Energy Outlook 2019 Reference Case, 

including its energy prices, energy consumption trends, energy-sector emissions, and 

power generation capacity and dispatch projections, was used as the starting point for 

the analysis described in this report. 

• The study is based on public data on energy costs, costs of customer conversions to 

electricity, technology cost trends, and ICF modeling and analysis tools used to analyze 

the costs and emissions impacts for each study case.  

Neither ICF nor AltaGas make any assurances as to the accuracy of any such information or 

any conclusions based thereon. Neither ICF nor AltaGas are responsible for typographical, 

pictorial or other editorial errors. The report is provided AS IS. 

NO WARRANTY, WHETHER EXPRESS OR IMPLIED, INCLUDING THE IMPLIED 

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE IS 

GIVEN OR MADE BY ICF OR BY ALTAGAS IN CONNECTION WITH THIS REPORT. 

You use this report at your own risk. Neither ICF nor AltaGas are liable for any damages of any 

kind attributable to your use of this report. 
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Technical Study Summary 

TS-1  Introduction 

The District of Columbia has made a strong commitment to the development and 

implementation of a sustainable energy future. The District of Columbia’s public commitment to 

reduce greenhouse gas (GHG) emissions includes a 50% reduction relative to 2006 levels by 

2032 and reaching carbon neutrality by 2050. The most recent legislation addressing this topic, 

the Clean Energy D.C. Omnibus Act of 20181, increases the mandate for renewable electricity 

use in the District by 2032 from 50% to 100%, and requires that all public transportation and 

privately-owned fleet vehicles be carbon neutral by 2045. Along with the focus on GHG 

emissions reductions, the District of Columbia sustainability plan also focuses on equity, 

including actions intended to help residents find opportunities to reduce their utility bills and 

increase access to affordable housing. While many of the elements needed to meet these 

objectives - including the commitment to 100% renewable portfolio standard (RPS) - have been 

determined, the full plan to meet these objectives is still under development. 

At the request of AltaGas, ICF conducted a study of alternative approaches to emission 

reduction strategies for the District of Columbia to meet these commitments. The study started 

with the premise that the District would meet or exceed its 50% emissions reduction goal by 

2032 and would meet its goal of carbon neutral emissions by 2050. AltaGas requested that the 

study ensure that both the overall GHG emissions reductions and the emissions reductions 

associated with the use of the Washington Gas natural gas distribution system meet these 

objectives. In developing its recommendations, AltaGas also asked ICF to think beyond the 

limitations of existing regulatory structures and traditional fossil-based gases and services.  

The primary goals of this study were to:  

1) Determine whether emissions from the natural gas system in the District of Columbia 

could reasonably be reduced consistent with the District’s emissions reduction goals. 

2) Understand the costs, uncertainties, and tradeoffs associated with meeting the District 

energy objectives based on different implementation pathways. 

3) Identify the appropriate role for the Washington Gas natural gas distribution system in 

the District of Columbia’s low carbon future.  

This study was not designed, or intended, to address all the potential issues or alternatives to 

meeting the District of Columbia policy objectives, nor the region-wide issues and implications of 

emission reduction policies. The study did not attempt to optimize costs or find the most efficient 

emissions reduction strategy. Instead, the study was designed to highlight different emissions 

reduction approaches and strategies capable of meeting the District of Columbia policy 

objectives and to identify the potential trade-offs, costs, and equity implications of the different 

approaches. 

 

1 Sustainable D.C. 2.0 Plan. http://www.sustainabledc.org/wp-content/uploads/2019/04/sdc-2.0-Edits-
V4_web.pdf. The 2020 RPS is 20%. There is also a solar carve-out of 1.7% which increases over time. 

http://www.sustainabledc.org/wp-content/uploads/2019/04/sdc-2.0-Edits-V4_web.pdf
http://www.sustainabledc.org/wp-content/uploads/2019/04/sdc-2.0-Edits-V4_web.pdf
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TS-2  District of Columbia Emissions Profile and Targets 

The 2017 District of Columbia District-wide GHG Emissions Inventory shows that the District is 

on track to significantly outperform the 2032 goal set by the District of Columbia Clean Energy 

Act.2 Figure 1 shows total District of Columbia emissions for each year from 2006, the reference 

year, through 2017, the last year data was available by sector for the District of Columbia. In 

2017, overall GHG emissions reported in the emissions inventory were down by 30% relative to 

2006 levels and natural gas emissions reported in the District of Columbia GHG Emissions 

Inventory were down by 26.6% relative to 2006 levels. 

Figure 1. Historical District of Columbia GHG Emissions Breakout by Fuel Type 

 

Source: District of Columbia Department of Energy and Environment 

The reductions in emissions to date have occurred primarily due to the shift in power generation 

away from coal toward natural gas in response to lower natural gas prices,3 District of Columbia 

implementation of the renewable portfolio standard for electricity supply, and national trends, 

including lower electricity demand growth, federal fuel efficiency standards, and growth in 

renewable power generation.  

In 2017, emissions from natural gas use were the smallest of the three major emissions sectors 

and resulted in the lowest emissions per unit of energy:  

▪ Electricity - The generation of electric power consumed in the District of Columbia 

accounted for about 47% of the 83.8 billion kBTUs of energy consumed and 55% of total 

GHG emissions attributed to the District of Columbia. The emissions attributed to electricity 

consumption included 42% in non-residential buildings, 9% in residential buildings, and 4% 

in other applications. 
 

 

2 https://doee.dc.gov/service/greenhouse-gas-inventories 
3 CO2 emissions per unit of input fuel energy or kwh of output are less for natural gas generation than 
coal generation. Natural gas CO2 emissions are approximately 45% lower per unit of energy than coal 
and gas generation on average requires less input energy per unit of output than coal generation. 

https://doee.dc.gov/service/greenhouse-gas-inventories
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▪ Transportation - Fossil fuel (gasoline and diesel fuel) use in the transportation sector 

accounted for approximately 25% of energy use and about 21% of total GHG emissions 

attributed to the District of Columbia. 
  

▪ Natural Gas - Natural gas use, primarily in the residential and non-residential building 

sectors accounted for about 27% of the 83.8 billion kBtus of energy used during 2017 in the 

District of Columbia and 18% of the emissions attributed to the District of Columbia.  

– The emissions associated with natural gas use in the District are primarily the result of 

use in the District’s residential sector; which accounted for 55% of the emissions 

attributed to natural gas or 10% of the total GHG emissions attributed to the District.  

– Nearly all the remainder is attributed to use in non-residential buildings; this sector 

accounted for 28% of the emissions attributed to gas or 5% of the District’s total 

emissions.  

– Overall, the residential and commercial buildings sectors accounted for 83% of the 

natural gas emissions and 15% of the total emissions in the District of Columbia.  

– The remaining 17% of natural gas emissions (and 3% of total emissions) is associated 

with natural gas used by the GSA (including buildings), and with fugitive emissions 

attributed to the natural gas distribution system.  

 

The District of Columbia will need to reduce emissions by an additional 20%, relative to 2006, 

between 2017 and 2032 to meet the 2032 target. By 2032, the emissions attributed to the 

generation of the electricity consumed in the District are expected to decline to zero due to the 

100% RPS standard set by the District of Columbia 2018 Energy Omnibus Act.4 The elimination 

of emissions attributed to electricity will reduce overall District GHG emissions by about 61% 

relative to 2006 levels, well below the 2032 policy target, even prior to consideration of 

additional policies beyond the power sector. However, actions taken prior to 2032 in the other 

sectors are necessary to facilitate timely and cost-effective achievement of the 2050 policy 

target. 

By 2032, current District of Columbia energy policy related to renewable electricity is 

expected to result in a reduction in overall GHG emissions attributed to the District of 

Columbia to about 27% of 2006 levels (a 73% reduction), before consideration of further 

reductions in emissions from fossil fuel use, including natural gas used in the buildings 

sector, and gasoline and distillate fuel in the transportation sector. 

Further reductions in emissions from the transportation sector and buildings sector will be 

needed to meet the 2050 objective of carbon neutrality. In the transportation sector, most users 

of gasoline and diesel will need to convert to electricity and other low carbon fuels such as 

 

4 The 100% RPS means that every MWh of retail sales needs to be accompanied by a Renewable 
Energy Credit (REC), where one credit represents one MWh of qualifying generation. RECs trade in an 
over-the-counter secondary market and qualify to meet the RPS requirements of several states and the 
District. The RPS does not require the District to directly consume 100% renewable generation. The 
District’s power consumption will be met physically by PJM using a marginal mix of plants including fossil 
fueled plants. Emissions are measured based on a weighted average combination of the purchase of 
RECs (which accords the MWh a zero emission status), and average PJM emission rates for power not 
associated with a REC.   
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Renewable Natural Gas (RNG), green hydrogen, or biodiesel. In certain applications, the 

transportation sector emissions likely will need to be met by a modest amount of carbon 

emissions offsets. In the buildings sector, owners and end users will need to make additional 

reductions in energy consumption, and in the carbon content of the energy consumed; users will 

also be required to decrease energy use in both residential and non-residential buildings. 

TS-3     Opportunities to Reduce Emissions Attributed to the 

Natural Gas Distribution System 

ICF reviewed the current natural gas markets in the District of Columbia to determine whether 

GHG emissions attributed to the natural gas distribution system in the District could be reduced 

consistent with the District of Columbia climate change policy while leveraging the value and 

usefulness of the natural gas distribution system in the District. The ICF analysis considered a 

range of opportunities for reducing GHG emissions attributed to the use of natural gas and the 

natural gas distribution system in the District, including: 

▪ Improvements in energy efficiency for current and new natural gas consumers. 

▪ Penetration of new end-user technologies designed to reduce energy consumption and 

emissions, including natural gas heat pumps, hybrid electric heat pump / natural gas furnace 

space heating systems, as well as Combined Heat and Power (CHP) units to provide space 

and water heating in commercial and industrial buildings. 

▪ Reductions in the carbon content of the gases distributed by the Washington Gas 

distribution system, including Renewable Natural Gas (RNG), green hydrogen, and power-

to-gas options. 

▪ Reductions in methane emissions associated with the production, transportation, and 

distribution of the natural gas consumed in the District of Columbia. 

Overall, ICF determined that a reasonable mix of these actions would result in reductions in 

GHG emissions attributed to the natural gas distribution system consistent with the District of 

Columbia climate change objectives with a modest (less than 4%) contribution from emerging 

technologies, further adoption of measures already included in the Climate Business Plan, or 

carbon offsets. 

The net contributions from each of these components are shown in Figure 2 and Table 1. The 

major components are summarized below. 
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Figure 2. Emission Reductions Attributable to Natural Gas Sector 

 

 
Table 1. 2050 Natural Gas Emission Reductions by Measure  

Category / Measure 
Annual Emissions  

(1000’s of Metric Tons CO2e) 

% of 2006 

Levels 

2006 Natural Gas GHG Emissions 1,765 100.0% 

Change Between 2006 and 2017 -469 -26.6% 

BAU Change Between 2017 and 2050 -41 -2.3% 

Energy Efficiency -239 -13.6% 

Hybrid Heating -235 -13.3% 

CHP and Renewable Power -88 -5.0% 

Distribution System -74 -4.2% 

Certified Gas -31 -1.8% 

RNG -372 -21.1% 

Power to Gas -74 -4.2% 

Green Hydrogen -74 -4.2% 

Emerging Technology and Offsets -65 -3.7% 

2050 Natural Gas GHG Emissions 0 0.0% 
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Reductions in End-Use Energy Demand 

Behavioral Demand Reductions: Behavioral demand reduction programs are a widely 

accepted approach to reducing natural gas consumption, and have been implemented by 

Washington Gas in Maryland, and by other natural gas utilities in other jurisdictions. The ICF 

analysis reflects implementation of aggressive behavioral demand reduction programs in the 

District of Columbia. 

Building and Appliance Energy Efficiency:  Improvements in energy efficiency, including 

improvements in building envelope efficiency and appliance efficiency provide significant 

opportunities for reducing emissions and will be required to meet the District of Columbia 

climate change objectives. The ICF analysis is based on implementation of utility-sponsored 

energy efficiency upgrades reaching 26% of buildings using natural gas by 2032 and 65% of the 

buildings using natural gas in the District by 2050. Each installation includes an upgrade to 

appliances and basic envelope upgrades. The building envelope upgrades do not include deep 

building retrofits due to the high cost of the more aggressive building envelope measures.    

Gas-Fired Heat Pumps: Natural gas heat pumps represent a technology in the early stages of 

commercialization that is expected to be widely available before 2025. Gas-Fired heat pumps 

use thermal energy to drive a refrigeration cycle to provide space heating and cooling. Like the 

electric heat pump, a gas heat pump has an efficiency of more than 100%. Unlike electric heat 

pumps, gas-fired heat pumps retain their heat-delivery capacity at very low temperatures 

without relying on supplement heat sources. Between 2026 and 2039, 50% of the energy 

efficiency upgrades include conversion to a gas-fired heat pump. After 2040, all of the upgrades 

include a gas-fired heat pump. The programs are expected to address both residential and 

commercial buildings. 
  

Hybrid Heating Programs:  In order to reduce carbon emissions associated with natural gas 

consumption, ICF has included consumer adoption of hybrid heating systems designed to 

combine an electric heat pump with a natural gas furnace. The heat pump operates during most 

of the year and displaces about 85% of the space heating natural gas demand and about 60% 

of the total annual natural gas demand for the consumer. However, the natural gas furnace 

operates during the coldest days reducing the need for additional investments in the electric grid 

once the electric grid peaks during the winter. 

Combined Heat and Power (CHP) Programs:  CHP installations increase the overall 

efficiency of energy use in the District. While CHP units increase the amount of natural gas 

consumed and the emissions from natural gas consumption, the installations also reduce 

electricity imports, and electricity production in the region where the District of Columbia sources 

its electricity supply. CHP reduces electricity production and associated emissions from the 

incremental sources of power generation in the PJM. The mix of marginal power in the PJM is 

expected to include coal power plants and natural gas combined cycle facilities.  Although coal’s 

share is projected to continue to decline over time due to economic and environmental 

regulatory factors. As a result, the net emissions reductions associated with CHP units decline 

over time. After 2032, CHP use is expected to reduce emissions primarily from combined cycle 

natural gas facilities. 
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AltaGas Renewable Power Investments: AltaGas has committed to developing renewable 

power as part of the merger agreement between AltaGas and the D.C. PSC. The emissions 

reductions associated with these investments have been included as an offset to emissions 

from the Washington Gas distribution system. 

 

Decarbonization of Natural Gas Supply 

Renewable Natural Gas (RNG): RNG represents a significant opportunity to reduce the GHG 

emissions associated with the use of natural gas. In order to meet the District of Columbia GHG 

emissions reduction targets, ICF has included 3 BCF of RNG in the 2032 natural gas supply 

portfolio and 7 BCF of RNG in the 2050 natural gas supply portfolio. At these volumes, RNG is 

expected to cost an average of about $10 per MMBtu more than the cost of conventional natural 

gas (about $15 per MMBtu in total). Although more expensive than fossil natural gas, using 

RNG and existing distribution infrastructure is expected to enable a more cost-effective 

decarbonization pathway than the electrification of many thermal end uses. 

RNG from different feedstocks have different levels of GHG emissions reduction, including net 

negative impacts on GHG emissions from certain feedstocks. ICF has used the simplifying 

assumption that on balance, RNG will be carbon neutral. In other words, net emissions from 

using gas in the District would be zero because any physical CO2 produced is offset by 

reductions in methane emissions. RNG is operationally indistinguishable from conventional 

sources of natural gas. 

Power-to-Gas: New technologies are also under development to produce low carbon gas that 

would be delivered using the Washington Gas natural gas distribution system. These include 

power-to-gas technologies designed to use renewable electricity to generate ‘green’ methane 

from hydrogen. Power-to-gas technologies can provide low carbon methane to the gas 

distribution system that is operationally indistinguishable from conventional sources of natural 

gas.   

Power-to-gas will need to be cost competitive with other sources of RNG before becoming a 

significant source of energy. If the costs of this technology are higher than the cost of RNG, 

RNG would be expected to displace these sources in the market and in the Climate Business 

Plan.  

Green Hydrogen: Hydrogen, which can be produced from renewable electricity, can also be 

directly injected into the natural gas distribution system. Small amounts of hydrogen can be 

mixed with methane without significantly impacting system operations. The percentage of 

hydrogen that can be added to a methane-based gas distribution system depends on the 

specific distribution system and is subject to ongoing research.  

Green hydrogen will need to be cost competitive with sources of RNG before becoming a 

significant source of energy. If the costs of these technologies are higher than the cost of RNG, 

RNG would be expected to displace these sources in the market. 

Certified Gas Purchases: Currently, about 1% to 1.5% of fossil natural gas produced is 

emitted to the atmosphere during its production, processing, and transportation. However, 

because methane has a much higher emission factor than CO2, it is important to focus on this 
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reduction.5 These fugitive emission volumes have dropped dramatically in the last 10 years due 

to changes in natural gas production regulations and industry practices, however, significant 

reductions in emissions remain possible. Current efforts by the natural gas industry to reduce 

emissions include certification of gas produced using industry best practices to reduce 

emissions. Purchasing of certified gas has the potential to reduce in upstream natural gas GHG 

emissions (both methane and carbon) by as much as 60% to 80% relative to current average 

levels. These reductions can be achieved at reasonable costs and represent one of the least 

expensive approaches to reducing GHG emissions. 

Certified Clean Transportation:  Transportation of natural gas involves much lower emissions 

than production and processing. However, further reductions in emissions from gas 

transportation are feasible at relatively modest costs.  

Distribution Pipe Emissions: The 2017 District of Columbia Emissions Inventory indicates that 

Washington Gas distribution pipe emissions accounted for 7.4% of the GHG emissions 

attributed to natural gas in 2017. Washington Gas has committed to reducing this value based 

on investments in system integrity management. ICF has assumed that Washington Gas will be 

able to reduce methane emissions associated with its distribution system by 80% per unit of 

throughput by 2050 based on these investments. 

 

Emerging Technologies and Offsets 

The decarbonization pathway for the natural gas sector presented here included a modest (e.g. 

4%) contribution from emerging technologies and other emissions offsets. There are additional 

technology options, both currently available and under development, that could close this gap 

without the use of offsets. At this point it is difficult to predict which of these options will be best 

placed to meet the remaining gap towards 2050 targets, but some of the options for additional 

contributions include: 

▪ Future technologies currently under development, such as direct air capture and conversion 

of carbon dioxide (CO2) to liquid and gaseous fuels 

▪ Deep building envelope energy efficiency retrofits if cost effective 

▪ Additional contributions from other existing measures, such as increased RNG, green 

hydrogen, or CHP penetration 

 

The potential for additional contributions from these sources will depend in part on reductions in 

technology costs, particularly for emerging technologies such as green hydrogen production 

where projections of future costs vary widely. 

 

5 EPA reports a range of GWP for methane, reflecting estimates made at different times and reflecting 
different assumptions. ICF used the EPA 100-Year GWP value of 28 from AR5 for this study. The DC 
Emissions Inventory used an earlier version of the IPCC Assessment report (AR4) with a GWP of 25. We 
have not adjusted the DC Emissions Inventory to use the IPCC AR5 value. EPA, 2019, Inventory of U.S. 
Greenhouse Gas Emissions and Sinks: 1990-2017, https://www.epa.gov/sites/production/files/2019-
04/documents/us-ghg-inventory-2019-main-text.pdf. The emissions factor is dependent on the time frame 
of the calculation. The EPA emissions factor is based on 100-year impact. Over a shorter time period, the 
emissions factor would be higher. 
 

https://www.epa.gov/sites/production/files/2019-04/documents/us-ghg-inventory-2019-main-text.pdf
https://www.epa.gov/sites/production/files/2019-04/documents/us-ghg-inventory-2019-main-text.pdf
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TS-4     Comparison of Alternative Approaches to Meeting the 

District of Columbia’s Climate Change Objectives 
 

This study evaluated the costs and GHG emissions for four separate, comprehensive, and 

internally consistent cases representing alternative futures for District of Columbia energy 

demand and emissions. All four cases rely on energy prices from the Energy Information 

Administration’s Annual Energy Outlook 2019 (EIA AEO 2019) Reference Case. All cases 

assume a 100% RPS by 2032. All of the cases meet the 2032 objective of a 50% reduction in 

emissions by 2032. The first two cases (the Business as Usual Case and Partial 

Decarbonization Case) do not sufficiently decrease emissions to meet the 2050 carbon neutral 

emissions target. The third and fourth cases (the Policy-Driven Electrification Case and the Fuel 

Neutral Decarbonization Case) both result in enough emission reductions to meet the 2050 

carbon neutral emissions target, but with very different approaches and costs. The four cases 

are summarized below: 

 

Case 1: Business as Usual (“BAU”) Case: This case reflects the expected market 

conditions in the absence of new efforts to limit GHG emissions in the District of Columbia. The 

BAU Case assumes moderate growth in the number of natural gas meters, as well as a 

continuation of historical natural gas efficiency trends. Total emission reductions in the District of 

Columbia in 2032 and 2050 are approximately 73% and 75% relative to 2006, respectively. This 

is primarily because of the assumed 100% RPS. The Business as Usual Case represents the 

baseline for the cost and environmental outcomes of the other three cases.  

 

Case 2: Partial Decarbonization Case: This case starts with the BAU and adds a series of 

lower cost decarbonization options, including increases in energy efficiency in buildings,  gas 

heat pumps, moderate electrification of the transportation sector, and low-cost RNG supply 

volumes (10% of 2050 gas demand met with RNG). In this case, emission reductions in 2032 

and 2050 are approximately 76% and 82% relative to 2006, respectively. While this case does 

not reach the 2050 policy goal of zero net carbon emissions, it achieves a significant share of 

the total objective at a much lower cost than the carbon neutral scenarios. 

 

Case 3: Policy-Driven Electrification Case: This case reaches carbon neutral emissions 

in the District of Columbia by 2050 based on aggressive electrification of energy demand, 

including energy demand in the transportation and buildings sectors. The Policy-Driven 

Electrification Case includes the following:  

▪ Conversion of 96% of residential and commercial buildings from direct use fossil fuels to all-

electric energy use.6 By 2050, 158,630 residential natural gas customers and 9,670 

commercial customers are converted to all electric appliances. 

 

6 Converting all existing buildings to electric space heating will be a significant challenge, and the 4% of 
buildings continuing to use natural gas in this case in 2050 is representative of uncertainty in how some 
buildings can be converted (i.e. space constrained historic buildings with hydronic systems). 
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▪ Aggressive market penetration of Electric Vehicles (EVs). By 2050, 59% of the light duty 

vehicle fleet and 32% of the medium- and heavy-duty vehicle fleets operating in the District 

of Columbia are EVs or plug-in hybrids. EVs will represent 58% of total vehicle sales in 

2050. Owners of EVs are assumed to charge during off-peak periods in order to avoid 

increases in peak electricity demand.7  

The 7.0% remaining emissions in 2050, relative to 2006, from the buildings, transportation, and 

other sectors, are assumed to be addressed through the implementation of emerging 

technologies and the use of carbon emissions offsets if needed.  

 

Case 4: Fuel Neutral Decarbonization Case: This case reaches carbon neutral emissions 

in the District of Columbia in 2050 based on an approach that leverages the existing natural gas 

distribution infrastructure in the building sector and includes decarbonization of the natural gas 

supply. The case has the same transportation sector assumptions as Case 3. The case includes 

a 50% reduction in emissions associated with natural gas use in the District relative to 2006 by 

2032, and a 96% reduction in emissions associated with the use of natural gas emissions from 

2006 levels by 2050. The final 4% of emissions attributable to natural gas in 2050 will be 

addressed through the implementation of emerging technologies and the modest use of 

emissions offsets if needed. The proposed Climate Business Plan is based on this case. The 

basic assumptions in this case include: 

▪ Aggressive energy efficiency programs reach 65% of natural gas customers by 2050, 

resulting in high efficiency furnaces and gas heat pumps, as well as high efficiency gas 

water heaters and moderate building shell improvements. 

▪ By 2050, 40% of residential and 20% of commercial natural gas customers use 

supplemental hybrid electric heat pump/natural gas furnace systems, using renewable 

power for most of the year, and natural gas to meet heating needs on the coldest days. 

▪ CHP in the District of Columbia is used to reduce carbon emissions from power generation 

outside of the District of Columbia. 

▪ By 2050, 58% of the remaining gas demand is met with low carbon gas, including RNG, 

Power-to-Gas, and green hydrogen.  

As stated above, while emissions related to natural gas use drop by over 96%, city-wide 

emissions drop by 93.5%. The 6.5% of remaining overall District emissions in 2050, relative to 

2006, from the buildings, transportation, and other sectors, are assumed to be addressed 

through the implementation of emerging technologies and the use of carbon emissions offsets if 

needed. 

 

 

  

 

7 Due to the ICF assumption that all vehicle charging will occur during off-peak periods, it is likely that the 
increase in peak demand for electricity due to vehicle electrification will be greater than accounted for in 
this study, leading to higher electrification costs.   
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Table 2 provides an overview of key parameters for each case in 2050.  
  

Table 2. 2050 Overview of the Study Cases  

Sector 
Business as 

Usual (BAU) 

Partial 

Decarbonization 

Policy-Driven 

Electrification 

Fuel Neutral 

Decarbonization 

Power 100% RPS by 2032 (100% emissions reduction by 2032) in all Cases 

Transportation 

• LDV sales: 14% 

electric, 3% plug-

in hybrid 

• MDV sales: 2% 

electric 

Achieves a 39% 

emission reduction 

from 2006 levels 

• 2050 LDV sales: 

37% electric, 12% 

plug-in hybrid 

• 2050 

MDV/HDV/Bus 

sales: 25% electric  

Achieves a 51% 

emission reduction 

from 2006 levels 

• 2050 LDV sales: 60% electric, 20% plug-in 

hybrid 

• 2050 MDV/HDV/Bus sales: 50% electric 

Achieves a 69% emission reduction from 2006 

levels 

Buildings 

(Natural Gas) 

• Res / Com 

customer natural 

efficiency 

improvements: 

growth: -0.6% / -

0.3% per year 

(total of -11% / -

6% vs. 2017) 

• Res / Com 

customer growth: 

0.1% / 0.03% per 

year (total of 

+10% / +1% vs. 

2017) 

Achieves a 40% 

emission reduction 

from 2006 levels 

• Increased energy 

efficiency 

• Gas Heat Pumps: 

16% of customers  

• Low Carbon Gas 

(RNG): 10% of 

supply / 2 Bcf 

• 80% fugitive 

emission 

reductions (per unit 

of throughput) 

• Certified gas 

Achieves a 55% 

carbon emission 

reduction from 2006 

levels by 2050 

• 96% of natural 

gas customers 

converted to 

electricity using 

efficient air-

source heat 

pumps 

• Natural gas 

throughput 

reduced by 92% 

Achieves a 94% 

carbon emissions 

reduction from 

2006 levels by 

2050 

• Increased energy 

efficiency 

• Gas Heat Pumps: 38% of 

customers  

• Hybrid Heating: 40% of 

residential and 20% of 

commercial customers 

• Low Carbon Gas (RNG, 

P2G, Hydrogen): 58% of 

supply / 9.8 Bcf 

• 120 MW CHP + 10 MW 

Solar 

• 80% fugitive emission 

reductions (per unit of 

throughput) 

• Certified gas 

Achieves a 97% carbon 

emissions reduction from 

natural gas from 2006 

levels by 2050 

Waste / Water 

/ Other 
Unchanged 

50% emission 

reduction from 2006 

levels assumed 

80% emission reduction from 2006 levels 

assumed 

 Total Offsets Required  

(Million Metric Tons of CO2e) 
-0.73 (7.0%) -0.69 (6.5%) 

Key Methodologies and Assumptions 

For each case, costs were calculated based on installed costs of equipment conversions and 

operating costs, including annual fuel use and maintenance. Key costs for each sector include: 
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▪ Buildings Sector: Consumer energy purchases, appliance capital and installation costs, 

energy efficiency programs implementation costs, and the cost premium for low carbon 

fuels. 

▪ Transportation Sector: Fuel costs, operating and maintenance costs, vehicle purchase 

costs and electric charging infrastructure costs. 

▪ Power Sector: Total power system costs, including new generation capacity additions and 

fuel costs, in PJM in response to changes in power load and policy in the District.8 

Where possible, the study used projections of technology cost and performance from credible 

outside sources, including from the National Renewable Energy Laboratory (NREL), Gabel & 

Associates, Edison Electric Institute, California Air Resource Board, and other public studies.  

The study did not consider, except as noted, recovery of any cost of service on the gas 

system9 that would not be recovered based on existing rates , or the incremental electric 

transmission and distribution system costs above the level supported by current 

electricity rates. Nonetheless, there are reasons why these costs may be significant, especially 

in the Policy-Driven Electrification Case, and therefore, they should be studied further before a 

decision to pursue electrification. The detailed data on the District’s electrical distribution system 

is not public, and hence, only the electric utility can access the data needed to study the impacts 

of a 50% increase in annual electricity peak demand at this time (see later discussion). Other 

costs that have not been fully accounted for in this study that should be considered before 

determining a decarbonization roadmap include the cost of decreased reliability and resiliency 

on the power grid, natural gas system decommissioning costs, and final customer transition 

costs.   

The impacts of policies in other nearby jurisdictions should also be considered. ICF has 

assumed that other states in the region meet current RPS and other policy requirements, 

but do not implement more aggressive RPS, climate change or electrification policies. 

The District of Columbia represents only approximately 1.5% of the total electricity demand in 

the PJM, and alternative state policies have the potential to fundamentally change power 

markets in the District. More aggressive RPS or climate change policies in the PJM likely 

would lead to a substantial increase in power costs associated with decarbonization, 

especially in the Policy-Driven Electrification Case, which has the highest volume of 

power consumed. More aggressive electrification in PJM would also diminish the seasonal 

diversity benefits the District would receive if the District becomes a winter peaking utility as 

other parts of PJM also switch from summer peaking to winter peaking. More aggressive 

electrification could also diminish the reliability benefits of solar power which is less effective at 

 

8 We have not included the costs of expanding the power grid (i.e. the wires or networks) in the District of 
Columbia or in PJM in response to load growth resulting from implementation of climate change policy.  
9 For example, in the Policy-Driven Electrification Case, sales volumes on the Washington Gas 
distribution system decrease to about 8% of current levels by 2050, which would be expected to lead to 
consideration of a potential decision to shut down the natural gas distribution system. However, the 
legacy costs and most of the incremental maintenance and safety capital costs associated with 
maintaining a safe and reliable natural gas distribution system would still need to be recovered during this 
period. This would lead to higher rates for the remaining customers on the Washington Gas system, 
and/or require other actions. 
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producing energy during the winter peak power demand period thereby further increasing costs 

of power.       

Comparison of Alternative Approaches to Decarbonization 

Figure 3 compares the GHG emissions from the BAU Case to the emissions in cases 2, 3, and 

4. In the BAU Case emissions decrease to 27% of 2006 levels (a 73% reduction) by 2032 and 

to 25% of 2006 levels by 2050 (a 75% reduction). The reductions occur primarily due to the 

100% RPS. In Case 2, the Partial Decarbonization Case, emissions decrease to 24% of 2006 

levels by 2032 (a 76% reduction), and to 18% of 2006 levels by 2050 (an 82% reduction). Thus, 

Case 2 achieves part, but not all of the District’s 2050 goal of carbon neutrality. In Cases 3 and 

4, the Policy-Driven Electrification and Fuel Neutral Decarbonization Cases, by 2032, emissions 

decrease to roughly 20% of 2006 levels (80% reduction), and by 2050, emissions decline by 

100% (including offsets).   

Figure 3. District of Columbia GHG Emissions by Year and Case 

 

 

Figure 4 illustrates the cumulative direct cost impacts of the three decarbonization cases relative 

to the BAU Case, between 2020 and 2050, in real 2018 dollars. The policies from the Partial 

Decarbonization Case (Case 2) are projected to have a direct cost of about $603 million relative 

to the Business as Usual Case (Case 1); these policies result in a reduction of GHG emissions 

of approximately 82% by 2050 relative to 2006. The Policy-Driven Electrification Case is 

projected to have direct costs to energy consumers of $6.5 billion10 while achieving 100% 

emissions reduction by 2050. The Fuel Neutral Decarbonization Case also decreases emissions 

100% by 2050, but is projected to have direct costs to energy consumers of $3.8 billion.11  This 

is a savings of $2.7 billion or 41% relative to the Policy-Driven Electrification Case. The Policy-

Driven Electrification Case costs 70% more than the Fuel Neutral Decarbonization Case for the 

 

10 Not including costs for offsets required for the last 7.0% of overall District emissions in 2050. 
11 Not including costs for offsets required for the last 6.5% of overall District emissions in 2050. 
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same emissions result. The reduction in cost relative to the Policy-Driven Electrification Case is 

primarily due to the retention of natural gas deliveries, which reduce incremental power grid 

costs and allow for a more cost-effective mix of building decarbonization options.    

Figure 4. Impact on District Wide Energy Costs by Sector from 2020 to 205012 

 
 

The cost increases for power are largest in the Policy-Driven Electrification Case. By 2050, the 

District’s peak electricity demand increases 50% and electrical energy demand increases 

approximately 22% compared to the BAU Case. The increase in electricity demand from the 

District from 2020 to 2050 results in an increase in PJM power generation costs of about $2.4 

billion. Power sector cost increases are driven by the cost of incremental electricity 

requirements to accommodate the electrification of buildings and the transportation sector.  
 

The direct cost impacts are significant when allocated on a per household basis, as shown in 

Figure 5. In the Policy-Driven Electrification Case, the increase in direct costs is $19,024 over 

31 years, or $614 annually, for the average District of Columbia household. In contrast, in the 

Fuel Neutral Decarbonization Case the increase in average per household costs is $11,191, or 

approximately $361 per year.13 These costs do not include the incremental costs of meeting the 

100% RPS since these costs are included in the BAU Case, or any required electricity 

distribution and transmission costs, which are expected to be substantial but are beyond the 

scope of this study. They also do not include the unrecovered cost of service at existing rates 

caused by falling natural gas distribution volumes in both scenarios, the cost of recovering any 

stranded assets on the gas distribution system if service on the distribution system is terminated 

in 2050, or the potential costs of decommissioning the gas distribution system or the costs of 

transitioning the last natural gas customers off the gas distribution system.14  

 

12 The Transportation sector uses the same costs for both the Policy-Driven Electrification and Fuel 
Neutral cases. There are two Transportation sector cost scenarios, a base-case cost for electric vehicle 
and a low-case cost for electric vehicles. Transportation sector costs shown in the figure use the base-
case costs for electric vehicles. 
13 Calculated based on 343,356 households, an average of a 2020 to 2050 forecast for the District.  
14 Stranded assets would include the remaining rate base at the point in time that the gas distribution 
assets might be determined no longer used and useful, and likely would include the full distribution 
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Figure 5. Comparison of Per-Household Costs by Case for the District 

 

The average costs, in $2018 dollars per metric ton of emission reductions, for each of the three 

decarbonization cases, incremental to the BAU, are shown in Figure 6. The costs per ton of 

emissions reduction are: 

▪ $114 / metric ton CO2e in the Partial Decarbonization Case 

▪ $301 / metric ton CO2e In the Policy-Driven Electric Case, and 

▪ $192 / metric ton CO2e in the Fuel Neutral Decarbonization Case. 

Figure 7 shows the impacts to summer and winter peak electricity demand in the District. In the 

Policy-Driven Electrification Case, the District’s peak electricity demand shifts from the summer 

to the winter and increases by about 50% relative to the BAU Case.15 The increase in peak is 

important because peak demand generally drives infrastructure investment requirements.  

