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Glossary of Terms 

ASHP: Air-Source Heat Pump. 

BTU or Btu: British thermal unit. 1 BTU = 1,055 joules. 

Biomethane: Methane produced from organic matter, through anaerobic digestion or gasification. 

Bundled customers: Customers who receive both energy supply and delivery services from their local 

natural gas distribution utility. 

CAGR: Compound Annual Growth Rate. 

ccASHP: Cold-Climate Air-Source Heat Pump. 

CCS: Carbon Capture and Storage. A process that captures carbon dioxide before it enters the atmosphere 

and stores it for long periods of time. 

CDD: Cooling Degree Day(s). A measurement designed to quantify the demand for energy needed to cool 

buildings, based on the number of days and number of degrees where the temperature is above 65 

degrees Fahrenheit. 

CO2: Carbon dioxide. 

Consultants: E3 and ScottMadden. 

COP: Coefficient of Performance. A measure of efficiency for a heating or cooling appliance.  

CNG: Compressed Natural Gas. 

Decarbonization Pathways: Economywide transformations that result in emissions reductions over time, 

involving replacing end-use appliances with high efficiency models, electrifying end uses, employing 

efficiency measures, and decarbonizing fuel and electric supplies. Eight such pathways were developed 

by the Consultants for Massachusetts, all of which achieve the same economy-wide climate goals, i.e., 90% 

gross GHG reductions and net-zero GHGs by 2050 compared to 1990 levels,1 as well as interim statutory 

emissions reduction goals of 50% by 2030 and 75% by 2040.2 

ERM: Environmental Resources Management. Consultants contracted by the LDCs to facilitate the 

stakeholder process. 

Dunkelflaute: Multi-day periods with sustained low generation from weather-dependent renewables. 

D.P.U. or Department: Massachusetts Department of Public Utilities. 

D.P.U. 20-80: Docket Number referring to the investigation by the Department of Public Utilities on the 

role of local gas distribution companies as the Commonwealth achieves its 2050 climate goals. 

 

1 Consistent with the 2050 Roadmap, remaining emissions in 2050 are assumed to be netted off by carbon sinks to achieve carbon neutrality by 
2050. 

2 /ƘŀǇǘŜǊ у ƻŦ ǘƘŜ !Ŏǘǎ ƻŦ нлнмΣ άAn Act Creating a Next-Generation Roadmap for Massachusetts Climate Policyέ 

https://malegislature.gov/Laws/SessionLaws/Acts/2021/Chapter8
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E3: Energy and Environmental Economics, Inc. Consultants contracted by the LDCs to investigate 

decarbonization pathways and the role of gas LDCs. 

EIA: The U.S. Energy Information Administration. 

ELCC: Effective Load Carrying Capability. A metric used in electric system planning to assess the capacity 

value (reliability contribution) of a resource. 

EJ: Environmental Justice. 

Embedded gas system costs: The original costs of installed utility plant (physical gas system assets) on the 

Massachusetts gas distribution system less accumulated depreciation. Embedded gas system costs 

ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ǊŜŦŜǊ ǘƻ ǘƘŜ [5/ǎΩ ŀƎƎǊŜƎŀǘŜ ǾŀƭǳŜ ƻŦ ǊŀǘŜ ōŀǎŜΦ 

Energy efficiency: Energy saving measures. In this study, energy efficiency is a foundational component 

of all decarbonization pathways and include building shell efficiency improvements; electrification; in-kind, 

high-efficiency replacements; and industrial manufacturing efficiency. 

EV: Electric Vehicle. 

FERC: Federal Energy Regulatory Commission. An independent agency that regulates the interstate 

transmission of electricity, natural gas, and oil. 

GHG: Greenhouse Gas. 

GSEP: Gas System Enhancement Plans. The Gas Leaks Act passed in 2014 permitted gas distribution 

companies in Massachusetts to submit annual Gas System Enhancement Programs for replacement of 

aged infrastructure during the following calendar year.3  

GSHP: Ground-Source Heat Pump. 

GSP: Gross State Product. Gross domestic product of a state. 

GW: Gigawatt. One gigawatt is equal to one billion (1 × 109) watts. 

GWP: Global Warming Potential. Measures the amount of heat a gas absorbs over a given period of time, 

relative to the heat that would be absorbed by the same mass of carbon dioxide. 

HDD: Heating degree day(s). A measurement designed to quantify the demand for energy needed to heat 

buildings, based on the number of days and number of degrees where the temperature is below 65 

degrees Fahrenheit. 

Hybrid heat pump: An air-source heat pump that is paired with a gas furnace or fuel oil back-up. The 

backup can be powered by renewable fuels. 

Hybrid electrification: Electrification strategy that combines electric heat pumps with a gas back-up for 

space heating. 

H2: Hydrogen gas. 

 

3 See: https://www.mass.gov/lists/gseps-pursuant-to-2014-gas-leaks-act. 

https://www.mass.gov/lists/gseps-pursuant-to-2014-gas-leaks-act
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Interim 2030 CECP: Interim Clean Energy and Climate Plan for 2030 developed by the Massachusetts 

Executive Office of Energy and Environmental Affairs, released in December 2020.4  

ISO-NE: The Independent System Operator of New England. An independent organization that oversees 

ǘƘŜ ƻǇŜǊŀǘƛƻƴ ƻŦ bŜǿ 9ƴƎƭŀƴŘΩǎ ōǳƭƪ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǎȅǎǘŜƳΣ ŀŘƳƛƴƛǎǘŜǊǎ ǘƘŜ ǊŜƎƛƻƴΩǎ ŎƻƳǇŜǘƛǘƛǾŜ 

wholesale electricity markets, and manages the regional power system planning process. 

Large energy user: Customers that purchase large volumes of natural gas, including large commercial and 

industrial customers. These ŎǳǎǘƻƳŜǊǎ ŀǊŜ ǳǎǳŀƭƭȅ άŘŜƭƛǾŜǊȅ ƻƴƭȅέ ŎǳǎǘƻƳŜǊǎ that utilize an LDCs delivery 

service but procure natural gas separately. 

LDCs: The five Massachusetts gas local distribution companies: The Berkshire Gas Company ("Berkshire"), 

NSTAR Gas Company and Eversource Gas Company όά9ǾŜǊǎƻǳǊŎŜέύ, Liberty Utilities (New England Natural 

Gas Company) Corp. όάLibertyέύ, Boston Gas Company όάNational Gridέύ, and Fitchburg Gas & Electric Light 

Company όάUnitilέύ. 

LNG: Liquefied Natural Gas. 

Long-term capacity contracts: A pipeline or storage contract that provides firm capacity rights over a long 

period of time.   

kWh: Kilowatt-hour. 1 kWh = 3.6 × 106 joules. 

MassSave: An initiative in Massachusetts designed to provide services, incentives, trainings, and 

information promoting energy efficiency that help residents and businesses manage energy use and 

related costs. The initiative is a partnership between the Massachusetts Department of Energy Resources 

ŀƴŘ ǇǊƻƎǊŀƳ ǎǇƻƴǎƻǊǎΣ ƛƴŎƭǳŘƛƴƎ aŀǎǎŀŎƘǳǎŜǘǘǎΩ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ 

providers. 

