
 

April 22, 2021 
 
To Our Valued Customers, 
 
We have seen a growing focus on clean energy at the national, regional and local levels. Our 
customers and communities continue to express interest in how Avista is planning for the future 
and the role we play in contributing to the long-term sustainability of our communities. Since our 
founding in 1889, we’ve embodied our commitment to environmental stewardship with ongoing 
innovation and a focus on clean energy.  
 
This is why we’re proud to announce our aspirational goals to reduce natural gas 
emissions 30% by 2030 and to be carbon neutral in our natural gas operations by 2045.  
 
These new goals build on the clean electricity goals we set in 2019 to serve our customers with 
100 percent clean electricity by 2045 and to have a carbon-neutral supply of electricity by the 
end of 2027. Today’s natural gas goal announcement demonstrates that Avista’s vision of a 
clean energy future encompasses both electric and natural gas resources. We are dedicated to 
reducing and ultimately eliminating greenhouse gases from the energy we deliver to our 
customers. 
 
Keeping costs affordable will be central in how we move forward, and innovation and new 
technologies are necessary to achieve these goals. Avista’s approach to reducing natural gas 
emissions includes investing in new technologies, like renewable natural gas (RNG), hydrogen 
and other renewable biofuels. We are evaluating how to best integrate RNG into our gas supply 
portfolio and researching hydrogen as another renewable fuel. Our other strategies include 
reducing consumption via conservation and energy efficiency and improving infrastructure.  
 
Natural gas is one of the cleanest burning fuels, and it plays a key role in reducing carbon 
emissions, particularly when used directly by customers in their homes rather than used to 
generate electricity to meet the same need. Even though natural gas is a clean fuel, we believe 
we can make it greener. 
 
Throughout our history, we’ve maintained a generation portfolio that is more than half renewable 
and a track record of environmental stewardship. Some examples of this include:  

• In 2020, Avista doubled wind power generation—Rattlesnake Flat Wind and Palouse 
Wind projects together have 115 wind turbines, generating enough electricity to power 
nearly 75,000 homes.  

• Forty years ago, Avista was one of the first utilities in the nation to establish an energy 
efficiency program, and since this program started, customer electric usage has been 
reduced by 15 percent.  

• In the 1980s, the company built the first utility-scale biomass wood-fired power plant, 
improving air quality where waste from the timber industry was otherwise burned onsite 
without emissions controls.  

 
As we plan for the future, listen to our customers and continue to invest in clean energy, we 
recognize the value of establishing defined clean energy goals. We are committed to continuing 



 

 

our investments in research and development to enable a sustainable future that benefits all of 
us.  
 
We will continue to engage with our customers and partners to make our goals a reality.  
 
For more information about our clean energy goals and commitment to environmental 
stewardship, please visit www.myavista.com/greener. 
 
We are proud to be your energy provider. 
 
Sincerely, 
Dennis Vermillion, President and CEO of Avista    
 

http://www.myavista.com/greener
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Executive Summary 

Study Background 

To help limit the worst impacts of climate change, Oregon and Washington have both committed to 

achieving significant reductions in greenhouse gas (GHG) emissions by 2050. Policymakers and the public 

are also contemplating new policies and programs to achieve steep regional GHG reductions.  

This study evaluates the technology implications, and potential costs and savings, of different strategies 

to achieve long-term, economy-wide GHG reductions in Oregon and Washington. This study considers 

GHG emissions reductions of 80 percent below 1990 levels by 2050, a level of reduction often called “deep 

decarbonization.” Achieving an 80 percent reduction goal across the two combined states would bring 

total regional economy-wide emissions down to 29 million metric tons CO2-equivalent by 2050, compared 

to approximately 155 million metric tons CO2e in 2013 (Figure 1). 
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Figure 1. Pacific Northwest historical greenhouse gas emissions and 2050 greenhouse gas target 

 

This is an ambitious target. Achieving the carbon reductions envisioned in this analysis has implications 

for all residents, companies, and economic sectors in the region. NW Natural, as the gas distribution 

business serving most of Oregon’s population and the Vancouver, Washington, area, has an abiding 

interest in both understanding the role of a natural gas company in achieving this low-carbon vision, and 

in helping to achieve the sustainability goals of its customers and the broader region.  To address this, NW 

Natural contracted Energy and Environmental Economics, Inc. (E3) to perform an independent analysis of 

deep decarbonization scenarios for the Pacific Northwest.  

This study builds on an existing body of research. Prior studies have evaluated options to achieve deep 

decarbonization in the United States as a whole, and in states like Washington and California. Similar 

studies have also been done at the sub-state level, including a recent deep decarbonization study of the 

Portland General Electric service territory. However, none of these prior studies, to our knowledge, has 
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investigated the costs and implications of meeting winter peak energy needs during the region’s coldest 

periods.  