  

 

system by 2050 in the Policy-Driven Electrification Scenario. The Fuel Neutral Decarbonization Scenario 
would not be expected to have any stranded assets on the natural gas distribution system. 
15 This is a conservative estimate because in this analysis, EVs are assumed to charge during off-peak 
periods, when in fact the charging patterns could coincide to a degree with the electrical peak. 
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Figure 6. Average Emission Reduction Costs Per Metric Ton of Carbon16 
 

 
 

Figure 7. Change in District Summer and Winter Peak Electricity Demand Requirements  

 

 

16 The cost of emission reductions is calculated based on the change in costs and emissions from the 
Business as Usual case on an annual basis from 2020 to 2050. Note incremental costs – i.e. the costs of 
going from 82% (partial decarbonization) to 100% reduction - are much higher.  
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The current power grid is designed to meet a summer peak demand, including reliance on solar 

power during peak summer periods. As a result, the shift to a winter peak is likely to lead to a 

decrease in system reliability and resiliency. In addition, in the Policy-Driven Electrification 

Case, the District would be switching from a combination of two energy delivery systems to a 

single energy system to support space heating; from natural gas and electricity to electricity 

only, reducing the resiliency of the system. The costs of addressing the decrease in reliability 

and resiliency are not included in the reported costs for each Case. 
 

Table 3 shows the impacts on the District’s gas throughput as percentage reduction relative to 

2018 levels. By 2050, the Policy-Driven Electrification Case causes a very large decrease in 

overall throughput on the gas distribution system (92% reduction). This degree of throughput 

decline would need to lead to consideration of a shutdown of the gas delivery system. This in 

turn would result in very large stranded costs compared to the Fuel Neutral Decarbonization 

Case, adverse reliability consequences, and incurrence of additional customer transition costs 

and system decommissioning costs. 

By 2050, the Fuel Neutral Decarbonization Case results in a much smaller decline in throughput 

on the gas distribution system relative to the Policy-Driven Electrification Case (30% versus 

92%). The Fuel Neutral Decarbonization case achieves a slightly greater degree of 

decarbonization than the Policy-Driven Electrification Case by decarbonizing the remaining gas 

supply through the use of RNG, green hydrogen, and Power-to-Gas, along with other emissions 

reductions attributed to the natural gas distributed on the Washington Gas distribution system. 

Table 3. Reduction in District Annual Gas Throughput (% Reduction from 2018) 

Year BAU 
Partial 

Decarbonization 
Policy-Driven 
Electrification 

Fuel Neutral 
Decarbonization 

2032 3% 7% 31% 5% 

2050 10% 23% 
 

92%  
 

30% 

Summary of Case Results 

The results from the study confirm that there are multiple approaches capable of meeting 

District of Columbia GHG emissions reduction targets for 2050, based on the technology cost 

and penetration rate assumptions in each case. The analysis also confirms that emissions from 

the natural gas system in the District of Columbia could reasonably be reduced consistent with 

the District’s emissions reduction goals, and indicate a key role for the Washington Gas 

distribution system in the District of Columbia’s low carbon future by controlling costs and 

augmenting reliability.   

The study results also highlight the significant differences in the costs of alternative approaches 

to reducing carbon emissions in the District: 

▪ Case 2: District of Columbia Partial Decarbonization Case - The Partial Decarbonization 

Case achieves 82% of the District’s 2050 emission reduction targets with an average 

incremental annual cost of $57 per household between 2020 and 2050, primarily by 
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implementing a 100% RPS for power purchases (common to all cases), increased building 

energy efficiency, use of gas heat pumps, inclusion of around 10% RNG in the natural gas 

supply, and increasing penetration of electric vehicles.  

▪ Case 3: District of Columbia Policy-Driven Electrification Case - The Policy-Driven 

Electrification Case achieves 100% of the District’s GHG goals for 2050 by forcing the 

electrification of fossil fuel use in the buildings sector as well as in the transportation sector. 

The electrification of building’s space heating load requires significant expansion in power 

generation and potentially other electric infrastructure (e.g. distribution systems), resulting in 

an increase in average annual costs of $614 per household between 2020 and 2050, before 

consideration of the full cost of power sector distribution and transmission system 

expansion, costs of carbon offsets, and other transition costs for gas distribution customers. 

▪ Case 4: District of Columbia Fuel Neutral Decarbonization Case - The Fuel Neutral 

Decarbonization Case also achieves 100% the District’s GHG goals using a mixture of 

energy efficiency, gas heat pumps, hybrid heating systems, CHP, vehicle electrification,  low 

carbon fuels (58% of natural gas supply from RNG, P2G, and green hydrogen), and new 

technology. This approach to meeting the District’s GHG goals will have an average annual 

cost of $361 per household between 2020 and 2050, well below Case 3. 

These cases illustrate the ability to achieve most of the District’s decarbonization goals, at a 

modest cost increment to BAU Case costs, but highlight the significant costs associated with 

reaching a carbon neutral solution: 

▪ Comparing Case 2 to the BAU: the Partial Decarbonization Case achieves an additional 7% 

reduction in 2006 emission levels, relative to the BAU Case, at an incremental cost of $0.6 

billion.  

▪ Comparing Case 3 to Case 2: the Policy-Driven Electrification Case achieves an additional 

11% reduction in 2006 emission levels, relative to the Partial Decarbonization Case, at an 

incremental cost of $5.9 billion.17,18  

▪ Comparing Case 4 to Case 2: the Fuel Neutral Decarbonization Case achieves an additional 

12% reduction in 2006 emission levels, relative to the Partial Decarbonization Case, at an 

incremental cost of $3.2 billion.18 

These cases also illustrate the impact of the approach to meeting the carbon neutral policy 

object on overall costs. The last 11% to 12% of the reductions are approximately 83% more 

costly in Policy-Driven Electrification Case relative to the Fuel Neutral Decarbonization Case – 

i.e. $5.9 versus $3.2 billion. The higher costs of the Policy-Driven Electrification Case are driven 

primarily by the costs associated with the electrification of space and water heating in the 

buildings sector.  

 

17 Before consideration of the full cost of power sector distribution and transmission system expansion, 
costs of carbon offsets, and other transition costs for gas distribution customers.  
18 These incremental costs and incremental percentage emission reductions show the difference between 
Cases 3 / 4 and Case 2. The full 2050 emissions reductions for both Cases 3 and 4, relative to the BAU 
Case, would be 18% (before offsets). The values exclude the cost and emission reductions of offsets 
required for carbon neutrality in both cases. 
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TS-5     Importance of Energy System Resiliency and Reliability 

During the Transition to a Low Carbon Economy 

Large scale electrification of the energy system has the potential to adversely impact the overall 

energy system reliability and resiliency, and this impact needs to be considered when 

determining the focus and magnitude of electrification efforts. The District of Columbia currently 

has three major energy delivery systems, electricity, natural gas and oil. In 2017, the electric 

grid provided about 47% of the energy consumed in the District, the natural gas distribution 

system provided about 27% of the energy consumed, and gasoline and diesel fuel for 

transportation provided most of the remaining 25% of energy consumed.  

The natural gas system currently plays a very large role in winter energy system reliability in the 

District. Over the last four full years for which data is available (2015 – 2018), the Washington 

Gas natural gas distribution system in the District of Columbia has delivered about 75% of the 

total energy delivered by the electric grid.19 However, the distribution of energy deliveries over 

the year varies widely by season. The natural gas system is winter peaking, while the electric 

grid is summer peaking, and natural gas deliveries are much peakier than electricity deliveries. 

The U.S. DOE Energy Information Agency (EIA) reports natural gas and electricity consumption 

in the District of Columbia by month. This data, converted to MMBtu/Month for both fuels, is 

shown in Figure 8 below. The winter peak for space heating load on the natural gas grid is much 

larger than the summer peak for air conditioning on the electric grid. Over the last four full years 

for which data is available, the amount of energy (Btus) delivered during the peak winter month 

by the natural gas distribution system has averaged 38% higher than the amount of energy 

delivered by the electric grid during the peak summer month in each year.   

While the consumption data shown in Figure 8 illustrates the comparative energy deliveries 

between the two sources of energy on a monthly basis, it does not illustrate the full disparity in 

the infrastructure requirements. The natural gas system in the District of Columbia is designed 

to meet demand under design winter day conditions. The most recent WGL 10K reports a WGL 

system wide design day for Fiscal 2019 of 21 million therms, or 2.1 TBtu, of which 14.86%, or 

0.312 TBtu is allocated to the District of Columbia. The electric grid is designed to meet the 

peak instantaneous requirements, measured in kW. ICF estimates the peak kW requirement for 

the District of Columbia to be about 2.3 GW in 2019. 

Based on these system design characteristics, the natural gas distribution system in the District 

is designed to deliver 69% more energy on a peak winter day than the electric grid is designed 

to deliver during peak summer conditions.20 This disparity increases when considering the 

design characteristics of the gas and electric systems. During a peak hour, the natural gas 

distribution system would be capable of delivering more than twice the amount of energy that 

the electric grid would be capable of delivering.  

 

 

19 Based on U.S. DOE Energy Information Agency (EIA) data on natural gas and electricity consumption 
in the District of Columbia from January 2015 through December 2018. 
20 Based on the simplifying assumption that peak electric load would continue for a 24-hour period. 
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Figure 8. Natural Gas and Electricity Consumption in the District of Columbia 

 

The case where District policy prioritizes electrification over the use of gas in buildings and fossil 

fuels in the transportation sector reduces these three energy delivery systems into one single 

fuel energy system, significantly reducing the energy system redundancy. This approach 

assumes that the transformation of the District’s energy supply infrastructure is feasible and 

does not require fundamental rethinking of District energy resiliency and reliability. While this 

study is not intended to provide a full assessment of the reliability and resiliency issues 

associated with such a concentration of the energy system, it is important to highlight the 

general implications. These include: 

▪ An increase in the reliance on the electric grid is likely to lead to a significant increase in the 

costs of electricity: 

– The electrification of space heating is expected to cause the electrical distribution 

system to switch from a summer to a winter peaking system, leading to a large increase 

in the annual District of Columbia peak electricity demand. ICF estimates that, 

conservatively, this is likely to exceed a 50% increase in peak period requirements.21  

– The large increase in peak electricity demand in the District would likely require massive 

changes in the electricity distribution, transmission, and generation infrastructure 

supporting the city, especially distribution. ICF did not evaluate the full increase in 

 

21 One estimate from a reputable environmental organization indicates that full electrification would not 
only shift the peak power demand from summer to winter but could also double peak electricity demand. 
Rocky Mountain Institute, New Jersey Integrated Energy Plan, Public Webinar, November 1 2019, page 
23. Full electrification of heating and transportation. ICF’s estimate from this study is 50% but contains 
conservative assumptions that cause the increase to be low – i.e. lower than expected transportation 
demand during peak periods, since ICF assumed that almost no EV charging occurs during the peak 
electricity demand period, as well as no change in reserve margin to address increased resiliency and 
reliability concerns on a winter peaking system highly reliant on renewable power sources. 
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transmission and distribution costs above the level supported by current rates in part 

because the required information is not public. However, there are reasons to believe it 

is likely these costs are large. The District’s Sustainable Energy Utility evaluation 

assumes that lowering peak demand saves transmission and distribution costs of 

$258/kW per year; 90% of these costs are distribution costs.22 If $258/kW is applied to 

the conservative projection of increased peak demand in 2050 of 50%, this would add 

approximately $0.3 billion per year in costs. This would be equivalent to approximately 

$2.8 billion in cumulative costs from 2032 to 2050, thereby increasing Case 3 (Policy-

Driven Electrification) costs to over $9.3 billion from $6.5 billion. If added, it would make 

the Policy-Driven Electrification Case 144% more costly than the Fuel Neutral Case, 

versus the 70% shown in the main study results.    

ICF did not include this estimate of the full increase in electricity distribution and 

transmission costs in the main study results. However, the District should study 

further potential cost increases and overall feasibility before a decision to pursue 

electrification policies.  

▪ It will be challenging and expensive to make the power system as resilient during winter 

storms, or other contingencies, as the combination of the power and natural gas delivery 

systems is now. The natural gas system is entirely underground, and not subject to the 

same risks as electrical infrastructure during winter conditions, especially extreme winter 

storms. An attempt to increase peak winter resiliency in a power-only system would likely 

involve higher power reserve margins than currently employed, greater undergrounding, 

added requirements for local sourcing of power generation, and additional resiliency of 

power transmission and distribution systems, including possibly a local grid or micro-grid 

capable of independent operation. None of these costs are included in this analysis.  

 
Resiliency refers to events that are not likely but have large impacts. Resiliency is already a 

matter of concern to the District, including the ability to function during major winter storms, 

and as the nation’s capital, maintain both critical federal and local government services. 

Currently, the District of Columbia is seeking to quantify resiliency benefits.23 

Overall, replacing the energy system reliability and resiliency provided by the natural gas 

distribution system would be an extremely challenging and uncertain process, especially if the 

 

22 TetraTech. (2017). Evaluation of the District of Columbia Sustainable Energy Utility - FY2016 Annual 
Evaluation Report for the Performance Benchmarks (Final Draft). Madison, WI, USA. See page 31, and 
33. The DC SEU uses this study in determining the amount of cost that every kW of demand avoided 
saves annually– i.e. the distribution and transmission capacity cost is $257/kW-year ($231/kw year for 
distribution and $27/kW year for transmission). The $0.3 billion per year assumes the reverse is true, 
namely that adding to peak electricity demand also increases costs.     
23 Comments to Notice Of Inquiry (NOI) submitted on November 12, 2019, by the District of Columbia 
Department of Energy and the Environment, recommend the establishment of benefit-cost test that 
accounts for the cost of resiliency, on page 3, see also pages 14-17, In the Matter of the Implementation 
of the 2019 Clean Energy DC Omnibus Act Compliance Requirements, Matter No. GD-2019-04-m. See 
also, “First Report from the Commission on Climate Change and Resiliency. First Report to the District of 
Columbia October 15, 2019”. 
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broader power grid in the regions around the District of Columbia adopt RPS policies similar to 

the District’s. This study did not attempt to quantify these challenges.  

Importance of a Diversified Technology Approach 

A diversified energy system also reduces the risks associated with the long-term uncertainty in 

the costs of Renewable Energy Credits (RECs) and other costs associated with the target of 

100% renewable electricity sourcing. The District’s 100% RPS by 2032 is higher than any other 

state in the region and well above the PJM average RPS. If the level of the grid wide RPS 

requirements outside of the District increases, the costs of the RECs to District consumers are 

likely to increase as well. This is in part because the same amount of capital will be required for 

renewables that are increasingly devoted to displacing peaking fossil generation with lower per 

kW emissions leading to expected increases in the $/ton and $/MWh premium.24 Currently, the 

District has first mover advantage to lock in low cost renewable options.25 Over time, if grid-wide 

RPS or electrification levels increase, the costs of incremental REC and electrification options 

could be much higher. If this happens, a diversified set of decarbonization options could be 

especially preferred. 

TS-6     Rate Impacts and Other Transition Costs 

The cost estimates for the different decarbonization cases shown above reflect many of the 

incremental costs associated with implementation of the different approaches to reducing GHG 

emissions. However, the incremental costs included in the ICF analysis are not the only cost 

increases that consumers should expect to pay as part of the decarbonization efforts. 

Consumers are also likely to pay higher rates for both electricity and natural gas due to “sunk” 

cost allocations that are not reflected in the ICF analysis of incremental production costs.  

Natural Gas Distribution System Rate Increases 

On the natural gas side, per therm distribution rates have been held constant throughout the 

analysis. However, as natural gas throughput declines relative to the BAU case, distribution 

rates will need to increase in order to recover the utility cost of service. We have not increased 

natural distribution rates to reflect this increase since the costs behind the increase are sunk 

and would not be considered incremental.   

The reduction in throughput associated with each of the decarbonization cases will lead to an 

under-recovery of natural gas distribution system cost of service under the current rate 

 

24 Another related phenomenon is the increasing cost of storage as the amount of storage capacity 
required increases. As the capacity of storage increases as a share of total capacity, it must be able to 
operate more hours to accommodate the loss of fossil thermal generation and to accommodate prolonged 
lack of intermittent output. 
25 The level of federal subsidies has also been decreasing and is scheduled to further decrease, 
increasing the advantage of near-term reductions.    
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structure. Under current District of Columbia utility regulatory policies, natural gas distribution 

rates would need to be increased to allow the utility to recover these costs.  

Since the Policy-Driven Electrification Case leads to a much larger decline in system throughput 

than the Fuel Neutral Case, the under-recovery of the cost of service is much larger. Absent any 

change to the regulatory framework under which utilities recover their cost of service, ICF has 

estimated the under-recovery of utility cost of service for the Policy-Driven Electrification Case 

to be about $1 billion higher than in the Fuel Neutral Case, for the period from 2020 through 

2050.  

In addition, the Policy-Driven Electrification Case is likely to lead to the shut-down and 

decommissioning of the natural gas distribution system, leading to significant unrecovered 

(stranded) ratebase for the gas distribution system as of 2050 that would need to be recovered. 

26 If stranded costs are added to give a measure of the incremental challenges of Policy-Driven 

Electrification Case over the Fuel Neutral Decarbonization Case, recognizing the difference in 

the type of costs, the Policy-Driven Electrification Case could become more than twice as costly 

as the Fuel Neutral Decarbonization Case.   

Electricity Distribution System Rate Impacts 

On the electricity side, the growth in load combined with the shift from a summer peaking utility 

system to a winter peaking utility system, as well as with the need to address the reliability and 

resilience issues discussed previously, is expected to lead to significant new investments in the 

electricity distribution system in the District. The analysis partially considered the impact of the 

growth in power load on distribution costs by using existing retail power rates to assess the cost 

impact to consumers of increasing electricity consumption; so utility revenue increases as 

throughput increases. However, we do not expect that the increase in revenue at current retail 

rates will be sufficient to fund the necessary power grid upgrades. 

While a realistic assessment of these costs should be a critical input when evaluating the 

alternative approaches to decarbonization, estimating the costs associated with this type of 

growth in the power grid was beyond the scope of the ICF analysis.  

TS-7     Study Implications 

Overall, ICF’s analysis of alternative approaches to reaching carbon neutrality in the District of 

Columbia supports the implementation of a fuel neutral approach to decarbonizing the building 

sector instead of an aggressive policy-driven electrification approach. The fuel neutral approach 

provides greater long-term flexibility, as well as holding down the costs of decarbonization, 

including costs27 associated with;  

▪ Power generation, transmission, and distribution. 

 

26 A full transition away from the gas distribution system would also require additional customer transition 
costs for the 4% of customers remaining on the system in 2050. These customers are expected to include 
the most difficult and expensive customers to transition away from natural gas. The costs of transitioning 
these customers has not been included in the main study results.  
27 The ICF study cost analysis includes the costs associated with the first two of these cost components. 
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▪ Consumer energy purchases and building retrofits. 

▪ Natural gas system decommissioning. 

▪ Stranded assets on the natural gas distribution system. 

▪ Reliability and resiliency of the overall energy system. 

The key implications of the ICF study are summarized below: 

1) A significant share of the District of Columbia’s long-term energy and emissions 

reduction goals can be achieved reliably and at a modest incremental cost to current 

policy proposals. 
 

The Business As Usual Case, including the currently proposed 100% RPS, in combination 

with current energy efficiency trends and modest vehicle electrification that is likely to occur 

based on vehicle economics, will lead to emissions reductions of about 73% by 2032 and 

about 75% by 2050, relative to 2006 emissions, without incurring major energy infrastructure 

reliability or resiliency risks.28 
 

The Partial Decarbonization Case, builds off the BAU and adds a series of lower-cost 

decarbonization options, including further transportation electrification, increased building 

energy efficiency, gas heat pumps, and modest RNG supply volumes, and will lead to 

emissions reductions of about 79% by 2032 and about 82% by 2050, relative to 2006 

emissions, at a modest incremental cost to District of Columbia consumers, again without 

incurring major energy infrastructure reliability or resiliency risks. 
 

As a result, special attention to affordability and to the resiliency and reliability of the energy 

system in the District of Columbia is critical when planning for 2032 to 2050. The last 18% of 

the emission reductions needed to reach the carbon neutral policy objective will account for 

the vast majority of the total incremental compliance costs. 

 

2) Reaching the carbon neutral emissions goal by 2050 will require a reshaping of 

almost all aspects of energy use within the District. 
 

Changes in consumer energy consumption patterns, including reductions in vehicle miles 

traveled, time of use energy rates, changes in building codes and permitting practices to 

discourage energy demand, and other policies designed to reduce energy consumption by 

changing consumer behavior are likely to be necessary to meet the District of Columbia 

climate change policy objectives. These changes are likely to significantly increase the total 

cost of energy in the District of Columbia, particularly in the buildings sector. 

 

3) Greenhouse gas emissions attributed to natural gas delivered by the Washington Gas 

distribution system can be reduced by 50% relative to the 2006 District of Columbia 

 

28 A region-wide 100% RPS standard would result in potential region-wide electric power grid resiliency 
risks. 
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emissions inventory by 2032 and to carbon neutral emissions by 2050 without 

eliminating the usefulness of the Washington Gas distribution system.  

ICF’s analysis indicates that Washington Gas and District of Columbia consumers can 

reduce the GHG emissions associated with the use of the natural gas distribution system to 

meet the District of Columbia climate objectives, based on a combination of programs 

designed to: 

▪ Reduce energy demand, including energy efficiency, implementation of new natural gas 

technologies including gas heat pumps, hybrid natural gas furnaces/electric heat pumps, 

and CHP. 

▪ Decarbonize natural gas supply, including replacement of conventional natural gas with 

RNG and green (made from renewable power) hydrogen. 

▪ Reduced methane leaks and fugitive emissions throughout the natural gas production, 

transportation, and distribution system through pipeline modernization, advanced leak 

detection and remediation, and upstream best practices.  

This would enable Washington Gas to deliver energy through the current distribution system 

consistent with a carbon neutral emissions policy by 2050. 

 

4) The cost of reaching carbon neutral emissions in the buildings sector by 

decarbonizing the existing Washington Gas natural gas distribution system will be 

significantly lower than the cost of reaching the same level of GHG emissions by 

electrifying building sector energy requirements and increasing the purchases of 

renewable power. 
 

The ICF study results suggest a multi-sector electrification strategy reliant on achieving high 

electrification penetration levels in the buildings sector is a more expensive emissions 

reduction strategy than one based on allowing consumer fuel choice in buildings. 
  

▪ Reducing emissions in the buildings sector through a Policy-Driven Electrification 

approach results in both the largest expansion of the electric grid and the corresponding 

elimination of consumer energy choice. 

▪ Across decarbonization cases, power sector costs account for a large share of the total 

costs to consumers, reflecting the transformational nature of the change needed from 

this sector to meet emissions reduction targets. 

 

5) Reliance on electrification of the building sector to meet the 2050 emissions goal 

could sacrifice the reliability and resiliency of the energy system in the District of 

Columbia. 

Reliance on electrification of the building system to meet 2050 emissions goals will result in 

the need to significantly expand the current electric grid to meet peak winter space heating 

requirements and would eliminate the redundancy, reliability and resilience associated with 

reliance on two major energy delivery systems (gas and electric) to meet peak winter load.   
 

In addition, to date no one in North America has attempted to convert a major metropolitan 

energy system away from natural gas to renewable power. Currently, there is no established 
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pathway to achieve the same reliability and resiliency of two energy delivery systems to 

meet winter peak space heating requirements using only the electric grid without significant 

increases in energy costs. 

 

6) An inflexible emissions reduction strategy that is reliant on achieving high consumer 

adoption and the penetration of new technologies is likely to result in higher costs 

An approach to reducing emissions in the building sector that focuses primarily on 

electrification of fossil fuel demand, such as the Policy-Driven Electrification Case, is likely to 

result in a costly emissions reduction strategy that would commit the District to an inflexible 

emission reduction approach, with limited ability to adapt to new technologies and 

approaches in the future. This type of approach is also contingent on achieving high 

penetration rates of new electric technologies and the large-scale conversion of appliances 

in existing buildings, despite the lack of experience with the implementation of these types of 

transformational policies on the scale that would be necessary. 

▪ This approach results in an expensive expansion of energy storage and generation 

requirements in the PJM, while future cost estimates and emission reductions are 

contingent on the assumption that electric technology performance improves relative to 

fossil-fuel based appliances which now provide significantly greater efficiency in hot 

water and space heating. 

▪ It will take multiple decades for the building stock to turn over. Converting a majority of 

existing buildings from natural gas or fuel oil to electric heating systems, which is needed 

to achieve the emission reduction targets in Policy-Driven Electrification Case, is a large, 

and expensive logistical challenge given the heterogeneous nature of the District’s 

building stock. 

 

7) The decline in throughput on the natural gas system in both the Fuel Neutral and 

Policy-Driven Electrification cases will require changes in rates and rate structures to 

assure recovery of the full cost of service, and in the Policy-Driven Electrification 

Case (but not in the Fuel Neutral Decarbonization Case) to address stranded assets 

and system transition costs related to the potential termination of natural gas service 

in the District. 

Without changes in gas system rates and cost recovery practices, ICF estimates that 

Washington Gas is likely to under recover the non-gas cost of service for the period 

between 2020 and 2050 in both the Fuel Neutral Decarbonization and Policy-Driven 

Electrification Cases due to the decline in natural gas throughput. The necessary changes 

could include decoupling of throughput from cost recovery, restructuring of rates to reduce 

cost recovery related to throughput. The changes could also include cost sharing with the 

electricity customers when Washington Gas programs increase costs to gas consumers 

while reducing the cost impacts of decarbonization on electricity customers. The under 

recovery of the cost of service in the Policy-Driven Electrification Case would add an 

additional one billion dollars to the cost difference relative to the Fuel Neutral 

Decarbonization Case. 
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The Policy-Driven Electrification Case is also likely to lead to the termination of service on 

the gas distribution system in the District. ICF estimates that this would lead to additional 

customer transition costs of around $800 million or more to convert the last remaining 

customers to electricity, and would lead to stranded assets of around $1.5 to $2.1 billion in 

unrecovered rate base in 2050, as well as distribution system decommissioning costs that 

have not been estimated. These costs would not be incurred in the Fuel Neutral 

Decarbonization Case as the natural gas distribution system remains used and useful.  

 

8) Alternative approaches to decarbonization are likely to have significantly different 

impacts on different customer groups, resulting in equity concerns. 

Reaching the carbon neutral emissions target by 2050 will result in significant increases in 

the cost of energy services to buildings sector consumers, and particularly to current 

Washington Gas customers. These costs will include both the increase in costs to the 

electricity sector that will be spread over all energy consumers, as well as the costs of 

reducing buildings sector emissions from the use of natural gas. The cost of reducing 

emissions from buildings sector natural gas use will fall primarily on current Washington Gas 

customers, particularly the lower income customers in older buildings that will be harder to 

update, leading to significant equity concerns with an approach that requires electrification 

of most of the building stock in the District. 

Regardless of the approach taken to decarbonization, these customers will see potentially 

significant cost increases. However, the cost impacts on these customers in the Fuel Neutral 

Decarbonization Case will be significantly lower than in the Policy-Driven Electrification 

Case.  

 

9) An adaptive and flexible approach to decarbonization provides market participants 

with more options to reduce emissions and to reduce costs 

While certain approaches to reducing carbon emissions, including promotion of energy 

efficiency and renewable power and partial conversion of the transportation sector to 

electricity will clearly play significant roles in climate change policy, in many areas it is still 

unclear which technologies and approaches are likely to result in the most cost-effective 

long-term emissions reduction approaches. 

▪ The utilization of multiple emissions reduction pathways and technologies, such as the 

approach reflected in the Fuel Neutral Decarbonization Case, can result in lower costs to 

consumers through improvements in overall energy efficiency, the utilization of current 

infrastructure, and consequently the avoidance of expensive investments in new power 

sector infrastructure investments. 

▪ The emissions reduction approach that will best meet the District of Columbia climate 

objectives is likely to change over time and should be able to consider future regulatory 

structures, market developments, consumer behaviors, and technology innovations. 
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10) There is likely to be a role for new and developing technologies to reduce future 

emissions 

Low-carbon fuel technologies, including currently available technologies such as renewable 

natural gas appear capable of playing a significant role in meeting emerging GHG emissions 

reductions targets, and, if promoted and developed, can provide a ceiling on the cost of 

reaching District of Columbia’s policy objectives. These technologies are expected to be 

available at costs equivalent to or lower than the cost of electrification of some fossil fuel 

end uses.  

In addition, technologies currently under development including green hydrogen, as well as 

direct air capture and conversion of carbon dioxide (CO2) to liquid and gaseous fuels, and 

power-to-gas (P2G) technologies, and other emerging technologies are likely to be 

developed and to become capable of contributing to reducing GHG emissions over time.   

Energy policy should be designed to promote the development of these technologies, rather 

than closing off the development opportunities for these technologies. In the absence of 

such new technology developments, further adoption of measures already included in the 

Fuel Neutral Decarbonization Case could also take a larger role to meeting emission 

reduction targets. 
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1. Introduction 

The District of Columbia has made a strong commitment to the development and 

implementation of a sustainable energy future. The District of Columbia’s public commitment to 

reduce greenhouse gas (GHG) emissions includes a 50% reduction relative to 2006 levels by 

2032 and reaching carbon neutrality by 2050. The most recent legislation addressing this topic, 

the Clean Energy D.C. Omnibus Act of 201829, increases the mandate for renewable electricity 

use in the District by 2032 from 50% to 100%, and requires that all public transportation and 

privately-owned fleet vehicles be carbon neutral by 2045. Along with the focus on GHG 

emissions reductions, the District of Columbia sustainability plan also focuses on equity, 

including actions intended to help residents find opportunities to reduce their utility bills and 

increase access to affordable housing. While many of the elements needed to meet these 

objectives - including the commitment to 100% renewable portfolio standard (RPS) - have been 

determined, the full plan to meet these objectives is still under development. 

At the request of AltaGas, ICF conducted a study of alternative approaches to emission 

reduction strategies for the District of Columbia to meet these commitments. The study started 

with the premise that the District would meet or exceed its 50% emissions reduction goal by 

2032 and would meet its goal of carbon neutral emissions by 2050. AltaGas requested that the 

study ensure that both the overall GHG emissions reductions and the emissions reductions 

associated with the use of the Washington Gas natural gas distribution system meet these 

objectives. In developing its recommendations, AltaGas also asked ICF to think beyond the 

limitations of existing regulatory structures and traditional fossil-based gases and services.  

The primary goals of this study were to:  

1) Determine whether emissions from the natural gas system in the District of Columbia 

could reasonably be reduced consistent with the District’s emissions reduction goals. 

2) Understand the costs, uncertainties, and tradeoffs associated with meeting the District 

energy objectives based on different implementation pathways. 

3) Identify the appropriate role for the Washington Gas natural gas distribution system in 

the District of Columbia’s low carbon future.  

This study was not designed, or intended, to address all the potential issues or alternatives to 

meeting the District of Columbia policy objectives, nor the region-wide issues and implications of 

emission reduction policies. The study did not attempt to optimize costs or find the most efficient 

emissions reduction strategy. Instead, the study was designed to highlight different emissions 

reduction approaches and strategies capable of meeting the District of Columbia policy 

objectives and to identify the potential trade-offs, costs, and equity implications of the different 

approaches. 

 

Given the current GHG emissions profile in the District of Columbia, transitioning to zero carbon 

sources of electricity including renewable sources of power, electrification of much of the 

 

29 Sustainable D.C. 2.0 Plan. http://www.sustainabledc.org/wp-content/uploads/2019/04/sdc-2.0-Edits-
V4_web.pdf. The 2020 RPS is 20%. There is also a solar carve-out of 1.7% which increases over time. 

http://www.sustainabledc.org/wp-content/uploads/2019/04/sdc-2.0-Edits-V4_web.pdf
http://www.sustainabledc.org/wp-content/uploads/2019/04/sdc-2.0-Edits-V4_web.pdf
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transportation sector, and decarbonization of the building sector demand, including 

improvements in energy efficiency and transitions to lower carbon energy sources, are all likely 

to be required to meet the District’s emissions reduction targets. However, it is important to take 

a critical and thoughtful approach to what areas of the economy are the focus of electrification, 

as well as to what levels of electrification and how these efforts might impact other sectors, 

consumers, reliability, and resiliency. 

1.1 District of Columbia Emissions Profile and Targets 

The District expects to reduce greenhouse gas (GHG) emissions by 50% by 2032 relative to 

2006 and become carbon neutral by 2050. The 2017 District of Columbia District-wide GHG 

Emissions Inventory shows that the District is on track to significantly outperform the 2032 goal 

set by the District of Columbia Clean Energy Act.30 Figure 9 shows total District of Columbia 

emissions for each year from 2006, the reference year, through 2017, the last year data was 

available by sector for the District of Columbia. In 2017, overall GHG emissions reported in the 

emissions inventory were down by 30% relative to 2006 levels and natural gas emissions 

reported in the District of Columbia GHG Emissions Inventory were down by 26.6% relative to 

2006 levels. 

Figure 9. Historical District of Columbia GHG Emissions Breakout by Fuel Type 

 

Source: District of Columbia Department of Energy and Environment 

The reductions in emissions to date have occurred primarily due to the shift in power generation 

away from coal toward natural gas in response to lower natural gas prices,31 District of 

Columbia implementation of the renewable portfolio standard for electricity supply, and national 

trends, including lower electricity demand growth, federal fuel efficiency standards, and growth 

in renewable power generation.  

 

30 https://doee.dc.gov/service/greenhouse-gas-inventories 
31 CO2 emissions per unit of input fuel energy or kwh of output are less for natural gas generation than 
coal generation. Natural gas CO2 emissions are approximately 45% lower per unit of energy than coal 
and gas generation on average requires less input energy per unit of output than coal generation. 

https://doee.dc.gov/service/greenhouse-gas-inventories
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In 2017, emissions from natural gas use were the smallest of the three major emissions sectors 

and resulted in the lowest emissions per unit of energy:  

▪ Electricity - The generation of electric power consumed in the District of Columbia 

accounted for about 47% of the 83.8 billion kBTUs of energy consumed and 55% of total 

GHG emissions attributed to the District of Columbia. The emissions attributed to electricity 

consumption included 42% in non-residential buildings, 9% in residential buildings, and 4% 

in other applications. 
 

▪ Transportation - Fossil fuel (gasoline and diesel fuel) use in the transportation sector 

accounted for approximately 25% of energy use and about 21% of total GHG emissions 

attributed to the District of Columbia. 
  

▪ Natural Gas - Natural gas use, primarily in the residential and non-residential building 

sectors accounted for about 27% of the 83.8 billion kBtus of energy used during 2017 in the 

District of Columbia and 18% of the emissions attributed to the District of Columbia.  

– The emissions associated with natural gas use in the District are primarily the result of 

use in the District’s residential sector; which accounted for 55% of the emissions 

attributed to natural gas or 10% of the total GHG emissions attributed to the District.  

– Nearly all the remainder is attributed to use in non-residential buildings; this sector 

accounted for 28% of the emissions attributed to gas or 5% of the District’s total 

emissions.  

– Overall, the residential and commercial buildings sectors accounted for 83% of the 

natural gas emissions and 15% of the total emissions in the District of Columbia.  

– The remaining 17% of natural gas emissions (and 3% of total emissions) is associated 

with natural gas used by the GSA (including buildings), and with fugitive emissions 

attributed to the natural gas distribution system. 

 

The District of Columbia will need to reduce emissions by an additional 20%, relative to 2006, 

between 2017 and 2032 to meet the 2032 target. By 2032, the emissions attributed to the 

generation of the electricity consumed in the District are expected to decline to zero due to the 

100% RPS standard set by the District of Columbia 2018 Energy Omnibus Act. 32 This will 

reduce overall District GHG emissions by about 61% relative to 2006 levels, well below the 

2032 policy target, even prior to consideration of additional policies beyond the power sector. 