Migrating or non-migrating customers: Gas customers that adopt όάƳƛƎǊŀǘƛƴƎ ŎǳǎǘƻƳŜǊǎέύ or do not 

adopt όάƴƻƴ-ƳƛƎǊŀǘƛƴƎ ŎǳǎǘƻƳŜǊǎέύ a decarbonization technology. Migrating customers do not necessarily 

depart from the gas system under this definition.   

Networked geothermal: A shared system of ground-source heat pumps that delivers heating and cooling 

through a network of pipes. 

O&M: Operations and Maintenance. 

PRM: Planning Reserve Margin. A metric used in electric system planning to ensure that there are 

adequate resources to meet forecasted load over time. 

Retail choice: Customer choice program that gives customers the option ǘƻ άǳƴōǳƴŘƭŜέ ǘƘŜƛǊ ƴŀǘǳǊŀƭ Ǝŀǎ 

service and purchase natural gas from a natural gas supplier/marketer that is different from the local 

natural gas utility.  

Renewable fuels: Umbrella term referring to renewably produced alternatives to fossil fuels. This includes 

renewable gases in the distribution system, as well as renewable fuels in the transportation sector.  

 

4 See: https://www.mass.gov/info-details/massachusetts-clean-energy-and-climate-plan-for-2025-and-2030. 

https://www.mass.gov/info-details/massachusetts-clean-energy-and-climate-plan-for-2025-and-2030
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Renewable gas: Umbrella term referring to renewably produced alternatives to natural gas that can be 

blended into the distribution pipeline system. Renewable gases include biomethane produced through 

anaerobic digestion or gasification, renewable hydrogen and Synthetic Natural Gas (SNG) produced from 

renewable hydrogen and a climate-neutral source of carbon.  

Renewable hydrogen: Hydrogen produced from electrolysis powered by renewable energy.  

Roadmap: The Massachusetts 2050 Decarbonization Roadmap study developed by the Executive Office 

of Energy and Environmental Affairs to explore strategies to reduce emissions and achieve the 

/ƻƳƳƻƴǿŜŀƭǘƘΩǎ ŎƭƛƳŀǘŜ Ǝƻŀƭǎ.5 

ScottMadden: ScottMadden, Inc. Consultants contracted by the LDCs to investigate decarbonization 

pathways and the role of gas LDCs. 

SEP: Stakeholder Engagement Plan developed by the LDCs and stakeholders in the D.P.U. 20-80 process. 

SNG: Synthetic Natural Gas. In this study, synthetic natural gas refers to methane that is chemically 

synthesized from renewable hydrogen and a climate-neutral source of carbon dioxide from biomass or 

Direct Air Capture. 

Therm: Unit of heat energy. 1 therm = 100,000 BTU. 

T&D: Transmission and Distribution. 

TBTU or TBtu: Trillion BTU. 

TRL: Technology Readiness Level. 

TWh: Terawatt-hour. 1 TWh = 1 ×109 kWh = 3.6 × 1015 joules. 

Utility gas plant: Physical assets owned by LDCs, including mains, meters & services, and storage facilities. 

 

 

  

 

5 See: https://www.mass.gov/info-details/ma-decarbonization-roadmap. 

https://www.mass.gov/info-details/ma-decarbonization-roadmap
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Executive Summary   

About this Report  

This report provides an independent assessment of the role of the Massachusetts Local Gas 
5ƛǎǘǊƛōǳǘƛƻƴ /ƻƳǇŀƴƛŜǎ όά[5/ǎέύ6 in helping the Commonwealth achieve its 2050 climate goals.  

9ƴŜǊƎȅ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 9ŎƻƴƻƳƛŎǎΣ LƴŎΦ όά9оέύ ŀƴŘ {ŎƻǘǘaŀŘŘŜƴ LƴŎΦ όά{ŎƻǘǘaŀŘŘŜƴέύ (collectively 
άǘƘŜ /ƻƴǎǳƭǘŀƴǘǎέύ were selected by the LDCs to develop this report in response to the Massachusetts 
5ŜǇŀǊǘƳŜƴǘ ƻŦ tǳōƭƛŎ ¦ǘƛƭƛǘƛŜǎ όάǘƘŜ 5ŜǇŀǊǘƳŜƴǘέ ƻǊ ά5ΦtΦ¦Φέ) Docket 20-80. The Docket was opened to 
άŜȄŀƳƛƴŜ ǘƘŜ ǊƻƭŜ ƻŦ aŀǎǎŀŎƘǳǎŜǘǘǎ Ǝŀǎ ƭƻŎŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ŎƻƳǇŀƴƛŜǎ όά[5/ǎέύ ƛƴ ƘŜƭǇƛƴƎ ǘƘŜ 
/ƻƳƳƻƴǿŜŀƭǘƘ ǘƻ ŀŎƘƛŜǾŜ ƛǘǎ нлрл ŎƭƛƳŀǘŜ Ǝƻŀƭǎέ anŘ άexplore strategies to enable the Commonwealth 
to move into its net-ȊŜǊƻ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ όάDIDέύ ŜƳƛǎǎƛƻƴǎ ŜƴŜǊƎȅ ŦǳǘǳǊŜΣ ǿƘƛƭŜ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ 
safeguarding ratepayer interests; ensuring safe, reliable, and cost-effective natural gas service; and 
potentially recasting the role of LDCs in the Commonwealthέ7.  

The Consultants developed an economy-wide analysis of eight decarbonization pathways for 
Massachusetts using analytical methods and data that are similar to the approach applied in the 
Massachusetts 20рл wƻŀŘƳŀǇ όάǘƘŜ wƻŀŘƳŀǇέύΦ !ll eight pathways achieve 90% gross GHG reductions 
and net zero GHGs by 2050 compared to 1990 levels8, as well as interim statutory GHG reduction goals of 
50% by 2030 and 75% by 2040.9 The pathways are designed to reflect different futures for the LDCs and 
their customers, ranging ŦǊƻƳ ƻƴƎƻƛƴƎ ǳǎŜ ƻŦ ǘƘŜ [5/ǎΩ distribution networks to 100% decommissioning 
of gas distribution infrastructure in the Commonwealth. 

These decarbonization pathways are not forecasts, nor do they result in a single preferred solution. 
Instead, by examining multiple pathways, this analysis is used to identify and compare key features of 
different plausible futures and their relative costs, feasibility, and risks.  

Key findings 

All pathways imply transformational changes for the Commonwealth, the LDCs and their 
customers. Strategies that use both the gas and electric systems to deliver low-carbon heat to 
buildings show lower levels of challenge across a range of evaluation criteria. 

Figure 1 evaluates the feasibility of different pathways by comparing the level of challenge of different 
evaluation criteria. All scenarios are designed to achieve the same level of greenhouse gas reductions, 
safety and electric system reliability. Figure 1 illustrates that pathways that coordinate utilization of the 
gas and electric systems, such as the Hybrid Electrification scenario, show lower overall levels of challenge. 
In contrast, pathways that rely more heavily on emerging technologies, including renewable gas ς or that 
rely entirely on electrification and gas decommissioning strategies by 2050 - face challenges across several 
dimensions.  