This study focuses on the role of buildings in meeting broad, economy-wide carbon reductions, and pays 

special attention to the performance of building space heating technologies under cold temperature 

conditions, and the costs of reliably serving those loads.   The region’s natural gas and electric systems are 

built to serve peak heating loads during cold temperatures that fall well below average winter conditions. 

Both the gas distribution system and the electric generation system experience the highest peak demands 

concurrently, during the winter. During the coldest days of the year, the natural gas system provides a 

large amount of energy to meet the region’s heating needs.  

A key question in this study is how the existing gas distribution system could be used to help achieve 

economy-wide deep decarbonization goals, while continuing to reliably meet regional peak energy 

demands. This low-carbon future is compared to what would be required of the region’s electric system 

– already a winter-peaking system – if it were to take on the gas system’s substantial winter peak heating 

loads. under a future where natural gas space and water heating were electrified.  

Approach  

The modeling approach applied in this project is based on E3’s deep decarbonization scenario tool, called 

PATHWAYS. The economy-wide PATHWAYS framework is supplemented by tools tailored to specifically 

analyze the electricity sector, biofuel supply and conversion paths, and building energy performance. The 

Northwest version of the PATHWAYS model is tailored to regionally-specific energy demands, energy 

supply, and existing building types, vehicles, and other energy-consuming equipment, using local data 

whenever possible. The tool is also benchmarked to the Oregon and Washington state greenhouse gas 

emissions inventories.   
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PATHWAYS is an economic energy and greenhouse gas emissions accounting tool. A key feature of the 

PATHWAYS model is its detailed treatment of the Northwest’s energy infrastructure. Energy 

infrastructure includes equipment that produces, delivers, and consumes energy, such as power plants, 

industrial facilities, trucks, cars, buses, and building equipment. While each sector and type of equipment 

consumes energy and produces emissions differently, collectively they determine the region’s GHG 

emissions trajectory. 

Costs, emissions, generation, and peaking capacity needs in the electricity sector are modeled in more 

detail using a separate electricity-sector tool called RESOLVE. RESOLVE is a power system operations and 

investment model that uses linear programming to identify optimal long-term resource investments in 

the electric system, subject to electric reliability and policy constraints. RESOLVE layers capacity expansion 

logic on top of a production cost model to determine the least-cost electric sector investment plan, 

accounting for both upfront capital costs and variable costs to operate the grid. This project uses a 

Northwest-specific version of RESOLVE that was initially developed for the Public Generating Pool in 2017 

and described in the “Pacific Northwest Low Carbon Scenario Analysis” report.1  

Biofuels are an important component of long-term decarbonization plans because they represent carbon-

neutral fuels that can be transported and used with existing infrastructure and equipment. Assumptions 

around biofuel costs and supply receive detailed treatment using the E3 PATHWAYS Biofuels Module. This 

tool generates biofuel supply curves that determine the availability and cost of renewable liquid and 

gaseous biofuels, and optimizes the selection of combinations of feedstocks, conversion pathways, and 

final fuels based on regional fossil fuel demands.  

Finally, we evaluate the hourly performance of different types of electric heat pump space heating 

equipment, using regionally appropriate winter temperature conditions.  E3 worked with building science 

                                                           
1 E3, “Pacific Northwest Low Carbon Scenario Analysis: Achieving Least-Cost Carbon Emissions Reductions in the Electricity Sector,” December 2017. 
Available at: http://www.publicgeneratingpool.com/wp-content/uploads/2017/12/E3_PGP_GHGReductionStudy_2017-12-15_FINAL.pdf  

http://www.publicgeneratingpool.com/wp-content/uploads/2017/12/E3_PGP_GHGReductionStudy_2017-12-15_FINAL.pdf
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consultants at Big Ladder Software to simulate the performance of several different types of buildings and 

heat pump equipment configurations in two climate zones in the Northwest, using the building simulation 

software EnergyPlus. After accounting for load diversity and building shell improvements, we use hourly 

load shapes to modify the base, system-wide hourly load profiles in the RESOLVE model. This creates a 

more realistic picture of how hourly electricity demands, and winter peak electricity demands, could 

change under a high building electrification future.  

This suite of modeling and analytical tools allows us to combine a least-cost scenario design approach for 

the electricity sector, with a detailed understanding of electric building performance, with an economy-

wide, technology-specific perspective of costs, energy consumption and greenhouse gas emissions using 

the PATHWAYS model.  

Scenarios and Key Findings 

Four scenarios to 2050 are evaluated, which differ in their consideration of technology pathways to serve 

space heating needs in buildings. Two of the scenarios maintain the direct use of natural gas2 in buildings 

(relying on gas furnaces or natural gas powered heat pumps), while two of the scenarios assume a large-

scale transition and retrofitting of buildings to electric end-uses (relying on electric air source heat pumps 

or cold-climate electric air source heat pumps) (Table 1). All scenarios are constrained to achieve an 80 

percent reduction in GHGs by 2050 for the Pacific Northwest regional economy, while assuming continued 

economic and population growth.   