However, actions taken prior to 2032 in the other sectors are necessary to facilitate timely and 

cost-effective achievement of the 2050 policy target. 

 

32 The 100% RPS means that every MWh of retail sales needs to be accompanied by a Renewable 
Energy Credit (REC), where one credit represents one MWh of qualifying generation. RECs trade in an 
over-the-counter secondary market and qualify to meet the RPS requirements of several states and the 
District. The RPS does not require the District to directly consume 100% renewable generation. The 
District’s power consumption will be met physically by PJM using a marginal mix of plants including fossil 
fueled plants. Emissions are measured based on a weighted average combination of the purchase of 
RECs (which accords the MWh a zero emission status), and average PJM emission rates for power not 
associated with a REC.   
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By 2032, current District of Columbia energy policy related to renewable electricity is 

expected to result in a reduction in overall GHG emissions attributed to the District of 

Columbia to about 27% of 2006 levels (a 73% reduction), before consideration of further 

reductions in emissions attributed to fossil fuel use, including natural gas used in the 

buildings sector, and gasoline and distillate fuel in the transportation sector. 

Further reductions in emissions from the transportation sector and buildings sector will be 

needed to meet the 2050 objective of carbon neutrality. In the transportation sector, most users 

of gasoline and diesel will need to convert to electricity and other low carbon fuels such as 

Renewable Natural Gas (RNG), green hydrogen, or biodiesel. In certain applications, the 

transportation sector emissions likely will need to be met by a modest amount of carbon 

emissions offsets. In the buildings sector, owners and end users will need to make additional 

reductions in energy consumption, and in the carbon content of the energy consumed; users will 

also be required to decrease energy use in both residential and non-residential buildings. 

 

2. Opportunities to Reduce Emissions Attributed to 

the Natural Gas Distribution System 

ICF reviewed the current natural gas markets in the District of Columbia to determine whether 

GHG emissions attributed to the natural gas distribution system in the District could be reduced 

consistent with the District of Columbia climate change policy while leveraging the value and 

usefulness of the natural gas distribution system in the District. The ICF analysis considered a 

range of opportunities for reducing GHG emissions attributed to the use of natural gas and the 

natural gas distribution system in the District, including: 

▪ Improvements in energy efficiency for current and new natural gas consumers. 

▪ Penetration of new end-user technologies designed to reduce energy consumption and 

emissions, including natural gas heat pumps, hybrid electric heat pump / natural gas furnace 

space heating systems, as well as Combined Heat and Power (CHP) units to provide space 

and water heating in commercial and industrial buildings. 

▪ Reductions in the carbon content of the gases distributed by the Washington Gas 

distribution system, including Renewable Natural Gas (RNG), green hydrogen, and power-

to-gas options. 

▪ Reductions in methane emissions associated with the production, transportation, and 

distribution of the natural gas consumed in the District of Columbia. 

Overall, ICF determined that a reasonable mix of these actions would result in reductions in 

GHG emissions attributed to the natural gas distribution system consistent with the District of 

Columbia climate change objectives with a modest (less than 4%) contribution from emerging 

technologies, further adoption of measures already included in the Climate Business Plan, or 

carbon offsets. 

The net contributions from each of these components are shown in Figure 10 and Table 4. The 

major components are summarized below. 
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Figure 10. Emission Reductions Attributable to Natural Gas Sector 

 

Table 4. 2050 Natural Gas Emission Reductions by Measure  

Category / Measure 
Annual Emissions  

(1000’s of Metric Tons CO2e) 

% of 2006 

Levels 

2006 Natural Gas GHG Emissions 1,765 100.0% 

Change Between 2006 and 2017 -469 -26.6% 

BAU Change Between 2017 and 2050 -41 -2.3% 

Energy Efficiency -239 -13.6% 

Hybrid Heating -235 -13.3% 

CHP and Renewable Power -88 -5.0% 

Distribution System -74 -4.2% 

Certified Gas -31 -1.8% 

RNG -372 -21.1% 

Power to Gas -74 -4.2% 

Green Hydrogen -74 -4.2% 

Emerging Technology and Offsets -65 -3.7% 

2050 Natural Gas GHG Emissions 0 0.0% 
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2.1 Energy Efficiency & Demand Reduction 

Improvements in the efficiency of natural gas use represent one of the cornerstone opportunities 

to reduce the greenhouse gas emissions associated with the use of natural gas in the District of 

Columbia. As part of the strategy to reach the District’s climate change objectives, ICF is 

projecting significant improvements in the efficiency of natural gas use in both the residential 

and commercial/institutional building sectors. These improvements would be driven in part by 

building code requirements and mandates, and in part by utility sponsored energy efficiency and 

demand response programs. 

We have not attempted to quantify the ultimate potential for energy efficiency to reduce natural 

gas consumption. Instead, we have relied upon standard energy efficiency program typology to 

estimate achievable improvements in energy efficiency over the 30-year period from 2020 to 

2050. The projection is based on a portfolio of residential and commercial programs.  

The impact of energy efficiency is limited both by the cost effectiveness of energy efficiency 

measures and the ability to stimulate implementation of energy efficiency measures. For this 

analysis, ICF has projected an aggressive program of utility sponsored energy efficiency 

programs capable of reducing natural gas demand in the District of Columbia by about 0.7% on 

average per year between 2020 and 2050 above current trends, based on market penetration 

rates ramping up to about 2.3% of meters per year by 2025. 

The analysis includes aggressive implementation of behavioral demand reduction programs in 

the residential sector, as well as high efficiency appliances and moderate weatherization and 

building shell measures in the residential and commercial/institutional sectors. High efficiency 

appliances include both high efficiency furnaces and natural gas heat pumps. We have also 

included hybrid heating systems incorporating both an electric heat pump and a gas furnace to 

improve efficiency without driving up power generation capacity requirements. We have not 

considered deep building shell retrofits due to issues related to cost and building shell retrofit 

feasibility, as well as the ability to attract or require participation in these efforts. Deep building 

shell retrofits would further accelerate the reduction in natural gas demand. 

2.1.1 Residential Behavioral Demand Reductions 

Behavioral demand reduction programs are a widely accepted approach to reducing natural gas 

consumption, and have been implemented by WASHINGTON GAS in Maryland, and by other 

natural gas utilities in a variety of other jurisdictions.  

Savings are achieved through the adoption of good habits in setting thermostat set point 

temperatures, reduced use of hot water, and the adoption of do-it-yourself low-cost conservation 

measures such as the installation of window wrapping or aerators. Typical reports carry energy 

conservation tips and recommendations, as well as cross promotions of other utility programs. 

The program can be augmented over time by adding gamification features and energy 
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marketplaces.33 The behavioral program would be based on an opt-out approach in order to 

maximize participation. Reports would be delivered both on paper and by email. The program 

would be evaluated based on a billing analysis approach with two different groups: a participant 

group (treatment group) and a control group, in order to assess effectiveness. 

These programs have a relatively modest impact on demand, averaging between 0.5% to 2.0% 

of demand reduction for each participant.34 For this analysis, we have assumed the impact is 

consistent with the WGL program implemented in Maryland, and included a 0.85% reduction in 

demand for each participant. While the impacts are relatively small, the cost of the program is 

also modest.  

Implementation of these types of programs also provides a way of educating customers about 

the value of energy efficiency and provides an entry for promoting more aggressive energy 

efficiency programs. ICF assumed a program penetration rate of 53% of residential meters by 

2032 and 71% by 2050. This would be a utility sponsored effort and would be most effective if 

combined with an electricity program so that it was promoted by both Washington Gas and 

Pepco.  

2.1.2 Energy Efficiency Improvements 

Improvements in energy efficiency, including improvements in building shell efficiency and 

appliance efficiency provide significant opportunities to reduce emissions. The energy efficiency 

improvements included in this study reflect long term organic improvements in energy efficiency 

reflecting higher efficiency appliance standards and building codes as well as utility 

implemented energy efficiency programs. The ICF analysis is based on implementation of utility 

sponsored energy efficiency upgrades reaching 26% of buildings using natural gas by 2032 and 

65% of the buildings using natural gas in the District by 2050. This is based on a program 

penetration rate of 2.3% of residential and commercial meters per year after program ramp up is 

completed in 2023. 

The residential energy efficiency improvements are based on standard industry DSM practices, 

with aggressive market penetration, and promotion of new natural gas technologies. The 

residential energy efficiency improvements include low cost weatherization associated with an 

in-home visit from an energy specialist that would provide a home energy assessment report 

with tips and recommendations. During the visit, the energy auditor would proceed with the 

installation of low-cost/no-cost measures such as pipe wrapping and faucet aerators. The home 

energy auditor would also recommend more capital-intensive retrofits such as high-efficiency 

water heaters and furnaces and offer incentives for the installation of new high-efficiency 

appliances. Participants that follow through with the installation of the measures would 

subsequently receive the incentives.  

 

33 Online energy marketplaces, where consumers can purchase energy efficient products and appliances, 
have been leveraged by utilities to augment their energy-efficiency programs and simplify the rebate 
process for customers. 
34 Mazur-Stommen, S., & Farley, K. (2013). Behavior Change Programs: Status and Impact. ACEEE 
Report Number B132. Retrieved from http://www.aceee.org/research-report/b132 

http://www.aceee.org/research-report/b132


Opportunities for Evolving the Natural Gas Distribution Business to Support DC’s Climate Goals 

 

ICF Technical Study Report  8 

 

Each installation includes an upgrade to appliances and basic 

envelope upgrades. The building shell upgrades are limited to 

relatively low-cost measures that reduce energy consumption by 

2% per building. We have not included deeper building retrofits 

due to the cost of the more aggressive building shell measures.  

The thermostat program would entail the rebating of ENERGY 

STAR Certified Smart Thermostats in retail stores and through 

heating, ventilation, and air-conditioning contractors. The 

program would require enrollment in an integrated control 

component, which would provide optimization through an added 

layer of artificial intelligence, in addition to the algorithms built 

into the thermostat. The program would have a bring-your-own-

thermostat component through which customers will be able to 

enroll in the integrated control component of the program with 

their pre-existing thermostat. 

2.1.3 Gas-Fired Heat Pumps 

The overall improvements in natural gas efficiency rely on natural 

gas heat pumps for a significant share of the performance 

improvements. The heat pump technology relied on for 

residential markets is based on current technology expected to 

be available before 2025.35 Gas-fired heat pumps use thermal 

energy to drive a refrigeration cycle to provide space heating and 

cooling. Like an electric heat pump, a gas heat pump has an 

efficiency of more than 100%.  As compared to many electric 

heat pumps, gas-fired heat pumps retain their heat-delivery 

capacity at very low temperatures without relying on 

supplemental heat sources. 

The ICF analysis projects that gas heat pumps become readily 

available, and between 2026 and 2039, 50% of the residential 

and commercial meters participating in the appliance upgrade 

programs (2.3% of total meters per year) will install natural gas 

heat pumps. Starting in 2040, all the appliance upgrade program 

participants are assumed to install gas heat pumps. The gas heat 

pumps are assumed to have a coefficient of performance (COP) 

of 1.4, resulting in roughly a 36% reduction in energy use 

compared to a 90% efficient natural gas furnace. In the Climate 

Business Plan, 38% of residential and commercial buildings 

 

35 American Gas Foundation, “Opportunities for Reducing Greenhouse Gas Emissions through Emerging 
Natural Gas Direct-Use Technologies”, December 2019. 
https://www.gasfoundation.org/2019/12/18/opportunities-for-reducing-greenhouse-gas-emissions-
through-emerging-natural-gas-direct-use-technologies/ 

Natural gas heat pumps are 

an emerging technology that 

use thermal energy to drive 

a refrigeration cycle. These 

heat pumps often employ an 

absorption refrigeration 

cycle wherein the thermal 

energy provided by the 

combustion of natural gas is 

used to separate the 

refrigerant (e.g. ammonia) 

from the absorber (e.g. 

water). The “thermal 

compressor” of an 

absorption heat pump 

replaces the electrically 

driven compressor found in 

a standard air source heat 

pump. The natural gas heat 

pump would look like a large 

air-conditioning unit but 

would both heat and cool 

the home. 
 

 
 

Source: 2019 BTO Peer Review – 

Stone Mountain Technologies – 

Pre-Commercial Scale-Up of a Gas 

Absorption Heat Pump 

https://www.energy.gov/sites/prod/fi

les/2019/05/f62/bto-peer-2019-

stone-mountain-pre-comm-scale-

up.pdf 

NATURAL GAS 
HEAT PUMPS 
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heated with natural gas are converted to a gas heat pump by 2050. ICF assumes that significant 

consumer incentives will be required to drive market acceptance of these measures. These 

incentives are projected to be 25% of the incremental equipment and installation cost of the 

measures. 

2.1.3 Hybrid Heating Systems 

In order to reduce carbon emissions associated with 

natural gas consumption, ICF has included consumer 

adoption of hybrid heating systems designed to combine 

an electric heat pump with a natural gas furnace.  

For these customers, the electric heat pump operates 

throughout the year with the natural gas system used 

primarily during the colder parts of the year. During these 

peak heating loads, the use of natural gas furnaces serves 

to reduce electric demand, thereby mitigating the need for 

additional investments in the electric grid since the electric 

grid remains summer peaking. 

On an annual basis roughly 80% of the annual space 

heating load is expected to be electrified for a typical 

hybrid heating customer, which will result in a 60% 

reduction in net natural gas demand for these customers. 

In the Climate Business Plan, 40% of residential and 20% 

of commercial buildings heated with natural gas are 

converted to hybrid heating systems by 2050. 

These units will require significant incentives to promote 

acceptance. ICF assumes that 37.5% of the incremental 

costs will need to be covered by utility or District 

sponsored incentives. 

Water heating, cooking, and other demand will continue to use natural gas in buildings that use 

a gas-electric hybrid space heating system. Compared to space heating, these end-uses have a 

much smaller impact to Design Day natural gas loads. 

2.2 Decarbonizing Natural Gas Supply 

2.2.1 Methane Emission Reductions 

The reduction of methane emissions from the production, processing, transportation, and 

distribution of natural gas is an important opportunity to reduce the GHG-intensity of natural gas, 

and the WGL Climate Business Plan includes the following steps to reduce these emissions: 

▪ Certified Gas Purchases: Currently, about 1% to 1.5% of fossil-based natural gas 

produced is emitted to the atmosphere during the production, processing, and transportation 

of natural gas. These volumes have dropped dramatically in the last 10 years due to 

Hybrid heating systems, sometimes 

referred to as dual fuel systems, consist 

of a central air source heat pump and a 

natural gas furnace, which acts as a 

backup heating source on particularly 

cold days. These systems are configured 

such that the air source heat pump only 

services the space heating load when it 

has sufficient capacity to do so efficiently. 

Because the heating capacity and 

efficiency of electric air source heat 

pumps drops as outdoor temperatures 

drop, they are unable to meet the full 

space heating load beyond a balance 

point temperature (e.g. 20°F), and their 

energy consumption significantly rises as 

they begin to rely on backup electric 

resistance heating. In a hybrid heating 

system, the heat delivery systems are 

programmed to switch from the electric 

air source heat pump to the natural gas 

furnace below the balance point 

temperature. 

HYBRID HEATING SYSTEMS 
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changes in natural gas production regulations and industry practices, however, significant 

reductions in emissions remain possible. Current efforts by the natural gas industry to 

reduce emissions include certification of natural gas produced using industry best practices 

to reduce emissions. Purchasing certified gas has the potential to reduce upstream natural 

gas GHG emissions (both methane and carbon) by as much as 60 to 80%, relative to 

current average levels. These reductions can be achieved at reasonable costs and 

represent one of the least expensive approaches to reducing GHG emissions. ICF has 

assumed that most of the natural gas consumed in the District of Columbia in the future will 

be sourced from certified natural gas, and that the certification process will lead to a 

reduction in methane emissions associated with the production and processing of natural 

gas of 0.2% of natural gas throughput. 

 

▪ Certified Clean Transportation:  Transportation of natural gas involves much lower 

emissions than production and processing. However, further reductions in emissions from 

gas transportation are feasible at relatively modest costs. ICF is currently discussing these 

efforts with natural gas pipelines that are considering commitments to be carbon neutral. 

The Climate Business Plan includes development of a program to certify clean gas 

transportation to reduce GHG emissions. This program represents a very small portion of 

the overall reduction in GHG emissions but is expected to be relatively cost effective. The 

assessment of emissions reductions includes a reduction in methane emissions of 0.05% of 

methane throughput. 

 

▪ Distribution Pipe Emissions: The 2017 District of Columbia Emissions Inventory indicates 

that WGL distribution pipe emissions accounted for 7.4% of the GHG emissions attributed to 

natural gas in 2017. WGL has committed to reducing this value through investments in 

system integrity management. ICF has assumed that WGL will be able to reduce methane 

emissions associated with the WGL distribution system by 80% per unit of throughput by 

2050 based on these investments. 

2.2.2 Renewable Natural Gas  

The WGL Climate Business Plan includes a significant effort to develop and bring Renewable 

Natural Gas (RNG) to the District of Columbia to reduce the GHG emissions associated with 

natural gas consumption in the District. The business plan includes the use of 3 Bcf per year of 

RNG by 2032, increasing to 7 Bcf per year of RNG by 2050. In 2050, RNG will account for 

about 41% of the natural gas supply portfolio.  

By 2032, RNG is expected to contribute a 9% reduction in the GHG emissions from the natural 

gas sector in the District of Columbia, increasing to a 21% reduction in GHG emissions from the 

natural gas sector in the District of Columbia by 2050. 

The time frame for RNG development is shown in Figure 11 below. 

Availability of RNG Supply 

The amount of RNG included in the WGL Climate Business Plan is determined by the 

Company’s climate change commitment, and by the overall cost of RNG relative to other GHG 
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emissions reduction options. The amount of RNG included in the Climate Business Plan is 

expected to be readily available at or below the prevailing market price for RNG. Additional 

RNG likely would be available if needed, and WGL and the third-party natural gas marketers 

would likely be able to acquire sufficient RNG to meet 100% of the natural gas demand in the 

District of Columbia by 2050, if needed to meet the District of Columbia climate goals or if 

determined to be the most cost-effective approach. 

Figure 11. RNG Contribution to WGL Climate Business Plan 

 

The assessment of RNG availability is based on information in the RNG Study prepared by ICF 

for WGL. It takes into consideration the location and access to RNG production by region and 

the market competition for RNG from other utilities and natural gas customers. 

Currently, RNG purchasers are typically required to provide a certified direct biogas pathway 

showing the pipeline route that would connect the producer and consumer of the RNG. 

Generally, neither party has been required to hold the pipeline capacity over which the RNG 

would be delivered from the producer to the consumer. As a result, much of the RNG currently 

used in the U.S. is injected into the natural gas pipeline grid, without any expectation that the 

RNG would be delivered directly to the consumer. This has no impact on the GHG emissions 

impact of the RNG.  

However, for natural gas utilities with significant proposed RNG programs targeted at climate 

change, questions have been raised about the appropriateness of purchasing RNG that cannot 

be physically delivered to the utility. This type of policy would reduce the availability of RNG and 

likely increase the cost of the RNG to WGL. In the near term, much of the low cost RNG 

available to WGL would likely be sourced from regions without a proximate connection. For this 

assessment of RNG availability we have assumed that a direct connection between the utility 

service territory and the produced RNG will be required. Hence, WGL RNG would need to be 

sourced from the region; including the District, the immediate surrounding jurisdictions, as well 
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as the regions where WGL currently holds pipeline capacity capable of taking delivery of the 

RNG and transporting it to the District.36 

The South Atlantic region is considered to be a reasonable proxy for this region. WGL holds 

significant long-haul pipeline capacity contracts on several of the major pipelines in this region 

and would be able to take delivery of RNG into the interstate pipelines for delivery to the WGL 

city gates.  

Use of the South Atlantic region as a proxy is a simplification based on the level of data 

available in the RNG study. While WGL would also have access to RNG produced in nearby 

states (Pennsylvania, Ohio, and Maryland) outside of the South Atlantic, the Company does not 

have full access to all of the South Atlantic.37 

WGL access to RNG from the South Atlantic region will be limited by competition from other 

RNG buyers with access to the RNG produced in the region. We have assessed the availability 

of RNG for the District of Columbia market by comparing the amount of RNG for the District of 

Columbia that is included in the WGL Climate Business Plan to a reasonable allocation of the 

potential RNG in the South Atlantic region. The allocation of RNG potential to the District was 

based on the share of natural gas currently consumed for end-uses other than power 

generation.38 In 2018, the District of Columbia accounted for about 2% of the non-power 

generation natural gas consumption in the South Atlantic.  

Figure 12 illustrates the amount of RNG included in the Climate Business Plan relative to 2% of 

the potential RNG from the South Atlantic region. Based on this assessment, the amount of 

RNG included in the Climate Business Plan is well under a proportional share of the available 

RNG supply for both the low and the high resource estimates in the WGL RNG study.  

Due to the distribution of climate change policies in other jurisdictions in the South Atlantic, and 

throughout the U.S., WGL would likely have access to more than a proportional share of the 

available RNG, if needed. WGL would also have potential access to the population-proportional 

share from its Maryland and Virginia service territories. Altogether, the broader DMV region 

accounts for 12.2% of the non-power generation natural gas consumption in the South Atlantic 

region. 

 

 

 

 

36 There is no expectation or assurance that the molecules from RNG injected into the pipeline would be 
the same molecules delivered to the District. This is same as the market approach for renewable 
electricity. The District will achieve a zero carbon electricity based on purchases of renewable energy 
credits. However, there is no expectation or assurance that the power delivered to the District will be 
generated from the renewable power generation backing up the RECS. 
37 In addition, since we are allocating RNG potential by population, changing the regional boundaries for 
RNG would also change the population allocations. 
38 The power generation sector appears to be unlikely to purchase significant amounts of RNG. Where 
GHG emissions are not a concern, conventional natural gas will be used. In other regions, most of the 
natural gas consumptions for power generation is likely to be displaced by renewable power. 



Opportunities for Evolving the Natural Gas Distribution Business to Support DC’s Climate Goals 

 

ICF Technical Study Report  13 

 

Figure 12. RNG Availability for the District of Columbia 

 

RNG Costs 

The cost of RNG delivered to the District of Columbia will be significantly higher than the cost of 

conventional natural gas.  

Creating the Climate Business Plan portfolio of RNG supply for WGL will require WGL to 

purchase RNG from a variety of different sources, at different cost levels. The cost of RNG from 

any specific facility will depend on a variety of factors, including the type of RNG feedstock, the 

location of the RNG facility, the scale of the RNG facility, and the financing structure of the 

investment. The overall cost of the portfolio will depend on the overall purchasing pattern, as 

well as the level of market competition for incremental RNG.  

ICF used the cost assumptions in the RNG study to estimate the costs of a portfolio of RNG for 

WGL. Figure 13 illustrates the incremental cost of RNG based on the amount produced in 2025, 

2032, and 2040 for the District of Columbia, where the potential RNG volume is allocated to the 

District based on the amount of non-power generation natural gas demand in 2017. As shown in 

subsequent figures, the levels of RNG supply will be eased in over time, avoiding price shocks 

for the overall natural gas supply.  

While we expect some RNG to be available at between $5 and $10 per MMBtu, most of the 

RNG will be available at prices between $12 and $18 per MMBtu, with some higher cost RNG 

potentially exceeding $20 per MMBtu. Based on RNG’s planned contribution to the CBP and the 

above cost curves, Figure 14 illustrates the average cost of RNG and the cost of incremental 

RNG in the WGL portfolio.  
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Figure 13. Incremental RNG Cost Curves for the District of Columbia 

 

 

Figure 14. Incremental Cost of RNG for WGL’s Portfolio 

 

 

As shown in Figure 15, by 2032 the incremental cost of RNG to natural gas consumers in the 

District is projected to be about $37 million per year, increasing to about $72 million per year by 

2050. The incremental cost of RNG relative to conventional natural gas sources will be reduced 

by the cost of conventional natural gas, which is projected to range from $2.31 per MMBtu in 

2020 to $4.21 per MMBtu in 2050. Overall the incremental cost of RNG relative to the cost of 

conventional natural gas is expected to be about $12.44 per MMBtu by 2032, and $10.34 per 

MMBtu by 2050, corresponding to a cost per ton of carbon emissions reduction of between 

$140 and $240 per metric ton of CO2e. 
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Figure 15. Incremental RNG Cost and GHG Emission Reduction Cost 

 

Role of WGL and Third-Party Natural Gas Marketers with RNG 

The forecast of RNG use in the District of Columbia reflects RNG provided to the District of 

Columbia consumers by WGL as well as by the third-party marketers delivering gas to the 

District. This will require approval by regulators both for the WGL purchases of RNG, as well as 

for changes to tariffs for third party marketers to ensure that all customers are equitably 

contributing to the costs of the RNG. While WGL can commit to using RNG to meet a significant 

share of the natural gas requirements for the WGL customers (with regulatory approval), the 

Company will also need regulatory approval to require third-party marketers to contribute to the 

costs. Under the current regulatory structure for natural gas, this will be a limiting factor on the 

amount of RNG consumed in the District of Columbia. The cost of RNG delivered to the District 

of Columbia city gates will be significantly higher than the delivered cost of conventional natural 

gas. Under the current regulatory framework, the inclusion of RNG in the WGL supply portfolio 

will increase the cost of gas for WGL customers relative to the customers of third-party 

marketers, leading to a transition of customers away from WGL to the third-party marketers, and 

defeating the objectives of a low carbon emissions program.  

Several options are available to remedy this concern. WGL’s tariff for third party deliveries will 

need to be restructured to ensure that the GHG emissions contribution of natural gas delivered 

by third party marketers is consistent with the GHG emissions contribution of the natural gas 

provided by WGL. These tariff changes could reflect either limits on the GHG emissions 

contribution for natural gas delivered to the District of Columbia on a per MMBtu basis, or allow 

for the assessment of additional fees on gas delivered to the District of Columbia with a higher 

than system average GHG contribution. If additional fees are assessed, they would need to be 

sufficient to fund additional RNG purchases by WGL to offset the GHG emissions from third 

party natural gas deliveries. Alternatively, WGL could fund decarbonization via its distribution 

charge to create parity and prevent unintended consequences that would undermine city-wide 

decarbonization efforts.  
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RNG Impact on GHG Emissions 

The GHG emissions factor of RNG, can differ widely based on the source of the RNG feedstock 

and other factors including production efficiency and location as well as transmission distances. 

The RNG study discusses this issue in depth. Figure 16, taken from the RNG study, illustrates 

the range of emissions factors for different types of feedstocks. As illustrated in this figure, RNG 

from some sources has a negative impact on GHG emissions, while the GHG emissions from 

other sources are positive, but much lower than conventional natural gas. Because the source 

of RNG included in the WGL Climate Business Plan have not been specifically identified, we 

have assumed that on aggregate, RNG will be carbon neutral. This is broadly consistent with 

standard practice. 

Figure 16. Life Cycle GHG Emission Factor Ranges for RNG Feedstocks, South Atlantic Region  

 
Source: WGL RNG Study 

2.2.3 Power-to-Gas and Hydrogen 

The WGL Climate Business Plan includes investments in Power-to-Gas (P2G) technologies 

between 2032 and 2050, based on renewable power generation to provide incremental carbon 

neutral gas for distribution through the WGL pipeline distribution system. Power to Gas 

technologies can be used to create hydrogen for direct injection into the pipeline distribution 

system. Hydrogen can also be methanized or combined with a carbon source to create 

synthetic methane. Methanized hydrogen is carbon neutral if the source of carbon added to the 

hydrogen otherwise would have been emitted and is not otherwise credited as a carbon 

reduction. 

Direct hydrogen injection into the distribution system is limited by the physical characteristics of 

the distribution system. In addition, while the technology to produce hydrogen and methanized 

hydrogen from renewable power is widely available, the current costs are very high, and the 
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power to gas options may prove to be more expensive than the use of additional carbon neutral 

RNG.  

Excluding cost considerations, the deployment of P2G systems for RNG production requires 

assumptions across a variety of factors, including but not limited to access to renewable 

electricity, the corresponding capacity factor of the system given the intermittency of renewable 

electricity generation from some sources (e.g., solar and wind), co-location with (presumably 

affordable) access to carbon dioxide for methanation, and reasonable proximity to a natural gas 

pipeline for injection. 

Therefore, we have limited the power to gas contribution to the Climate Business Plan. We 

expect the gas distribution system to be capable of handling between 5% and 15% use of direct 

hydrogen produced from Power to Gas technologies. We assume that direct use of carbon 

neutral emissions hydrogen will account for 1.4 Bcf per year, or about 8% of total system 

throughput by 2050, and that methanized hydrogen will account for an additional 8% of total 

system throughput by 2050. 

While the cost of power to gas technologies is currently estimated at between $25 and $40 per 

MMBtu for a baseload power to gas facility,39 we anticipate significant improvements in 

technology will bring the cost down to be competitive with RNG by 2050.40 If the costs of the 

power to gas technologies do not reach these levels, we anticipate that WGL would contract for 

additional RNG at prices between about $18 and $25 per MMBtu as an alternative to the Power-

to-Gas supplies. Based on the RNG study, there will be more than sufficient RNG available at 

these prices to support the incremental RNG purchases. 

2.2.4 Overall Low Carbon Gas Supply Levels and Costs 

Figure 17 shows the sources used to decarbonize the natural gas supply in the Climate 

Business Plan. In 2050, 41% of natural gas demand is met by RNG (7 Bcf), while Hydrogen and 

Power-to-Gas each make up roughly 8% (1.4 Bcf) of demand, for a total of 58% of demand 

being supplied with low / no carbon natural gas. The majority of the remaining conventional 

natural gas requirements are met with certified gas.  

 

 

 

 

 

39 Renewable Sources of Natural Gas: Supply and Emissions Reduction Assessment, An American Gas 
Foundation Study Prepared by ICF https://www.gasfoundation.org/2019/12/18/renewable-sources-of-
natural-gas/ 
40 These assumptions may dramatically understate the potential for green hydrogen to contribute to the 
decarbonization of the WGL system. Hydrogen producers are projecting significant declines in production 
prices. Bloomberg News cites potential green hydrogen production costs of as low as $6 per MMBtu by 
2050. If the cost of hydrogen declines to these levels, WGL would be able to decarbonize the natural gas 
portfolio at a much lower cost than projected in the Fuel Neutral Decarbonization Case. 

https://www.gasfoundation.org/2019/12/18/renewable-sources-of-natural-gas/
https://www.gasfoundation.org/2019/12/18/renewable-sources-of-natural-gas/
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Figure 17. Shift in Natural Gas Supply Mix 

 

 

Figure 18 compares the average costs assumed for each of the sources of natural gas supply, 

as well as the resulting weighted average cost assumed in the Climate Business Plan. 

Figure 18. Blended Average Natural Gas Supply Cost 
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2.3 Combined Heat and Power (CHP) and Renewable Power 

2.3.1 How CHP Reduces Emissions 

Combined heat and power fueled by natural gas is expected to play a role in achieving the 

greenhouse gas (GHG) reduction goals set by the District of Columbia. While these goals focus 

on deploying more low- or no-carbon energy, which might seem to limit the application of gas-

fired CHP, CHP can contribute to the climate change goals due to its superior efficiency and 

reduced emissions compared to the sources of power generation that the CHP displaces. 

According to ICF’s analysis, CHP in the District of Columbia will lead to a reduction in fossil fuel 

power generation in the PJM through 2050, providing an important technology to assist with 

meeting the District’s 2032 carbon emissions reduction targets. 

CHP systems recover and utilize thermal energy to offer superior energy efficiency savings and 

GHG emissions reductions when compared with on-site space and/or water heating and 

traditional utility power production.41 In CHP installations, the thermal heat that is lost (and 

wasted) during conventional utility-scale power generation is instead captured and used to 

provide on-site heating.42 Therefore, CHP systems must be local and sited near where the heat 

is used. In order to productively utilize the thermal energy byproduct, or heat.   

While CHP systems can increase local emissions and gas use, they will displace PJM grid 

electricity generation on the margin. Many forms of generation are largely fixed in terms of the 

amount they can produce including renewables, nuclear, and hydro. Thus, the marginal change 

in generation occurs at dispatchable power plants, primarily the thermal fossil fueled power 

plants burning natural gas, oil, and coal.43  Due to the capture and use of the thermal 

“byproduct” CHP systems are far more efficient than these plants and therefore result in a net 

GHG reduction for the District.   

In the PJM the sources of generation at the margin differ significantly from the average. 

Recently, while gas, oil and coal have accounted for approximately 60% of generation, they 

account for 85% of the marginal generation. ICF projects this disparity to grow as the renewable 

share increases.  

As long as the marginal source of power generation in the PJM power pool is powered by fossil 

fuels, CHP is expected to reduce overall GHG emissions associated with electricity demand 

because it will continue to displace fossil fuel power on the margin. Natural gas CHP systems 

 

41 The term utilities and PJM grid are used interchangeably. 
42 Steam produced at the power plant must be converted to water at the condenser losing heat. In a CHP 
system, steam is converted to water via the release of heat to the on-site consumer of heat. Also, there 
are less losses in transmitting the electric power. 
43 In 2018, gas generation was 31% of total PJM generation and coal was 29%. While the combined total 
is 60% on average, they account for virtually all of the incremental or decremented amounts. PJM reports 
the marginal sources for 2017 are coal 30%, gas 50 % and oil 5%. Thus, these sources combined 
account for 85% of the marginal generation. https://www.pjm.com/-/media/committees-
groups/committees/mc/20180322-state-of-market-report-review/20180322-2017-state-of-the-market-
report-review.ashx https://www.powermag.com/gas-now-tops-coal-in-pjm-but-nuclear-still-no-1/  see page 
22. 

https://www.powermag.com/gas-now-tops-coal-in-pjm-but-nuclear-still-no-1/
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will always result in fewer emissions than separately generating heat and grid power, even 

when compared to the most efficient combined cycle gas turbine plants, as long as the marginal 

source of generation is from fossil fuel.  

While nuclear, hydroelectric, and renewable electricity from solar and wind resources produce 

zero emissions, they are typically considered “must run” resources in grid operations—and will 

be dispatched by grid operators to the fullest extent possible at all times. Because of this, most 

fossil fuel resources will continue to be used as “load following” units in U.S. power systems, 

meaning they run “on the margin” of the system—or after grid renewable and nuclear energy 

resources to help meet the remaining demand.  

Estimating the impact of CHP on GHG emissions attributable to energy consumption in the 

District of Columbia is complicated by the structure of the District of Columbia electricity market, 

and environmental policies related to electricity purchases. The District of Columbia imports 

almost all of the power used in the District from outside sources. District energy policy requires 

the purchase of renewable power, or Renewable Energy Credits (RECS) to offset the carbon 

emissions associated with the use of electricity in the District. CHP units displace electricity 

imports in the district, rather than reducing electricity consumption in the District. As a result, 

CHP units do not reduce the need for Renewable Energy Credits (RECS) purchased by District 

of Columbia power consumers, and CHP in the District of Columbia is not expected to reduce 

the amount of renewable power purchased by the District of Columbia or generated in the PJM.   

Instead, CHP units in the District of Columbia are projected to reduce fossil fuel power 

generation in the PJM, without reducing renewable power generation. Figure 19 illustrates the 

impact of a portfolio of CHP facilities on power generation dispatch based on a typical load 

duration curve and dispatch order. The chart shows the effect that multiple baseload CHP 

systems would have on the load curve, and which sources of generation would be displaced. 