 

6 The five LDCs reflected in this study include: Berkshire Gas, Eversource Energy, Liberty Utilities, National Grid, and Unitil. 

7 D.P.U. 20-80 at 1 

8 Consistent with the 2050 Roadmap, remaining emissions in 2050 are assumed to be netted off by carbon sinks to achieve carbon neutrality by 
2050. 

9 /ƘŀǇǘŜǊ у ƻŦ ǘƘŜ !Ŏǘǎ ƻŦ нлнмΣ άAn Act Creating a Next-Generation Roadmap for Massachusetts Climate Policyέ 

https://malegislature.gov/Laws/SessionLaws/Acts/2021/Chapter8
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Figure 1. Decarbonization scenario results across multiple evaluation criteria. 

 

Metric Definition  

Cumulative Energy 
System Costs 

The cumulative (simple sum) incremental annual cost of energy supply and delivery infrastructure, end-use 
equipment, and fuel costs, net of fuel savings, relative to the Reference scenario, 2020 - 2050. Higher costs 
implies a higher level of challenge. Costs are shown in real 2020 dollars, billions. 

Constructability The pace and scale of electric and gas sector infrastructure additions. Scenarios with higher overall 
infrastructure requirements of gas and/or electric equipment face a higher level of challenge.  

Technology 
readiness 

The extent to which a pathway relies on technologies that are commercially available. Renewable gases are less 
technologically mature; scenarios that rely on them face a higher level of challenge on this metric. 

Air quality Air quality is estimated based on 2050 fuel combustion in each scenario. Scenarios with more electrification 
have lower levels of combustion emissions and are assumed to result in lower levels of air quality challenge. 

Workforce 
development 

Estimate of the scale of the LDC workforce that will need to transition roles. Scenarios with high levels of 
electrification imply a more challenging worforce transition to train, or re-train, skilled workers. 

Customer 
practicality 

The pace, scale and types of customer-side retrofits required to achieve decarbonization. Scenarios with 
higher levels of heat pump and building shell adoption require more extensive and coordinated customer 
retrofit initiatives. 

Near-term customer 
affordability 

The total cost of ownership (TCO), including upfront capital costs, for LDC customers who adopt building 
decarbonization measures in the 2020s. Electrification is more costly for customers in the 2020s; indicating a 
higher level of challenge. 

Long-term customer 
affordability 

TCO for LDC customers who adopt building decarbonization measures in the 2040s. Increasing commodity 
costs of gas result in a higher level of challenge for scenarios relying heavily on gas. 

Customer equity ¢ƘŜ Ŏƻǎǘ ƛƳǇŀŎǘ ƻƴ [5/ ŎǳǎǘƻƳŜǊǎ ǿƘƻ Řƻ ƴƻǘ ŀŘƻǇǘ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎ όάƴƻƴ-ƳƛƎǊŀǘƛƴƎέ). Higher 
income customers are more likely to migrate than lower-income customers, absent policy intervention. Higher 
costs for low-income and non-migrating customers implies a higher level of customer equity challenge.  

Safety & Reliability All pathways are assumed to comply with D.P.U. and industry natural gas and electric safety and reliability 
standards. Those standards will need to be evaluated over time depending on how decarbonization proceeds.    
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Achieving net-zero emissions requires early investments in the energy system; those investments 
must increase over time as energy demand and supply transformations scale. Fossil fuel savings are 
significant in all pathways. Avoided gas system costs are small relative to the investment costs 
required in other sectors (Figure 2).  

Figure 2. Cumulative (simple sum) energy system costs relative to reference by decade ($2020, billion) 

 

In the 2020s, costs are driven by a ramp-up in demand side investments like heat pumps and building shell 
retrofits, as well as initial investments in networked geothermal systems. Incremental energy supply costs 
are also incurred in the 2020s, particularly via investments in renewable electric supply and initial 
procurements of renewable fuels.  

By the 2030s, costs scale alongside the energy system transformations necessary to achieve 
decarbonization. Scenarios with reduced gas system utilization see gas system savings but result in larger 
investment needs in the electric system. Electrification of heating adds large new winter peak demands 
to the New England electric system. In order to meet those heating demands, new firm generation 
resources are needed, capable of providing power during winter cold snaps that can coincide with periods 
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of low wind and solar production. Renewable fuel investments also increase substantially as the 
/ƻƳƳƻƴǿŜŀƭǘƘΩǎ 2030 and 2040 emissions targets bind. Gas system savings begin to accrue in this decade, 
with the largest savings achieved in scenarios with targeted electrification and networked geothermal 
strategies.  

The 2040s show the largest distinctions across scenarios, based on relative levels of energy demand and 
supply-side transformations. Costs in the 2040s demonstrate that electrification has a critical role in 
decarbonizing heating in Massachusetts. Absent substantial investments in electrification, which require 
significant constructability, large investments in renewable fuels are required that entail significant cost 
and technology commercialization risk. 

A promising strategy to balance the benefits and challenges of electrification and decarbonized fuels is 
hybrid electrification. Hybrid electrification both mitigates electric infrastructure expansion challenges 
and limits the use of decarbonized fuels. A hybrid strategy reduces the cumulative cost of achieving net-
zero GHGs through 2050 by between $23-43 billion relative to scenarios that primarily rely on all-electric 
strategies and substantially reduces the amount of renewable fuels that would need to be procured 
relative to strategies with low levels of building electrification.  

All pathways imply transformational change for the LDCs and their customers, raising substantial 
cost recovery and potential stranded cost challenges for those scenarios with high levels of 
customer departures.  

Achieving net-zero requires a transformation of customer end-uses, energy supply and networks. As 
Figure 3 illustrates: 

¶ Gas throughput falls and LDC service to customers changes over time. Gas throughput declines 
in all decarbonization pathways as heating and other demands are reduced via energy efficiency 
and electrification. The LDC customer base varies from continued growth in the Efficient Gas 
Equipment scenario to a near-elimination of customer base in the High Electrification and Interim 
2030 CECP pathways. In the 100% Gas Decommissioning and Networked Geothermal pathways, 
the LDCs transition to provide heat to a subset of their customers via networked geothermal 
systems. In the Hybrid Electrification scenario, customers rely on electricity for most of their 
heating needs supplemented by gas heat during peak demand periods.  

¶ Decarbonization likely requires a transformation of gas supply. All scenarios entail the use of 
some renewable gases to achieve net zero emissions in Massachusetts by 2050, although the 
anticipated costs and quantities of those gases vary significantly by pathway. The Efficient Gas 
Equipment scenario requires highest levels of renewable gases, including conversions of portions 
of the gas network to 100% hydrogen service to the industrial sector. 