 

                                                           
2 Direct use of natural gas is defined as all gas that is not used to generate electricity.  
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Table 1. Key 2050 metrics by scenario 

2050 metrics  
Gas Furnace 

Scenario 
Gas Heat Pump 

Scenario 
Electric Heat 

Pump Scenario 
Cold-Climate Heat 

Pump Scenario 

Share of Natural Gas 
Space and Water Heating 
Electrified (fuel switching) 

0% 0% 96% 96% 

Industry Electrification 
(fuel switching, % total 
industry energy demand) 

30% 30% 5% 5% 

Carbon Free Electricity 
Generation 

97% 97% 95% 95% 

Biofuel Development 
(Share of available 
resource) 

100% 97% 73% 73% 

Hydrogen Mix in Gas 
Pipeline 

7% 0% 0% 0% 

 

These scenarios demonstrate that deep decarbonization in the Pacific Northwest will require 

transformative change to the energy economy of the region, across every sector of the economy. Four 

strategies, or “pillars,” are identified as a common finding across deep decarbonization studies: energy 

efficiency and conservation, electrification (i.e., switching from fossil fuels to electricity), low-carbon 

energy, and reductions in non-combustion emissions (Figure 2).     
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Figure 2: Pillars of Deep Decarbonization 

 

While all of the scenarios contain elements of each of these four pillars, not every measure is required in 

every scenario. The relative emphasis on each pillar differs by scenario. All of the scenarios evaluated in 

this study include high levels of building energy efficiency, including building shell improvements and deep 

energy efficiency retrofits, as well as reductions in vehicle miles traveled. All of the scenarios evaluated 

here include nearly complete electrification of the transportation sector as well as high levels of 

renewable and low-carbon electricity. All scenarios assume the same level of reductions in non-

combustion GHGs. However, the scenarios differ in their levels of biofuels, renewable hydrogen, and in 

building and industrial electrification levels.  

Total economy-wide scenario costs in 2050, relative to a reference or business-as-usual future, are similar 

between scenarios with one exception: the conventional (non-cold climate) electric heat pump scenario 

is most expensive, due to the high cost of serving winter peak demand (Figure 3).  Overall, total scenario 
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costs represent less than 1 percent of regional projected Gross Domestic Product (GDP).  The average 

scenario costs range from $40/ton to $190/ton CO2e in 2050 (in real 2017 dollars), relative to the 

Reference scenario depending on the future capital costs and fuel prices assumed. The average cost per 

ton metric means that some measures are far less expensive than this, while other measures are more 

expensive. This range reflects the wide range of uncertainties in projecting future scenario costs. Overall, 

these average GHG abatements costs ($40/ton to $190/ton CO2e) are generally lower than the most 

recent estimates of the global social cost of carbon, which has a median cost of $417/ton CO2, (and ranges 

from $177 to $805/ton CO2). 3 The global social cost of carbon represents the expected economic damages 

to be incurred by climate change, per ton of CO2 emitted.  

                                                           
3 Ricke, K., L. Drouet, K. Caldeira, M. Tavoni, “Country-level social cost of carbon,” Nature Climate Change, Vol. 8, October 2018 895-900. Available at: 
https://www.nature.com/articles/s41558-018-0282-y.pdf  

https://www.nature.com/articles/s41558-018-0282-y.pdf
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Figure 3. Annual mitigation scenario costs relative to Reference scenario,  
including capital and fuel cost sensitivities, 2020 - 2050 

 

 

We find that all scenarios that achieve deep decarbonization face significant challenges, but the types of 

challenges are different.  Scenarios that maintain gas heat in buildings require:  
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 Reducing the carbon intensity of natural gas use in buildings by blending in low-carbon 

alternatives, including up to 30% carbon-neutral renewable natural gas and hydrogen. While all 

of the scenarios evaluated here rely on carbon-neutral biofuels to meet the 2050 GHG goal, the 

use of renewable natural gas is of higher importance in the scenarios that maintain gas in 

buildings. Renewably-produced hydrogen or synthetic methane blended in the gas pipeline are 

also options to displace fossil natural gas. 

 High levels of energy efficiency in buildings, potentially with higher efficiency natural gas-

powered heat pumps.  

 Additional reductions in other sectors to offset higher emissions in the building sector.  In these 

scenarios, additional reductions are achieved primarily through 30 percent of industrial sector 

energy switching to electricity.   

The scenarios that switch to electric heat in buildings require:  

 Rapid consumer adoption of electric heating technologies, including retrofits of existing 

buildings and broader commercialization and market transformation of cold-climate heat pump 

technologies. Conventional electric heat pump technologies are designed to maximize comfort 

and annual savings for the building occupants. This means that they require supplemental heat, 

typically electric resistance heat, during cold temperatures. At high levels of adoption, these heat 

pumps will place significant demands on the electric grid. In a high building electrification future, 

greater attention to heat pump installation practices and standards would be needed to mitigate 

the impact on the electricity system of meeting increased winter peak heat demands. Cold-

climate electric heat pumps perform better during cold snaps than heat pumps not designed for 

cold climates, but they are less common today and have higher upfront costs.  Absent other load 

management strategies, cold climate heat pumps do not eliminate the need for new winter peak 

electric generation and delivery capacity in a high building electrification future in the Pacific 

Northwest.   