The generators that are designated “must-run” (nuclear, hydroelectric, and PV/wind) operate 

whenever they are available. This is illustrated in the figure, which shows that these generators 

will operate under the load curve throughout the entire year. 

▪ The textured areas in the chart represent the variability of wind and solar resources—

both the wind and solar output and total must-run/baseload capacity are affected by this 

variability. 

▪ Coal plants and natural gas combined cycle plants are typically used for baseload 

power, but they can also be modulated as customer loads decline. This is indicated in 

the area above the load curve and below the “Gas & Oil Intermediate” zone line.  

▪ Intermediate and peaking-generation units, which historically have been natural gas and 

oil-fired single-cycle turbines, can be dispatched rapidly to meet peak loads. They also 

typically have the highest operating costs of all units on the system. 
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Figure 19. Example of Future of 2040 Grid Resources Avoided with CHP Power 

 

While the relative amount of fossil fuel, renewable, and nuclear or hydro generation will 

change based on several variables—including electric system operational factors, 

technology advances, and the timeframe of the analysis— marginal emissions impacts were 

estimated using both AVERT and eGRID factors. AVERT provides a more precise 

measurement of marginal emissions, but eGRID emission factors can provide reasonable 

approximations of displaced grid emissions of baseload resources from CHP.  

As long as fossil fuel generators are used as marginal units in system dispatch, the average 

fossil fuel emissions factor can serve as a proxy for displaced grid emissions of CHP 

systems that operate 24/7. For distributed energy resources that operate during daytime 

hours only, baseload generation is not as likely to be displaced. The average eGRID Non-

Baseload emission factors would provide a strong indicator of displaced grid emissions. With 

some analysis of future changes to the regional generation mix, both of these emission 

factors can be adjusted over the timeframe of a study to estimate future grid emission 

reductions. 

How will avoided grid emissions change over time? 

When thermal energy is fully recovered and utilized, CHP is the most efficient way to 

generate electricity with natural gas. CHP will always yield a net reduction in emissions 

compared to other fossil fuel technologies. But how will the grid mix change over time, and 

how will this affect CHP emission reduction estimates? 

Energy storage batteries are likely to become a strong peaking resource with large-scale 

utility deployments. This could change the avoided emissions calculations if renewable 

energy resources are used to charge the batteries. However, gas turbines are also 

expected to be a source of battery charging, and the overall emissions impact of battery 
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peaking units is not likely to be significant. As long as fossil fuels are still being used for 

intermediate and peaking power, adjusting the eGRID fossil fuel emission factors over 

time to remove coal and oil-based units (as they are expected to retire) provides a 

reasonable representation of future avoided grid emissions from baseload CHP. 

2.3.1 Potential for CHP in the District 

ICF evaluated the technical potential for CHP installations in WGL territory, as well as the 

potential for carbon emission reductions through 2050. In order to evaluate the potential for 

CHP to contribute to carbon emission reduction efforts, ICF used data on buildings that could 

potentially support CHP in the District, combined with assumptions for CHP performance and 

the grid generation mix. ICF maintains a database of facilities with electric and thermal loads 

sufficient to support CHP installations. With electric and thermal loads estimated based on 

building size factors and industry-specific energy consumption characteristics, ICF estimated 

the potential for CHP at each site capable of supporting a system sized 50 kW or larger. Our 

CHP Technical Potential Database was recently used to develop national estimates of technical 

potential for CHP by state, application, building type, and size range in a 2016 report for the 

U.S. Department of Energy.44  

In the District, there is approximately 912 MW of potential, based on CHP at 757 sites. The 

industrial sector in the District is limited, with commercial and institutional buildings making up 

the bulk of the potential CHP capacity. This is not surprising considering that the District of 

Columbia has a strong presence of government and commercial buildings with limited industrial 

activity. Over half of the potential for CHP in the District (385 MW) is estimated to come from a 

single campus of government buildings with a steam loop to which CHP could be applied. 

To establish the level of CHP included in WGL Climate Business Plan, ICF applied adoption 

percentage estimates to the total technical CHP potential in the District within the <1 MW, 1-20 

MW, and >20 MW CHP size ranges. Large facilities capable of installing >1 MW CHP 

installations are most likely to move forward with a project for three primary reasons:  

1) Favorable economies of scale for reciprocating engines and large gas turbines – lower 

$/kW for installation and lower $/kWh for equipment maintenance 

2) Facilities with large, sustained electric and thermal loads – industrial or institutional 

facilities that can support high capacity factors and utilize steam from CHP for thermal 

loads 

3) Management/staff with more knowledge and experience with CHP and similar industrial 

equipment 

In the absence of a detailed market study considering economics and policies, the following 

percentages were applied to the current technical potential for CHP in the District of Columbia: 

▪ 50 kW – 999 kW: 5% of technical potential adopted by 2050 

▪ >1 MW: 15% of technical potential adopted by 2050 

 

44 https://www.energy.gov/sites/prod/files/2016/04/f30/CHP%20Technical%20Potential%20Study%203-
31-2016%20Final.pdf  

https://www.energy.gov/sites/prod/files/2016/04/f30/CHP%20Technical%20Potential%20Study%203-31-2016%20Final.pdf
https://www.energy.gov/sites/prod/files/2016/04/f30/CHP%20Technical%20Potential%20Study%203-31-2016%20Final.pdf
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2.3.3 CHP Emission Reductions 

Emission reductions for CHP were calculated for three example systems (100 kW, 1 MW, 20 

MW), with data on CHP performance and emissions characteristics taken from the 2016 DOE 

Fact Sheet series, as well as series of assumptions on building operating characteristics.  

To estimate avoided grid emissions, eGRID 2016 factors for the RFCE sub region were used for 

the District of Columbia. Fossil fuel and non-baseload factors close to 1,400 pounds of CO2 per 

MWh of electricity produced. Average emission factors are significantly lower – close to 800 

pounds per MWh – but this does not represent marginal (avoided) emissions. For the analysis, 

the average transmission and distribution losses for the Eastern Interconnect (9.17%, eGRID 

2016) were used. The eGRID factors are shown in Table 5. 

Table 5. CHP Applications Evaluated 

State 
Current CO2 Emissions Factor 

T&D Losses 

Fossil Fuel Non-baseload Average 

Units lb/MWh % 

District of Columbia 1,329 1,441 762 9.17% 

 

ICF made the assumption that these factors (based on 2016 data) are still valid for the 2020 grid 

mix. Then, we assumed that marginal grid emissions would fall linearly until 2030, when natural 

gas generators remain operating on the margin. At this point, the only fossil fuel marginal 

generators remaining would be efficient turbines fueled by natural gas. For the analysis, we 

assumed that natural gas generation will remain on the margin through 2050, with a shift 

towards more efficient combined cycle systems. According to eGRID data, the average 

emissions for natural gas generators across the United States is 898 pounds of CO2 per MWh of 

electricity produced. This value was assigned to 2035, applying a linear reduction from current 

emission levels, and dropped to 818 pounds per MWh – the output of a combined cycle 3 ppm 

turbine – by 2050. These grid emission factors were applied to the three example CHP systems 

to determine the net emissions impact through 2050. 

Next, carbon emission reduction estimates above were applied to the modeled adoption to 

estimate the potential for emission reductions over time. The results of the analysis are shown 

in Figure 20. 

WGL has committed to developing renewable power as part of the merger agreement between 

AltaGas and the D.C. PSC. The emissions reductions associated with WGL investments in solar 

power have been included as an offset to emissions from the WGL distribution system. The 

emission reductions for renewable generation shown in Figure 20 are based 10 MW of solar 

being installed by 2050, assuming it displaces grid-electricity with the same GHG-intensity 

considered for the CHP systems.  
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Figure 20. Total Emission Reduction Potential for CHP and Renewable Power Systems  

 

 

CHP has the potential to positively contribute to carbon emission reductions through 2050 on 

the WGL system. Additionally, these installations can also provide energy resilience for 

buildings, including critical infrastructure. 

2.4 Methane Offsets45 

Methane offsets refers to methane emission reductions that occur outside a defined geographic 

area or sector that count towards meeting the District’s emissions target. The scope for 

methane offsets is man-made methane emissions that would occur in the absence of additional 

action – e.g. are not already or likely to be prevented by other means such as regulations. 

Possible sources of emission offsets are shown below; some are likely to not be available 

because of forthcoming controls, but others are expected to remain. As shown in Figure 21, in 

the U.S., 25% of man-made methane emissions result from the exploration, production, and 

transport of natural gas and the remainder from agriculture and other sources like landfills.  

Methane offsets can be especially consequential because every ton of methane released has 

28 to 36 times the Global Warming Potential (“GWP”) of a ton of CO2.
46 The District’s total 2017 

natural gas consumption was 31 million MMBtu.47 Therefore, the District emissions from natural 

gas consumption would be fully offset if just 0.9 million MMBtu of methane could be prevented 

from being released per year. 

Offsets can be very economic as discussed later. Only a modest volume of offsets is included in 

the CBP, combining with ‘emerging technologies’ (discussed in the next section) to make up 

 

45 The focus here is on methane offsets. However, carbon offsets are also available and the issues are 
similar. 
46 https://www.epa.gov/ghgemissions/understanding-global-warming-potentials 
47 https://www.eia.gov/dnav/ng/NG_CONS_SUM_DCU_SDC_A.htm. The other source has 22 million 
MMBtu. See Copy of 2006-2017 Greenhouse Gas Data.xlxs. 
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around 4% of the emissions reduction target. The amount of offsets used has been kept low by 

design as discussed later.   

Figure 21. Contribution of Methane Emission Sources to Overall U.S. GHG Emissions in 2017 48 

 

2.5 Role and Opportunity for Technology Development 

Necessary to Meet GHG Reduction Objectives 

Currently, every plan designed to reach carbon neutrality by 2050, including the plans prepared 

by State and District agencies, utilities, environmental advocates, and consultants (including 

ICF), are based on projections that include significant cost, technology, and policy advances 

that are difficult to forecast with any certainty. This is true in each individual segment of the 

economy, as well as for the overall economy. For example: 

▪ The ability to create a renewable power system capable of meeting power requirements at 

the current level of reliability standards with carbon neutral emissions at a regional scale has 

not been proven.  

▪ The long-term costs of carbon capture, energy storage, RNG, biofuels for transportation, 

renewable power, and other technologies remain highly uncertain.  

▪ The ability to implement widespread energy efficiency programs, or fuel conversion 

programs capable of reaching a large share of the energy consumers is largely unproven. 

▪ Decarbonization efforts are likely to promote the development of new technologies that are 

not currently envisioned or are currently only in nascent developmental phases. 

In order to reach its decarbonization goals, the District of Columbia should expect that 

technologies that are currently not under consideration may play a critical role in meeting the 

 

48 EPA, 2019, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2017, 
https://www.epa.gov/sites/production/files/2019-04/documents/us-ghg-inventory-2019-main-text.pdf 

https://www.epa.gov/sites/production/files/2019-04/documents/us-ghg-inventory-2019-main-text.pdf
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climate change policy objectives, or in reducing the costs of meeting the climate change policy 

objectives.  

As a result, the District of Columbia, and the utilities and stakeholders in the District, should be 

prepared to promote and adopt policies designed to encourage the development and 

implementation of new and emerging technologies. WGL is ideally positioned to play a key role 

in the necessary research and development (R&D) to meet carbon neutral targets, helping pilot, 

demonstrate, and validate different technology pathways.  

The District should also maintain a level of flexibility in its planned transformation of the energy 

system towards the carbon neutral target in 2050, regularly evaluating the performance and 

impacts of new and existing decarbonization options. The CBP included a modest contribution 

(4%) from a combination methane offsets (previous section) and emerging technologies. This 

includes technologies under development (the focus of this section) or additional contributions 

from existing measures. Some examples of the options include: 

▪ Future technologies currently under development, such as direct air capture and conversion 

of carbon dioxide (CO2) to liquid and gaseous fuels 

▪ Agricultural or landfill methane offsets  

▪ Deep building shell energy efficiency retrofits if cost effective 

▪ Higher penetration of electric vehicles  

▪ Additional contributions from existing measures, such as increased RNG, green hydrogen, 

or CHP penetration. 

2.5.1 Next Generation Energy Technologies 

There are many new and advanced technologies that could play a key role in reaching a 

carbon-neutral status and additional technologies will likely be identified as the process goes 

forward. This section identifies some of the primary GHG mitigation technologies that require 

further research, development, or commercialization. These include: 

▪ CO2 capture technologies 

▪ Hydrogen and Power-to-Gas (P2G) technologies 

▪ Hybrid energy systems 

▪ Integrated utility energy systems / Energy as a Service 

Carbon Dioxide Capture Technologies  

Carbon dioxide (CO2), mostly from combustion of fossil fuels, is the primary GHG and the 

primary target for GHG reduction. The potential to capture and either recycle or sequester CO2 

is likely to be a very important mitigation option. There are several different capture paths, and 

each has different pros and cons and different stages of development. After capture, there are 

several options for what to do with the CO2. 
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Capture from fuel combustion (conventional approach) 

The conventional capture 

technology is to capture CO2 

in the exhaust stream from 

fossil fuel combustion using 

an amine process. The 

exhaust stream passes 

through a liquid exchange 

reactor and the CO2 is 

absorbed by the liquid. The 

liquid is then heated to 

release the CO2, which is 

captured. The process is 

relatively mature as it is used 

in various industrial 

processes. It requires large reactor volumes and energy for fans, pumps, and for heating the 

liquid. The process is more cost-effective when the exhaust stream has a higher CO2 content, 

so it is, for example, more cost effective for coal exhaust than for gas exhaust. As noted above, 

it is routinely used for industrial processes and several demonstrations are in progress for coal-

fired power plants. It is an industrial level process, however, so applications in the residential or 

commercial scale would be challenging with current technologies. There is research into 

alternative sorbents that could be more effective or require less energy input. 

Reforming of natural gas to hydrogen with carbon capture 

The other process-based alternative is to remove the carbon prior to combustion. In this case, 

the hydrocarbon fuel is converted to hydrogen and CO2 and the CO2 is removed prior to 

combustion of the pure hydrogen. Industrial hydrogen production works in exactly this way in 

the steam reforming process in which natural gas is converted to a stream of hydrogen and CO2 

from which the CO2 is captured through the conventional amine process. This ‘blue hydrogen’ 

approach is a mature process, though improvements in the cost and efficiency are possible. The 

focus then comes on the transportation, storage, and use of the hydrogen. This is further 

discussed below. 

Direct Air Carbon Capture (DACC)  

As the name suggests, DACC comprises removing CO2 from the ambient air, rather than from a 

process stream. This means that the process can be sited anywhere however the challenge is 

that the CO2 concentration in the ambient air is much lower than in the process streams. The 

process must therefore process larger volumes of gas and potentially use larger volumes of the 

sorbent or other capture medium. This has prompted research into different capture media, for 

example, a common caustic solvent: sodium hydroxide reacts with CO2 and precipitates a stable 

sodium carbonate. This carbonate is heated to produce a highly pure gaseous CO2 stream. The 

sodium hydroxide can then be recycled from the sodium carbonate. Other solid sorbent 

processes are also being demonstrated in pilot facilities, but significant process improvement 

and cost reductions will be required for them to become commercially viable. Among the 

chemical processes being explored in addition to the conventional amine process are 

causticization with alkali and alkali-earth hydroxides, carbonation, and organic−inorganic hybrid 

sorbents consisting of amines supported in porous adsorbents.  
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Carbon capture storage & sequestration  

All of these CO2 capture technologies result in the production of a stream of CO2 that must be 

safely and permanently sequestered or recycled into some other form. The primary current 

pathway is underground sequestration in stable geological formations. This requires 

transporting the CO2 to an appropriate site then injecting it into the formation. Currently CO2 is 

transported via pipeline to be used for enhanced oil recovery, so both the transportation and 

injection are commercially demonstrated. That said, large-scale sequestration would require 

major infrastructure development. Alternative sequestration options include deep undersea 

sequestration, where temperature and pressure would keep the CO2 in a stable condition, and 

chemical sequestration in a solid phase that could be more easily stored. Both of these are at 

an early stage of development and require significant R&D. 

Another alternative is to use the captured CO2 as a feedstock to produce liquid fuels or other 

chemical products. If it is used to produce fuel, then it becomes a carbon recycling process 

rather than a pure reduction. On the other hand, if the CO2 is used as a feedstock to produce 

non-combustible products, such as plastics, it could be counted as sequestration.  

CO2 capture, transport, and storage have been the focus of government and private sector R&D 

and commercialization efforts for many years. Further basic research will be required and likely 

will involve the full range of government, private sector, and other non-government entities.  

Hydrogen and Power-to-Gas (P2G) 

Power to Gas (P2G) is a form of renewable gas that combines multiple beneficial aspects of 
gas/renewable integration – serving either as a storage medium to support intermittent 
renewable generation or as a source of renewable gas that can be injected into the natural gas 
pipeline system. The key process in P2G is the production of ‘green’ hydrogen from either 
excess renewably generated electricity or dedicated renewable electricity generation. There are 
several available electrolysis technologies and further development of those technologies is one 
important R&D focus.  

Figure 22. Power to Gas Pathways 

 

The hydrogen can then be used in multiple ways. It can be:  

▪ Used as hydrogen in industrial applications. 
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▪ Stored as hydrogen and then used to generate electricity at a later time using fuel cells or 

conventional generating technologies. 

▪ Injected as hydrogen into the natural gas system, where it augments the natural gas. 

▪ Converted to methane and injected into the natural gas system, for distribution as zero-GHG 

natural gas. Coordination with biogas resources can facilitate this process by providing a 

source of carbon from the CO2 in the biogas (needed to produce methane) and a productive 

use for the CO2. Methanation can be done through conventional chemical processes but 

biomethanation is also being evaluated.49 

Direct use of the hydrogen makes for a simpler and less expensive system and hydrogen can 

be used directly in some industrial processes or injected into the natural gas system up to some 

limits (10 to 15%). Conversion to methane creates more flexibility in the end use through the 

natural gas system but is more expensive. 

Both hydrogen and gas have the advantage of being more easily stored than electricity and 

especially more amenable to large-scale seasonal storage, which is advantageous for meeting 

cold weather peak demand. Although excess electricity could potentially be stored in large 

batteries, such batteries are still new in the market, expensive, subject to losses and 

performance degradation over time, and less flexible with respect to storage duration and 

capacity. Storage as gas can be seasonal and can take advantage of existing distribution 

infrastructure and natural gas end-use equipment. Direct gas use can also be more efficient 

than electric generation/transmission/electric end use.  

All of the components of P2G are currently feasible, although some are more commercial than 

others. A survey of European P2G projects tabulated 128 demo-projects that have been, are or 

will be in operation (status as of end of 2017; including decommissioned and planned projects) 

to gain experience with systems integration of P2G components.50 These include hydrogen and 

methane projects and projects using all types of electrolysis technologies. The best known U.S. 

demonstration is a SoCal Gas demonstration at UC Irvine that uses excess solar generation on 

the campus51, but another survey in early 2019 identified six P2G projects in Canada and eight 

in the U.S.52 There also appears to be growing interest and momentum in this area, and in 

January 2020 natural gas utility FortisBC announced plans for a more than $200 million CAD 

(~$150 million USD) hydrogen electrolysis project that would inject directly into the natural gas 

pipeline system.53 The applications include transportation fuel, injection into the natural gas 

infrastructure, and industrial applications. 

While these technologies are being demonstrated and deployed, further research and 

development are critical. In particular, work is being done to improve the electrolysis and 

methanation efficiency and cost. Costs are still uncertain, but electrolysis system costs range 

from $600 to more than $2000/kW, depending on technology. Methanation system costs 

 

49 https://www.greentechmedia.com/articles/read/power-to-gas-tech-tested-hydrogen  
50 https://www.sciencedirect.com/science/article/pii/S1876610218309883?via%3Dihub 
51 https://www.prnewswire.com/news-releases/socalgas-and-university-of-california-irvine-demonstrate-
power-to-gas-technology-can-dramatically-increase-the-use-of-renewable-energy-300432101.html  
52 
https://reader.elsevier.com/reader/sd/pii/S136403211930423X?token=13EB2623CB7F062E348DCD34E
69B404AEF09FFE5DCB1368875E8CE71E73219C76537908FB71F1DC0ECD39F821061888C 
53 http://www.renewableh2canada.ca/uploads/1/2/2/3/122301472/renewable_hydrogen_-
_project_factsheet-ab__final_.pdf   

https://www.greentechmedia.com/articles/read/power-to-gas-tech-tested-hydrogen
https://www.sciencedirect.com/science/article/pii/S1876610218309883?via%3Dihub
https://www.prnewswire.com/news-releases/socalgas-and-university-of-california-irvine-demonstrate-power-to-gas-technology-can-dramatically-increase-the-use-of-renewable-energy-300432101.html
https://www.prnewswire.com/news-releases/socalgas-and-university-of-california-irvine-demonstrate-power-to-gas-technology-can-dramatically-increase-the-use-of-renewable-energy-300432101.html
https://reader.elsevier.com/reader/sd/pii/S136403211930423X?token=13EB2623CB7F062E348DCD34E69B404AEF09FFE5DCB1368875E8CE71E73219C76537908FB71F1DC0ECD39F821061888C
https://reader.elsevier.com/reader/sd/pii/S136403211930423X?token=13EB2623CB7F062E348DCD34E69B404AEF09FFE5DCB1368875E8CE71E73219C76537908FB71F1DC0ECD39F821061888C
http://www.renewableh2canada.ca/uploads/1/2/2/3/122301472/renewable_hydrogen_-_project_factsheet-ab__final_.pdf
http://www.renewableh2canada.ca/uploads/1/2/2/3/122301472/renewable_hydrogen_-_project_factsheet-ab__final_.pdf
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average $800/kW. All costs are projected to decline significantly over the next 20 years with 

expanded research and development. 

Hybrid Energy Systems 

Electric and natural gas systems both have advantages and disadvantages. One option to take 

advantage of the best of both technologies would be hybrid energy systems, for example, an 

electric heat-pump space heating system paired with natural gas for peak periods. Assuming a 

low GHG electric grid, the system would run in electric heat pump mode for most of the year, 

taking advantage of the low grid emissions and high heat pump efficiency. During peak heating 

demand periods, the natural gas system would instead fuel the system, to avoid the lowest 

efficiency periods for the electric heating system and minimize electric-peak demand on the 

grid. The natural gas system also has the advantage of being able to take advantage of 

seasonal natural gas storage. 

Both natural gas space heating and electric heat pump components are mature technologies. 

The hybrid system is physically not that different from a gas furnace with an air conditioning 

system. The most basic hybrid setups can be implemented by adding an electric heat pump to a 

home without removing the existing furnace or boiler. Hybrid systems are already used to 

mitigate peak electrical demand in some winter peaking regions, such as the province of 

Quebec in Canada, where most of residential space heating is already electric, and the use of 

natural gas during peak winter periods improves the resilience of the energy system and 

reduces the need for additional generating capacity. The primary required improvements for a 

fully-integrated hybrid system would be in packaging, controls, and cost reductions. 

Integrated Energy Services Utility  

Energy as a Service (EaaS) denotes a system whereby a provider offers the end use service 

(heating, cooling, data, transportation) directly rather than the user purchasing equipment and/or 

fuel. In EaaS, the provider owns and maintains the equipment and the user simply receives the 

service. The EaaS recipient could be a residential/commercial customer, a private transportation 

consumer, or another utility. As an EaaS provider, WGL could provide peak, baseload, or 

tailored delivered energy services rather than primary energy or equipment. Possible roles could 

include: 

▪ Operating on-site or local energy systems to provide energy services based on low carbon 

fuels 

▪ Providing direct energy services to end users based on low carbon fuels and electricity in an 

optimized system 

An EaaS service could provide optimized energy storage through a combination of low-carbon 

energy sources. Low-carbon gaseous fuels (RNG, P2G, hydrogen) could provide long-term and 

short-term gas/hydrogen storage. Batteries or other electric options could provide short to 

medium-term energy storage.  

An integrated EaaS provider could take advantage of the benefits of each energy source and 

associated energy technologies to provide an optimized, high efficiency, low-emissions energy 

supply. For example, this could include optimizing the supply between P2G during excess 

renewable generation, RNG, other hydrogen sources, other low-carbon fuel from CO2 capture, 

low-carbon electricity, etc.  
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The success of such a program would depend on the development of many of the technologies 

already discussed as well as advanced energy system control systems. It would also require a 

flexible electric system operator to optimize high efficiency on-site generation from highly 

efficient systems using low-carbon fuel. All of these could be the focus of R&D programs. 

2.5.2 Accelerating Innovation 

The technologies described above range from relatively mature technologies that require 

improved packaging, controls, and cost reductions to technologies that are still at the basic 

research stage. So, while some of these options are commercially available, there is a near-

term and medium-term need for research and pilot / demonstration projects in other areas in 

order to meet carbon neutrality targets. Success in these activities will require coordination 

between multiple entities, including: 

▪ Federal R&D programs: Federal research and development (R&D) programs, including 

DOE and ARPA-E, tend to focus on more basic research and longer-term technology 

development. Other departments such as DOD, also support research on advanced energy 

technologies. They can play an important role in starting work on some of these more 

challenging technology targets. The District’s proximity to these agencies could facilitate 

partnerships in defining R&D targets and developing pilots and demonstrations.  

▪ Regional educational institutions: Educational institutions are major contributors to R&D 

and commercialization. They are often funded by Federal agencies but can also be 

supported by other funders to do important research. There are multiple universities in the 

District of Columbia and surrounding regions that can and do support relevant research.  

▪ “High Tech” industries: High tech industries are among the leaders (though certainly not 

the only ones) interested in transitioning to a carbon-neutral status. Prominent companies in 

the District of Columbia, now including Amazon, are already adopting advanced carbon 

neutral technologies and have the cash to invest in innovative pilot and demonstration 

projects, possibly in collaboration with Federal programs and educational institutions. 

▪ Gas industry research: The natural gas industry has long supported R&D and 

commercialization of advanced technologies through entities such as the Gas Technology 

Institute (GTI) and various industry associations. These entities have multiple 

decarbonization and advanced technology projects to support gas based GHG reduction 

technologies. 

▪ Local/regional government: Governments have historically been leaders in piloting and 

demonstrating new technologies. They are less bound by immediate payback/profitability 

than private companies and often have more favorable financing options. The District of 

Columbia government is committing to carbon-neutrality, so committing to assist in the 

development of new technology seems like a natural role in collaboration with the other 

players. 

As technologies progress, pilot and demonstration projects become a critical step in 

commercialization. This is a point at which WGL can directly participate by hosting and 

facilitating the installation of demonstrations in its service territory, if afforded the required 

regulatory enablement. The broader natural gas industry can also provide support through 

organizations like GTI and industry-funded technology programs. This is also a point at which 



Opportunities for Evolving the Natural Gas Distribution Business to Support DC’s Climate Goals 

 

ICF Technical Study Report  32 

 

individual companies are most likely to start investing and demonstrating new technologies and 

techniques.  

WGL and the District of Columbia are well-positioned geographically and organizationally to 

leverage all of these R&D resources to maximize progress on technologies at all stages of 

development. Getting involved in these R&D efforts would build an understanding of the 

technologies within WGL and position the company to be early adopters, and for the District to 

maximize the benefits (over a longer period of time). 

3. Comparison of Alternative Approaches to Meeting 

the District of Columbia Climate Change Objectives 

The WGL Climate Business Plan is based on an approach to meeting the District of Columbia 

climate change objectives that relies on fuel neutral policy initiatives that would leverage the 

existing WGL natural gas distribution system to enable the District’s decarbonization. Different 

approaches based on aggressive electrification of natural gas in the buildings sector have been 

proposed in other jurisdictions and are under consideration in the District of Columbia. However, 

different approaches are likely to have very different cost, equity, and risk implications for 

consumers in the District of Columbia. 

In order to evaluate the different cost, equity and risk implications, ICF prepared four different 

cases reflecting four alternative futures for energy demand and emissions in the District of 

Columbia.  All of these cases meet the 2032 targeted 50% reduction in emissions.  Two of the 

four cases reflect alternative approaches to reaching carbon neutral emissions by 2050. These 

two cases are based on approaches that reflect:  

1) Aggressive electrification of fossil fuel use in the buildings sector  

2) A more diversified technology and fuel neutral approach to GHG emissions 

reductions.  

For the residential and non-residential buildings sectors, both of these cases reflect a reduction 

in overall emissions attributed to the natural gas distribution system relative to the 2006 baseline 

emissions inventory of 50% by 2032, reaching carbon neutral emissions by 2050. Both cases 

include modest amounts (less than 5%) of GHG emissions reductions resulting from new 

advanced technologies that may not have yet been developed or proven, and, if necessary, 

carbon or methane offsets not otherwise related to natural gas consumption. 

Both cases include aggressive electrification of the transportation sector, substantially reducing 

gasoline and diesel fuel use for transportation. By 2050, the cases include electrification of 59% 

of the light duty vehicle fleet and 32% of the medium- and heavy-duty vehicle fleet, with EVs 

representing 58% of total sales that year. We have assumed that the transportation sector 

would achieve carbon neutral emissions through the use of biofuels (biodiesel and, potentially,  

RNG) in the portion of the vehicle fleet that is not electrified, as well as carbon emissions 

offsets, to cover the last 31% of transportation sector emissions. 
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3.1 Case Descriptions 

This study evaluated the costs and GHG emissions for four separate, comprehensive, and 

internally consistent cases representing alternative futures for District of Columbia energy 

demand and emissions. All four cases rely on energy prices from the Energy Information 

Administration’s Annual Energy Outlook 2019 (EIA AEO 2019) Reference Case. All cases 

assume a 100% RPS by 2032. All of the cases meet the 2032 objective of a 50% reduction in 

emissions by 2032. The first two cases (the Business as Usual Case and Partial 

Decarbonization Case) do not sufficiently decrease emissions to meet the 2050 carbon neutral 

emissions target. The third and fourth cases (the Policy-Driven Electrification Case and the Fuel 

Neutral Decarbonization Case) both result in enough emission reductions to meet the 2050 

carbon neutral emissions target, but with very different approaches and costs. The four cases 

are summarized below: 

 

Case 1: Business as Usual (“BAU”) Case: This case reflects the expected market 

conditions in the absence of new efforts to limit GHG emissions in the District of Columbia. The 

BAU Case assumes moderate growth in the number of natural gas meters, as well as a 

continuation of historical natural gas efficiency trends. Total emission reductions in the District of 

Columbia in 2032 and 2050 are approximately 73% and 75% relative to 2006, respectively. This 

is primarily because of the assumed 100% RPS. The Business as Usual Case represents the 

baseline for the cost and environmental outcomes of the other three cases.  

 

Case 2: Partial Decarbonization Case: This case starts with the BAU and adds a series of 

lower cost decarbonization options, including increases in energy efficiency in buildings,  gas 

heat pumps, moderate electrification of the transportation sector, and low-cost RNG supply 

volumes (10% of 2050 gas demand met with RNG). In this case, emission reductions in 2032 

and 2050 are approximately 76% and 82% relative to 2006, respectively. While this case does 

not reach the 2050 policy goal of zero net carbon emissions, it achieves a significant share of 

the total objective at a much lower cost than the carbon neutral scenarios. 

 

Case 3: Policy-Driven Electrification Case: This case reaches carbon neutral emissions 

in the District of Columbia by 2050 based on aggressive electrification of energy demand, 

including energy demand in the transportation and buildings sectors. The Policy-Driven 

Electrification Case includes the following:  

▪ Conversion of 96% of residential and commercial buildings from direct use fossil fuels to all-

electric energy use.54 By 2050, 158,630 residential natural gas customers and 9,670 

commercial customers are converted to all electric appliances. 

▪ Aggressive market penetration of Electric Vehicles (EVs). By 2050, 59% of the light duty 

vehicle fleet and 32% of the medium- and heavy-duty vehicle fleets operating in the District 

of Columbia are EVs or plug-in hybrids. EVs will represent 58% of total vehicle sales in 

 

54 Converting all existing buildings to electric space heating will be a significant challenge, and the 4% of 
buildings continuing to use natural gas in this case in 2050 is representative of uncertainty in how some 
buildings can be converted (i.e. space constrained historic buildings with hydronic systems). 
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2050. Owners of EVs are assumed to charge during off-peak periods in order to avoid 

increases in peak electricity demand.55  

The 7.0% remaining emissions in 2050, relative to 2006, from the buildings, transportation, and 

other sectors, are assumed to be addressed through the implementation of emerging 

technologies and the use of carbon emissions offsets if needed. As noted, the ICF analysis 

estimates the impacts of policy-driven electrification on generation costs. However, ICF did not 

independently estimate the costs of upgrading the District’s electrical distribution system. We 

did not consider the incremental costs above the level that would be supported by current 

electric rates. even though other District estimates (those of the District’s SEU) indicate the 

impacts would be large. The data required to perform that analysis on a detailed basis is only 

available to the electric utility. Such an analysis should be conducted before any decision is 

made to pursue electrification because there is a 50% increase in peak demand by 2050, under 

some scenarios the increase could be larger, and the cost and feasibility challenges could be 

significant.      

 

Case 4: Fuel Neutral Decarbonization Case: This case reaches carbon neutral emissions 

in the District of Columbia in 2050 based on an approach that leverages the existing natural gas 

distribution infrastructure in the building sector and includes decarbonization of the natural gas 

supply. The case has the same transportation sector assumptions as Case 3. The case includes 

a 50% reduction in emissions associated with natural gas use in the District relative to 2006 by 

2032, and a 96% reduction in emissions associated with the use of natural gas emissions from 

2006 levels by 2050. The final 4% of emissions attributable to natural gas in 2050 will be 

addressed through the implementation of emerging technologies and the modest use of 

emissions offsets if needed. The proposed Climate Business Plan is based on this case. The 

basic assumptions in this case include: 

▪ Aggressive energy efficiency programs reach 65% of natural gas customers by 2050, 

resulting in high efficiency furnaces and gas heat pumps, as well as high efficiency gas 

water heaters and moderate building shell improvements. 

▪ By 2050, 40% of residential and 20% of commercial natural gas customers use 

supplemental hybrid electric heat pump/natural gas furnace systems, using renewable 

power for most of the year, and natural gas to meet heating needs on the coldest days. 

▪ CHP in the District of Columbia is used to reduce carbon emissions from power generation 

outside of the District of Columbia. 

▪ By 2050, 58% of the remaining gas demand is met with low carbon gas, including RNG, 

Power-to-Gas, and green hydrogen.  

As stated above, while emissions related to natural gas use drop by over 96%, city-wide 

emissions drop by 93.5%. The 6.5% of remaining overall District emissions in 2050, relative to 

2006, from the buildings, transportation, and other sectors, are assumed to be addressed 

 

55 Due to the ICF assumption that all vehicle charging will occur during off-peak periods, it is likely that the 
increase in peak demand for electricity due to vehicle electrification will be greater than accounted for in 
this study, leading to higher electrification costs.   
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through the implementation of emerging technologies and the use of carbon emissions offsets if 

needed. 

Table 6 provides an overview of key parameters for each case in 2050.  
  

Table 6. 2050 Overview of the Study Cases  

Sector 
Business as 

Usual (BAU) 

Partial 

Decarbonization 

Policy-Driven 

Electrification 

Fuel Neutral 

Decarbonization 

Power 100% RPS by 2032 (100% emissions reduction by 2032) in all Cases 

Transportation 

• LDV sales: 14% 

electric, 3% plug-

in hybrid 

• MDV sales: 2% 

electric 

Achieves a 39% 

emission reduction 

from 2006 levels 

• 2050 LDV sales: 

37% electric, 12% 

plug-in hybrid 

• 2050 

MDV/HDV/Bus 

sales: 25% electric  

Achieves a 51% 

emission reduction 

from 2006 levels 

• 2050 LDV sales: 60% electric, 20% plug-in 

hybrid 

• 2050 MDV/HDV/Bus sales: 50% electric 

Achieves a 69% emission reduction from 2006 

levels 

Buildings 

(Natural Gas) 

• Res / Com 

customer natural 

efficiency 

improvements: 

growth: -0.6% / -

0.3% per year 

(total of -11% / -

6% vs. 2017) 

• Res / Com 

customer growth: 

0.1% / 0.03% per 

year (total of 

+10% / +1% vs. 