¶ Scenarios with decreased utilization of the gas system face substantial embedded cost 
recovery challenges and may result in stranded costsΦ ¢ƘŜ aŀǎǎŀŎƘǳǎŜǘǘǎΩ Ǝŀǎ ǎȅǎǘŜƳ ƛǎ 
characterized by long-lived assets that require ongoing investment to ensure safety and 
reliability. The LDCs are currently implementing system upgrades under the  Gas System 
Enhancement Plan (GSEP) and those investments will increase the cost of the gas system and 
LDC revenue requirements over the coming decade. As customers depart the gas system in 
scenarios with high levels of electrification and customer migration, the costs for remaining 
customers increase to impractical levels. Those increases can be partially mitigated via measures 
like targeted electrification that reduce the remaining rate base of the gas system by up to $4 
billion in 2050. However, the degree to which cost savings from targeted electrification can be 
achieved is uncertain.  



 

  

¢ƘŜ wƻƭŜ ƻŦ Dŀǎ /ƻƳǇŀƴƛŜǎ ƛƴ !ŎƘƛŜǾƛƴƎ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ /ƭƛƳŀǘŜ Dƻŀƭǎ 
 

 

12 

Figure 3. Transformations in the gas system by pathway (2020 ς 2050). Costs are shown in real $2020. 
 

 

New regulatory support strategies will be needed to minimize customer cost impacts, regardless of 
which pathway, or combination of pathways, are pursued.  

Consumers are at the center of aŀǎǎŀŎƘǳǎŜǘǘǎΩ decarbonization goals because their decisions about when 
and how to adopt electrification and efficiency measures affects the nature, scale, and magnitude of 
electric and gas system transformations. Pathways that achieve rapid electrification in particular imply 
high levels of customer support, including financial incentives to reduce upfront capital costs, and/or 
mandates to require electrification. Targeted electrification strategies may also require early retirement 
and replacement of customer equipment.   

Figure 4 illustrates the total cost of ownership, including energy bills and upfront costs, for both migrating 
and non-migrating customers per major decarbonization technology type for an example single family 
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ŎǳǎǘƻƳŜǊΣ ŀǎ ǿŜƭƭ ŀǎ ŀƴ ŜǎǘƛƳŀǘŜŘ άǎƘŀǊŜ ƻŦ ǿŀƭƭŜǘέ ŦƻǊ ƭƻǿ-income customers. A common set of 
challenges facing customers across decarbonization pathways are the upfront costs and operating costs 
of decarbonization options. For example, in the near-term, electrification carries high upfront and 
operating costs. Absent supportive policy initiatives these incremental costs represent a substantial 
barrier to achieving adoption of electrification measures. Longer-term, electrification becomes more 
attractive compared to other decarbonization alternatives as costs for technologies like Air-Source Heat 
Pumps (ASHPs) fall and gas rates increase at a faster pace than electric rates in all scenarios. 

Figure 4. Overview of customer costs for an average, pre-1940 single family home. Gas bills are based on Eversource (NSTAR) 

rates. 

 

LDC customer bills rise in all pathways due to increases in both the delivery and commodity components 
of gas rates. Customer cost impacts are more balanced in scenarios that rely on a combination of 
electrification and gas, although regulatory reforms are needed to support these options. 
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¶ Delivery costs rise in all scenarios due to GSEP and other system upgrade initiatives. However, 
LDC customer impacts are most acute in scenarios with high levels of electrification as the cost of 
gas infrastructure is spread over rapidly declining utilization. Under current cost allocation, this 
would result in inequitable outcomes where remaining customers pay a disproportionate share 
of costs. Such an outcome is particularly concerning for lower income customers who are less able 
to reduce their exposure to gas rate increases through electrification given upfront cost.  

¶ Commodity cost increases are highest in scenarios with lower levels of electrification. Gas 
commodity cost increases are relatively small in the near-term but grow over time as the 
CommonwealthΩǎ DID ŜƳƛǎǎƛƻƴǎ ǘŀǊƎŜǘǎ ōŜŎƻƳŜ ƳƻǊŜ ŀƳōƛǘƛƻǳǎΦ Lƴ ǘƘŜ ƭŀǘŜǊ ƳƻŘŜƭ ȅŜŀǊǎΣ ǘƘƻǎŜ 
commodity costs can become so high as to shift consumer incentives decisively towards 
electrification.  

Conclusions and Recommendations  

Despite long-term uncertainty on the direction of decarbonization, there are several low regret 
decarbonization technologies used across scenarios:  

¶ Energy efficiency through building shell retrofits and energy efficient equipment, especially for 
all-electric buildings or buildings using large amounts of renewable gases. Energy efficiency 
measures decrease the impacts of electrification on the electricity system and reduce demands 
for expensive and currently non-commercialized renewable gases. 

¶ Building electrification, where feasible, including strategies for all-electric residential new 
construction and hybrid electrification strategies in existing buildings. Hybrid building 
electrification strategies ŀǇǇŜŀǊ ǇǊƻƳƛǎƛƴƎ ƛƴ aŀǎǎŀŎƘǳǎŜǘǘǎΩ ŎƻƭŘ ǿƛƴǘŜǊ ŎƭƛƳŀǘŜΦ tǊƻƎǊŀƳǎ ǘƻ 
scale the installation of hybrid heat pumps, including as a gas conservation measure and an 
electric system resource, are warranted based on this commonality. 

¶ Biomethane from wastes and residues, including from landfill gases. Most scenarios blend up to 
5-10% of renewable fuels in the gas distribution pipeline without substantially increasing the cost 
ƻŦ Ǝŀǎ ǎǳǇǇƭȅ ōȅ нлолΣ ǘƻ ǎǳǇǇƻǊǘ ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ DID ƎƻŀƭǎΦ  

¶ Renewable electricity. All scenarios require a substantial transformation of the electric sector, 
doubling or tripling current generation capacity to deploy more renewable resources to reach net 
zero emissions, regardless of the level of electrification pursued. This includes the installation of 
thousands of megawatts of new offshore and onshore wind, utility-scale and distributed solar and 
new transmission to deliver renewables to the Commonwealth. 

In addition to these common strategies, several decarbonization technologies are worth further 

research and development to better understand their costs and resource potential. 

¶ Hybrid system operation pilots and programs, similar to those underway in Canada and the 
United Kingdom, could address open questions with respect to the operation of these systems. 
Strategies to coordinate operation in non-overlapping gas and electric service territories are 
needed given how common that arrangement is in Massachusetts. 

¶ Targeted electrification to enable decommissioning of gas distribution assets may offer 
opportunities for savings on the gas distribution system, potentially reducing the cost impacts of 
electrification on remaining customers. As noted above, there are many open questions about 
how targeted electrification could be achieved as envisioned in this study. Developing pilots 
would help to clarify the opportunities and challenges of achieving targeted electrification in 
Massachusetts.     
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¶ Networked geothermal systems have the potential to provide renewable decarbonized heat 
without causing large electric peak demands in winter, while leveragiƴƎ ǘƘŜ [5/ǎΩ ŜȄƛǎǘƛƴƎ 
expertise and workforce. Eversource and National grid both have ongoing pilots that will help to 
reduce uncertainties around the feasibility and long-term cost of this option at scale. 