 Significant new investments to address winter peak demand from electric space heating, 

including an expansion of the electricity system in the form of upgraded distribution systems as 

well as winter peak capacity resources.  In the scenarios that transition to electric heat in 
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buildings, the widespread deployment of electric heat pumps leads to a five- to 10-fold increase 

in the incremental natural gas generation capacity build by 2050, relative to the Direct Use of 

Natural Gas Scenarios. This is equivalent to an additional 17,000 to 37,000 megawatts (MW) of 

additional peaking capacity need by 2050. Some of this winter peaking, gas-fired electric 

generation need could be displaced by energy storage, demand response, or technology 

innovation. But the cost of using batteries and other forms of electricity storage to meet winter 

peak heating needs is still unclear. For comparison, the entire hydroelectric system in the Pacific 

Northwest represents approximately 33,000 MW of installed capacity (Figure 4). Ensuring winter 

peak reliability will be a key planning challenge to address if building heating needs are 

increasingly electrified.  

Figure 4. 2050 new firm natural gas capacity build by scenario,  
compared to existing regional hydroelectric capacity (gigawatts) 

 

In all of the decarbonization pathways considered here, a combination of fossil and renewable natural 

gas, whether used in homes or in power plants, continues to serve winter peak heating needs in the Pacific 

Northwest (Figure 5). This study does not include an exhaustive investigation of alternative options to 

meeting peak heat demands. Potential alternative options are higher cost or more speculative as a peak 
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capacity resource during extreme cold events in the region (e.g., geothermal heat pumps, energy storage, 

or incremental demand response).  

Figure 5. Greenhouse Gas Emissions Over Time and 2050 GHG Emissions by Source and Scenario 

 

Achieving a low-carbon future in the Pacific Northwest will require policies that encourage the 

development and deployment of next-generation energy technologies. Key areas for technology 

development and deployment highlighted in this study include:  

 Deep energy efficiency and shell retrofits in buildings; 

 Transportation electrification and electric vehicle charging infrastructure;  

 Advanced forms of sustainable, carbon-neutral fuels, including renewable natural gas, renewable 

diesel, and renewable jet fuel; 

 High efficiency space heating technologies, such as cold-climate heat pumps and natural gas heat 

pumps, that mitigate or manage winter peak impacts; and 
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 Industrial sector GHG mitigation options, including energy efficiency, electrification, and fuel-

switching, as well as renewably produced hydrogen. 

Many pathways exist to achieving decarbonization in the Pacific Northwest. The challenge lies in the 

development and sustained deployment of the advanced technologies needed to transform the region’s 

energy economy to a lower-carbon future over the next two to three decades.   
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1 Introduction 

1.1 The Climate Context in the Pacific Northwest 

1.1.1 CLIMATE GOALS IN OREGON AND WASHINGTON 

Oregon and Washington are leaders on climate and clean energy policy. Both states are taking steps to 

reduce emissions with a portfolio of policies that encourage energy efficiency, expand renewable energy 

and support the deployment of battery electric vehicles. In 2007, the Oregon legislature passed House Bill 

3543 which calls on the state to achieve greenhouse gas (GHG) levels that are at least 75 percent below 

1990 levels by 2050. The Oregon legislature is now considering the development of a cap and trade 

program to reduce GHG emissions in the state further. In 2008, the Washington state legislature passed 

a law requiring a reduction in GHG emissions of at least 50 percent below 1990 levels by 2050, but in 2016, 

the Department of Ecology recommended a stricter limit. In the “Washington Greenhouse Gas Reductions 

Limit” report, the Department called for an overall GHG reduction of 80 percent below 1990 levels by 

2050.  

This study evaluates pathways for the Pacific Northwest, Oregon and Washington combined, to achieve 

an 80% reduction in greenhouse gases by 2050 (Figure 6). State-specific results for Oregon and 

Washington are included in the Appendix. This level of climate mitigation is often referred to as “deep 

decarbonization” and is consistent with the global reduction in greenhouse gas emissions that are 

necessary to limit global warming to 2 degrees Celsius.  
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Figure 6. Pacific Northwest historical greenhouse gas emissions and 2050 greenhouse gas goal 

 

1.1.2 GREENHOUSE GAS EMISSIONS IN OREGON AND WASHINGTON  

The largest share of greenhouse gas emissions in Oregon and Washington are from the transportation 

sector. Buildings represent the second largest source of GHG emissions in the region, nearly evenly split 

between emissions from electricity generation and the direct use of natural gas and petroleum-based 

fuels, such as propane. The remaining greenhouse gasses in the region come from both direct and fugitive 

emissions in industry, agriculture and waste.  
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Figure 7. 2015 Greenhouse Gas Emissions in Oregon and Washington by sector and fuel (source: PATHWAYS model) 

 

 

1.2 Pathways to Achieve Deep Decarbonization 

1.2.1 FOUR PILLARS  

A common finding across the deep decarbonization studies completed in the US, globally, and in the 

Pacific Northwest is the use of four broad emissions reduction strategies to achieve deep decarbonization. 
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These strategies, or “pillars”, include: energy efficiency and conservation, electrification (switching fossil 

fuel powered infrastructure to electricity), low-carbon fuels, and reductions in non-combustion emissions. 