2017) 

Achieves a 40% 

emission reduction 

from 2006 levels 

• Increased energy 

efficiency 

• Gas Heat Pumps: 

16% of customers  

• Low Carbon Gas 

(RNG): 10% of 

supply / 2 Bcf 

• 80% fugitive 

emission 

reductions (per unit 

of throughput) 

• Certified gas 

Achieves a 55% 

carbon emission 

reduction from 2006 

levels by 2050 

• 96% of natural 

gas customers 

converted to 

electricity using 

efficient air-

source heat 

pumps 

• Natural gas 

throughput 

reduced by 92% 

Achieves a 94% 

carbon emissions 

reduction from 

2006 levels by 

2050 

• Increased energy 

efficiency 

• Gas Heat Pumps: 38% of 

customers  

• Hybrid Heating: 40% of 

residential and 20% of 

commercial customers 

• Low Carbon Gas (RNG, 

P2G, Hydrogen): 58% of 

supply / 9.8 Bcf 

• 120 MW CHP + 10 MW 

Solar 

• 80% fugitive emission 

reductions (per unit of 

throughput) 

• Certified gas 

Achieves a 97% carbon 

emissions reduction from 

natural gas from 2006 

levels by 2050 

Waste / Water 

/ Other 
Unchanged 

50% emission 

reduction from 2006 

levels assumed 

80% emission reduction from 2006 levels 

assumed 

 Total Offsets Required  

(Million Metric Tons of CO2e) 
-0.73 (7.0%) -0.69 (6.5%) 
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3.2 Overall Study Approach 

ICF worked closely with WGL to understand their business and service territory, generally taking 

the following approach as part of the decarbonization analysis. 

1) Demand-Side Analysis: ICF developed customized sector-specific assessments of the 

impacts on specific end-uses in the transportation and building sectors for WGL’s service 

territory. This included detailed assessments of key technologies, including RNG and 

CHP. The assessment of the energy pathways produced granular data on the changes in 

energy consumption, peak demand profiles, emissions, and costs for each of the four 

cases.  

2) Power Supply-Side Analysis: ICF’s proprietary IPM® power sector model is widely used 

for assessing the impacts of regulatory changes on the power sector. The model, including 

earlier versions, has been used for many decades by the US Environmental Protection 

Agency for regulatory analyses. The model is also widely used by other clients, including 

industry, environmental groups, and other governmental entities. The model represents 

the impact of incremental electrification in terms of total seasonal energy and peak 

impacts, as well as changes to the hourly electricity load profile. The detailed hourly 

electricity demand profiles developed for each technology in the demand-side analysis 

were aggregated and input into IPM® to develop a total load obligation. When the model 

optimizes, it must then be able to ensure that energy and peak demand obligations are 

met across the segments within each representative year. This in turn informs the mix of 

generation capacity selected by the model and the total production costs of the case. 

3) Overall Decarbonization Impacts: Combining results for each case from the demand-

side analysis with the outputs of the power sector capacity expansion required to meet 

increased electricity loads, the overall ‘net’ impacts are calculated. This included overall 

cost impacts, changes in fuel and electricity consumption, GHG emission reductions, and 

emission reduction costs, allowing for each decarbonization case to be discussed in 

context of these impacts. 

To achieve the goal of carbon neutrality by 2050, major changes in the delivery and use of 

energy are being considered, and studying such cases requires a large number of assumptions 

on market and technology cost developments. Where possible, the study used projections of 

technology cost and performance forecasts from credible outside sources, including from the 

National Renewable Energy Laboratory (NREL), Gabel & Associates, Edison Electric Institute, 

California Air Resource Board, and other public studies. Critical assumptions that impact the 

results of each case include: 

▪ Renewable energy cost and performance characteristics. 

▪ The cost and level of energy efficiency investment and its savings potential, for both electric 

demand and natural gas usage. 

▪ Residential and commercial space and water heating technology assumptions. 

▪ Cost and adoption potential for EVs. 

▪ The availability and cost of RNG to decarbonize the natural gas system. 

More details on key assumptions can be found in the sectoral-level discussions in Section 5.  
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3.2.1 Study Conventions 

▪ The Energy Information Agency’s 2019 Annual Energy Outlook Reference Case (EIA AEO 

2019) was used to create the Business as Usual Case, which acts as a reference to 

calculate the impact of emission reduction approaches.  

▪ This study used assumptions for energy prices, energy consumption trends, energy 

emissions factors, and power generation capacity and dispatch projections that were 

derived from current fuel prices, the EIA AEO 2019 South Atlantic census division trends, 

and the corresponding electric grid planning zones.  

▪ The same prices for fuels were used across all cases and did not include the impact of the 

policy measures. 

▪ All cost figures referenced in this study are shown as real 2018 dollars, unless otherwise 

specified.  

▪ The total emissions savings include savings from 2020 to 2050.  

▪ The total costs for each case include all the capital and conversion costs of the policies from 

2020 to 2050. 

▪ Case costs and emissions impacts are calculated from 2020 to 2050 as a change from the 

Business as Usual Case which includes 100% RPS by 2032. To calculate the cost of 

emissions reductions for each case, the total emissions reductions and change in costs are 

discounted at an annual rate of 5% to 2018 dollars. 

▪ GHG emissions and reduction levels referenced in this study are reported in million metric 

tons of carbon dioxide equivalent (MMT CO2e), unless otherwise specified. 

▪ The warming potential for non-CO2 gases were based on a 100-year global warming 

potential to calculate the equivalent CO2 amount. 

▪ The study does not directly consider incremental natural gas distribution system costs, 

incremental electric transmission and distribution system costs, or the impacts of changes in 

power and natural gas utility costs on consumer energy rates. 

3.2.2 Conservative Assumptions 

There is significant uncertainty forecasting out to 2050, requiring many levels of assumptions to 

be made in a study of this nature. ICF has tried to use conservative assumptions from the 

perspective of the natural gas distribution system and power grid throughput this analysis. In 

line with this, a number of costs or risks involved with widespread electrification, which are 

expected but difficult to precisely quantify, have been left out of the impacts covered by this 

study. These factors are still important for decision makers in the District to understand, 

reflecting questions on the potential feasibility of different cases in this study, and are described 

qualitatively below. 

▪ The Power sector costs are based on the lowest cost generation capacity 

expansion across regional markets, not the cost the District itself will need to pay 

to procure energy and Renewable Energy Credits (RECs).  The production cost 

impacts calculated for the PJM market in the decarbonization cases represent a 

theoretical minimum cost at which that market could optimize to meet the requirements 

and may be significantly different than the market price for RECs or power. 
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Power Sector costs for RECS could be much higher if more regions in the PJM 

market adopt aggressive RPS standards. All the cases considered in this study reflect 

a 100% RPS for District of Columbia as of 2032, including the BAU Case. Therefore, all 

new electric generation requirements need to be met either by building new wind, solar, 

or other clean energy to be imported from outside of the District, or by purchasing RECs 

associated with existing renewable generation facilities. ICF has assumed that other 

states in the region meet current RPS requirements, but do not implement more 

aggressive RPS or climate change policies that would require more renewable 

generation capacity or result in the incremental replacement of natural gas power 

generation used to meet peak day power requirements with renewable resources and 

electricity storage.  

For example, if the cost of RECs increases by $10/MWh by 2050, the annual costs of 

RECs in the Fuel Neutral Decarbonization Case will increase by approximately $100 

million per year. In the Policy-Driven Electrification Case, that same RECs price increase 

would result in $120 million per year in added costs by 2050. On a cumulative basis from 

2020 to 2050, this is approximately $2.3 billion in the Fuel Neutral Decarbonization Case 

and $2.8 billion in the Policy-Driven Electrification Case. These illustrative cost increases 

from potential increasing regional demand for RECs have not been included in the main 

study results, but show that such additional costs could actually be larger than the power 

sector costs that are included in these results ($2.4 billion and $0.6 billion, for the Policy-

Driven Electrification and Fuel Neutral Decarbonization Cases, respectively). 
 

▪ Power Sector costs for electrification could be much higher if more regions in the 

PJM market adopt aggressive electrification requirements. In one of the cases 

considered in this study, there is aggressive electrification and a 92% decrease in 

natural gas usage. ICF has assumed that other states in the region do not implement 

more aggressive electrification policies that would eliminate or decrease the seasonal 

diversity benefit that occurs if the District is a winter peaking entity in a summer peaking 

system. The solar contribution to reliability could also be decreased due to lower solar 

irradiance thereby increasing costs. More aggressive electrification in the rest of PJM 

could substantially increase the power costs above estimated levels, especially in 

scenarios in which there is a large increase in electricity usage.56
  

▪ The study did not consider incremental electric transmission and distribution 

system costs above the level supported by current electricity rates. To be 

conservative, ICF did not include an estimate of the increase in wires costs, distribution 

and transmission, even though the near 50% increase of peak electricity demand will 

require significant grid upgrades. If the SEU methodology is used to estimate the cost of 

incremental peak demand, and electrification makes PJM a winter peaking area, the 

increase in peak in the Policy-Driven Electrification case could add $100 million more 

 

56 This analysis assumes that the costs of meeting RPS also do not increase due the FERC’s December 
19, 2019 Minimum Offer Price Rule (MOPR). Under FERC’s Order, under certain circumstances, the PJM 
capacity market does not compensate the reliability contribution of renewables. This is because they must 
bid above the clearing market price, and do not clear. Hence, this portion of the costs needs to be 
compensated by a higher REC price/cost than if the renewable option could also sell capacity. 
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per year than estimated here.57  ICF would require non-public distribution system 

information of the electric utility in order to conduct a detailed analysis. Also, given the 

analytic uncertainty about the amount, and the high level of effort required to undertake 

the necessary reconciliation between the likely estimated impacts and the existing 

District cost estimate, ICF has not included incremental distribution and transmission 

costs in the main results. However, such an analysis should be conducted before going 

forward with electrification given the important cost and feasibility issues. 

▪ Use of incremental costs, relative to the Business as Usual Case, does not 

capture the impact of 100% RPS on electricity costs for BAU Case power demand. 

Most of the RECs required by the power generation sector will be to meet the 100% 

RPS requirement for existing and reference case growth in electricity demand, not for 

new electric load growth – e.g. extra demand in the Policy-Driven Electrification Case. 

Since the BAU Case power sector cost increases over the study period are not 

quantified, but likely represent the biggest impact to District consumers in all cases, this 

allows electrification impacts to be taken out of context – while the decarbonization 

cases may reflect a certain cost increase for the power sector, it is important to keep in 

mind that District consumers would at the same time need to absorb the larger cost 

increase from shifting BAU Case electricity demand to the 100% RPS requirement. 
     

▪ All residential electric vehicles are assumed to charge during off-peak periods. 

The charging of EVs is likely to be more flexible and less concentrated in the peak than 

space heating.  However, the increase in peak electricity demand due to electrification 

may be understated. This is because this study assumes that all incremental electric 

demand from residential EV charging (75% of the total LDV load) is responsive to price 

signals such as time of use (TOU) rates, allowing these vehicle charging loads to be 

entirely shifted to non-peak hours of the day. Even with financial incentives for off-peak 

charging, like TOU rates, it is highly unlikely that all EV owners would always avoid 

home charging during the day. Similarly, almost all of the MDV, HDV, and bus charging 

is assumed to fall in off-peak hours. Thus, the 50% increase in peak electricity demand 

in the Policy-Driven Electrification Case may be understated. 

 

The study results do not include stranded asset costs if gas service is terminated 

due to electrification or cost recovery issues associated with recovery of natural 

gas distribution costs when throughput dramatically decreases. For example, in the 

Policy-Driven Electrification Case, distribution volumes on the WGL distribution system 

decrease to about 8% of current levels by 2050 – an almost full elimination of demand. 

However, the current legacy costs (sunk costs), system retirement and much of the 

incremental maintenance and safety capital costs would still have to be recovered during 

 

57 1.1 GW increase with $90/kW year SEU cost. The DC SEU assumes that every kW of demand avoided 
saves annually $348 – i.e. the capacity cost is $348/kW-year.  $257/kW year is for transmission and 
distribution and $90 is for generation.  TetraTech. (2017). Evaluation of the District of Columbia 
Sustainable Energy Utility - FY2016 Annual Evaluation Report for the Performance Benchmarks (Final 
Draft). Madison, WI, USA.  See page 31, and 33. Presumably, the reverse is true namely that adding to 
peak electricity demand also increases costs. 
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this period of multi-decade transformation, leading to higher costs for the remaining 

customers on the WGL system or external compensation. These significant costs have 

not been accounted for in the results which are limited to going forward production costs. 

Stranded costs are estimated to be $1.1 billion higher in the Policy-Driven Electrification 

Case compared to the Fuel Neutral Decarbonization Case, which will not cause stranded 

costs to be incurred. 

 

▪ The hydrogen cost and market share assumptions may overstate the cost of 

decarbonizing the WGL supply portfolio with Green Hydrogen and RNG:  The Fuel 

Neutral Decarbonization scenario includes both green hydrogen and methanized green 

hydrogen as part of the portfolio of low carbon supply sources.  By 2050, the low carbon 

supply portfolio includes 1.4 BCF of green hydrogen, and 1.4 BCF of methanized green 

hydrogen. The use of green hydrogen has been limited to 10% of throughput to reflect 

concerns about the distribution system ability to deliver hydrogen safely, and for 

consumer appliances to use hydrogen safely. 

 

We have assumed that green hydrogen will be competitive with RNG, or about $20 per 

MMBtu, by 2050, and that hydrogen can be methanized at an incremental cost to green 

hydrogen of about $2 per MMBtu.  These assumptions may dramatically understate the 

potential for green hydrogen to contribute to the decarbonization of the WGL system. 

Hydrogen producers are projecting significant declines in production prices. Bloomberg 

News cites potential green hydrogen production costs of as low as $6 per MMBtu with 

more conservative estimates of costs of about $16 per MMBtu by 2050.58 If the cost of 

hydrogen declines to these levels, WGL would be able to decarbonize the natural gas 

portfolio at a much lower cost than projected in the Fuel Neutral Decarbonization Case.   

 

In addition, estimates of how much hydrogen can be blended with methane and 

delivered to consumers through the natural gas distribution system have ranged much 

higher than the assumed 10%, allowing for a significant increase the amount of 

hydrogen used if the costs come down below our conservative estimates.   

 

The flexibility to take advantage of potential aggressive reductions in the cost of 

producing hydrogen, and the uncertainty associated with the development and costs of 

other new and emerging technologies is one of the significant advantages of the Fuel 

Neutral Decarbonization Case relative to the Policy-Driven Electrification Case where 

the technology choices are largely predetermined. 

 

▪ No cost adjustments have been made to compensate for or accommodate 

decreased resiliency in a future where the District is solely reliant on the power 

system for all its energy needs. It will be challenging and expensive to make the 

 

58 Utility Dive, “Green hydrogen gets real as utility business models and delivery solutions emerge”, March 
2, 2020.  
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power system as resilient during winter storms, or other contingencies, as the 

combination of the power and natural gas delivery systems is now. The natural gas 

system is entirely underground, and not subject to the same risk set as electrical 

infrastructure during winter conditions, especially extreme winter storms. An attempt to 

increase peak winter resiliency in a power-only system would likely involve higher power 

reserve margins than currently employed, greater undergrounding, incremental 

requirements for local sourcing of power generation, and additional resiliency of power 

transmission and distribution systems, including possibly a local grid or micro-grid 

capable of independent operation. None of these adjustments are assumed in this 

analysis, in order to be conservative about the costs for widespread electrification.  

 

▪ The study results do not include costs for offsets or for the small amount of 

emission reductions outside of the buildings, power, and transportation sectors. 

The study highlights the level of carbon or methane offsets that would be required to 

meet the last portion of carbon neutrality requirements in Cases 3 and 4 (the remaining 

emissions after the measures under consideration are implemented). Given that offsets 

are available at relatively low-cost compared to the other measures in this study 

(although quality and stringency of offsets will vary, and impact their price), and that 

including offset costs for just 2050, or for the last few years of the study period, would 

have limited impact on the cumulative 2020 to 2050 costs, these additional costs were 

not quantified. Leaving out those offset costs provides a clearer representation of the 

costs associated with actual measures defined in each case. Given that Case 3 (Policy-

Driven Electrification) requires a marginally higher level of offsets than Case 4 (Fuel 

Neutral Decarbonization), any cost increases from their inclusion would have had a 

larger impact on Case 3.  

 

Similarly, Cases 3 and 4 include the same level of assumed emissions reductions from 

the District’s small ‘Other Emissions’ segment, which includes waste, water, and 

wastewater emissions. But the results do not assume a cost for emission reductions in 

the Other sector. Again, the impact on results if these were to be included would be a 

minor increase in overall costs, and it would change costs for Case 3 and 4 by the same 

amount.  

4. Overall Decarbonization Policy Impacts 

This section presents the main results of the study, highlighting the potential impacts of the 

different decarbonization cases, categorized as follows: 

▪ Electric System Impacts 

▪ Greenhouse Gas Emission Impacts 

▪ Overall Cost Impacts 

▪ Household Cost Impacts 

▪ Emission Reduction Costs 

▪ Impact on Gas Distribution System 

▪ Importance of Energy System Resiliency and Reliability 
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▪ Other Considerations 

Additional results and context specific to the buildings, transportation, and power sectors are 

later presented in Section 5. 

 

4.1 Electric System Impacts 

Policies that drive electrification of fossil fuel energy demand in the District will increase electric 

demand in the region. The impact on power generation sources will be driven by state 

generation standards, such as RPS’ and other requirements, in the area. Consistent with those 

standards, new renewable generation will increase which, along with conversion of fossil fuel 

end-uses to electricity, will contribute to reductions in regional GHG emissions. 

The extent, type, and sectoral focus of the electrification will influence the costs and the 

emissions savings of the GHG reduction policies. For example, transportation electrification has 

the potential to reduce operating and fuel costs, reduce GHG emissions, and have more limited 

impacts on system peak electric load (if utilities can control vehicle charging times). Conversely, 

widespread electrification of space heating will cause energy costs to rise for customers relative 

to conventional natural gas and will have significant impacts on electric system peaks. While 

some growth of electric demand will be offset by conservation and improved efficiencies, the 

associated costs with the remaining load growth will have an impact on District consumers. This 

impact will most directly be through the increased cost of purchases of electricity at grid 

marginal costs, renewable energy credits (RECs) to meet the 2032 requirements for 100% 

renewable energy, and investments required for new electrical infrastructure to meet increased 

peak demands. 

4.1.1 Peak Electric Generation Requirements 

Each case has different levels and types of electrification, and therefore a different projected 

generation (or electrical energy) and peak hour electric demand requirements. The generation 

requirements are met via incremental supplies at marginal costs, as calculated in the grid 

modeling, automatically increasing the amount of RECs required, and accounting for hourly, 

locational, and annual differences in costs. The variable cost of meeting generation 

requirements is the main cost in most scenarios, and the marginal costs are mostly fuel and the 

premium for RECs. This is because during nearly the entire year the grid has excess capacity 

and can meet demand for more electrical energy without expanding capacity. Also important is 

the annual peak demand, not only because peak generation costs are higher than off peak 

(because power cannot easily be stored and there is a diversity of generators with variable 

costs and fixed costs inversely related), but because the peak demand drives infrastructure 

requirements – i.e. capacity requirements. Power is extremely highly valued by consumers (e.g. 

consumers on average would be willing to pay roughly 250 times or more than the typical 

variable costs for power during peak air conditioning or heating periods), and hence, it is 

economic to expand the grid to meet nearly all anticipated demand. The differences in peak day 

impacts are driven by the following key factors related to the electrification of each sector: 

▪ Residential and Commercial Electrification: Residential and commercial electrification 

demand is driven primarily by space heating conversions; this demand is determined 
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primarily by the efficiency of the equipment and the weather. The incremental demand is 

expected to be relatively inflexible and can have a significant impact on peak period 

electricity requirements, with the highest amount of residential electrification demand 

occurring in the winter. 

▪ Transportation Sector: This study assumes that incremental electric demand from 

residential light-duty EV charging is responsive to price signals such as time of use rates, 

conservatively allowing these vehicle charging loads to be almost entirely shifted to non-

peak hours of the day. This is conservative vis a vis the peak electricity demand because it 

is likely that some EV owners will want to charge on-peak some of the time. However, what 

is known is that total generation requirements including RECs will increase but the peak 

impacts from electrification in this sector will be lower than for space heating. This is 

because the EV demand for power is not materially correlated with weather, the key driver 

of overall peak energy demand.   

Because the District is part of a broader electricity marketplace for power generation (on its own 

accounting for only approximately 1.5% of the entire PJM area load), the impact of the District’s 

electrification in these cases is not sufficient to shift Pepco’s service territory from a summer-

peaking to a winter-peaking system. Therefore, in these cases the market’s excess generation 

capacity (relative to winter demand) can be used to meet the District’s increased winter 

generation needs. This is referred to as a seasonal diversity benefit. That is, because Pepco 

remains summer peaking, the system has excess capacity for meeting higher winter peaks in 

the district. The rest of Pepco’s load is in Maryland. If Maryland adopts polices similar to those 

of the District, the seasonal diversity benefit may be attenuated or lost. However, electrification 

will still have impacts on the District’s distribution system because annual peak demand will 

increase and the local wires and associated equipment need to be able to handle this increase.   

Regardless of whether Pepco’s broader system shifts to winter-peaking in terms of generation 

requirements, widespread electrification is expected to result in significant local constraints in 

the District’s electricity distribution system. These impacts on peak demand in the District’s 

distribution system are estimated in Section 4.1.2. As noted, the cost impacts were 

conservatively assumed to be zero, in part because needed data is not public. However, the 

District should pursue more information on the costs of expanding the grid to accommodate 

electrification before making decisions that have that impact. 

Figure 23 shows changes in both the summer and winter peaks from each case for the District. 

This figure shows a significant increase in annual and peak winter load in the Policy-Driven 

Electrification Case, driven primarily by building sector electrification (primarily winter loads). 

Transportation sector impacts to peak demand are minimal here as a result of conservative 

assumptions allowing most EV charging to be shifted to off-peak times. Regardless, EV 

charging is expected to be less peak intensive than space heating and cooling. 

In the Fuel Neutral Decarbonization Case, the annual and winter peaks are relatively 

unchanged. This is because of the use of the natural gas-electric hybrid heating system limits 

the peak-day winter impacts of the building sector. In all cases, the winter peak generation 

increases from the District is not enough to surpass the summer peak of the broader Pepco 

system. 
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Figure 23. Change in District Summer and Winter Peak Electricity Demand Requirements 

 

 
Additional context is provided below on the peak impacts from each of the District cases.  

▪ Partial Decarbonization Case: The minor increase in peak demand is driven by 

electrification in the transportation sector, as there is no electrification of space heating in 

this case. While roughly 50% of light-duty sales are electric or hybrid vehicles by 2050 in this 

case, off-peak charging assumptions limit the impact on Pepco’s peak. Pepco remains 

summer peaking, with 2050 gross peak increasing 0.02 GW from the Business as Usual 

Case. 

▪ Policy-Driven Electrification Case: The peak impact of the Policy-Driven Electrification 

Case from electrification in just the District of Columbia is not enough to change Pepco from 

a summer peaking region to a winter peaking one, and Pepco remains summer peaking. By 

2050 Pepco’s gross peak only increases by 0.16 GW from the Business as Usual Case. 

However, the District’s grid shifts from summer to winter peaking and the peak for the year 

increases 50%. Also, the amount of generation required (i.e. MWh) also increases, driving 

up costs. 

▪ Fuel Neutral Decarbonization Case: The critical result here is that both the District and 

Pepco remain summer peaking and hence there is much less stress on the infrastructure. 

This contrasts with the large increases in winter and annual peak in the Policy-Driven 
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Electrification Case. By 2050 Pepco gross peak only increases 0.03 GW from the Business 

as Usual Case. 

4.1.2 Peak Electric Distribution Requirements 

Regardless of whether Pepco’s broader system shifts to winter-peaking in terms of generation 

requirements, widespread electrification is expected to result in significant local constraints in 

the District’s electricity distribution system. The impact on peak demand in the District’s 

distribution system are estimated assuming that the current distribution peak would be 

equivalent to 34% of Pepco’s overall peak, in line with the District’s share of Pepco’s annual 

electricity consumption. While these impacts are estimated, distribution cost impacts are not 

explicitly captured in the main results presented for this study. 

Figure 23 from the previous section shows the increases over estimated current levels of peak 

demand. 

In the following cases we see that: 

▪ Policy-Driven Electrification Case: Incremental electric demand in this case results in the 

District’s distribution system shifting from summer to winter peaking. This results in a 1.1 

GW (50%) increase in gross peak, from 2.3 GW to 3.4 GW. Electricity demand is highest in 

this case, driven primarily by electrification of space heating in the buildings sector.  

▪ Fuel Neutral Decarbonization Case: Incremental electric demand in this case does not 

shift the District’s distribution system to winter peaking. This results in a minimal increase to 

gross peak in summer (0.03 GW or 1.5%). Winter peak demand growth in the Fuel Neutral 

Decarbonization Case is limited by hybrid gas-electric heat pumps (using gas on peak). 

The large increase in peak electricity demand in the District would likely require massive 

changes in the electricity distribution, and transmission, and under some scenarios, generation 

infrastructure supporting the city. The largest increase is likely to be the need to expand the 

District’s distribution system. ICF did not study the increase in transmission and distribution 

costs in part because the required information is not public. One of the reasons distribution cost 

increases are expected to be large is that the District’s Sustainable Energy Utility assumes that 

lowering peak demand saves transmission and distribution costs of $258/kW per year; 90% of 

these costs are distribution costs.59 If $258/kW is applied to the conservative projection of 

increased peak demand in 2050 of 50%, this would add approximately $0.3 billion per year in 

costs.   

To be conservative, ICF did not include an estimate of the increase in electricity 

distribution and transmission costs beyond the level supported by current electric rates 

in the overall study results. However, these costs may be significant, and the District of 

Columbia should consider further study of the potential cost increases before a decision 

 

59 TetraTech. (2017). Evaluation of the District of Columbia Sustainable Energy Utility - FY2016 Annual Evaluation 

Report for the Performance Benchmarks (Final Draft). Madison, WI, USA.  See page 31, and 33.  The DC SEU uses 
this study in determining the amount of cost that every KW of demand avoided saves annually– i.e. the distribution 
and transmission capacity cost is $257/KW-year ($231/kw year for distribution and $27/kw year for transmission).    
The $0.3 billion per year assumes the reverse is true, namely that adding to peak electricity demand also increases 
costs.     
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to pursue major electrification policies. This analysis should also include a reconciliation 

with the District’s SEU estimate of $0.3 billion per year to ensure that all District 

parameters used in similar circumstances are consistent. 

 

The current power grid is designed to meet a summer peak demand, including reliance on solar 

power during peak summer periods. As a result, the shift to a winter peak is likely to lead to a 

decrease in system reliability and resiliency. In addition, in the Policy-Driven Electrification 

Case, the District would be switching from a combination of two energy delivery systems to a 

single energy system to support space heating; from natural gas and electricity to electricity 

only, reducing the resiliency of the system. The costs of addressing the decrease in reliability 

and resiliency are not included in the reported costs for each Case. 

4.2 Greenhouse Gas Emission Impacts 

The 2017 District of Columbia District-wide GHG Emissions Inventory shows that the District is 

on track to significantly outperform the initial 2032 goal set by the District of Columbia Clean 

Energy Act.60 Between 2006 and 2017, natural gas emissions reported in the District of 

Columbia GHG Emissions Inventory decreased by almost 30%. To meet the 2032 emissions 

reduction target of 50% of 2006 levels, additional emission reductions of 20%, or roughly 2 

Million Metric tons of CO2e, are required.  

However, the emissions attributed to the generation of the electricity consumed in the District 

are expected to decline, from 55% of total GHG emissions in 2017, to zero by 2032, due to the 

100% RPS set by the District of Columbia’s 2018 Energy Omnibus Act. The elimination of 

emissions from electric consumption under the Business as Usual Case would result in an 

overall GHG emissions of 55% relative to 2006 levels, well below the 2032 policy target, prior to 

consideration of additional policies. 

Figure 24 compares the GHG emissions from the BAU Case to the emissions in cases 2, 3, and 

4. In the BAU Case emissions decrease to 27% of 2006 levels (a 73% reduction) by 2032 and 

to 25% of 2006 levels by 2050 (a 75% reduction). The reductions occur primarily due to the 

100% RPS. In Case 2, the Partial Decarbonization Case, emissions decrease to 24% of 2006 

levels by 2032 (a 76% reduction), and to 18% of 2006 levels by 2050 (an 82% reduction). Thus, 

Case 2 achieves part, but not all of the District’s 2050 goal of carbon neutrality. In Cases 3 and 

4, the Policy-Driven Electrification and Fuel Neutral Decarbonization Cases, by 2032, emissions 

decrease to roughly 20% of 2006 levels (80% reduction), and by 2050, emissions decline by 

100% (including offsets). 

 

60 https://doee.dc.gov/service/greenhouse-gas-inventories 

https://doee.dc.gov/service/greenhouse-gas-inventories
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Figure 24. District of Columbia GHG Emissions by Year and Case 

 

Table 7 provides the GHG emissions results by Sector for the four cases, in 2032 and 2050. 

This shows how both the Policy-Driven Electrification and Fuel Neutral Decarbonization Cases 

reach the District’s goal of carbon neutrality by 2050. As shown in the table, carbon emissions 

offsets are used in both cases to offset a modest volume of emissions in the building and 

transportation sectors that might be infeasible or prohibitively expensive to fully decarbonize.  

Table 7. District of Columbia Emissions by Source for 2032 and 2050 

Sectors 2006 2017 

2032 

BAU 
Partial  

Decarbonization 

Policy-Driven 

Electrification 

Fuel Neutral 

Decarbonization 

Million Metric Tonnes (MMT) of CO2e 

Electricity  6.35 4.15 0.00 0.00 0.00 0.00 

Direct Fuel Use 3.78 3.78 2.49 2.31 2.01 1.98 

    Transportation  1.77 1.53 1.19 1.15 1.08 1.08 

    Buildings 2.01 1.34 1.30 1.15 0.93 0.90 

Other Sectors[1] 0.36 0.31 0.31 0.22 0.16 0.16 

Carbon Offsets             

District of Columbia’s 

Emissions 
10.49 7.33 2.80 2.52 2.17 2.13 

Sectors 2006 2017 

2050 

BAU 
Partial  

Decarbonization 

Policy-Driven 

Electrification 

Fuel Neutral 

Decarbonization 

Million Metric Tonnes (MMT) of CO2e 

Electricity  6.35 4.15 0.00 0.00 0.00 0.00 

Direct Fuel Use 3.78 3.78 2.29 1.76 0.67 0.62 

    Transportation  1.77 1.53 1.08 0.87 0.56 0.56 

    Buildings [1] 2.01 1.34 1.20 0.89 0.12 0.065 

Other Sectors [2] 0.36 0.31 0.31 0.16 0.06 0.06 

Carbon Offsets         -0.73 -0.69 

District of Columbia’s 

Emissions 
10.49 7.33 2.60 1.92 0.00 0.00 

[1] Also includes Fugitive Emissions from natural gas distribution. 

[2] Includes emissions from the Waste, Water & Wastewater emission sources.  
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As discussed earlier, it may also be possible to eliminate this portion of emissions through new 

technology developments or increased adoption of some of the measures included in these 

cases. For example, the majority of remaining 2050 emissions in both scenarios are from the 

transportation sector, where it may prove possible to electrify more than the currently assumed 

59% of new LDV sales by 2050, thereby decreasing the offset volumes required. On the other 

hand, methane emissions offsets are expected to be a low-cost abatement option, and 

increasing the use of methane offsets may prove to be the lowest cost approach to reaching the 

carbon neutral emissions target.  

4.2.1 WGL Climate Business Plan Natural Gas GHG Emissions 

Case 4 is designed to reach carbon neutral emissions for the natural gas system in the District 

of Columbia based on a fuel neutral approach that maintains the value of the WGL distribution 

system. This Case is reflected in the Climate Business Plan proposed by WGL.  

Figure 25 illustrates the emissions reductions targets from Natural Gas use and the projected 

emissions reduction achievements for the WGL Climate Business Plan programs. These 

programs are projected to result in a reduction in GHG emissions attributable to natural gas use 

in the District by 50% in 2032, and 100% in 2050, relative to 2006 emissions reported in the 

District of Columbia emissions inventory.  

Figure 25. WGL Greenhouse Gas Emission Targets for Natural Gas 

 
Source: WGL Climate Business Plan 
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The two images below in Figure 26 show the potential contribution of each of the emission 

reduction measures considered in Case 4 and in the proposed WGL Climate Business Plan. 

The first figure shows GHG emission reductions in the District of Columbia attributable to each 

specific measure from 2006 to 2032, and the second shows incremental GHG emission 

reductions from 2032 and 2050. The full impact of each measure would be the combination of 

emission reductions from each of time periods. 

 

Figure 26. Natural Gas Emission Reduction Measures in the WGL Climate Business Plan by 2032 and 2050 

  

 

4.3 Overall Cost Impacts 

Figure 27 illustrates the cumulative direct cost impacts of the three decarbonization cases 

relative to the BAU Case, between 2020 and 2050, in real 2018 dollars. The policies from the 

Partial Decarbonization Case (Case 2) are projected to have a direct cost of about $603 million 

relative to the Business as Usual Case (Case 1); these policies result in a reduction of GHG 

emissions of approximately 82% by 2050 relative to 2006. The Policy-Driven Electrification 

Case is projected to have direct costs to energy consumers of $6.5 billion61 while achieving 

100% emissions reduction by 2050. The Fuel Neutral Decarbonization Case also decreases 

emissions 100% by 2050, but is projected to have direct costs to energy consumers of $3.8 

 

61 Not including costs for offsets required for the last 7.0% of overall District emissions in 2050. 
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billion.62  This is a savings of $2.7 billion or 41% relative to the Policy-Driven Electrification 

Case. The Policy-Driven Electrification Case costs 70% more than the Fuel Neutral 

Decarbonization Case for the same emissions result. The reduction in cost relative to the Policy-

Driven Electrification Case is primarily due to the retention of natural gas deliveries, which 

reduce incremental power grid costs and allow for a more cost-effective mix of building 

decarbonization options.    

Figure 27. Impacts to District Wide Energy Costs by Sector from 2020 to 205063 

 

Figure 27 also showcases the relative contribution of each sector to total cumulative costs for 

the cases, with additional sectoral context provided below.   

▪ Transportation: Transportation represents a relatively small cost increase in these cases, 

with significant fuel and maintenance cost savings offsetting most of the cost premium for 

electric vehicles and the charging infrastructure costs over the 2020 to 2050 time period. By 

the end of the 2050 period, electric vehicle prices have dropped significantly, resulting in net 

annual savings from the transportation sector. The same level of transportation 

electrification is considered in Cases 3 and 4, so while more aggressive forecasts for EV 

price reductions would lower overall costs here, the same level of savings would be applied 

to the two main decarbonization pathways being contrasted here. More details on these 

costs are presented in Figure 50. 