¶ Renewable hydrogen has a role in all scenarios modeled, for potential use in providing electric 
sector firm capacity, for blending into the gas distribution system, or for use in medium- and 
heavy-duty transportation. However, renewable hydrogen has not been deployed at the scale 
envisioned in this analysis, and questions remain around the cost of producing, distributing and 
ǎǘƻǊƛƴƎ ƘȅŘǊƻƎŜƴ ƛƴ bŜǿ 9ƴƎƭŀƴŘΦ tǊƻƎǊŀƳǎ ǘƻ ōƭŜƴŘ ǎƳŀƭƭ ŀƳƻǳƴǘǎ ƘȅŘǊƻƎŜƴ ƛƴ ǘƘŜ [5/ǎΩ 
systems could be a promising next step. 

Balancing across many considerations, decarbonization paǘƘǿŀȅǎ ǘƘŀǘ ǎǘǊŀǘŜƎƛŎŀƭƭȅ ǳǎŜ ǘƘŜ ǎǘŀǘŜΩǎ Ǝŀǎ 
infrastructure alongside and in support of electrification are likely to carry lower levels of challenge.  

A coordinated gas and electric decarbonization strategy, utilizing a diverse set of technologies and 
strategies, is likely to be better able to manage the costs and feasibility risks of decarbonization than 
scenarios that rely more heavily on single technologies or strategies. 

Under all pathways, the LDCs, the D.P.U., and policymakers will need to manage customer costs and 
energy bills to ensure that the clean energy transition in Massachusetts is affordable and equitable to all.  

The Consultants recommend that the LDCs together with the D.P.U., begin implementing 
decarbonization strategies and regulatory reforms to support the Massachusetts climate goals.  

The LDCs should explore mechanisms to coordinate use of the gas and electric systems to minimize the 

combined cost of decarbonizing building heating needs for customers. This includes developing 

strategies and funding to increase electric technology adoption, authorization for renewable fuel 

procurement, as well as regulatory support for new rate designs and cost-recovery mechanisms that 

support decarbonization. These regulatory designs are explored further in Part II of the Consultant 

Independent Report. 
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1. Introduction 

Purpose & Scope of the Report 

About this Report 

The Commonwealth of Massachusetts is committed to reduce Greenhouse Gas (GHG) emissions to άbŜǘ 
½ŜǊƻέ ōȅ нлрл, in alignment with the goals of the Paris Agreement10, which calls for a global effort to keep 
Ǝƭƻōŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ǊƛǎŜ άwell below 2 degrees Celsiusέ ŀƴŘ ǘƻ άpursue efforts to limit the increase to 1.5 
degrees Celsius.έ Specifically, in March of 2021, Governor Charlie Baker signed into law Senate Bill 9 that 
formally codifies Net Zero into law, together with interim goals for emissions reductions of 50% GHG 
reduction by 2030 and 75% GHG reductions by 2040 compared to 1990 levels.11  

To explore implications of ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ commitment to combatting climate change, the Executive 
Office of Energy and Environmental Affairs released a 2050 Decarbonization Roadmap όάǘƘŜ wƻŀŘƳŀǇέύ 
in December 2020. The Roadmap found that the Commonwealth can achieve net zero emissions by 2050, 
but that the way in which Massachusetts pursues its climate goals implicates the costs, human health, 
risks and broader environmental impacts associated with decarbonization.12  

In the context of the Roadmap and the /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ŎƻƳƳƛǘƳŜƴǘ, the Massachusetts Department 
of Public Utilities όάǘƘŜ 5ŜǇŀǊǘƳŜƴǘέύ in October 2020 opened Docket 20-80 with the intention to 
άŜȄŀƳƛƴŜ ǘƘŜ ǊƻƭŜ ƻŦ Massachusetts gas Local Distribution Companies (άLDCsέ) in helping the 
/ƻƳƳƻƴǿŜŀƭǘƘ ŀŎƘƛŜǾŜ ƛǘǎ нлрл ŎƭƛƳŀǘŜ Ǝƻŀƭǎέ and to άŜȄǇƭƻǊŜ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ŜƴŀōƭŜ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘ 
to move into its net zero GHG emissions energy future while simultaneously safeguarding ratepayer 
interests; ensuring safe, reliable and cost-effective natural gas service; and potentially recasting the role 
of LDCs in the Commonwealth.έ13 The Department directed the LDCs to issue a Request for Proposals 
όάwCtέύ Ŧƻr an independent consultant to support the LDCs in this investigation.  

This Report provides the ConsultantsΩ analysis of the  role of LDCs ƛƴ ŀŎƘƛŜǾƛƴƎ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ 
climate goals, which includes identifying decarbonization pathways for the gas distribution system to 
transition in support of aŀǎǎŀŎƘǳǎŜǘǘǎΩ net zero commitment, implications of these pathways for the 
Commonwealth, the LDCs and their customers, and potential policies and regulatory strategies that would 
help support this transition.  

Scope 

As ordered by the Department, the scope of this Report requires the Consultants to review 
decarbonization pathways identified in the Roadmap, to identify any pathways not examined in the 
Roadmap, and to perform a detailed study of each LDC that analyzes the implications and feasibility of all 
pathways.14 The Department further noted that the Report should άŎƻmpare and contrast the implications 

 

10 The Paris Agreement is an international treaty on climate change adopted at the United Nations Framework Convention on Climate Change 
(UNFCC) Conference of the Parties (COP) in Paris, on December 12, 2015.  

11 Senate Bill 9: An Act Creating a Next Generation Roadmap for Massachusetts Climate Policy 

12 Simultaneous with the Roadmap, the Commonwealth released an update to the Clean Energy and Climate Plan for 2030 which states that 
ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƴŀǘǳǊŀƭ ƎŀǎΣ ŦǳŜƭ ƻƛƭ ŀƴŘ ǇǊƻǇŀƴŜ ƛƴ ǘƘŜ .ǳƛƭŘƛƴƎ ǎŜŎǘƻǊΣ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ŀƭƳƻǎǘ ŀ ǘƘƛǊŘ ƻŦ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ GHG emissions, 
must begin to steadily and permanently decline.   

13 D.P.U. Docket 20-80 at 1. 

14 D.P.U. Docket 20-80 at 5. 
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of proposed policies upon each LDC and upon the LDCs as a whole and result in meaningful discussions and 
recommendationsΦέ15 

For all decarbonization pathways, the Department requested: 

¶ A forecast of costs and economy-wide GHG emissions reductions involved in transitioning the 
natural gas system, including: 

o A discussion of possible mechanisms, methodologies or policies to address the recovery 
of costs and mitigation of costs and impacts for customers, especially low-income 
customers; 

o A forecast of electrification strategies as well as other strategies identified through the 
analysis;  

o A transparent depiction of key assumptions and a calculation of GHG emission reductions; 

¶ A discussion of qualitative factors such as impacts on public safety, reliability, economic 
development, equity, emissions reduction and timing; 

¶ Proposed recommendations to reduce GHG emissions from the sale and distribution of natural 
gas to meet applicable goals in relation to the Roadmap, with specific initiatives, actions and 
interim milestones. 