Any successful mitigation scenario will include reductions from each of these pillars, but not every 

scenario must include every measure from within a pillar. Scenario analysis offers the opportunity to 

consider how different strategies within, and emphasis between, these pillars affect the plausibility and 

cost of deep decarbonization.  

Energy efficiency and conservation 

Energy efficiency means providing the same energy service (e.g. hot water, mobility, lighting) with less 

input energy required. Energy efficiency is both an important measure from the perspective of both 

emissions reductions and cost. Less energy efficiency means that a larger quantity of more expensive 

measures will be needed, increasing the societal cost of deep decarbonization. Conservation is a change 

in behavior to reduce energy demands.  For example, bicycling or walking rather than driving. The 

scenarios we use in this study focus on energy efficiency and assume only a very small amount of 

conservation. 

Electrification 

Electrification strategies shift energy usage from on-site combustion of fossil fuels in vehicles and buildings 

to power from the electric grid. Electrification can be an effective emissions reduction strategy because 

of the relatively high efficiency of electric end-uses and the complementarity with efforts to decarbonize 

the electric sector. However, some electrification measures are more cost effective than others, so like 

other emission reduction opportunities, electrification must be used strategically. An important 

consideration when evaluating the costs of electrification are the potential impacts to the electric 

system’s peak demand and associated infrastructure costs. 
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Low-Carbon Energy 

Low carbon energy strategies substitute fossil fuels like gasoline, diesel, coal, and natural gas with low 

emission alternatives like renewable electricity, renewable natural gas and biodiesel. The advantage of 

low-carbon energy is that they can be formulated as a ‘drop in’ fuel and used in existing equipment with 

little modification. For example, biodiesel used in trucking.  However, the available supply of sustainable 

biofuels is limited, falling far short of existing demands for liquid and gaseous fossil fuels in the Northwest, 

and the costs are higher than the fossil-fuel they replace. Therefore, the limited supply of sustainable 

biofuel resources must be used strategically, targeted to where they provide the highest value.  

Reduction in non-combustion emissions 

Non-combustion emissions include several different greenhouse gasses that are released or generated via 

non-combustion processes. Some non-energy emissions are produced through biogenic processes (e.g. 

urban wastes or manure), others occur because of industrial processes, while some are the result of the 

extraction or transportation of fossil fuels. Non-energy emissions often come in the form of greenhouse 

gasses with high global warming potential like methane or nitrous oxide. Strategies that reduce these 

emissions are important components of economy-wide decarbonization. 
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Figure 8: Pillars of Deep Decarbonization4 

 

1.2.2 PRIOR DEEP DECARBONIZATION STUDIES AND ANALYSES OF “PEAK HEAT” NEEDS  

While there is support for decarbonization in the Northwest, many questions remain about how to 

achieve this transformation of the region’s energy economy.  Several existing studies have evaluated 

different scenarios to achieve an 80% reduction in greenhouse gas emissions:  

 In 2014, the “Pathways to Deep Decarbonization in the United States” published by E3, in 

collaboration with Lawrence Berkeley National Laboratory and Pacific Northwest National 

Laboratory, evaluated scenarios with different electricity generation mixes, including renewables, 

nuclear power, and carbon capture and sequestration. In that study, the Pacific Northwest was 

                                                           
4 VMT = vehicle miles traveled 
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grouped with the broader U.S. census region for the Pacific, including Alaska, Washington, 

Oregon, California, and Hawai’i.   

 In 2016, the Obama White House published the “United States Mid-Century Strategy for Deep 

Decarbonization” evaluating several scenarios with a focus on the role of carbon sinks and carbon 

dioxide removal technologies in achieving the 2050 GHG goal.  

 In 2017, the Office of Governor Inslee published a study evaluating decarbonization options for 

Washington State, and in 2018, Portland General Electric (PGE) published decarbonization 

scenarios for their service territory.  Both the Washington state and PGE studies were performed 

by Evolved Energy and evaluated high building electrification scenarios and scenarios without 

building electrification.  

However, none of these prior studies, to our knowledge, have investigated the costs and implications of 

reliably meeting winter peak energy needs during the coldest days experienced in the region.  This study 

evaluates the cost implications of serving winter peak heating needs in the context of achieving an 80 

percent reduction in GHGs by 2050.  

In addition, this study evaluates the potential role and impact of natural gas heat pumps, an emerging 

technology which has not been evaluated in prior deep decarbonization studies, to our knowledge.  