▪ Buildings: Buildings represent a significant portion of the costs shown above. In the Policy-

Driven Electrification case these costs are primarily from equipment conversion costs and 

customers paying higher energy costs (while fuel prices are maintained at BAU Case levels 

in all scenarios, customers are shifting from natural gas to more costly electricity). In the 

Fuel Neutral Decarbonization Case these costs also include some equipment conversion 

costs and cost increases from using electricity (for users of hybrid heating systems), but 

 

62 Not including costs for offsets required for the last 6.5% of overall District emissions in 2050. 
63 The Transportation sector uses the same costs for both the Policy-Driven Electrification and Fuel 
Neutral cases. There are two Transportation sector cost scenarios, a base-case cost for electric vehicle 
and a low-case cost for electric vehicles. Transportation sector costs shown in the figure use the base-
case costs for electric vehicles. 
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roughly half of the overall building sector impact is from renewable natural gas (RNG) costs 

to decarbonize natural gas supply. More details on these costs are presented in Table 15.  

▪ Power: Power costs represent the increased production costs for the PJM electricity market 

for each case, relative to the BAU case. Production costs include capital costs for new 

builds, as well as on-going fuel, operating, and maintenance costs. The increased power 

requirements from these cases will not be generated within the District, it will be purchased 

from PJM, so the cost impact across the entire market is considered. It is important to note 

that the $2.4 Billion production cost impact shown for the PJM market in the Policy-Driven 

Electrification Case may be very different from the costs the District will incur to purchase 

actual RECs. More details on these production costs are presented in Figure 54. 

These cases illustrate the ability to achieve most of the District’s decarbonization goals, at a 

modest cost increment to BAU Case costs, but highlight the significant costs associated with 

reaching a carbon neutral solution: 

▪ Comparing Case 2 to the BAU: the Partial Decarbonization Case achieves an additional 7% 

reduction in 2006 emission levels, relative to the BAU Case, at an incremental cost of $0.6 

billion.  

▪ Comparing Case 3 to Case 2: the Policy-Driven Electrification Case achieves an additional 

11% reduction in 2006 emission levels, relative to the Partial Decarbonization Case, at an 

incremental cost of $5.9 billion.64,18 65  

▪ Comparing Case 4 to Case 2: the Fuel Neutral Decarbonization Case achieves an additional 

12% reduction in 2006 emission levels, relative to the Partial Decarbonization Case, at an 

incremental cost of $3.2 billion.65 

These cases also illustrate the impact of the approach to meeting the carbon neutral policy 

object on overall costs. The last 11% to 12% of the reductions are approximately 83% more 

costly in Policy-Driven Electrification Case relative to the Fuel Neutral Decarbonization Case – 

i.e. $5.9 versus $3.2 billion.  

4.4 Household Cost Impacts 

The Policy-Driven Electrification Case and the Fuel Neutral Decarbonization Case represent 

alternative approaches to reaching District of Columbia’s objective of carbon neutral emissions, 

including significant interventions into energy supply and consumption practices beyond the 

lower-cost measures implemented in the Partial Decarbonization Case. 

The results from the study indicate that the emissions reduction approaches for both Policy-

Driven Electrification Case and Fuel Neutral Case are capable of meeting District of Columbia 

GHG emissions reductions targets for 2032 (including a 50% reduction in emissions associated 

 

64 Before consideration of the full cost of power sector distribution and transmission system expansion, 
costs of carbon offsets, and other transition costs for gas distribution customers.  
65 These incremental costs and incremental percentage emission reductions show the difference between 
Cases 3 / 4 and Case 2. The full 2050 emissions reductions for both Cases 3 and 4, relative to the BAU 
Case, would be 18% (before offsets). The values exclude the cost and emission reductions of offsets 
required for carbon neutrality in both cases. 
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with the use of natural gas), and reaching overall carbon neutrality by 2050 with modest use of 

carbon emissions offsets from outside of the District in both cases, based on the technology 

cost and penetration rate assumptions in each case.  

However, the costs of the policies needed to achieve the additional emissions reductions 

beyond the Partial Decarbonization Case result in significantly higher costs to District of 

Columbia residents, as shown in Figure 28.  

 

In the Policy-Driven Electrification Case, the increase in direct costs is $19,024 over 31 years, 

or $614 annually, for the average District of Columbia household. In contrast, in the Fuel Neutral 

Decarbonization Case the increase in average per household costs is $11,191, or 

approximately $361 per year.66 These costs do not include the incremental costs of meeting the 

100% RPS since these costs are included in the BAU Case, or any required electricity 

distribution and transmission costs, which are expected to be substantial but are beyond the 

scope of this study. They also do not include the costs of any necessary rate increases required 

to recover the cost of service on the gas distribution system, the cost of any stranded assets on 

the gas distribution system, the potential costs of decommissioning the gas distribution system 

or the costs of transitioning the last natural gas customers off the gas distribution system.  

 

 
Figure 28. Comparison of Per-Household Costs by Case for the District 

 

 

66 Calculated based on 343,356 households, an average of a 2020 to 2050 forecast for the District.  
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4.5 Emission Reduction Costs 

The average costs, in $2018 dollars per metric ton of emission reductions, for each of the three 

decarbonization cases, incremental to the BAU, are compared in Figure 29.67 The context for 

each case is provided below.    

▪ In the Business as Usual Case, which includes the District’s 100% RPS standard, a 2050 

GHG emissions reduction of 75% is forecast relative to 2006 levels. The full cost of the BAU 

Case has not been quantified. 

▪ In the Partial Decarbonization Case, a 2050 GHG emissions reduction of 82% is forecast 

relative to 2006 levels, or an additional 7% reduction beyond the BAU Case. This case has 

a total cumulative cost of $603 million from 2020 to 2050, incremental to BAU Case costs, 

resulting in an average cost of emission reductions of $114 per Metric Ton of CO2e. 

▪ In the Policy-Driven Electrification Case, a 2050 GHG emissions reduction of 100% is 

forecast relative to 2006 levels, or an additional 25% reduction beyond the BAU Case (18% 

without counting offsets). This case has a total cumulative cost of $6.5 billion from 2020 to 

2050, incremental to BAU Case costs, resulting in an average cost of emission reductions of 

$301 per Metric Ton of CO2e. 

▪ In the Fuel Neutral Decarbonization Case, a 2050 GHG emissions reduction of 100% is 

forecast relative to 2006 levels, or an additional 25% reduction beyond the BAU Case (18% 

without counting offsets). This case has a total cumulative cost of $3.8 billion from 2020 to 

2050, incremental to BAU Case costs, resulting in an average cost of emission reductions of 

$192 per Metric Ton of CO2e. 

It is important to keep in mind that these emissions reduction costs are the averages of all 

measures included in each scenario. Some decarbonization approaches will be significantly 

more expensive, while others will be considerably less costly or even provide cost savings. For 

example, transportation sector electrification provides a large portion of GHG emission 

reductions and includes significant fuel cost savings that offset most of the cost premium for 

electric vehicles, so these measures have the effect of lowering the average emission reduction 

costs presented here.   

  

 

67 The cost of emission reductions is calculated based on the change in costs and emissions from the 
Business as Usual case on an annual basis from 2020 to 2050 using a 5% discount rate back to 2018.  
Note incremental costs – i.e. the costs of going from 82% (partial decarbonization) to 100% reduction - 
are much higher.   
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Figure 29. Average Emission Reduction Cost by Case for the District68 
 

 

4.6 Impact on Gas Distribution System 

Table 8 shows the impacts on the District’s gas throughput as percentage reduction relative to 

2018 levels. By 2050, the Policy-Driven Electrification Case causes a very large decrease in 

overall throughput on the gas distribution system (92% reduction). This degree of throughput 

decline would need to lead to consideration of a shutdown of the gas delivery system. This in 

turn would result in very large stranded costs compared to the Fuel Neutral Decarbonization 

Case, adverse reliability consequences, and incurrence of additional customer transition costs 

and system decommissioning costs. 

By 2050, the Fuel Neutral Decarbonization Case results in a much smaller decline in throughput 

on the gas distribution system relative to the Policy-Driven Electrification Case (30% versus 

92%). The Fuel Neutral Decarbonization case achieves a slightly greater degree of 

decarbonization than the Policy-Driven Electrification Case by decarbonizing the remaining gas 

supply through the use of RNG, green hydrogen, and Power-to-Gas, along with other emissions 

reductions attributed to the natural gas distributed on the Washington Gas distribution system. 

Table 8. Reduction in District Annual Gas Throughput (% Reduction from 2018) 

Year BAU 
Partial 

Decarbonization 
Policy-Driven 
Electrification 

Fuel Neutral 
Decarbonization 

2032 3% 7% 31% 5% 

2050 10% 23% 92%  30% 

 

68 The cost of emission reductions is calculated based on the change in costs and emissions from the 
Business as Usual case on an annual basis from 2020 to 2050 using a 5% discount rate back to 2018. 
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4.7 Importance of Energy System Resiliency and Reliability 

During the Transition to a Low Carbon Economy 

Large scale electrification of the energy system has the potential to adversely impact the overall 

energy system reliability and resiliency, and this impact needs to be considered when 

determining the focus and magnitude of electrification efforts. The District of Columbia currently 

has three major energy delivery systems, electricity, natural gas and oil. In 2017, the electric 

grid provided about 47% of the energy consumed in the District, the natural gas distribution 

system provided about 27% of the energy consumed, and gasoline and diesel fuel for 

transportation provided most of the remaining 25% of energy consumed.  

The natural gas system currently plays a very large role in winter energy system reliability in the 

District. Over the last four full years for which data is available (2015 – 2018), the Washington 

Gas natural gas distribution system in the District of Columbia has delivered about 75% of the 

total energy delivered by the electric grid.69 However, the distribution of energy deliveries over 

the year varies widely by season. The natural gas system is winter peaking, while the electric 

grid is summer peaking, and natural gas deliveries are much peakier than electricity deliveries. 

The U.S. DOE Energy Information Agency (EIA) reports natural gas and electricity consumption 

in the District of Columbia by month. This data, converted to MMBtu/Month for both fuels, is 

shown in Figure 30 below. The winter peak for space heating load on the natural gas grid is 

much larger than the summer peak for air conditioning on the electric grid. Over the last four full 

years for which data is available, the amount of energy (Btus) delivered during the peak winter 

month by the natural gas distribution system has averaged 38% higher than the amount of 

energy delivered by the electric grid during the peak summer month in each year.   

While the consumption data shown in Figure 30 illustrates the comparative energy deliveries 

between the two sources of energy on a monthly basis, it does not illustrate the full disparity in 

the infrastructure requirements. The natural gas system in the District of Columbia is designed 

to meet demand under design winter day conditions. The most recent WGL 10K reports a WGL 

system wide design day for Fiscal 2019 of 21 million therms, or 2.1 TBtu, of which 14.86%, or 

0.312 TBtu is allocated to the District of Columbia. The electric grid is designed to meet the 

peak instantaneous requirements, measured in kW. ICF estimates the peak kW requirement for 

the District of Columbia to be about 2.3 GW in 2019. 

Based on these system design characteristics, the natural gas distribution system in the District 

is designed to deliver 69% more energy on a peak winter day than the electric grid is designed 

to deliver during peak summer conditions.70 This disparity increases when considering the 

design characteristics of the gas and electric systems. During a peak hour, the natural gas 

distribution system would be capable of delivering more than twice the amount of energy that 

the electric grid would be capable of delivering.  

 

 

69 Based on U.S. DOE Energy Information Agency (EIA) data on natural gas and electricity consumption 
in the District of Columbia from January 2015 through December 2018. 
70 Based on the simplifying assumption that peak electric load would continue for a 24-hour period. 
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Figure 30. Natural Gas and Electricity Consumption in the District of Columbia 

 

The case where District policy prioritizes electrification over the use of gas in buildings and fossil 

fuels in the transportation sector reduces these three energy delivery systems into one single 

fuel energy system, significantly reducing the energy system redundancy. This approach 

assumes that the transformation of the District’s energy supply infrastructure is feasible and 

does not require fundamental rethinking of District energy resiliency and reliability. While this 

study is not intended to provide a full assessment of the reliability and resiliency issues 

associated with such a concentration of the energy system, it is important to highlight the 

general implications. These include: 

▪ An increase in the reliance on the electric grid is likely to lead to a significant increase in the 

costs of electricity: 

– The electrification of space heating is expected to cause the electrical distribution 

system to switch from a summer to a winter peaking system, leading to a large increase 

in the annual District of Columbia peak electricity demand. ICF estimates that, 

conservatively, this is likely to exceed a 50% increase in peak period requirements.71  

– The large increase in peak electricity demand in the District would likely require massive 

changes in the electricity distribution, transmission, and generation infrastructure 

supporting the city, especially distribution. ICF did not evaluate the full increase in 

 

71 One estimate from a reputable environmental organization indicates that full electrification would not 
only shift the peak power demand from summer to winter but could also double peak electricity demand. 
Rocky Mountain Institute, New Jersey Integrated Energy Plan, Public Webinar, November 1 2019, page 
23. Full electrification of heating and transportation. ICF’s estimate from this study is 50% but contains 
conservative assumptions that cause the increase to be low – i.e. lower than expected transportation 
demand during peak periods, since ICF assumed that almost no EV charging occurs during the peak 
electricity demand period, as well as no change in reserve margin to address increased resiliency and 
reliability concerns on a winter peaking system highly reliant on renewable power sources. 
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transmission and distribution costs above the level supported by current rates in part 

because the required information is not public. However, there are reasons to believe it 

is likely these costs are large. The District’s Sustainable Energy Utility evaluation 

assumes that lowering peak demand saves transmission and distribution costs of 

$258/kW per year; 90% of these costs are distribution costs.72 If $258/kW is applied to 

the conservative projection of increased peak demand in 2050 of 50%, this would add 

approximately $0.3 billion per year in costs. This would be equivalent to approximately 

$2.8 billion in cumulative costs from 2032 to 2050, thereby increasing Case 3 (Policy-

Driven Electrification) costs to over $9.3 billion from $6.5 billion. If added, it would make 

the Policy-Driven Electrification Case 144% more costly than the Fuel Neutral Case, 

versus the 70% shown in the main study results.    

ICF did not include an estimate of the full increase in electricity 

distribution, and transmission costs. However, these costs may be 

significant, and the District should consider further study of the potential 

cost increases and overall feasibility before a decision to pursue major 

electrification policies.  

▪ It will be challenging and expensive to make the power system as resilient during winter 

storms, or other contingencies, as the combination of the power and natural gas delivery 

systems is now. The natural gas system is entirely underground, and not subject to the 

same risks as electrical infrastructure during winter conditions, especially extreme winter 

storms. An attempt to increase peak winter resiliency in a power-only system would likely 

involve higher power reserve margins than currently employed, greater undergrounding, 

added requirements for local sourcing of power generation, and additional resiliency of 

power transmission and distribution systems, including possibly a local grid or micro-grid 

capable of independent operation. None of these costs are included in this analysis.  

Resiliency refers to events that are not likely but have large impacts. Resiliency is already a 

matter of concern to the District, including the ability to function during major winter storms, 

and as the nation’s capital, maintain both critical federal and local government services. 

Currently, the District of Columbia is seeking to quantify resiliency benefits.73 

One of the implications of the Policy Driven Electrification scenario is that the existing natural 

gas distribution system in the District is likely to become non-viable by the end of the analysis, 

 

72 TetraTech. (2017). Evaluation of the District of Columbia Sustainable Energy Utility - FY2016 Annual 
Evaluation Report for the Performance Benchmarks (Final Draft). Madison, WI, USA. See page 31, and 
33. The DC SEU uses this study in determining the amount of cost that every kW of demand avoided 
saves annually– i.e. the distribution and transmission capacity cost is $257/kW-year ($231/kw year for 
distribution and $27/kW year for transmission). The $0.3 billion per year assumes the reverse is true, 
namely that adding to peak electricity demand also increases costs.     
73 Comments to Notice Of Inquiry (NOI) submitted on November 12, 2019, by the District of Columbia 
Department of Energy and the Environment, recommend the establishment of benefit-cost test that 
accounts for the cost of resiliency, on page 3, see also pages 14-17, In the Matter of the Implementation 
of the 2019 Clean Energy DC Omnibus Act Compliance Requirements, Matter No. GD-2019-04-m. See 
also, “First Report from the Commission on Climate Change and Resiliency. First Report to the District of 
Columbia October 15, 2019”. 
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requiring the termination of natural gas service in the District and the decommissioning of the 

natural gas distribution system.  This will entail the abandonment of a long term investment in 

energy infrastructure that currently serves 165,000 residential households and businesses that 

rely on natural gas for space heating, water heating, cooking, and other applications.  The 

natural gas distribution system has proven to be a reliable, resilient, and economic source of 

both annual and peak winter energy used in the District of Columbia.  These characteristics of 

the existing natural gas distribution system would need to be replaced by enhancements to the 

electric power grid if the natural gas distribution system is shut down.  At this time, the cost of 

replacing these characteristics is unknown, and the reliability of a replacement system is 

uncertain.  While some of the electric technologies that would be needed, including large scale 

electricity storage (batteries), are available, no one has yet implemented these technologies to 

fully replace a major North American natural gas distribution system, or has evaluated the costs 

and reliability of implementing these technologies in conjunction with a power grid that is based 

primarily on renewable power.  

Overall, replacing the energy system reliability and resiliency provided by the natural gas 

distribution system would be an extremely challenging, uncertain and costly process, especially 

if the broader power grid in the regions around the District of Columbia adopt RPS policies 

similar to the District’s. This study did not attempt to quantify these challenges.  

4.8 Other Considerations 

4.8.1 Importance of a Diversified Technology Approach 

A diversified energy system also reduces the risks associated with the long-term uncertainty in 

the costs of Renewable Energy Credits (RECs) and other costs associated with the target of 

100% renewable electricity sourcing. The District’s 100% RPS by 2032 is higher than any other 

state in the region and well above the PJM average RPS. If the level of the grid wide RPS 

requirements outside of the District increases, the costs of the RECs to District consumers are 

likely to increase as well. This is in part because the same amount of capital will be required for 

renewables that are increasingly devoted to displacing peaking fossil generation with lower per 

kW emissions leading to expected increases in the $/ton and $/MWh premium.74 Currently, the 

District has first mover advantage to lock in low cost renewable options.75 Over time, if grid-wide 

RPS or electrification levels increase, the costs of incremental REC and electrification options 

could be much higher. If this happens, a diversified set of decarbonization options could be 

especially preferred. 

 

74 Another related phenomenon is the increasing cost of storage as the amount of storage capacity 
required increases. As the capacity of storage increases as a share of total capacity, it must be able to 
operate more hours to accommodate the loss of fossil thermal generation and to accommodate prolonged 
lack of intermittent output. 
75 The level of federal subsidies has also been decreasing and is scheduled to further decrease, 
increasing the advantage of near-term reductions.    
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4.8.2 RECs Purchase Costs and Risk 

There are several critical aspects involving the reliance on RECs that need to be understood to 

keep study results in context.  

The production costs modeled in IPM® are optimized to find the lowest cost pathways to 

produce the required electricity within the outlined case constraints and the limitations of the 

power transmission and generation system. The $2.4 Billion production cost total for 2020-2050 

in the Policy-Driven Electrification Case represents the lowest possible cost to generate the 

required incremental power, considering new and existing generation options across regions 

connected by existing transmission capacity. This is the standard metric of the incremental 

production costs and benefits of a policy and hence we employ this approach. But consumers in 

the District will not necessarily be paying the actual costs to generate that electricity. There are 

two broad categories of reasons why there might be a deviation. 

First, if the market is efficient, the District would have to contract to obtain renewable power at 

average cost. More generally, the District’s power sector costs will be dictated by the mix of 

long-term renewable contracts that are signed, versus the portion of their compliance 

requirements that will rely on paying spot market prices to purchase both incremental electricity 

and Renewable Energy Credit (REC) requirements. These market prices will fluctuate 

significantly with supply and demand for RECs. If instead the District purchases short term, and 

the market is in equilibrium, RECs might be available at marginal costs rather than average 

costs and hence at a higher cost. Alternatively, if there is excess capacity, prices might be 

available at less than average costs.   

Second, mark-ups, profit margins, contracting costs, or choice of non-optimal generation options 

all could result in actual power sector costs being higher than the production costs reported 

here.  

Critically, the District’s energy consumption is relatively small compared to the broader PJM 

region, where most of the District’s energy and RECs come from. Less than 3 TWh of 

generation is added by 2050, representing approximately 0.3% of PJM’s 2050 generation. While 

the District’s small footprint relative to PJM offers it the opportunity to draw from the energy and 

RECs produced in the wider PJM region, electrification and more aggressive RPS’ in the 

broader District, Maryland, and Virginia portions also served by WGL (DMV) region or other 

PJM states would decrease this supply and drive up costs for the District. REC prices could go 

from roughly $8/MWh to $17/MWh if more of the states within PJM adopted more aggressive 

Clean Energy Standards for their power generation sectors.  

The cost impacts discussed for each case are incremental to the BAU Case. The cost impacts 

presented in this study for incremental REC purchases covers only the new electric demand in 

each case and would be in addition to the costs to purchase RECs to meet BAU Case electricity 

consumption in 2050. 

4.8.3 Methane Offsets 

The amount of methane offsets needed to meet the carbon neutral policy objective has been 

kept low by design, in keeping with the interpretation that the District’s intent is to decrease 



Opportunities for Evolving the Natural Gas Distribution Business to Support DC’s Climate Goals 

 

ICF Technical Study Report  60 

 

emissions directly related to the District’s energy use and to encourage an innovative approach 

and business model incorporating a diverse combination of technologies that could decarbonize 

emissions from the District’s current natural gas consumption. For this reason, we are including 

future technology options which could completely eliminate the need for offsets in the Fuel 

Neutral approach. 

Furthermore, the Fuel Neutral Decarbonization Case includes only a small volume of offsets – 

meeting around 4% of the natural gas emissions reduction target. This is slightly less than the 

amount of offsets required in the Policy-Driven Electrification Case.  

However, methane offsets are much lower cost than the other options considered here. This is 

because, as reviewed earlier we are using a methane emissions factor that is 28 times GWP of 

CO2. Every ton of methane that would otherwise have been released has 28 times the impact of 

decreasing natural gas use which would otherwise result in the release of CO2 via combustion. 

If capturing and burning methane that otherwise would have been released into the atmosphere 

costs $10-20/MMBtu more than natural gas, this results in a cost of $6.4 to $12.8/ton of CO2 

equivalent.76,77  In comparison, the average costs in the Policy-Driven Electrification and Fuel 

Neutral Decarbonization Cases are $286/ton, and $194/ton, respectively, and therefore are as 

much as 45 times more costly. Marginal costs in these cases are even higher than the average 

costs.  

Methods and costs of obtaining RNG include the capture of methane that would otherwise have 

been released. As noted, the emission rate of RNG is assumed to be zero, and not the 

offsetting of methane release. The pursuit of RNG may create expertise in identifying offset 

possibilities.   

Another benefit of methane offsets is that it would permit greater usage of the gas system 

thereby further decreasing stranded costs.   

Once again, that was not the approach taken in this study, where carbon emissions offset use is 

modest, as the focus here was showing how energy deliveries using WGL’s distribution system 

can achieve a carbon neutral pathway, not developing the optimized low-cost solution to 

reducing global GHG emissions (which may significantly rely on offsets). 

4.8.4 Rate Impacts 

The cost estimates for the different decarbonization cases shown above reflect many of the 

incremental costs associated with implementation of the different approaches to reducing GHG 

emissions. However, the incremental costs included in the ICF analysis are not the only cost 

increases that consumers should expect to pay as part of the decarbonization efforts. 

 

76 $10/MMBtu divided by 27 x 116 lbs. CO2 per MMBtu of natural gas equals $6.4/ton. 27 is used rather 
than 28 because the methane is not fully avoided; it is assumed to be burned. The cost would be lower if 
it were entirely prevented.   
77 There is a wide range of potential methane emissions factors depending on the methodology used and 
the impact time frame considered.  A higher methane emissions factor would reduce the costs of GHG 
emissions reductions based on the use of methane offsets. 
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Consumers are also likely to pay higher rates for both electricity and natural gas due to “sunk” 

cost allocations that are not reflected in the ICF analysis of incremental production costs.  

Natural Gas Distribution System Rate Increases 

On the natural gas side, per therm distribution rates have been held constant throughout the 

analysis. However, as natural gas throughput declines relative to the BAU case, distribution 

rates will need to increase in order to recover the utility cost of service. We have not increased 

natural distribution rates to reflect this increase since the costs behind the increase are sunk 

and would not be considered incremental.   

The reduction in throughput associated with each of the decarbonization cases will lead to an 

under-recovery of natural gas distribution system cost of service under the current rate 

structure. Under current District of Columbia utility regulatory policies, natural gas distribution 

rates would need to be increased to allow the utility to recover these costs.  

Since the Policy-Driven Electrification Case leads to a much larger decline in system throughput 

than the Fuel Neutral Case, the under-recovery of the cost of service is much larger. Absent any 

change to the regulatory framework under which utilities recover their cost of service, ICF has 

estimated the under-recovery of utility cost of service for the Policy-Driven Electrification Case 

to be about $1 billion higher than in the Fuel Neutral Case, for the period from 2020 through 

2050.  

In addition, the Policy-Driven Electrification Case is likely to lead to the shut-down and 

decommissioning of the natural gas distribution system, leading to significant stranded assets 

and unrecovered ratebase for the gas distribution system that would need to be recovered. 78 If 

stranded costs are added to give a measure of the incremental challenges of Policy-Driven 

Electrification Case over the Fuel Neutral Decarbonization Case, recognizing the difference in 

the type of costs, the Policy-Driven Electrification Case could become more than twice as costly 

as the Fuel Neutral Decarbonization Case.   

Electricity Distribution System Rate Impacts 

On the electricity side, the growth in load combined with the shift from a summer peaking utility 

system to a winter peaking utility system, as well as with the need to address the reliability and 

resilience issues discussed previously, is expected to lead to significant new investments in the 

electricity distribution system in the District. The analysis partially considered the impact of the 

growth in power load on distribution costs by using existing retail power rates to assess the cost 

impact to consumers of increasing electricity consumption; so utility revenue increases as 

 

78 A full transition away from the gas distribution system would also require additional customer transition 
costs for the 4% of customers remaining on the system in 2050. These customers are expected to include 
the most difficult and expensive customers to transition away from natural gas.  
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throughput increases. However, we do not expect that the increase in revenue at current retail 

rates will be sufficient to fund the necessary power grid upgrades. 

While a realistic assessment of these costs should be a critical input when evaluating the 

alternative approaches to decarbonization, estimating the costs associated with this type 

of growth in the power grid was beyond the scope of the ICF analysis.  

4.8.5 Summary of Other Potential Cost Impacts 

The main study results include estimates of cumulative incremental costs that cover the impacts 

to power generation production costs, transportation sector costs, buildings sector costs 

including incremental appliance costs and conversion costs, natural gas utility gas supply costs 

and costs associated with implementation of the tactics included in WGL’s Climate Business 

Plan, and consumer energy costs. However, there are a range of additional cost implications for 

the different policy options that have not been added into the main study results. 

ICF’s initial estimates of these cost components are shown in Table 9, below the costs that are 

included in the main study results.   

Table 9. Comparison of Additional Cumulative 2020 to 2050 Cost Elements Beyond Those Evaluated in Scenarios ($2018 millions) 

 
 

This table compares the Policy-Driven Electrification and Fuel Neutral Decarbonization Cases, 

highlighting several types of costs that are not quantitatively included in the main analysis, 

including unrecovered cost of service, stranded assets, and other unaccounted for customer 

costs. These costs are challenging to estimate and have different levels of uncertainty so have 

not been added into the main study results.  

Impact

Policy Driven 

Electrification 

Case

Fuel Neutral 

Decarbonization 

Case

Additional Costs in  

Policy Driven 

Electrification 

Case

Cumulative Incremental Costs in Study Results  (Million$) 6,532 3,843 +2,690

High Level Estimation of Transmission and Distribution 

Costs to Accommodate Peak Demand Growth – Using 

SEU Approach 

$2,800 +/- 0 +$2,800 +/-

Unrecovered Cost of Service 2020-2050 (at Current Rates) $4,600 +/- $3,600 +/- +$1,100 +/-

Stranded Rate Base in 2050
1,500 to $2,100     

or more
0

+$1,500 to $2,100 

or more

Final Customer Transition Costs $800 +/- 0 + $800 +/-

System Decommissioning Costs + Unknown 0 + Unknown

Reliability and Resiliency Costs + Unknown 0 + Unknown

BAU Costs of 100% RPS – Not Included in incremental 

Power Generation Production Costs
+ Unknown + Unknown Negligible
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▪ Electric System Transmission and Distribution Costs – Estimation of the costs of 

expanding the District’s electrical grid to meet the growth in peak demand associated with 

the transition to a winter peak utility in the Policy-Driven Electrification Case was beyond the 

scope of this analysis. However, these costs are likely to be significant.  We project peak 

demand to increase by 50% and electrical energy demand by 22% by 2050 in the Policy-

Driven Electrification Case. We estimated these costs for illustrative purposes by using the 

District’s SEU methodology: ramping up from zero to approximately $0.3 billion per year in 

2050, for a cumulative 2032 to 2050 cost of approximately $2.8 billion. The Fuel Neutral 

Decarbonization Case avoids these costs. The costs and feasibility of accommodating this 

increase should be assessed before going forward with Policy-Driven Electrification policies. 

While these costs are more uncertain than the cost included in our estimate, they reflect 

increased production costs and once assessed should be included – i.e. it is apples to 

apples with the going forward production cost estimates ICF calculated for the power sector.    

▪ Cost of Natural Gas System Stranded Assets – Implementation of the Policy-Driven 

Electrification Case likely would lead to the termination of most or all of natural gas service 

in the District of Columbia by 2050. Given current depreciation policies in the District of 

Columbia, as well as the necessity for incremental investments needed to maintain a safe 

and reliable system throughout the termination of natural gas service, we anticipate 

significant remaining unrecovered rate base. The costs of these stranded assets represent 

costs that must be recovered under current policy. While it is challenging to estimate what 

these costs will be by 2050, our initial estimate is that they would be more than $1.5 billion. 

These costs would be incurred only in the Policy-Driven Electrification Case. 

▪ Final Customer Transition Costs – In the Policy-Driven Electrification Case about four 

percent of the total natural gas system customers remain on the natural gas system in 2050. 

The gas distribution system is unlikely to be viable to maintain at the level of throughput that 

would be supported by these customers. Hence these customers would need to be 

transitioned off the natural gas distribution system. These customers are likely to be the 

most challenging and costly customers to transition away from natural gas. ICF estimates 

that the cost of transitioning these customers away from natural gas, in order to allow the 

decommissioning of the gas system, would cost at least $800 million.  These costs would 

not be incurred in the Fuel Neutral Decarbonization Case. 

▪ System Decommissioning Costs – In the Policy-Driven Electrification Case, by 2050, the 

throughput on the natural gas distribution system is unlikely to be sufficient to support the 

operation of the natural gas distribution system, and hence, the system would need to be 

shut down and decommissioned. The incremental costs of this shutdown have not been 

estimated. In some cases, the costs could be incurred by customers in other jurisdictions 

that rely on gas traveling through the DC portion of WGL and sharing of WGL fixed costs. 

The Fuel Neutral Decarbonization Case avoids these costs because the volume is sufficient 

to keep the system in operation. Once estimated some of these costs would be going 

forward production costs that should be added to the Policy-Driven Electrification Case. 

Other costs would be transfers. 

▪ Reliability and Resilience Costs – The shut-down of the gas delivery system decreases 

the reliability and resiliency of the District’s energy delivery system during the winter. The 

District, which currently relies on, and has paid for the development of, three energy delivery 
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systems, electricity, natural gas and oil, would be eliminating the current energy system that 

currently is most determinative of the health and safety of the public during the winter. The 

District would be eliminating the only entirely underground delivery system, and replacing it 

with a system, electricity, that continues to lack economic long-term seasonal storage. 

Furthermore, it would shift its peak electrical demand period to precisely the time that 

minimizes the effectiveness of the large ongoing investments in solar. Solar energy output 

drops significantly during the winter, especially when snow and clouds block solar 

irradiance. The costs of lost reliability and resiliency resulting from the loss of one complete 

energy delivery system have not been estimated but could be especially high given the 

District’s importance as the nation’s capital, and the high value placed on public health and 

safety during winter storms. Once estimated, these costs would be going forward production 

costs that should be added to the Policy-Driven Electrification Case. 

▪ Cost of 100% RPS – The analysis assumes that the BAU 100% RPS costs are sunk.  Also, 

this study provides no estimate of this cost. Thus, there is no significant difference across 

cases. However, users of the report might inadvertently fail to realize that these costs are 

excluded, and we are using this opportunity to highlight these costs. The costs are additional 

costs that will be borne by the District, at the same time the District is addressing the 

increased transmission, distribution, and stranded costs estimated in the above discussion. 

This increases the importance of taking advantage of economizing opportunities in part 

because of the size of the cost burden and the challenge of achieving an equitable 

distribution of these costs across the District’s many and diverse stakeholders.  

Each of these items represents an important issue that needs to be considered in the 

determination of appropriate decarbonization policy. Based on the initial ICF analysis, the Fuel 

Neutral Decarbonization approach is preferred relative to the Policy-Driven Electrification Case 

in each of the categories in Table 9, either due to lower cost impacts or greater system reliability 

and resilience. 
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5. Sectoral Approaches and Impacts 

5.1 Buildings Sector 

5.1.1 Approach and Assumptions 

Projecting residential and commercial sector emissions and emission reduction costs is a case 

driven accounting exercise based on projected energy use and the emissions intensity of fuels. 

Challenges with this type of approach include: 

▪ Interactions between different emission reduction measures 

▪ Estimating costs for different customer types and emissions reductions measures 

▪ Accounting for impacts to other sectors and the allocation of infrastructure costs 

The study approach began with the creation of a reference case (BAU) that included projected 

energy-use and GHG emissions by end-use within each sector and sub-segment. The approach 

considers key parameters such as: 

▪ Projected residential housing and commercial building stocks 

▪ Technology used for electric conversions  

▪ Fuel emissions intensity 

▪ Expected equipment efficiency & types of conversions 

▪ Commercial and residential sector energy use by end-use and type of building 

This study uses four separate cases, each with unique drivers, to analyze the different 

strategies to achieve targeted emissions reductions. Key drivers for each case are detailed 

below in Table 10.   

Table 10. Buildings Sector Case Descriptions and Drivers 

Name Approach Buildings Sector Drivers 

Case 1: 

Business as Usual 

Establishing current trends and 

100% RPS 

▪ Continued increases in natural gas residential and 

commercial customers 

▪ Increasing natural gas energy efficiency that offsets customer 

growth 

Case 2: 

Partial Decarbonization 

Low-cost decarbonization 

measures 

▪ Continued increases in natural gas residential and 

commercial customers 

▪ Increased natural gas energy efficiency investments, 

including gas heat pumps 

▪ Decarbonization of gas supply with relatively low-cost RNG 

volumes 

Case 3: 

Policy-Driven Electrification 

Electrification as the primary 

means for decarbonization 

▪ Electrification of all end-uses and sub-segments of buildings 

▪ Assumed improvements in electric heat pump costs and 

performance 

▪ Declining natural gas customer base 
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Name Approach Buildings Sector Drivers 

Case 4: 

Fuel Neutral Decarbonization 

Multi-fuel strategy approach to 

decarbonization 

▪ Large focus on natural gas energy efficiency investments and 

new gas technology developments like gas heat pumps 

▪ Multiple fuel decarbonization approaches, including RNG and 

Hydrogen 

▪ Targeted electrification of space heating with gas-electric 

hybrid systems 

▪ Stable, to growing natural gas customer base  

▪ Sharply reduced natural gas usage per customer 

Buildings Sector Treatment  

Given the size and heterogeneous nature of the building stock, a one-size-fits all modelling 

approach does not allow for the full evaluation of emissions reduction strategies and their 

impacts on District of Columbia consumers. To perform the detailed review of the building sector 

and analyze the impacts of each emissions reduction policy and approach, the study divided the 

building stock into the following categories:  

▪ Construction Status: The study used the EIA’s outlook for residential households and 

commercial businesses to develop and outlook for the existing building stock, retirements, 

and new construction.  