These objectives are embedded in the study framework developed by the Consultants, as further 
described in Chapter 2. The Report consists of two parts: 

- Part I describes the analysis of decarbonization pathways, implications of these pathways and the 
/ƻƴǎǳƭǘŀƴǘΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ [5/ǎ that support ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ŎƭƛƳŀǘŜ Ǝƻŀƭǎ; 

- Part II discusses possible mechanisms, methodologies or policies to address the recovery of costs 
and mitigation of impacts for LDC customers. 

This Report focuses on the transition of the natural gas distribution system and the role of LDCs in 
ǎǳǇǇƻǊǘƛƴƎ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ƻōƧŜŎǘƛǾŜǎΦ {ƛƴŎŜ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ƛƴ aŀǎǎŀŎƘǳǎŜǘǘǎ ƛǎ 
consumed in the Buildings sector, building decarbonization is the primary focus of this analysis. However, 
in assessing potential transformations of the Buildings sector, the Consultants analyzed impacts across all 
sectors of the economy, including the transportation, industry, and electric sectors. 

In addition to this Report, each LDC is submitting a proposal to the Department that includes plans for 
helping the Commonwealth achieve its 2050 climate goals. As such, this Report is not an implementation 
plan. Instead, it provides the foundational analysis to the LDC-specific proposals, including a quantitative 
and qualitative assessment of decarbonization pathways and recommendations for possible mechanisms 
or policies to both support achievement of decarbonization and mitigate the cost impacts of 
decarbonization on LDCs and their customers.  

Gas Distribution in Massachusetts 

This report focuses on the following LDCs that provide natural gas service to customers in Massachusetts, 

including:  

¶ Avangrid ς The Berkshire Gas Company 

¶ Eversource Energy ς Eversource Gas of Massachusetts (formerly, Columbia Gas of Massachusetts) 

and NSTAR Gas Company 

¶ Liberty Utilities ς New England Gas Company and Blackstone Gas Company 

 

15 Idem. 
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¶ National Grid ς Boston Gas Company16  

¶ Unitil ς Fitchburg Gas and Electric Light Company 

In addition to these utilities, there are four municipal gas companies active in the Commonwealth that fall 
outside the scope of this Report.17 Figure 5 provides an overview of the natural gas service territory in 
Massachusetts by LDC. 

Figure 5. Natural gas service territory per LDC. 

 

!ǎ ǊŜŎƻƎƴƛȊŜŘ ōȅ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘΣ άeach LDC is distinct and has different capabilities and limitations within 
its own service territory.έ ¢ƘǳǎΣ ǘƻ ǇǊƻǾƛŘŜ the appropriate background and context for the ConsultantsΩ 
analysis of the decarbonization pathways, this Report provides an overview of the current role of natural 
gas in Massachusetts and a detailed assessment of the distinct LDC characteristics, which were 
incorporated into the ConsultantsΩ quantitative and qualitative analyses. 

Study Process 

In April 2021, the LDCs selected Energy & Environmental Economics (E3) and ScottMadden to be the 
independent consultants for this study. In response to the RFP, the Consultants developed a robust 
analytical framework that includes: a summary of LDC characteristics, a quantitative and qualitative 
assessment of decarbonization pathways, the impact of those decarbonization pathways on LDCs, 
customers, the LDC and broader energy sector workforce, as well as identification of mechanisms that 
help safeguard ratepayer interests, with a particular focus on low-income customers. A full overview of 
this analytical approach is described in Chapter 2. To allow for a comparison with the Roadmap, the 
analytical framework and key assumptions are designed in a similar way to the analytical framework used 
in the Roadmap. However, the pathways modeled by the Consultants are not identical to those of the 
Roadmap as a result of several distinct modeling differences described further in Chapter 2. 

The scenarios reflected in this Report, and the underlying analysis, reflect input from many stakeholders. 
At the start of this project, the LDCs crafted a stakeholder process with the Attorney General and other 

 

16 Throughout this Report, data is shown for both Boston Gas and the former Colonial Gas Company. 

17 The municipal gas companies, which are not within the scope of this Report, include Holyoke Gas & Electric; Middleborough Gas & Electric; 
Wakefield Municipal Gas & Light; and Westfield Gas & Electric Light. 
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stakeholders that included the development and implementation of a stakeholder engagement plan 
όά{9tέύΦ18 The LDCs retained Environmental Resources aŀƴŀƎŜƳŜƴǘ όά9waέύ ǘƻ ǎǳǇǇƻǊǘ ŀƴŘ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ 
stakeholder process. Through ERM, the LDCs have engaged stakeholders through a variety of methods, 
including monthly meetings, special issue workshops, and one-on-one conversations. In addition, as part 
of the analytical approach, the Consultants engaged with stakeholders to identify alternative 
decarbonization pathways not included in the Roadmap. A summary of the stakeholder process is 
provided in Chapter 2, full documentation of the stakeholder process is reported by ERM through separate 
documentation. 

The Consultants and LDCs coordinated on the analysis and process of this Study on a regular basis, 
including through bi-weekly project management meetings, monthly Steering Committee meetings, and 
frequent deep-dive meetings to discuss interim analyses. All decarbonization pathways were established 
with input and support from LDCs. The assessment of implications of the decarbonization pathways as 
well as the recommendations are based on the ConsultantsΩ independent analysis and conclusions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18 This stakeholder engagement plan, along with all materials related to the stakeholder process, can be found on the Future of Gas website 

(www.thefutureofgas.com).  
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2. Approach  

Study Framework and Evaluation Criteria 

The ConsultantΩs study framework included several distinct phases of analysis:  

¶ An evaluation of the 2050 Massachusetts Roadmap and 2030 CECP;  

¶ A literature review pertaining to transitional strategies for natural gas distribution systems;  

¶ An evaluation of alternative pathways to achieving the /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ŎƭƛƳŀǘŜ Ǝƻŀƭǎ; 

¶ A characterization of gas supply in Massachusetts; 

¶ A characterization of individual LDCs and identification of key differences across LDCs;  

¶ A quantitative assessment of the implications of decarbonization pathways on LDC operations 
and their customers; 

¶ A qualitative assessment of the implications of decarbonization pathways;  

¶ An evaluation of alternative policy and regulatory approaches that support the 
/ƻƳƳƻƴǿŜŀƭǘƘΩǎ ŎƭƛƳŀǘŜ ƎƻŀƭǎΦ 

In addition to these phases, the Consultants supported Eversource Energy in their filing of a Clean Energy 
Business Case Analysis required under the Columbia Gas Acquisition Settlement Agreement. The results 
of this Workstream are provided in a separate D.P.U. Docket and as such not included in this Report19 
Figure 6 provides a conceptual overview of the study framework. 

Figure 6. Overview of study framework. 

 

To address the key objectives laid out by the Department, the Consultants developed and examined 
distinct decarbonization pathways. To assess the implications and feasibility of each of these pathways, 

 

19 See D.P.U. 20-59 Docket. 
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the Consultants considered a broad set of evaluation criteria, analyzed through a combination of both 
quantitative and qualitative factors described in Table 1 below.20 

Table 1. Evaluation criteria.  

Evaluation criteria Description 

Energy system costs 
The cumulative (simple sum) incremental annual cost of energy supply and delivery 
infrastructure, end-use equipment, and fuel costs, net of fuel savings, relative to a 
Reference scenario. 