Finally, a wide range of electric heat pump performance and cost assumptions are considered, reflecting 

some of the uncertainties in both technology innovation and regionally-specific building retrofit and 

installation costs.  Prior studies appear to have relied primarily on national cost estimates and have not 

explicitly accounted for heat pump performance characteristics with changes in temperature.   

1.2.2.1 Peak heat needs  

This study focuses in particular on the capacity needs to serve space heating loads and builds on an 

emerging area of research that is evaluating incremental peak loads if natural gas heating load converted 

to electricity using air-source heat pumps for space heating and water heating. Though the electricity 
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system in the Northwest is currently winter peaking, the natural gas system in the region provides the 

bulk of peak-space heating energy. NW Natural estimates that electrifying winter peak natural gas heating 

loads would increase the region’s peak by nearly 30 GW (Northwest Natural 2017). Other utilities and 

researchers in the Northwest have also begun to examine this issue. For instance, Avista estimates that 

electrifying its gas loads would increase electric peak in its service territory by over 1,600 average 

megawatts (aMW) per day, just short of its current peak load of 1,681 aMW per day (Avista 2018). The 

Northwest Power and Conservation Council estimates that a high electrification case for the region could 

lead to a winter peak of over 65 GW, an 85% increase over today (Jourabchi 2018).  

These regional findings are consistent with findings elsewhere in the world. Researchers at the University 

of Central London find that that the electric sector peak would more than double under large-scale 

deployment of electric heat pumps in the United Kingdom (Strbac et al 2018). Indeed, ‘heat 

decarbonization’ has been an ongoing policy and research question in the United Kingdom, with a variety 

of analyses examining the infrastructure implications of reducing emissions in buildings (Howard and 

Bengherbi 2016, MacLean et al 2016). These studies consider the heat required not only in average 

conditions, but also in peak conditions, usually defined as a historical ‘1 in 10’ or ‘1 in 20’ heating event. 

A key take-away from the existing literature on decarbonizing heat, both in and outside the Northwest, is 

the importance of accounting for peak conditions. 

1.2.3 STUDY GOALS AND QUESTIONS 

This study seeks to evaluate deep decarbonization strategies in buildings, within the context of an 

economy-wide pathway to 2050. This study evaluates scenarios that achieve the 2050 climate goal while 

continuing to rely on the region’s existing gas distribution system, and scenarios that switch to a reliance 

on electric heat pumps for space and water heating. The scenarios that continue to rely on the direct use 

of natural gas blend low-carbon fuels into the gas pipeline, including renewable natural gas and in one 

case, renewably produced hydrogen. The electrification scenarios evaluate the implications of serving 
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peak heat needs with electric heat pumps, together with a broader economy-wide evaluation of 

greenhouse gas mitigation options and costs. Furthermore, these scenarios seek to balance a reasonable 

set of GHG mitigation measures across sectors, avoiding the most expensive mitigation options where 

possible.   

The key research questions include: 

 What are viable pathways to achieve deep decarbonization in the Northwest, focusing on 

different strategies in buildings? 

 How can NW Natural, and the natural gas system, contribute towards achieving the region’s GHG 

goals? 

 What are the potential electric load impacts of electrifying buildings in the region? 

 What key factors affect the cost of different decarbonization strategies?  
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2 Study Approach 

This report builds on prior deep decarbonization analyses from other regions and other states but uses an 

expanded analytical toolkit to draw out the implications of different decarbonization strategies, with a 

focus on the role of the buildings sector in achieving an economy-wide emissions reduction goal.  

The core analytical tool used to evaluate long-term carbon reduction scenarios is an economy-wide energy 

and emissions accounting model developed by E3 called PATHWAYS. This model ensures that the long-

term scenarios evaluated all achieve the economy-wide 2050 GHG emissions constraint. The Northwest 

version of the PATHWAYS model is tailored to region specific energy demands, supply and technology 

stocks, using local data whenever possible. The tool is also benchmarked to the existing Oregon and 

Washington state greenhouse gas emissions inventories.   

PATHWAYS is an economic energy and greenhouse gas emissions accounting tool. A key feature of the 

PATHWAYS model is its detailed treatment of the Northwest’s energy infrastructure. Energy 

infrastructure includes, but is not limited to, power plants, industrial facilities, trucks, cars, buses and 

building end use equipment. Each type of infrastructure consumes energy to meet projected energy 

services demands for the regions needs including transportation, heating, cooling, lighting, industry, 

agriculture and other uses spanning the entire energy system. Depending on the equipment stock, its fuel, 

and its efficiency this energy use results in different fuel consumption, emissions, and costs for the region. 

Within this framework, there are three key areas that receive more detailed analysis: 1) Biofuels supply 

and costs, 2) Building performance, and 3) the Electricity sector, as described in more detail below.  