▪ Building Type: For the residential sector, each building was grouped into one of three 

categories: Single-Family Attached, Single-Family Detached, and Multifamily (i.e. 

apartments). For the commercial sector, each building was grouped into one of six 

categories: Food Service, Hospitals / Other Health Care, Retail / Lodging, Education, Office 

Buildings, and an Other Building category. 

▪ Primary Fuel Use: Each building was segmented by the primary space heating fuel, either 

natural gas, propane/fuel oil, electricity, or other. Under Case 3, any buildings converted to 

electricity were assumed to have all energy use converted to electricity, while in Case 4 only 

space heating use was converted. All households are assumed to have an existing 

connection to the electric grid. 

▪ Heating, Ventilation and Air Conditioning (HVAC) System: Using information from the 

EIA’s Residential Energy Consumption (REC) Survey and the Commercial Building Energy 

Consumption (CBEC) Survey, each building was categorized into four categories: Forced Air 

Furnace & Air-Conditioning (A/C), Non-Forced Air Furnace & A/C, Forced Air Furnace & No 

A/C, and Non-Forced Air Furnace & No A/C.  

The costs to convert an existing building from a fossil fuel system to an electric system were 

dependent on the classification of the building by the four separate categories detailed above. 

Generally, it is more expensive to convert an existing building from fossil fuels to an electric-only 

system than the cost difference between those systems in new building construction.  

All new construction for the residential and commercial sectors was assumed to meet current 

construction standards, utilize natural gas or electricity as the primary heating fuel, and to have 

a forced air furnace and A/C system. The costs of policies for new construction were derived 

from the comparison of buildings with natural gas and electricity as the primary heating fuel 

choice. 
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Treatment of Residential Households 

In 2017, there were a total of 278,000 households in the District of Columbia, of which roughly 

55% use natural gas as their primary energy source for space heating. Across WGL’s service 

territory in the broader DMV region there are a total of nearly 2.1 million households. Table 11 

summarizes the 2017 residential building stock in the DMV region by primary space heating 

fuel. 

Table 11. Breakout of Residential Households by Primary Space Heating Fuels in the WGL’s Service Territory 

Region  Total Natural Gas 
Propane / Fuel 

Oil 
Electricity Other 

District of Columbia 277,985  151,447  7,768  113,208  5,562  

Virginia WGL Service Area 916,699  480,650  49,611  371,512  14,926  

Maryland WGL Service Area 891,684  422,971  75,946  375,896  16,871  

DMV Region Total 2,086,368  1,055,068  133,325  860,616  37,359  

 

Multifamily residences account for the largest share of residential units in the District, with large 

multifamily units accounting for 46% total units and multifamily units of 10 or less units 

accounting for 17%. Detached Single Family units account for the smallest share of building 

types with just 13% of the District’s total.  

Despite recent growth, the District’s residential housing stock is relatively old, with over 40% of 

the residential units built prior to 1980 and 35% built from 1980 to 1999. The study assumes that 

all new construction, across all cases, will be limited to installing Forced Air Furnace & A/C 

HVAC systems with the primary space heating fuel differing by case. 

Treatment of the Commercial Building Stock 

There are roughly 700,000 commercial businesses in the District, which encompass 

approximately 270 million square feet of commercial floor space and employs nearly 450,000 

people. In addition, there is over 55 million square feet of floor space owned or operated by the 

Federal Government.  

The commercial building stock was categorized into six different business types. These 

categories included, Government, Health Care / Education, Retail / Lodging, Manufacturing, 

Office Buildings, and an Other Building category – shown in Figure 31. 
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Figure 31. Breakout (%) of Commercial Floor Space by Business Type in the District of Columbia 

 

For each category an average energy usage profile was created for space heating, water 

heating, cooking, and other energy uses. Based on the case, each commercial category and 

end-use appliance was either converted to electricity, as in Case 3, or converted to a natural 

gas-electric hybrid space heating system, as in the Fuel Neutral Decarbonization case. 

Building Sector’s Incremental Impact to the Electric Grid from Electrification 

Impacts to power generation requirements from electrification will differ by season, month, day, 

and hour, as well as by the electric technology appliance used and the end-uses that are 

electrified. The assumptions for each of these factors can result in varied impact to the electric 

grid from electrification measures. The results below used the following key assumptions for 

each case:  

▪ The Partial Decarbonization Case assumed that electrification would be limited to the 

transportation sector, and instead included a series of measures to reduce gas consumption 

in the buildings sector and reduce the emissions intensity of the natural gas supply. 

▪ The Policy-Driven Electrification Case assumed that electrification would include new 

construction in the residential and commercial sectors from 2025 and beyond, and that over 

95% of the buildings in the District of Columbia would be fully converted to electric 

appliances by 2050. The case assumed that electric space heating equipment used would 

be a high-efficiency Air-Source Heat Pump (ASHP).79  

▪ The Fuel Neutral Decarbonization Case assumed that, in buildings, only space heating 

would be subject to electrification efforts. The case assumed that some buildings would be 

converted from a natural gas space heating system to a gas-electric hybrid space heating 

system that utilized existing natural gas equipment along with a newly installed high-

 

79 Over the study period, the average annual Coefficient of Performance (COP) modeled for space 
heating ASHP’s was 3.25 and the average peak day COP modeled for those ASHP’s was 1.9. The 
average annual COP modeled for water heating electric conversions was 2.0, while buildings fuel 
demand outside of space and water heating was converted to electric equipment with a COP of 1.0.  

Retail / Lodging
12%

Offices
48%

Health Care / 
Education

17%

Manufacturing
5%

Government
17%

Other
1%



Opportunities for Evolving the Natural Gas Distribution Business to Support DC’s Climate Goals 

 

ICF Technical Study Report  69 

 

efficiency ASHP. By 2050, nearly 40% of WGL’s residential customers and 20% of their 

commercial customers in the District would have a hybrid space heating system installed. 

For reference, around 38% of WGL’s residential and commercial customers would instead 

be converted to gas heat pumps by 2050 in this case. 

Natural Gas Energy Efficiency80 

Typically, energy-efficiency programs focus on the most efficient savings first, with incremental 

energy-efficiency savings becoming progressively more expensive with higher annual savings 

targets and penetration levels. As such, energy efficiency costs are likely to increase as energy-

efficiency targets become more aggressive. The assumed cost and emissions reduction 

potential of the natural gas energy-efficiency programs, detailed in the Table 12, are based on 

the following key assumptions:  

▪ The cost of savings increases both over the program lifetime, as well as with increasing 

annual savings targets, such as the higher targets in the Fuel Neutral Decarbonization 

Case.  

▪ The annual savings from the natural gas energy-efficiency programs achieved in each year 

is held constant throughout the study period. 

▪ The commercial natural gas energy-efficiency measures are priced at 75% of residential 

energy-efficiency program costs.  

For the natural gas energy-efficiency measures, the Business as Usual Case includes limited 

energy-efficiency improvements as part of the baseline consumption outlook for the residential 

and commercial sectors. The natural gas energy-efficiency savings for the Partial 

Decarbonization and the Fuel Neutral Decarbonization Cases are assumed to be incremental 

savings from the baseline established in the BAU Case. There are no incremental natural gas 

energy-efficiency programs in the Policy-Driven Electrification Case. 

Table 12 shows the assumed natural gas energy-efficiency program assumptions and demand 

reduction targets. There are three major programs assumed in this case, a residential natural 

gas energy efficiency program, a commercial customer natural gas energy efficiency program, 

and a residential customer behavioral program. By 2050, it is assumed that nearly every WGL 

Customer will participant in one of these three programs.  

By 2050, natural gas energy-efficiency measures in the Fuel Neutral Decarbonization Case 

result in a reduction of 0.25 million metric tons of CO2 emissions by 2050. This is equivalent to 

roughly 38 Bcf of natural gas demand or 29% of the 2017 GHG emissions from natural gas. 

Table 12. Annual Reduction in Natural Gas Use for the Fuel Neutral Decarbonization per Building Retrofit 

Total Savings by Period Residential Sector Commercial Sector 

2020 to 2025 13% 21% 

2026 to 2039 25% 29% 

2040 to 2050 38% 38% 

 

 

80 Given that the District has a 100% RPS requirement, electric appliance use is assumed to not have a 
GHG emission impact. As such, changes in electric energy efficiency assumed that annual energy-
efficiency targets would be met across each case and target level. 
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In the Fuel Neutral Decarbonization Case, the average per customer cost of natural gas energy 

efficiency measures from 2020 to 2050 are: 

▪ $7,008 per residential customer 

▪ $33,792 per commercial customer 

The Partial Decarbonization Case uses the same assumptions as the Fuel Neutral 

Decarbonization Case with the exception that there are half the number of participants in these 

programs per-year. As a result, by 2050 natural gas energy efficiency measures result in 

reduction of 0.1 million metric tons of CO2 emissions in the Partial Decarbonization Case. 

5.1.2 Building Sector Case Results 

Treatment of Natural Gas Customer Meters and Usage 

As a result of the decarbonization policies outlined in the prior section, each case will have a 

different natural gas customer count and usage profile. The changes in WGL’s number of 

customer meters and their average usage are shown in Figure 32 and Figure 33, and key 

details are summarized below: 

▪ Business as Usual Case: Commercial natural gas meters in the District will increase from 

9,978 in 2018 to 10,074 meters by 2050, while residential meters increase from 153,691 to 

163,637 over the same period.  

▪ Partial Decarbonization Case: Compared to the BAU case, there is an increase in WGL 

customer meters from the conversion of fuel oil and propane residences. By 2050, there are 

173,405 residential meters and 10,074 commercial meters on the natural gas system. By 

2050, roughly 19% of these residential and commercial customers will be using a gas heat 

pump. In this case, average per customer natural gas use rises as larger customers face 

more barriers to electrification and convert more slowly.   

▪ Policy-Driven Electrification Case: Under this case, natural gas use is forced out of the 

District in favor of electric appliances. From 2020 to 2050, nearly 97% of WGL’s residential 

and commercial meters will be electrified, resulting in less than 7,500 customer meters in 

2050.  

▪ Fuel Neutral Decarbonization Case: Compared to the BAU case, there is an increase in 

WGL customer meters from the conversion of fuel oil and propane residences. By 2050, 

there are 173,405 residential meters and 10,074 commercial meters on the natural gas 

system. Of these customers, roughly 40% of residential and 20% of commercial customers 

will be using a natural gas-electric hybrid space heating system by 2050, while 38% of 

residential and commercial customers will be using gas heat pumps. 
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Figure 32. Number of WGL Customer Meters in the District of Columbia 

 
 

Figure 33. Average WGL Customer’s Natural Gas Use by Case in the District of Columbia 

 

 

Building Sector Electric Grid Impact 

The full peak electric impacts from the building sector do not necessarily add directly to the 

District’s total electric peak requirements. Instead, the existing energy demand profile, which 

includes differences between peak summer and peak winter demand, and the impact of 

electrification in other sectors will also impact power generation requirements (i.e. some new 

electric loads will occur at the existing peak times on the grid, while others may fill in valleys or 

lower demand periods on the system).  

Table 13 shows the incremental buildings sector electric demand and the peak hour system 

impacts for each case in the District of Columbia.  

▪ In the Partial Decarbonization Case, the District has limited electrification impacts from the 

buildings sector, with no natural gas to electric space heating conversions.  
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▪ In the Policy-Driven Electrification Case, electrification of the building sector in the District 

results in an incremental peak electric demand of 2.4 GW by 2050. 

▪ The use of natural gas-electric hybrid space heating systems in the Fuel Neutral 

Decarbonization Case results in a peak electric system impact of 0.39 GW in the District. 

Based on these buildings sector impacts and other electrification impacts from the 

transportation sector, the District remains summer peaking in the Fuel Neutral Decarbonization 

Case and shifts to winter peaking in the Policy-Driven Electrification Case.  

Table 13. District of Columbia Electric Grid Impacts from the Residential and Commercial Sectors 

Case  Incremental Annual Electric Demand (GWh) 

Year Sector 2025 2030 2032 2035 2040 2050 

Partial 
Decarbonization 

Residential 0 0 0 0 0 0 

Commercial 0 0 0 0 0 0 

Policy-Driven 
Electrification 

Residential 117 592 792 1,092 1,447 1,559 

Commercial 75 366 490 676 718 774 

Fuel Neutral 
Decarbonization 

Residential 16 143 183 245 338 351 

Commercial 6 56 72 96 85 89 

   Incremental Peak Winter Electric Demand Impact (GW) 

Year  2025 2030 2032 2035 2040 2050 

Partial 
Decarbonization 

Residential 0 0 0 0 0 0 

Commercial 0 0 0 0 0 0 

Policy-Driven 
Electrification 

Residential 0.17 0.70 1.01 1.48 1.68 1.68 

Commercial 0.10 0.38 0.55 0.80 0.74 0.74 

Fuel Neutral 
Decarbonization 

Residential 0.01 0.11 0.15 0.21 0.30 0.31 

Commercial 0.00 0.03 0.04 0.06 0.06 0.06 

  

Building Sector Emissions Levels 

Table 14 shows the emissions reductions for the residential and commercial building sectors. 

Under the Business as Usual Case, building sector emissions are expected to remain flat from 

2017 levels over the next several years and face long-term declines. Emission reductions in this 

case are the result of a slowing growth in customer meters combined with ongoing 

improvements in building energy envelopes and appliance efficiency.  

The Partial Decarbonization Case, which includes natural gas energy efficiency, gas heat 

pumps, and RNG achieves an emissions reduction of 0.89 million metric tons of CO2 from 2006 

levels.  

The Policy-Driven Electrification Case is one of the two cases that achieve net carbon neutrality 

by 2050. The direct emissions from the building sector under this case decline to 0.12 million 

metric tons of CO2 by 2050. Modest amounts of offsets are used to reach carbon neutral 

emissions.  

The Fuel Neutral Decarbonization Case is the second case that will achieve net carbon 

neutrality by 2050. There is significantly more natural gas usage under this case than in Case 3, 

however, the use of low carbon supplies reduced the carbon intensity of the natural gas 

consumed. As a result, emissions from natural gas use in the building sector decline to 0.065 
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million metric tons of CO2 by 2050. Modest amounts of offsets are used to achieve carbon 

neutrality. 

Table 14. Residential and Commercial Sector Emissions81 

Case Sector 2006 2020 2030 2032 2040 2050 

Business As Usual 

Building Sector Total 1.76 1.39 1.31 1.30 1.26 1.21 

Residential  0.85 0.80 0.80 0.77 0.73 

Commercial  0.54 0.51 0.51 0.50 0.49 

Required Offsets  0.00 0.00 0.00 0.00 0.00 

Partial Decarbonization 

Building Sector Total   1.39   1.20   1.15   1.03   0.89  

Residential   0.85   0.73   0.70   0.62   0.54  

Commercial   0.54   0.47   0.45   0.41   0.36  

Required Offsets  0.00 0.00 0.00 0.00 0.00 

Policy-Driven Electrification  

Building Sector Total  1.29 1.06 0.93 0.48 0.12 

Residential  0.79 0.66 0.56 0.26 0.05 

Commercial  0.50 0.41 0.37 0.22 0.06 

Required Offsets  0.00 0.00 0.00 0.00 -0.12 

Fuel Neutral Decarbonization 

Building Sector Total   1.39   1.02   0.90   0.54   0.07  

Residential   0.84   0.62   0.55   0.32   0.04  

Commercial   0.54   0.40   0.35   0.21   0.03  

Required Offsets  0.00 0.00 0.00 0.00 -0.07 

 

Building Sector Costs 

The Partial Decarbonization Case, which does not meet the District’s emissions reduction 

target by 2050, has the lowest cost due to the focus on lower cost decarbonization measures. 

This case increases natural gas energy efficiency investments, which are often the most cost-

effective form of emission reduction opportunities, and relatively modest RNG volumes (roughly 

10% of 2050 gas demand) keep the incremental RNG costs down. Incremental buildings sector 

costs to the District’s residents rise to $89 million from 2020 to 2050.  

Between the two cases designed to reach the District’s emissions reduction target by 2050, the 

Policy-Driven Electrification Case has the largest change in direct consumer costs82 with a total 

cost impact of $3,799 million, compared to a cost of $2,916 million for the Fuel Neutral 

Decarbonization Case. For both of these cases, the change in the consumer’s capital and 

installation costs represent the largest share of total costs.  

The Policy-Driven Electrification case capital and installation costs are the highest of all the 

cases, due in part to the high number of buildings electrified and the higher per-structure 

conversion costs associated with the installation of not only ASHP space heating systems, but 

in most cases also the conversion of other appliances from natural gas to electricity. From 2020 

to 2050, a total of $1,922 million will be spent on new appliances and building retrofit costs to 

convert 158,600 residential households and 9,670 commercial customers from natural gas to all 

electric.  

The Fuel Neutral Decarbonization shows an increase in consumer costs from fuel 

expenditures. This is the result of the cost premium associated with RNG and other low carbon 

 

81 Modest amounts of offsets are used in Case 3 and Case 4 to reach carbon neutrality by 2050 for 
natural gas use in the building sector. 
82 These costs include equipment purchase and conversion costs, customer energy bill changes based 
on existing rates, and incremental costs for low carbon natural gas supply. 
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fuels, as well as incremental costs associated with increased electricity purchases from the gas-

electric hybrid space heating systems. The incremental electricity purchases are negative 

because of electricity cost savings for customers installing CHP units. 

The Fuel Neutral Decarbonization Case’s capital and installation cost increases are associated 

with the installation of natural gas-electric hybrid systems, and the conversion of propane and 

fuel oil households, and CHP systems in the commercial sector. While having the highest costs 

associated with demand reduction measures, this case also has relatively low capital and retrofit 

costs associated with the installation of the hybrid space heating systems, totaling just $693 

million from 2020 to 2050. The cost of the energy efficiency programs for the Fuel Neutral 

Decarbonization Case is $1,756 million from 2020 to 2050, and includes gas heat pump costs, 

CHP installation and O&M costs, and the costs of utility incentives. 

Table 15 below shows the change in residential and commercial sector costs from 2020 to 

2050, by major category and type, for each case.  

 Table 15. Change in Building Sector Costs by Cost Category ($2018 million) 83  

Sub-Category Partial Decarbonization 
Policy-Driven 
Electrification  

Fuel Neutral 
Decarbonization 

Fuel Costs -406 1878 467 

Certified Natural Gas 30 0 24 

Natural Gas Purchases -603 -4298 -721 

Incremental Electricity Purchases 0 6175 -358 

Premium for RNG/P2G/Hydrogen 166 0 1522 

Equipment and Retrofit Costs 0 1922 693 

Residential Equipment and Retrofit Costs 0 1108 381 

Commercial Equipment and Retrofit Costs 0 814 312 

Energy Efficiency Programs 495 0 1756 

Residential Energy Efficiency Programs 382 0 763 

Commercial Energy Efficiency Programs 114 0 227 

Combined Heat & Power (CHP) 0 0 766 

Total Building Sector Costs  89 3799 2916 

 

5.2 Transportation Sector 

The transportation sector is a leading contributor to the DMV region’s GHG emissions.84 The 

region currently consumes about two billion gallons of gasoline and another 450 million gallons 

of diesel annually in the light-, medium-, and heavy-duty transportation sectors. The DMV region 

 

83 These costs include the direct policy costs to residential and commercial customer from the retrofit of a 

household’s HVAC system and appliance purchases. They do not include any costs associated with the 

power generation or the required expansion of transmission and distribution systems. The electrification 

of the residential and commercial sectors has a large impact on the total electric demand and electric 

system requirements in Case 3. The costs of meeting this load are considered in the projection of electric 

system costs.  

84 Metropolitan Washington Community-Wide Greenhouse Gas Emissions Inventory Summary 

https://www.mwcog.org/documents/2016/04/22/metropolitan-washington-community-wide-greenhouse-gas-emissions-inventory-summary--greenhouse-gas/


Opportunities for Evolving the Natural Gas Distribution Business to Support DC’s Climate Goals 

 

ICF Technical Study Report  75 

 

is a reformulated gasoline market, which means that the gasoline consumed is gasoline blend 

stock with 10% (by volume) ethanol.  

There are over four million light-duty vehicles (LDVs) on the road today in the DMV region, of 

which 3.1% are hybrid vehicles and 0.6% are plug-in electric vehicles. Within the medium- and 

heavy-duty segments, there are just over 110,000 vehicles. A summary of the current regional 

vehicle population is provided in Table 16, covering both the District and other parts of WGL’s 

service territory.  

Table 16. Existing Regional Vehicle Population by State, Vehicle Category, and Fuel Type (July 2019)85 

Region Vehicle Class Gasoline Diesel 
Natural 

Gas 
Electric 

Plug-In 

Hybrid 
Total 

District of 

Columbia 

Light Duty 342,696 2,642 211 1,306 1,131 347,986 

Medium Duty 2,272 2,578 5 - - 4,855 

Heavy Duty 864 3,334 785 14 - 4,997 

Maryland WGL 

Service Area 

Light Duty 1,755,469 20,836 125 5,561 4,625 1,786,616 

Medium Duty 10,878 24,549 1 3 - 35,431 

Heavy Duty 146 15,937 202 - - 16,285 

Virginia WGL 

Service Area 

Light Duty 1,918,853 21,244 114 7,136 5,097 1,952,444 

Medium Duty 9,524 20,443 23 - - 29,990 

Heavy Duty 156 18,549 95 - - 18,800 

 

Reducing GHG emissions in this sector is of prime importance to achieving the region’s 

emissions reduction targets. Improvements in vehicle efficiency and reductions in vehicle miles 

traveled will not be sufficient to achieve the 80% reduction target. Instead, widespread 

electrification of transportation and/or fuel decarbonization will be required, as modelled for this 

study. 

5.2.1 Approach and Assumptions 

ICF developed an analysis tool, tailored to the DMV region, which quantifies the emissions and 

cost impacts of user-defined paths to clean vehicle and fuels implementation that lead to deep 

GHG reductions in the transportation sector. The tool characterizes a baseline case that reflects 

the vehicle population, travel activity, emissions, and costs of the region assuming expected 

technology changes and implementation of all currently adopted rules and regulations, but no 

additional rules and regulations. The tool then allows characterization of alternative cases that 

modify the baseline vehicle and fuel assumptions in order to explore the emissions and cost 

impacts of these cases.  

A summary of the key drivers for the transportation sector in each of the study cases are 

detailed in Table 17.   

  

 

85 Vehicle registration data purchased from IHS Markit. 
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Table 17. Transportation Sector Case Descriptions and Drivers 

Name Approach Transport Sector Drivers 

Case 1: 

Business as Usual 
Establishing current trends 

▪ Improvements to Federal CAFÉ standards based on current 

legislation.  

▪ Limited LDV electrification and low-carbon fuel adoption. 

Case 2: 

Partial Decarbonization 

Low-cost decarbonization 

measures 

▪ 50% of LDV purchases in 2050 are electric or hybrid vehicles 

▪ 25% of MDV and HDV purchases in 2050 are EVs 

Case 3: 

Policy-Driven Electrification 

Electrification as the primary 

means for decarbonization 

▪ Same transportation sector assumptions used for Cases 3 and 4. 

▪ Aggressive improvements in Federal CAFÉ standards and 

local/regional support for EV purchases. 

▪ Aggressive Light-Duty Vehicle electrification, reaching 70% of 

new vehicles by 2040. 

▪ Increased electrification of the Medium-Duty Vehicle and Heavy-

Duty Vehicle segments, including Municipal fleet electrification.  

▪ Limited use of low-carbon fuels in the Heavy-Duty Vehicle sector. 

Case 4: 

Fuel Neutral Decarbonization 

Multi-fuel strategy approach 

to decarbonization 

ICF Transportation Analysis 

The ICF transportation analysis is based on a vehicle stock model that covers all on-road 

vehicles, including light, medium, and heavy-duty vehicles. No off-road vehicles or equipment 

are included in the analysis. ICF purchased vehicle registration data from IHS Markit to use as 

the basis of the stock turn over model. The data is representative of all vehicles registered in the 

study region as of July 2019. The data includes vehicle population by county, model year, gross 

vehicle weight, and fuel type.  

For forecasting future years, the model’s baseline projections are based on estimates from the 

Metropolitan Washington Council of Governments (MWCOG) Long-Range Transportation Plan: 

Visualize 2045.86 MWCOG provided 2019 and 2045 vehicle populations and vehicle miles 

traveled (VMT) for the region. The data for years 2046-2050 were estimated by applying the 

trend of the 2019 to 2045 time period. VMT per vehicle was calculated using data provided by 

MWCOG by dividing total VMT by vehicle population for each MOVES category. VMT per 

vehicle for our modeling categories were calculated using a weighted average by population for 

2019 and 2045. The interim years were estimated using linear interpolation. Calendar year 

2046-2050 were estimated by continuing the trend of the previous 26 years. Baseline 

projections for the fuel type of vehicles sales out to 2050 was based on AEO projections for the 

South Atlantic region.  

We obtained gasoline and diesel fuel economy estimates by vehicle type and model year from 

California Air Resources Board’s (CARB) latest emissions model, EMFAC2017. EMFAC is the 

model approved by the U.S. EPA for air quality planning purposes in California and is widely 

used for emissions analyses in the state. EMFAC is based on an extensive database of current 

and forecast vehicle information. EMFAC data reflects federal laws, regulations, and legislative 

actions adopted as of December 201787, including federal fuel economy standards. The fuel 

 

86 MWCOG, Visualize 2045 A Long-Range Transportation Plans for the National Capital Region. 
https://www.mwcog.org/assets/1/28/Visualize_2045_Plan_2018_10_23_No_Crops_Single.pdf 
87 CARB, EMFAC2017 Volume III – Technical Documentation. 
https://ww3.arb.ca.gov/msei/downloads/emfac2017-volume-iii-technical-documentation.pdf 

https://www.mwcog.org/assets/1/28/Visualize_2045_Plan_2018_10_23_No_Crops_Single.pdf
https://ww3.arb.ca.gov/msei/downloads/emfac2017-volume-iii-technical-documentation.pdf
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economy for natural gas and electric vehicles were calculated by applying the energy economy 

ratio (EER) to the fuel economy of the gasoline or diesel vehicle of the same vehicle category. 

The EER is a dimensionless ratio that accounts for the differing energy efficiency of powertrains 

that use various fuels.88 

Transportation electrification impacts for the District were conservatively assumed to be 

proportional to 9% of the total in the MWCOG, based on the District’s share of vehicles in the 

region.  

Greenhouse gas emissions are calculated on a tailpipe basis using the carbon intensity values 

for each fuel type. Carbon dioxide emissions from biogenic fuels are counted as zero. Only 

operating emissions of methane and nitrous oxide are counted for these biogenic fuels. 

Transportation Cost Assumptions 

To evaluate the total costs associated with each case modeled, ICF developed estimates for the 

categories detailed below. These categories reflect the capital, operations, and maintenance 

costs associated with incorporating alternative fuel vehicles into the on-road fleet, providing a 

means to compare the costs and savings associated with the adoption of various vehicle 

technologies. Cost assumptions are primarily adopted from publicly available government 

datasets, tools, and publications. Additionally, these assumptions are held constant across all 

cases assessed in this study.  

Vehicle purchase costs 

Gasoline, diesel, and natural gas vehicle price forecasts were sourced from EIA’s AEO. For 

electric vehicles (EVs), we included some sensitivity analysis around purchase prices, as this is 

a main driver in transportation sector costs. ICF developed a base EV price forecast, and a low 

EV price sensitivity, for each vehicle class, as shown in Figure 34, Figure 35, and Figure 36. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

88 CARB, Analyses Supporting the Addition or Revision of Energy Economy Ratio Values for the 
Proposed LCFS Amendments, 2018a. https://www.arb.ca.gov/regact/2018/lcfs18/apph.pdf 

https://www.arb.ca.gov/regact/2018/lcfs18/apph.pdf
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Figure 34. Light-duty Gasoline and Electric Vehicle Purchase Price 
 

 
 

Figure 35. Medium-duty Diesel and Gasoline Vehicle Purchase Price 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Opportunities for Evolving the Natural Gas Distribution Business to Support DC’s Climate Goals 

 

ICF Technical Study Report  79 

 

Figure 36. Heavy-duty Diesel and Electric Vehicle Purchase Prices 

 

EVs reach or get close to reaching price parity with conventional fuels by 2050 in the low-price 

sensitivity. The study team notes that there are far more bullish forecasts with respect to 

incremental EV pricing compared to conventional internal combustion engine vehicles in the 

literature. There are some pricing forecasts indicating price parity between EVs and 

conventional vehicles in the 2025 (or earlier) timeframe. 

Fuel costs 

Fuel costs are based on data from EIA. Gasoline, diesel, and natural gas prices are sourced 

from AEO projections. For electric vehicles, ICF developed a weighted average electricity rate 

for the study area based on EIA’s AEO price by state and the percentage of EVs in each state.89  

Table 18 presents the fuel price assumptions in the base year and five year increments out to 

2050.  

Table 18. Transportation Fuel Price Assumptions 

Fuel Type Unit 2019 2025 2030 2035 2040 2045 2050 

Gasoline $2018 per gge 2.92 3.15 3.36 3.48 3.58 3.62 3.66 

Diesel $2018 per dge 3.12 3.47 3.76 3.94 4.04 4.05 4.01 

Natural Gas $2018 per gge 1.81 1.72 1.68 1.64 1.61 1.62 1.67 

EV Residential $ per kWh 0.135 0.135 0.135 0.135 0.135 0.135 0.135 

EV Commercial $ per kWh 0.136 0.136 0.136 0.136 0.136 0.136 0.136 

Key: GGE = Gasoline Gallon Equivalent; DGE = Diesel Gallon Equivalent  

The study’s analysis did not include a detailed analysis of the potential distribution costs 

associated with deploying and utilizing charging infrastructure for EVs. As a result, the analysis 

has the potential to under-estimate transportation sector costs from electrification. 

The distribution impacts of EVs are linked to detailed assumptions about where, how, and for 

how long EVs charge and require robust estimates of the loadings on different distribution 

assets, which were beyond the scope of the study. These assumptions require more information 

 

89 https://www.eia.gov/electricity/sales_revenue_price/pdf/table4.pdf 

https://www.eia.gov/electricity/sales_revenue_price/pdf/table4.pdf
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regarding the distribution infrastructure in the DMV region than available to the study team; 

further, a detailed assessment requires a more robust consideration of where EVs are likely to 

be deployed in the state. 

Fueling infrastructure costs 

Many alternative fuels require new infrastructure for deployment. These costs are typically 

broken out into equipment costs, installation costs, and operation costs. 

For light-duty vehicles, gasoline blended with 15% ethanol (E15) provides a drop-in alternative 

to conventional gasoline with the provision of additional infrastructure. Signage, underground 

storage tanks (UST), and new or converted dispensers are needed to support E15 fueling. 

Converting a dispenser at a gas station to E15 without installing a new UST is approximately 

$4,800; a new UST is $115,000. Diesel blended with 20% biofuel (B20) can similarly be used as 

a drop-in fuel for diesel engines and requires similar infrastructure upgrades at conventional 

diesel fueling stations. Total conversion costs for four dispensers are assumed to be 

approximately $75,000. 

New natural gas stations that are capable of dispensing one million diesel gallon equivalent 

(DGE) per year are estimated to cost $1 million. On top of this $1 million capital expenditure, 

these station installation costs are projected to be $1 million per station with annual operation 

costs at $115,000 per year. These figures are expected to remain constant throughout the 

analysis period and are derived from DOE’s Costs Associated With Compressed Natural Gas 

Vehicle Fueling Infrastructure.90 Natural gas fueling stations will allow vehicles to be fueled with 

RNG and green hydrogen blends, providing another pathway to reduced transportation 

emissions.  

EV charging station deployment costs can vary widely depending on the throughput of the 

station, amount of available electrical capacity at the site, charging station features and 

software, and other factors. Residential L2 charging station and installation costs are expected 

to be $1,200 throughout the analysis period. Non-residential L2 station hardware and installation 

costs amount to approximately $9,500, with on-going operational costs of $1,200 per year. A 

50-kilowatt DCFC station hardware and installation costs are expected to remain near $75,000 

with an additional $2,500 devoted to operational expenses. Comparable hardware and 

installation costs for 200 kW DCFC stations are expected to be $105,000, with $5,500 dedicated 

to operational costs. However, hardware costs are expected to decline from $50,000 to $25,000 

in 2030 and remain unchanged through 2040, suggesting that production costs for fast charging 

will decrease as more DCFC stations are deployed. Table 19 summarizes the primary cost 

drivers for each fueling infrastructure type. 

 

 

 

 

 

90 https://afdc.energy.gov/files/u/publication/cng_infrastructure_costs.pdf  

https://afdc.energy.gov/files/u/publication/cng_infrastructure_costs.pdf
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Table 19 Fueling Infrastructure Installation and Equipment Costs 

Fuel/Technology Station Capacity 
Amount  
(AFDC) 

Lifetime  
(AFLEET) 

Installation Cost 
($2018) 

Cost per station 
($2018) 

Natural Gas 1 million dge / year 15-20 5-12 $1,000,000 $1,000,000 

Hydrogen 230 kg / day 0 20 $1,000,000 $2,800,000 

Residential L2 chargers 1 vehicle / station N/A N/A $3,000 $400-$6,500 

Non-residential L2 chargers 1 vehicle / station 103 7 $3,000 $400-$6,500 

Non-residential DCFC 2 vehicles / station 34 10 $21,000 $20,000-$36,000 

19 kW Charger 2 vehicle / station 0 20 $20,000 $5,000 

40 kW Charger 2 vehicle / station 0 20 $20,000 $8,000 

100 kW Charger 2 vehicle / station 0 20 $50,000 $20,000 

200 kW Charger 2 vehicle / station 0 20 $55,000 $50,000 

Conversion to E15 Station 4-6 2 20+ NA $119,800-$146,000 

Conversion to B20 Station 4-6 0 20+ NA $45,500 

  

We used NREL’s EVI-Pro Lite model to estimate the amount of infrastructure that would be 

required to support EV adoption subject to the following key assumptions: 

▪ 70% to 80% of EV charging occurs at home as either a Level 1 or a Level 2 charging 

station,  

▪ Level 2 charging infrastructure would be required at workplaces and publicly accessible 

locations, and  

▪ Direct Current (DC) fast charging infrastructure would be required along corridors for in-

route charging.  

Maintenance costs (for vehicles and infrastructure) 

Estimates of maintenance costs come from Argonne National Laboratory’s Alternative Fuel Life-

Cycle Environmental and Economic Transportation (AFLEET) Tool’s default maintenance 

values. AFLEET is commonly used to assess the emissions from and costs of operating 

vehicles via payback calculators and total cost of ownership calculators.91 Key inputs to the tool 

include vehicle location, type, fuel type, annual mileage, fuel economy, vehicle purchase price, 

and fuel prices. Maintenance costs include brake maintenance, oil changes, treatments or 

additives, scheduled inspections, and other repairs. Table 20 illustrates the total maintenance 

costs per mile by fuel type for the three main vehicle classes. 