Safety 
The extent to which natural gas and electric safety is maintained, per industry and 
D.P.U. standards. Note that in this analysis, all pathways are assumed to comply with 
D.P.U. and industry standards. 

Reliability & Resilience 
The extent to which natural gas and electric reliability & system resilience are 
maintained, per industry and D.P.U. standards.  Note that in this analysis, all 
pathways are assumed to comply with D.P.U. and industry standards. 

Constructability The pace and scale of electric and gas sector infrastructure additions.  

Technology readiness  
The extent to which a pathway relies on technologies that are commercially 
available. 

Air quality The combustion of fuels, used as a proxy for indoor and outdoor air quality.  

Workforce development Estimate of the scale of the LDC workforce that will need to transition. 

Customer practicality 
The pace, scale and types of customer-side retrofits required to achieve 
decarbonization, and necessity or implication of building electrification mandates to 
achieve scenario outcomes 

Customer affordability 
The total cost of ownership for LDC customers who adopt building decarbonization 
measures. 

Customer equity 
The effect of LDC customer migrations on equity (across generations of LDC 
customers, migrating vs. non-migrating customers, and between rates classes) 

 

Notably, each scenario is modeled to reflect a safe and reliable energy system in the Commonwealth per 
existing gas and electric standards, while achieving similar levels of greenhouse gas reductions. As such, 
these factors are not used as evaluation criteria to the same extent as the factors described above.  

While the decarbonization pathways are compared against each other on these criteria, the intention is 
ƴƻǘ ǘƻ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀƴȅ ƻƴŜ ǇŀǘƘǿŀȅ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀ άǇǊŜŦŜǊǊŜŘέ ǎǘǊŀǘŜƎȅ ǘƻ ǘǊŀƴǎƛǘƛƻƴ ǘƘŜ Ǝŀǎ 
system. Instead, comparing the pathways allows for the identification of key commonalities, differences 
and implications across decarbonization strategies, to be incorporated into future policy-making, 
regulation and planning. 

The identification of these evaluation criteria was informed by the D.P.U. 20-80 Order21 , recent 
Massachusetts climate legislation22, review of decarbonization literature, as well as discussions with LDCs 
and stakeholders. Once evaluation criteria were identified, the Consultants utilized various metrics from 
the scenario modeling to frame the discussion of pathway implications. In some cases, the evaluation of 
components, or requirements, of each scenario were utilized as a proxy for otherwise qualitative 

 

20 The implications for Environmental Justice communities as defined by the Commonwealth (based on income, minority population, and/or 
English isolation) are discussed throughout the Report and within the context of various qualitative factors, including customer affordability, 
customer equity, customer practicality, workforce development, and air quality. 

21 The indŜǇŜƴŘŜƴǘ ŎƻƴǎǳƭǘŀƴǘΩǎ ǊŜǇƻǊǘ ǎƘŀƭƭΥ άtǊŜǎŜƴǘ ŀ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǉǳŀƭƛǘŀǘƛǾŜ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ƛƳǇŀŎǘǎ ƻƴ ǇǳōƭƛŎ ǎŀŦŜǘȅΣ ǊŜƭƛŀōƛƭƛǘȅΣ ŜŎƻƴƻƳƛŎ 
ŘŜǾŜƭƻǇƳŜƴǘΣ ŜǉǳƛǘȅΣ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎΣ ŀƴŘ ǘƛƳƛƴƎέ 

22 MA Senate Bill 9, section 15 (1a): άώ¢ϐƘŜ ŘŜǇŀǊǘƳŜƴǘ ǎƘŀƭƭΣ ǿƛth respect to itself and the entities it regulates, prioritize safety, security, 
ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǎŜǊǾƛŎŜΣ ŀŦŦƻǊŘŀōƛƭƛǘȅΣ Ŝǉǳƛǘȅ ŀƴŘ ǊŜŘǳŎǘƛƻƴǎ ƛƴ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎέ 
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considerations, to provide insights into the magnitude and pace of change implied by different 
decarbonization pathways.23 This approach allows important issues that may not be explicit outcomes of 
the modeling to be compared across scenarios over time against business-as-usual (i.e., Reference) and 
determine the relative degree of challenge required to achieve the parameters assumed in each scenario. 
Decarbonization strategies with a lower degree of challenge are likely to be more feasible to implement. 

/ƘŀǇǘŜǊ р ǇǊƻǾƛŘŜǎ ŀ ǎǳƳƳŀǊȅ ƻŦ ƪŜȅ ƻōǎŜǊǾŀǘƛƻƴǎ ŦǊƻƳ ǘƘŜ /ƻƴǎǳƭǘŀƴǘΩǎ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀƴŘ ǉǳŀƭƛtative 
assessment for all evaluation criteria, including an overview of potential feasibility challenges across 
pathways relative to Reference. Based on the assessment of both quantitative and qualitative factors, the 
Consultants evaluated a set of possible regulatory mechanisms, methodologies and initiatives that could 
ǎǳǇǇƻǊǘ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ŎƭƛƳŀǘŜ Ǝƻŀƭǎ ŀƴŘ ƳƛǘƛƎŀǘŜ ǇƻǎǎƛōƭŜ ǳƴƛƴǘŜƴŘŜŘ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ŘƛŦŦŜǊŜƴǘ 
decarbonization strategies, as described in detail in Part II of this Report. 

Stakeholder Engagement 

Stakeholder input and feedback are critical components of the stakeholder engagement process (SEP) 
associated with the Future of Gas. In May 2021, the SEP was developed in collaboration with stakeholders. 
Since then, ERM and the Consultants have received and responded to more than 800 comments. The 
comments are varied and include themes such as affordability, transition timeline, proposed scenarios, 
renewable energy, equity, workforce considerations and others.  

Several mechanisms were employed to encourage robust and meaningful engagement: 

¶ Email: For those with reliable internet access, a dedicated email address was established in May 
2021. 

¶ Web: A website (www.thefutureofgas.com) was launched in June 2021. The site is the primary 
resource for information related to the Future of Gas proceeding and related stakeholder 
engagement process. Updated bi-monthly, the site features recordings of monthly stakeholder 
meetings, customer webinars and videos as well as meeting summaries and presentations, among 
other stakeholder and customer resources. Recognizing that language barriers exist, customer 
videos and webinar recordings have been translated from English into four additional languages 
and associated dialects (Spanish, Vietnamese, Chinese and Portuguese) predominantly spoken in 
Massachusetts. 

¶ Phone: For stakeholders without access to the internet, a dedicated toll-free telephone number 
was also established in May. This line is monitored by ERM and each call is returned to accept 
questions and comments. 