 Biofuels supply and costs: Carbon-neutral biofuels are a key strategy to reduce greenhouse gas 

emissions in the scenarios evaluated here. However, the sustainable biomass feedstocks that are 
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needed to produce carbon-natural biofuels are also a fundamentally limited resource, and thus 

valuable. Examples include biogas from landfills, waste water treatment facilities or dairies, as 

well as wood from forestry plantations or waste wood. In order to evaluate the supply constraints 

and costs of producing sustainable biofuels, we augment the PATHWAYS model with a Biofuels 

Optimization Module. This tool accounts for the limited biofuel feedstocks and allocates them to 

final fuels to maximize emissions reductions at least cost.    

 Building performance: This study evaluates how the performance of electric air source heat pump 

space heating technologies might perform under a range of cold temperatures across the Pacific 

Northwest using a building simulation model, EnergyPlus. EnergyPlus estimates the hourly energy 

requirements of space heating in different building types across the region at different 

temperatures.   

 The electricity sector: In order to reflect the potential costs and carbon implications of 

decarbonizing the electricity sector we apply an electricity sector capacity expansion model called 

RESOLVE. This tool is designed to identify least-cost electricity generation portfolios under carbon 

constraints. The model includes historical hourly load shapes which are modified to reflect the 

impacts of scenario-based assumptions about energy efficiency and electrification in 

transportation, industry and buildings, to the extent applicable. After accounting for load diversity 

and building shell improvements, the hourly load shapes from the EnergyPlus building simulations 

are used to modify the base hourly load profiles in the RESOLVE model. This creates a more 

realistic picture of how hourly electricity demands, and winter peak electricity demands, could 

change under a high building electrification future.  

A list of key data sources used to develop this analysis can be found in the Appendix. 

2.1 Economy-wide Energy and Emissions Scenarios 

The core analytical tool used in this analysis is the Northwest PATHWAYS model. E3 first developed the 

PATHWAYS framework in 2008 to help policy-makers, policy implementers and businesses better 

understand plausible decarbonization scenarios. The model has since been modified and improved on 
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over time in projects that analyze deep decarbonization at the national level, in several states, as well as 

sub-state jurisdictions.  

A key feature of the PATHWAYS model is its detailed treatment of the Northwest’s energy infrastructure. 

Energy infrastructure includes, but is not limited to, power plants, industrial facilities, trucks, cars, buses 

and home equipment. Each type of infrastructure consumes energy and produces emissions differently, 

but collectively they determine the direction of the region’s emissions trajectory. Many of these 

technologies are long-lived. For instance, a home built today will likely still be in use by mid-century. 

Because investments made in the near-term shape the energy system of the future, the PATHWAYS model 

includes a detailed, bottom-up stock accounting treatment of the region’s energy infrastructure on a 

technology-specific level (Figure 9). By accounting for vehicle and equipment lifetimes, PATHWAYS 

identifies the pace of change necessary to deploy decarbonization strategies while avoiding costly early 

retirement, and captures potential path dependencies of near-term decisions. 

Figure 9: Infrastructure lifetimes in PATHWAYS 
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A second key feature of the PATHWAYS model is its ability to link sectors. By linking sectors, PATHWAYS 

identifies where aggressive action in one sector can enable emissions reductions elsewhere in the 

economy. For instance, the detailed treatment of the electricity sector is explicitly tied to the carbon 

savings associated with electric vehicles. 

Demands for energy in PATHWAYS are driven by forecasts of population, building square footage, vehicle 

miles traveled, and other drivers of energy services. The rate and type of technology adoption and energy 

supply resources are all user-defined scenario inputs. PATHWAYS calculates energy demand, greenhouse 

gas emissions, the portfolio of technology stocks in selected sectors, as well as capital costs and fuel costs 

for each year between 2015 and 2050. 

2.2 Biofuels Supply and Costs 

Sustainable Biomass and Biofuel Resource Availability 

The availability of carbon-neutral biofuels as a GHG reduction option is limited by the supply of sustainable 

biomass feedstocks. The United States Department of Energy’s 2016 Billion Ton Study (BTS) estimates the 

supply of biomass feedstocks by county and by type, at different price points (USDOE 2016). The DOE BTS 

study also estimates the potential supply of both biomass wastes and residues, as well as purpose grown 

crops such as plantation forests, switchgrass and miscanthus. This analysis assumes a transition away from 

current, food-based biofuel feedstocks such as corn and soy, and towards a more advanced and sustainable 

supply of biofuels. In addition to the U.S. DOE BTS study, NW Natural provided additional estimates of the 

resource potential for regional biogas supplies from landfills, waste water treatment facilities and other 

sources of biogas that are not well represented in the BTS data set, based on U.S. EPA data and a Washington 
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State University Energy Program study.5 This data was reconciled with the DOE BTS study by adding 27 TBtu 

of biomethane potential from landfill gas and wastewater treatment plants and 0.14 million dry tons of 

manure feedstock. 