 

91 https://greet.es.anl.gov/afleet_tool 

https://greet.es.anl.gov/afleet_tool
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Table 20. Maintenance Cost per VMT 

Vehicle Type \ Fuel Type Gasoline Diesel Natural Gas BEV PHEV 

Units $2018 Real per VMT 

Light duty  $0.14 $0.19 N/A $0.13 $0.13 

Medium duty  N/A $0.19 $0.19 $0.17 $0.16 

Heavy duty  N/A $0.19 $0.19 $0.17 $0.16 

Key: GAS = gasoline vehicle, DSL = diesel vehicle, NAG = natural gas vehicle, ELC = battery electric vehicle, PHV = 

plug-in hybrid vehicle 

Transportation Sector Electric Impact – Load Curves 

The study applied the load curves for EVs to assess peak impact. Charging profiles of EVs vary 

by vehicle class and options or incentives provided to customers by utilities. With residential 

time-of-use rates (TOU), EV owners are incentivized to charge their vehicles overnight via 

reduced rates. Without these incentives, it is expected that a portion of light-duty EV owners 

would charge at peak hours. The study assumes that 25% of LDVs follow the workplace 

charging load profile, while the remaining 75% of LDVs use residential chargers following the 

TOU profile. This assumption that all residential charging follows the off-peak TOU profile 

results in conservative estimates of transportation electrification peak demand in all cases. For 

buses, MDVs, and HDVs, charging profiles would vary by vocation and duty cycle, and the 

assumed profiles for each of these segments are shown below in Figure 37, based on a study 

by the California Electric Transportation Coalition.92  

Figure 37. Load Curves for Electric Vehicles 

 

Detailed Case Assumptions and Stock Turnover 

To evaluate a range of emissions reduction strategies for the transportation sector, the following 

assumptions were used for each case: 

 

92 CalETC. 2018. Medium-and Heavy-Duty Electrification in California. https://caletc.com/wp-
content/uploads/2019/01/Literature-Review_Final_December_2018.pdf 

0%

10%

20%

30%

40%

6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00 2:00 4:00

S
h

a
re

 o
f 
D

a
ily

 L
o

a
d

 (
%

)

Residential TOU Residential non-TOU Workplace

Medium Duty Vehicles Heavy Duty Vehicles Buses

https://caletc.com/wp-content/uploads/2019/01/Literature-Review_Final_December_2018.pdf
https://caletc.com/wp-content/uploads/2019/01/Literature-Review_Final_December_2018.pdf


Opportunities for Evolving the Natural Gas Distribution Business to Support DC’s Climate Goals 

 

ICF Technical Study Report  83 

 

▪ Case 1 – Business as Usual: Improved vehicle efficiency in accordance with fuel economy 

standards, modest deployment of EVs, liquid biofuels, and natural gas vehicle growth in 

accordance with AEO projections. 

▪ Case 2 – Partial Decarbonization: Electrification in the LDV and MD/HDV market 

segments that results in moderate electricity demand growth. 

▪ Case 3 – Policy-Driven Electrification: Electrification in the LDV and MD/HDV market 

segments that results in very high electricity demand growth. No increase in low carbon 

fuels.  

▪ Case 4 – Fuel Neutral Decarbonization: This case used the same assumptions for the 

transportation sector as the Policy-Driven Electrification Case.93 

More specific assumptions for each case are included in the following subsections. This 

information is presented for WGL’s service territory in the DMV region, while results for the 

District itself are estimated to be 9% of these totals.  

Case 1: Business as Usual 

In the Business as Usual Case, the transportation sector assumes conservative changes to 

fleet turnover for all vehicle market segments, with modest EV and natural gas vehicle (NGV) 

adoption in the DMV region, consistent with projections from the AEO and MWCOG. The BAU 

Case assumes gasoline demand declines due to implementation of the fuel economy and 

tailpipe GHG emissions standards previously promulgated by the Environmental Protection 

Agency (EPA) and National Highway Traffic Safety Administration (NHTSA). However, the BAU 

Case does not include the joint proposed rule from EPA and NHTSA that was issued in August 

2018 as the Safer Affordable Fuel-Efficient vehicles rule for model years 2021-2026, which 

would lower the fuel economy requirements that automobile manufacturers have to achieve 

over the next five to seven years.94 The BAU Case assumes decreased diesel consumption 

largely due to implementation of the Phase 2 standards95 for medium- and heavy-duty vehicles. 

Figure 38 and Figure 39 below show BAU fuel consumption and emissions estimates for the 

modeled time series.  

 

Case 2: Partial Decarbonization Case  

In the Partial Decarbonization Case, the study assumes roughly half the incremental 

transportation electrification included in the Policy-Driven Electrification and Fuel Neutral 

Decarbonization Cases. In the light-duty vehicle segment, EVs comprise 49% of new sales (2.1 

million EVs on the road) by 2050. It also includes greater electrification penetration rate in the 

 

93 While Case 4 uses the same transportation results as Case 3, this study did consider alternative 
emission reduction strategies, such as increased blending of low carbon liquid biofuels, higher blends of 
ethanol and biodiesel, and the use of renewable diesel, and RNG use for NGVs. However, to provide a 
direct comparison of the impacts of the emission reduction approaches for the Buildings Sector the 
electrification focused results are used for both Case 3 and Case 4. 
94 Federal Register, Vol 83, No 165, August 24, 2018, Available online at 
https://www.govinfo.gov/content/pkg/FR-2018-08-24/pdf/2018-16820.pdf.  
95 https://www.epa.gov/regulations-emissions-vehicles-and-engines/final-rule-greenhouse-gas-emissions-
and-fuel-efficiency 

https://www.govinfo.gov/content/pkg/FR-2018-08-24/pdf/2018-16820.pdf
https://www.epa.gov/regulations-emissions-vehicles-and-engines/final-rule-greenhouse-gas-emissions-and-fuel-efficiency
https://www.epa.gov/regulations-emissions-vehicles-and-engines/final-rule-greenhouse-gas-emissions-and-fuel-efficiency
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medium and heavy-duty vehicle segments, with 25% of all new vehicle sales being EVs by 

2050. Figure 44 and Figure 45 show light-duty vehicle sales and population through 2050 by 

fuel type. Figure 46 and Figure 47 show the same for the medium and heavy duty vehicles 

classes combined. 

 
Figure 38. Case 1 Business as Usual Fuel Consumption by Vehicle Class 

 
 

 

Figure 39. Case 1 Business as Usual CO2e emissions by Fuel Type 
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Figure 40. Case 2 – Light Duty Vehicle Sales by Fuel Type 

 
 

 

Figure 41. Case 2 – Light Duty Vehicle Population by Fuel Type 
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Figure 42. Case 2 – Medium and Heavy-Duty Vehicle Sales by Fuel Type 

 

 

Figure 43. Case 2 – Medium and Heavy-Duty Vehicle Population by Fuel Type 
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vehicle segments, with 50% of all new vehicle sales being EVs by 2050. Figure 44 and Figure 

45 show light-duty vehicle sales and population through 2050 by fuel type. Figure 46 and Figure 

47 show the same for the medium and heavy duty vehicles classes combined. 

  

This rapid electrification would require significant infrastructure investments, including 

investments in residential charging infrastructure, Level 2 charging infrastructure at workplaces 

and in publicly accessible places, and DC fast charging for battery electric vehicles. The study 

also assumed the deployment of higher-powered DC fast charging equipment for the medium 

and heavy-duty segments. 

Figure 44. Case 3 and Case 4 – Light Duty Vehicle Sales by Fuel Type 

 
 

Figure 45. Case 3 and Case 4 – Light Duty Vehicle Population by Fuel Type 
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Figure 46. Case 3 and Case 4 – Medium and Heavy-Duty Vehicle Sales by Fuel Type 

 

 

Figure 47. Case 3 and Case 4 – Medium and Heavy-Duty Vehicle Population by Fuel Type 

 

5.2.2 Transportation Sector Case Results 

Figure 48 presents the annual emissions curve for each case modeled. The BAU achieves a 

38% reduction in GHGs by 2050, while the Policy-Driven Electrification Case achieves a 68% 

reduction. Even with aggressive technology penetration assumptions, the transportation sector 

does not hit an 80% reduction target in GHG emissions by 2050.  

0

1

2

3

4

5

6

7

8

9

10

2020 2025 2030 2035 2040 2045 2050

V
e

h
ic

le
 S

a
le

s
 [
1

0
0

0
s
]

Gasoline Diesel Natural Gas Electric Plug-in Hybrid

0

20

40

60

80

100

120

140

160

2020 2025 2030 2035 2040 2045 2050

V
e

h
ic

le
 P

o
p

u
la

ti
o

n
 [
1

0
0

0
s
]

Gasoline Diesel Natural Gas Electric Plug-in Hybrid



Opportunities for Evolving the Natural Gas Distribution Business to Support DC’s Climate Goals 

 

ICF Technical Study Report  89 

 

Figure 48. Comparison of Annual Transportation Emissions in the District for Each Case 

  
 

Costs associated with deploying alternative fuel vehicles include the operations and 

maintenance costs of the vehicles, fueling infrastructure costs, and the capital cost differences 

between vehicle types. EVs have lower operating costs and consume less energy than internal 

combustion engines, which result in lower fuel costs. In Figure 49 we present a comparison of 

annual costs ($2018) for the BAU and electrification cases, including both the base EV price 

forecast and the low EV price sensitivity. By 2050 the transportation sector sees annual cost 

savings relative to the BAU for both the base EV price forecast and the low EV price sensitivity.  

Figure 50 presents the cumulative change in costs for the transportation sector by the major 

cost segment from 2020 to 2050, relative to the BAU Case, for the Partial Decarbonization, 

Policy-Driven Electrification, and Fuel Neutral Decarbonization Cases, with the base EV price 

forecast and the low EV price sensitivity.  

The study results indicate that transportation electrification has the potential to be a less costly 

form of emissions reductions and in some cases, may present an overall cost savings compared 

to the Business as Usual Case. The same levels and costs of transportation electrification are 

included in the Policy-Driven Electrification and Fuel Neutral Decarbonization Cases 3 and 4, so 

any reduction in costs from the low EV price sensitivity would have the same effect on costs for 

the two main carbon neutral pathways compared in this report. 
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Figure 49. Transportation Sector Annual Cost Comparisons for the District ($billions) 

 

 

Figure 50. 2050 Cumulative Costs Relative to Baseline by Case for the District ($billions) 
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5.3 Power Sector  

The District of Columbia is a net importer and receives most of its electricity from outside of its 

borders, from PJM.96 PJM is the federally regulated regional transmission system operator that 

coordinates the movement of wholesale electricity in all or parts of Delaware, Illinois, Indiana, 

Kentucky, Maryland, Michigan, New Jersey, North Carolina, Ohio, Pennsylvania, Tennessee, 

Virginia, West Virginia and the District of Columbia.97 The District’s primary renewable energy 

policy is its Renewable Portfolio Standard (RPS) which requires an escalating percentage of 

retail sales to be met with qualifying renewable energy generation. The District’s current RPS 

specifies a 100% renewable energy by 2032 target, with a solar carve out increasing to 10% by 

2041.98 The 100% RPS means that every MWh of retail sales needs to be accompanied by a 

Renewable Energy Credit (REC), where one credit represents one MWh of qualifying 

generation. RECs trade in an over-the-counter secondary market and qualify to meet the RPS 

requirements of several states and the District. It does not require the District to directly 

consume 100% renewable generation.99 

 

96 Although the name PJM is based on its original membership, over time the pool expanded, and the 
power pool extends from Illinois in the west to Virginia in the southeast. PJM has significant regional 
disaggregation including nodal electrical energy demand and pricing. It also has zonal capacity reserve 
requirements, with each zone requiring a specific percentage of generation be local. PJM zone (Pepco) is 
usually part of another zone or Locational Deliverability Area (Southwestern Mid-Atlantic Area Council, 
SWMAAC) which includes much of Maryland. 
97 https://www.pjm.com/about-pjm/who-we-are.aspx 
98 2020 RPS is 20% tier one PJM RECs and 1.7% solar. http://lims.dccouncil.us/Download/40667/B22-
0904-Introduction.pdf. 100% renewables greatly exceeds the average PJM renewable or “clean” 
generation. See table below. For example, solar and wind are expected in 2020 to equal approximately 
5% of PJM generation and by 2035 to equal approximately 11%. Eight PJM states (DE, IL, MD, MI, NC, 
NJ, OH) and DC have mandatory Renewable Portfolio Standard (RPS) targets, while IN and VA have 
voluntary targets. Two PJM states (MD, NJ) have mandated a combined total of 5 GW of offshore wind by 
2030, with proposals for an additional 4 GW in NJ and 2.5 GW in VA. Four PJM states (IL, MD, NJ, VA) 
have proposed 100% clean energy targets; only DC has a 100% clean energy standard.  NJ has a 2 GW 
storage requirement.  This analysis assumes no change in procurement as a result of the December 19, 
2019 FERC Order on the Minimum Offer Price Rule. For more information see 
https://insidelines.pjm.com/pjm-continues-stakeholder-sessions-on-capacity-market-order/. 
 
Percentage of Total PJM Generation 

   
 

 
Type 2020 2025 2030 2035 2040 2050   Definitions 

Wind/Solar 5.1% 8.4% 9.8% 10.5% 10.4% 10.8%   Wind/Solar only 

Renewable 7.3% 11.0% 11.9% 12.6% 12.9% 13.6%   Wind/Solar/Hydro/Biomass/Landfill 

Clean 31.2% 32.7% 32.9% 33.1% 33.2% 33.5%   Wind/Solar/Hydro/Biomass/Landfill/Nuclear 

 
99 Determining the exact supply of power to the District is a complex task requiring a rerunning of the PJM 
software with and without the District’s load which itself is approximately 34% of Pepco’s total load.  
Pepco’s remaining load is in Maryland suburbs of DC and Pepco does not own generation. 

https://www.pjm.com/about-pjm/who-we-are.aspx
http://lims.dccouncil.us/Download/40667/B22-0904-Introduction.pdf
http://lims.dccouncil.us/Download/40667/B22-0904-Introduction.pdf
https://insidelines.pjm.com/pjm-continues-stakeholder-sessions-on-capacity-market-order/
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5.3.1 Approach and Assumptions 

The assumptions used to evaluate the implications and impacts to energy emissions and costs 

in the District are outlined in Table 21. Higher electrification in certain cases does increase 

emissions in PJM by a small amount.  

Table 21. Power Sector Case Descriptions and Impacts 

Name Approach Power Sector Impacts 

Case 1: 

Business as Usual 
Establishing current trends 

As coal retires PJM emissions start to decrease, but 

demand growth and nuclear retirements in the mid-

term results in higher emissions over time in PJM.  

Case 2: 

Partial Decarbonization 
Low-cost decarbonization measures 

Modest levels of vehicle electrification in the District 

of Columbia lead to slight increases in PJM 

emissions (<0.1%) relative to the Business as Usual 

Case. 

Case 3: 

Policy-Driven Electrification 

Electrification as the primary means for 

decarbonization 

Higher electrification levels across the District leads 

to slight decreases in PJM emissions (<0.2%) 

relative to the Business as Usual Case.  

Case 4: 

Fuel Neutral Decarbonization 

Multi-fuel strategy approach to 

decarbonization 

Lower electrification levels in the District lead to 

slight decreases in PJM emissions, but at an even 

lower level compared to the Policy-Driven 

Electrification Case. 

 

The District is part of a broader electricity marketplace, so the impact of the regional 

electrification in most of the study cases is not sufficient to shift its PJM zone (Pepco) or 

Locational Deliverability Area (Southwestern Mid-Atlantic Area Council, SWMAAC) from a 

summer-peaking to a winter-peaking system. Therefore, the market’s excess generation 

capacity (relative to winter demand) can be used to meet the District’s increased winter 

generation capacity needs without creating a new zonal gross peak. However, this assumes 

that other nearby polities do not adopt electrification policies between now and 2050. While 

generation capacity may be adequate, if the District shifts to winter peaking and increases the 

District’s annual peak demand, it may require investments to upgrade the local electricity 

distribution and transmission systems.100 

The power generation requirements are calculated for each case using the following steps:  

1. The Business as Usual Case (Case 1) hourly demand is developed by fitting the 

historical hourly load profile to the 2019 PJM Load Forecast projected peak and energy 

demand over the forecast period.  

2. The Business as Usual Case levels of EV demand are added to the BAU Case hourly 

demand forecast to generate the final BAU Case load profile.  

3. For the other cases, the incremental hourly profiles for electrification specific to each 

case are developed for each sector and added to the BAU Case hourly demand profile 

 

100 Also, if the capacity zone becomes winter peaking, the solar contribution to reserve margin or local 
sourcing requirements could be lowered to zero percent of solar nameplate. 
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to derive new hourly load shapes. The shapes result in a new peak generation 

requirement. 

ICF’s Integrated Planning Model (IPM®) then solves for the incremental generation capacity and 

dispatch mix to meet these new peak and energy demand requirements, along with the resulting 

GHG emissions and costs implications. 

IPM® is a detailed engineering/economic capacity expansion and production-costing model of 

the power sector supported by an extensive database of every generator in the North America. 

It is a multi-region model that projects capacity expansion plans, unit dispatch and compliance 

decisions, and power and allowance prices, all based on power market fundamentals. IPM® 

explicitly considers gas, oil, and coal markets, power plant costs and performance 

characteristics, environmental constraints, renewable portfolio standards, CO2 emission 

regulations such as RGGI, and other power market fundamentals.  

5.3.2 Power Sector Case Results 

Key power sector results for PJM for each case are summarized in Table 22, followed by 

additional details and context on the topics below:  

▪ PJM Power Sector Generation Levels 

▪ PJM Power Sector Capacity Additions 

▪ PJM Power Sector Costs 

▪ PJM Power Sector Emissions Levels 

 
Table 22. Summary of Power Sector Case Results 

Business as Usual (Case 1) 

PJM meets its demand through a mix of nuclear, existing fossil, and increasing gas and renewable additions. New 

wind additions are mainly driven by offshore wind procurements. 

Under the Business as Usual Case, the District remains a summer-peaking system. 

Power Sector total production costs (2020-2050) for the PJM region are $964 billion. 

Partial Decarbonization (Case 2) 

Modest levels of transportation electrification lead to a similar generation mix in PJM as the Business as Usual 

Case. The increases in demand are largely met through increases in renewable generation in PJM. 

PJM emissions are similar to the Business as Usual Case in the District of Columbia. 

Under the Partial Decarbonization Case, the District remains a summer-peaking system. 

Power sector production costs increase by $0.1 billion from 2020 to 2050, relative to the Business as Usual Case. 
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Policy-Driven Electrification (Case 3)  

The Policy-Driven Electrification case has the highest power sector impact of all the cases studied – including both 

significant electrification of the transportation sector and aggressive electrification of the buildings sector.  

In the District of Columbia only case, most of the increased demand is captured under the District of Columbia 

RPS and is met largely through increases in PJM renewable generation. As a result, PJM emissions are similar to 

the Business as Usual Case. 

Under the Policy-Driven Electrification Case in the District of Columbia, the District becomes winter peaking 

(although the broader Pepco region remains summer peaking throughout the forecast period). 

PJM production costs increase by $2.4 billion from 2020 to 2050 relative to the Business as Usual Case in the 

District of Columbia. 

Fuel Neutral Decarbonization (Case 4) 

The Transportation sector electric impact is the same as the Policy-Driven Electrification Case. Electrification of 

the buildings sector is limited to space heating applications only, with the use of hybrid natural gas and electric 

space heating systems, which limit the peak day winter impacts. These changes result in a reduction in peak 

demand relative to the Policy-Driven Electrification Case, resulting in lower power sector costs. 

In the District of Columbia, PJM emissions are similar to the Business as Usual Case. 

Under the Fuel Neutral Decarbonization Case, the District remains summer peaking. 

PJM production costs increase by $0.6 billion from 2020 to 2050 relative to the Business as Usual Case in the 

District of Columbia. 

 

PJM Power Sector Generation Levels 

Figure 51 shows the PJM projected generation mix in the Business as Usual Case. Figure 52 

shows generation mix changes in 2050 for each case relative to the Business as Usual Case, 

for the District of Columbia. It should be noted that the scales for these two figures are very 

different, with the changes shown in Figure 52 representing a relatively small impact on the 

overall BAU PJM generation mix shown in Figure 51. Key results are detailed below.  

▪ Business as Usual Case: Demand growth is met largely through increased natural gas and 

renewable generation. 

▪ Partial Decarbonization Case: Increased demand relative to the Business as Usual Case 

is met through increased purchases of renewably generated electricity.  

▪ Policy-Driven Electrification Case: High levels of electrification result in increased 

renewable generation. 

▪ Fuel Neutral Decarbonization Case: Electrification assumptions result in limited impacts to 

generation compared to the Policy-Driven Electrification Case. Generation results are similar 

to the Partial Decarbonization Case.  

▪ For all cases: Natural gas and coal represent 66% of total PJM generation in 2050. 

Incremental electricity load from the decarbonization scenarios has minimal impact on the 

broader PJM market. For the District, less than 3 TWh of generation is added, representing 

0.3% of PJM generation.  
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Figure 51. Business as Usual PJM Generation Mix by Year 

 

 

 

Figure 52. Changes in the PJM Generation Mix from the BAU by 2050  
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PJM Power Sector Capacity Additions 

Across the cases, there are differences in new generation builds, based on the underlying 

electrification and power sector assumptions. Capacity additions incremental to the Business as 

Usual Case are mainly natural gas and renewables. Storage is largely built in order to comply 

with state’s storage mandates (that is, some states specifically require that a certain amount of 

storage capacity be added in addition to specifying a percentage of generation that must be 

renewable) and does not vary significantly between cases, as in all cases there is adequate 

dispatchable fossil power generation capacity to balance intermittent renewable generation. 

Figure 53 shows the projected PJM generation capacity additions for each case by generation 

type for the District of Columbia. Key results are detailed below.  

▪ Business as Usual Case: The largest capacity additions come from new natural gas. 

Renewable additions are mainly solar and offshore wind which is driven by mandates. The 

capacity additions in the BAU Case represent the vast majority of increased generation in all 

scenarios, which has significant implications for the power sector costs shown for each 

scenario (since costs are presented as incremental to the BAU Case, and do not include the 

increased costs from the BAU Case itself).  

▪ Partial Decarbonization Case: PJM buildout is similar to the Business as Usual Case, with 

some increase in solar additions. 

▪ Policy-Driven Electrification Case: Higher electrification demand in the District results in 

higher peak and generation requirements. PJM solar additions increase by 1.5 GW by 2050 

relative to the Business as Usual Case.  

▪ Fuel Neutral Decarbonization Case: Lower electrification compared to the Policy-Driven 

Electrification Case results in more limited generation additions.  

Figure 53. PJM Cumulative Capacity Additions by Type 

 

 

Incremental to BAU 
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PJM Power Sector Costs 

Across the cases, the different decarbonization cases and scopes modeled result in different 

costs. 

▪ Business as Usual Case: Total production costs increase slightly over the forecast horizon 

in real terms due to demand growth and increasing natural gas prices.101 

▪ Partial Decarbonization Case: Higher renewable additions lead to fuel savings in the long-

term, but also increase capital expenditures. 

▪ Policy-Driven Electrification Case: Higher electrification demand results in larger energy 

and peak demand. This results in an expansion of renewable builds, and in the DMV region 

case natural gas builds, which in turn drive power sector costs to the highest level across 

the four cases. 

▪ Fuel Neutral Decarbonization Case: Lower electrification demand relative to the Policy-

Driven Electrification Case results in lower energy and peak demand impacts and a 

decreased production cost impact. 

The above differences between cases result in cost differences, from changes in the type of 

new generation builds, fuel consumption, and total generation levels.  

Figure 54 shows the change in total power sector production costs relative to the Business as 

Usual Case for the District of Columbia. The Policy-Driven Electrification Case has the highest 

increase in capital expenditure, with total production costs increasing by $2.4 billion over the 

Business as Usual Case from 2020 to 2050. 

Figure 54. Change in PJM Total Production Cost by Case from 2020 to 2050 

 

 

101 Because the Business as Usual Case assumes current RPS increasing from 20% in 2020 to 100% in 
2032, the cost increases due to the RPS are not measured in any of the cases.  
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PJM Power Sector Emissions Levels 

Table 23 shows PJM Emissions in each case for the District of Columbia decarbonization 

cases. The impacts of the decarbonization cases in the District have limited impact on the 

broader PJM region’s power sector emissions. Relative to the BAU, power sector annual GHG 

emissions increase by 0.72 million short tons in Case 2, decrease by 1.9 million short tons in 

Case 3, and decrease by 0.31 million short tons in Case 4. 

Table 23. District of Columbia Decarbonization Cases - PJM Power Sector Emissions (Million Short Tons) 

Case 2020 2025 2030 2035 2040 2050 
Cumulative 

2020-2050 

Case 1: Business as Usual  396 367 372 377 380 385 11,728 

Case 2: Partial Decarbonization 396 367 372 377 380 385 11,728 

Case 3: Policy-Driven Electrification 396 367 372 377 379 385 11,726 

Case 4: Fuel Neutral Decarbonization 396 367 372 377 379 385 11,727 
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6. Study Implications 

Overall, ICF’s analysis of alternative approaches to reaching carbon neutrality in the District of 

Columbia supports the implementation of a fuel neutral approach to decarbonizing the building 

sector instead of an aggressive policy-driven electrification approach. The fuel neutral approach 

provides greater long-term flexibility, as well as holding down the costs of decarbonization, 

including costs102 associated with:  

▪ Power generation, transmission, and distribution. 

▪ Consumer energy purchases and building retrofits. 

▪ Natural gas system decommissioning. 

▪ Stranded assets on the natural gas distribution system. 

▪ Reliability and resiliency of the overall energy system. 

The key implications of the ICF study are summarized below: 

1) A significant share of the District of Columbia’s long-term energy and emissions 

reduction goals can be achieved reliably and at a modest incremental cost to current 

policy proposals. 
 

The Business As Usual Case, including the currently proposed 100% RPS, in combination 

with current energy efficiency trends and modest vehicle electrification that is likely to occur 

based on vehicle economics, will lead to emissions reductions of about 73% by 2032 and 

about 75% by 2050, relative to 2006 emissions, without incurring major energy infrastructure 

reliability or resiliency risks.103 
 

The Partial Decarbonization Case, builds off the BAU and adds a series of lower-cost 

decarbonization options, including further transportation electrification, increased building 

energy efficiency, gas heat pumps, and modest RNG supply volumes, and will lead to 

emissions reductions of about 79% by 2032 and about 82% by 2050, relative to 2006 

emissions, at a modest incremental cost to District of Columbia consumers, again without 

incurring major energy infrastructure reliability or resiliency risks. 
 

As a result, special attention to affordability and to the resiliency and reliability of the energy 

system in the District of Columbia is critical when planning for 2032 to 2050. The last 18% of 

the emission reductions needed to reach the carbon neutral policy objective will account for 

the vast majority of the total incremental compliance costs. 

 

2) Reaching the carbon neutral emissions goal by 2050 will require a reshaping of 

almost all aspects of energy use within the District. 
 

Changes in consumer energy consumption patterns, including reductions in vehicle miles 

traveled, time of use energy rates, changes in building codes and permitting practices to 

discourage energy demand, and other policies designed to reduce energy consumption by 

 

102 The ICF study cost analysis includes the costs associated with the first two of these cost components. 
103 A region-wide 100% RPS standard would result in potential region-wide electric power grid resiliency 
risks. 
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changing consumer behavior are likely to be necessary to meet the District of Columbia 

climate change policy objectives. These changes are likely to significantly increase the total 

cost of energy in the District of Columbia, particularly in the buildings sector. 

 

3) Greenhouse gas emissions attributed to natural gas delivered by the Washington Gas 

distribution system can be reduced by 50% relative to the 2006 District of Columbia 

emissions inventory by 2032 and to carbon neutral emissions by 2050 without 

eliminating the usefulness of the Washington Gas distribution system.  

ICF’s analysis indicates that Washington Gas and District of Columbia consumers can 

reduce the GHG emissions associated with the use of the natural gas distribution system to 

meet the District of Columbia climate objectives, based on a combination of programs 

designed to: 

▪ Reduce energy demand, including energy efficiency, implementation of new natural gas 

technologies including gas heat pumps, hybrid natural gas furnaces/electric heat pumps, 

and CHP. 

▪ Decarbonize natural gas supply, including replacement of conventional natural gas with 

RNG and green (made from renewable power) hydrogen. 

▪ Reduced methane leaks and fugitive emissions throughout the natural gas production, 

transportation, and distribution system through pipeline modernization, advanced leak 

detection and remediation, and upstream best practices.  

This would enable Washington Gas to deliver energy through the current distribution system 

consistent with a carbon neutral emissions policy by 2050. 

 

4) The cost of reaching carbon neutral emissions in the buildings sector by 

decarbonizing the existing Washington Gas natural gas distribution system will be 

significantly lower than the cost of reaching the same level of GHG emissions by 

electrifying building sector energy requirements and increasing the purchases of 

renewable power. 
 

The ICF study results suggest a multi-sector electrification strategy reliant on achieving high 

electrification penetration levels in the buildings sector is a more expensive emissions 

reduction strategy than one based on allowing consumer fuel choice in buildings. 
  

▪ Reducing emissions in the buildings sector through a Policy-Driven Electrification 

approach results in both the largest expansion of the electric grid and the corresponding 

elimination of consumer energy choice. 

▪ Across decarbonization cases, power sector costs account for a large share of the total 

costs to consumers, reflecting the transformational nature of the change needed from 

this sector to meet emissions reduction targets. 
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5) Reliance on electrification of the building sector to meet the 2050 emissions goal 

could sacrifice the reliability and resiliency of the energy system in the District of 

Columbia. 
 

Reliance on electrification of the building system to meet 2050 emissions goals will result in 

the need to significantly expand the current electric grid to meet peak winter space heating 

requirements and would eliminate the redundancy, reliability and resilience associated with 

reliance on two major energy delivery systems (gas and electric) to meet peak winter load.   
 

In addition, to date no one in North America has attempted to convert a major metropolitan 

energy system away from natural gas to renewable power. Currently, there is no established 

pathway to achieve the same reliability and resiliency of two energy delivery systems to 

meet winter peak space heating requirements using only the electric grid without significant 

increases in energy costs. 

 

6) An inflexible emissions reduction strategy that is reliant on achieving high consumer 

adoption and the penetration of new technologies is likely to result in higher costs 

An approach to reducing emissions in the building sector that focuses primarily on 

electrification of fossil fuel demand, such as the Policy-Driven Electrification Case, is likely to 

result in a costly emissions reduction strategy that would commit the District to an inflexible 

emission reduction approach, with limited ability to adapt to new technologies and 

approaches in the future. This type of approach is also contingent on achieving high 

penetration rates of new electric technologies and the large-scale conversion of appliances 

in existing buildings, despite the lack of experience with the implementation of these types of 

transformational policies on the scale that would be necessary. 

▪ This approach results in an expensive expansion of energy storage and generation 

requirements in the PJM, while future cost estimates and emission reductions are 

contingent on the assumption that electric technology performance improves relative to 

fossil-fuel based appliances which now provide significantly greater efficiency in hot 

water and space heating. 

▪ It will take multiple decades for the building stock to turn over. Converting a majority of 

existing buildings from natural gas or fuel oil to electric heating systems, which is needed 

to achieve the emission reduction targets in Policy-Driven Electrification Case, is a large, 

and expensive logistical challenge given the heterogeneous nature of the District’s 

building stock. 

 

7) The decline in throughput on the natural gas system in both the Fuel Neutral and 

Policy-Driven Electrification cases will require changes in rates and rate structures to 

assure recovery of the full cost of service, and in the Policy-Driven Electrification 

Case (but not in the Fuel Neutral Decarbonization Case) to address stranded assets 

and system transition costs related to the potential termination of natural gas service 

in the District. 

Without changes in gas system rates and cost recovery practices, ICF estimates that 

Washington Gas is likely to under recover the non-gas cost of service for the period 
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between 2020 and 2050 in both the Fuel Neutral Decarbonization and Policy-Driven 

Electrification Cases due to the decline in natural gas throughput. The necessary changes 

could include decoupling of throughput from cost recovery, restructuring of rates to reduce 

cost recovery related to throughput. The changes could also include cost sharing with the 

electricity customers when Washington Gas programs increase costs to gas consumers 

while reducing the cost impacts of decarbonization on electricity customers. The under 

recovery of the cost of service in the Policy-Driven Electrification Case would add an 

additional one billion dollars to the cost difference relative to the Fuel Neutral 

Decarbonization Case. 
 

The Policy-Driven Electrification Case is also likely to lead to the termination of service on 

the gas distribution system in the District. ICF estimates that this would lead to additional 

customer transition costs of around $800 million or more to convert the last remaining 

customers to electricity, and would lead to stranded assets of around $1.5 to $2.1 billion in 

unrecovered rate base in 2050, as well as distribution system decommissioning costs that 

have not been estimated. These costs would not be incurred in the Fuel Neutral 

Decarbonization Case as the natural gas distribution system remains used and useful.  

 

8) Alternative approaches to decarbonization are likely to have significantly different 

impacts on different customer groups, resulting in equity concerns. 

Reaching the carbon neutral emissions target by 2050 will result in significant increases in 

the cost of energy services to buildings sector consumers, and particularly to current 

Washington Gas customers. These costs will include both the increase in costs to the 

electricity sector that will be spread over all energy consumers, as well as the costs of 

reducing buildings sector emissions from the use of natural gas. The cost of reducing 

emissions from buildings sector natural gas use will fall primarily on current Washington Gas 

customers, particularly the lower income customers in older buildings that will be harder to 

update, leading to significant equity concerns with an approach that requires electrification 

of most of the building stock in the District. 

Regardless of the approach taken to decarbonization, these customers will see potentially 

significant cost increases. However, the cost impacts on these customers in the Fuel Neutral 

Decarbonization Case will be significantly lower than in the Policy-Driven Electrification 

Case.  

 

9) An adaptive and flexible approach to decarbonization provides market participants 

with more options to reduce emissions and to reduce costs 

While certain approaches to reducing carbon emissions, including promotion of energy 

efficiency and renewable power and partial conversion of the transportation sector to 

electricity will clearly play significant roles in climate change policy, in many areas it is still 

unclear which technologies and approaches are likely to result in the most cost-effective 

long-term emissions reduction approaches. 

▪ The utilization of multiple emissions reduction pathways and technologies, such as the 

approach reflected in the Fuel Neutral Decarbonization Case, can result in lower costs to 
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consumers through improvements in overall energy efficiency, the utilization of current 

infrastructure, and consequently the avoidance of expensive investments in new power 

sector infrastructure investments. 

▪ The emissions reduction approach that will best meet the District of Columbia climate 

objectives is likely to change over time and should be able to consider future regulatory 

structures, market developments, consumer behaviors, and technology innovations. 

 

10) There is likely to be a role for new and developing technologies to reduce future 

emissions 

Low-carbon fuel technologies, including currently available technologies such as renewable 

natural gas appear capable of playing a significant role in meeting emerging GHG emissions 

reductions targets, and, if promoted and developed, can provide a ceiling on the cost of 

reaching District of Columbia’s policy objectives. These technologies are expected to be 

available at costs equivalent to or lower than the cost of electrification of some fossil fuel 

end uses.  

In addition, technologies currently under development including green hydrogen, as well as 

direct air capture and conversion of carbon dioxide (CO2) to liquid and gaseous fuels, and 

power-to-gas (P2G) technologies, and other emerging technologies are likely to be 

developed and to become capable of contributing to reducing GHG emissions over time.   

Energy policy should be designed to promote the development of these technologies, rather 

than closing off the development opportunities for these technologies. In the absence of 

such new technology developments, further adoption of measures already included in the 

Fuel Neutral Decarbonization Case could also take a larger role to meeting emission 

reduction targets. 
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