Questions and related responses documented via all of the contact vehicles above have been linked on 
the Future of Gas website monthly to demonstrate the transparency of the process. Over the past nine 
months, ERM has managed and facilitated two stakeholder engagement process planning meetings,  
eleven stakeholder meetings with participation from more than 100 unique individuals representing 
diverse stakeholder groups across the Commonwealth; one scenario design workshop, and one two-hour 
technical session to review the set of scenarios developed by E3. Additional outreach included 1:1 
meetings with stakeholder groups representing climate advocates, customer advocates, business 
interests, Labor and others who have varying interests in the outcome of the proceeding. These meetings 
coupled with customer webinars and videos have resulted in diverse perspectives being shared 

 

23 By way of example, the number of gas LDC customers over time and residential heating equipment stocks turnover are used to inform the 
discussion of customer fuel choices in the Customer Practicality section. In addition, the level of O&M expenses on the gas system are used to 
identify potential implications to the gas system workforce. 
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throughout the process. In addition, the LDCs held two customer webinars for customers to learn, ask 
questions, and provide feedback ŀōƻǳǘ ǘƘŜ ŦǳǘǳǊŜ ƻŦ Ǝŀǎ ǇǊƻŎŜŜŘƛƴƎΣ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ƴŜǘ ȊŜǊƻ Ǝƻŀƭǎ, 
and the technologies available to achieve these goals. 

Documentation of the stakeholder process is provided by ERM through separate documentation. ERMΩǎ 
report includes comments and feedback shared by customers and stakeholders, a summary of 1:1 
interviews, participant lists, a breakdown of topics and other supporting documentation. 

Pathway Development 

Design of Decarbonization Pathways 

The pathways described in this Report show distinct possible futures of how the Commonwealth could 
achieve its carbon goals, including pathways developed in the Roadmap and alternative pathways 
developed for this Report. The alternative pathways were developed with input from both LDCs and 
stakeholders, with the aim to evaluate a broad and distinct set of decarbonization scenarios. As such, the 
pathways are designed to highlight different strategies to achieve decarbonization in Massachusetts, with 
particular emphasis on pathways to decarbonize natural gas in the Buildings sector.  

²Ƙŀǘ ŘŜŦƛƴŜǎ ŀ άƎƻƻŘέ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ǇŀǘƘǿŀȅΚ ! ǇŀǘƘǿŀȅ ǎƘƻǳƭŘΥ 

¶ Reach the common objective of Net Zero by 2050 while continuing to provide safe and reliable 
energy services; 

¶ Do so in a manner that provides for meaningful distinctions between pathways; 

¶ Consider the energy transition across all economic sectors; 

¶ Be possible to achieve; 

¶ .Ŝ ǘƘŜ άōŜǎǘ ǾŜǊǎƛƻƴ ƻŦ itselfέΣ ƳŜŀƴƛƴƎ ǘƘŀǘ pathways should reflect logical and consistent 
choices within the constraints of the pathway objectives, and that no pathway should be 
designed ex ante to serve as a strawman against which a preferred outcome is identified. 

 
It is important to note that analyzing decarbonization pathways out to 2050 involves a multi-decade 
horizon that is inherently assumptions-driven and uncertain across several factors including cost, 
consumer behavior, technology development, deployment, and other factors discussed in this Report. 
9оΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ǇŀǘƘǿŀȅ ŀƴŀƭȅǎƛǎ ŎŀǇǘǳǊŜǎ key uncertainties by providing sensitivity analysis and ranges 
of costs of plausible outcomes; noting that not all uncertainty can be quantified in models. In doing so, E3 
ƳŀƪŜǎ ŀ ŎƭŜŀǊ ŘƛǎǘƛƴŎǘƛƻƴ ōŜǘǿŜŜƴ άǇŀǘƘǿŀȅǎέ ŀƴŘ άǎŜƴǎƛǘƛǾƛǘƛŜǎέΥ 

¶ Pathways explore distinct physical infrastructure transitions to achieve economy-wide 
decarbonization; 

¶ Sensitivities vary key assumptions to test the robustness of scenario findings against uncertainties. 

Decarbonization pathways are not forecasts, nor do they result in a single preferred solution. Instead, by 
examining multiple pathways, this type of analysis can be used to identify and compare key features of 
different plausible futures and their relative cost, feasibility, and risks, using the best available information 
today. A portfolio of ƳŜŀǎǳǊŜǎ ǘƘŀǘ ŀŎƘƛŜǾŜǎ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ Ǝƻŀƭǎ Ƴŀȅ ƛƴŎƭǳŘŜ 
aspects of multiple pathways, as well as other strategies that may emerge in the coming decades. 

Deep Decarbonization Pathways Literature Review 

E3 conducted an extensive literature review of decarbonization strategies studied and implemented in 
the U.S. and abroad, looking at over 60 studies that represent perspectives on a range of topic areas and 
geographic diversity. The detailed findings of the literature review are provided in Appendix 2. 
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The literature review uncovered several decarbonization strategies for buildings and natural gas end-uses 
commonly found in studies exploring how net zero emissions or other deep decarbonization targets can 
be achieved (Figure 7). These pathways are not mutually exclusive; in fact, a combination of these 
strategies may be needed to cost-effectively decarbonize natural gas end-uses given the variety of 
building types, heating demands, and availability of technologies. Energy efficiency is a foundational 
component of all decarbonization strategies, and Massachusetts has long been a U.S. leader in achieving 
energy savings through efficiency programs. While most decarbonization pathways deploy some 
combination of emerging technologies, clean electricity, and renewable gas, energy efficiency underpins 
all these strategies by reducing the overall amount of energy and capacity needed, such that alternative 
technologies can effectively meet energy needs.  

Figure 7. Common decarbonization strategies. 

 

bƻǘŀōƭȅΣ ǘƘŜ /ƻƴǎǳƭǘŀƴǘΩǎ ǊŜǾƛŜǿ ƻŦ ŜȄƛǎǘƛƴƎ ǎǘǳŘƛŜǎ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ млл҈ ŘŜŎƻƳƳƛǎǎƛƻƴƛƴƎ ƻŦ ǘƘŜ Ǝŀǎ 
system, one of the pathways analyzed in this Report, has not yet been studied or implemented in any 
other jurisdictions, either in the U.S. or abroad. In addition, the Consultants noted that detailed studies 
on how decarbonization pathways affect customers, and particularly low- or middle-income customers, 
are often lacking. This perspective is specifically woven into the evaluation criteria assessed for this Report.  

The Role of Gas in Cold Climate Decarbonization Strategies 

The literature review performed by the Consultants highlighted some key considerations for the role of the 
gas system for decarbonization pathways in cold weather, which relate to gas system considerations in the 
Commonwealth. These considerations were considered in constructing a diverse set of decarbonization 
strategies, as described in the following section.   

¶ Peak heat. In cold climates, gas systems serve substantially higher peak energy demands than 
electricity systems. Converting large amounts of gas heating to all-electric solutions therefore has 
the potential to cause substantial electric system peak demands, shifting the electric system from 
a summer peaking system to a winter peaking system, with implications for distribution, 
transmission, and generation infrastructure.24,25, 26 Decarbonization strategies that continue to 

 

24 E3 & EFI (2020) Net-Zero New England: Ensuring Electric Reliability in a Low Carbon Future 

25 The Brattle Group for Coalition for Community Solar Access (2019) Achieving 80% GHG Reduction in New England by 2050 

26 Imperial College (2018). Analysis of Alternative UK Heat Decarbonisation Pathways 










































































































































