In this study, we assume that biomass used to produce carbon-neutral biofuels are limited to wastes, 

residues and purpose-grown energy crops within the regional Northwest: Idaho, Montana, Oregon and 

Washington. We also assume that Oregon and Washington have access to their population share of the four-

state region (80.7%). This represents a moderate quantity of biofuels compared to alternative approaches, 

resulting in a total of 25 million dry tons of biomass supply available to Oregon and Washington (Figure 10). 

This is in contrast to Washington State’s deep decarbonization study which assumed 23.8 million dry tons 

available to the state. The Portland General Electric Pathways to Deep Decarbonization study also assumed 

a larger per capita share of biomass for biofuels compared to this study. Applying the PGE study 

methodology to the Oregon and Washington region would result in an assumption of 46.7 million dry tons 

of biomass available to the region, almost double the amount available in this study.6   

                                                           
5 Oregon landfill gas data was based on the U.S. EPA Landfill Methane Outreach Program (LMOP) database. Washington data on biogas feedstocks 
was based on the Energy RNG Roadmap for Washington (Washington State University Energy Program 2017). 
6 PGE’s share of the U.S. biomass supply is assumed to be 7.3 million dry tons (MDT), which is equal to the U.S. supply of biomass of 1,300 MDT 
multiplied by the region’s population share (1.8 million people in PGE/320.9 million people in the U.S.).  Applying this same method to Oregon and 
Washington would result in 46.7 MDT: 1,300 MDT of biomass supply in the U.S., multiplied by the region’s population share (11.5 million people in 
Oregon and Washington/320.9 million people in the U.S.).  See: https://www.portlandgeneral.com/our-company/energy-strategy/resource-
planning/integrated-resource-planning  

https://www.portlandgeneral.com/our-company/energy-strategy/resource-planning/integrated-resource-planning
https://www.portlandgeneral.com/our-company/energy-strategy/resource-planning/integrated-resource-planning
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Figure 10. Biomass feedstock supply by type, 2050 

 

*Tons of landfill gas are weighted by a factor of 3 to account for the approximate relative energy yield. 

Biofuels Costs and Supply 

The E3 PATHWAYS Biofuels Module generates supply curves that determine the availability and cost of 

renewable liquid and gaseous biofuels. The model optimizes the selection of feedstocks, conversion 

pathways, and final fuels. The optimization is flexible and can be configured to select a least-cost portfolio 

given final fuel demands, maximum carbon abatement given available feedstock, or some combination of 

these and other policy drivers. When multiple conversion pathways are available for a given feedstock and 

fuel pairing (for instance, pyrolysis vs. Fischer Tropsch for conversion of wood to diesel), the selection 

criterion is also flexible: the model can be configured to choose either the cheapest conversion process or 

the one with the highest yield.  
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E3’s biofuels conversion pathway assumptions are drawn from work done as part of a California Energy 

Commission grant (E3, 2018). E3 worked with a combination of published literature and external expert 

consultations to develop estimates of conversion efficiencies and costs, assuming biofuels can be produced 

more cheaply in the future through industry learning.  

2.3 Building Performance 

EnergyPlus is a building energy simulation model that models energy consumption for heating, cooling, 

ventilation, lighting and plug loads in both residential and commercial buildings. E3 worked with Big 

Ladder Software (Big Ladder) to develop a set of building simulations to identify the hourly load impacts 

of electric space-heating.7 Big Ladder simulated four building types: a small single-family home, a large 

single-family home, a multi-family building and a small commercial building. Each building type included 

two vintages (older and new construction) and two climate zones (West of the Cascades, represented by 

Portland, OR and East of the Cascades, represented by Spokane, WA), both of which determine building 

performance. Three different heating technologies were simulated in each building: an electric resistance 

heater, an air-source electric heat pump and a cold-climate air-source heat pump. Table 1 lists the 

different parameters simulated in this analysis. 

 

 

 

                                                           
7 The hourly usage of natural gas equipment was not modeled in EnergyPlus since the peak impact of natural gas equipment is relatively simple to 
estimate. 
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Table 2: Building simulation parameters 

Building types Vintages Climate zones Heating technology 

• Small single-family 

• Large single-family 

• Multi-family 

• Commercial 

• Existing (built in 
1990) 

• New (Most 
recent building 
energy codes) 

• West of Cascades 
(Portland) 

• East of Cascades 
(Spokane) 

• Electric heat 
pump 

• Cold climate 
electric heat 
pump 

• Electric 
resistance 

Weather assumptions 

In order to capture the inter-year variation in peak heating requirements in buildings, NW Natural worked 

with E3 to develop a range of temperature conditions for the building simulations. Building usage was 

simulated using weather data for Portland and Spokane8 so that the resulting annual energy demands are 

representative of normal weather conditions. However, this representative weather data was 

supplemented with  an imposed a 3-day cold-snap representing a 1- in 10 year cold event.9  This represents 

a more extreme, but still within the historical experience, heating event for the region. The average 

minimum 7am temperature in a given year in NW Natural’s service territory over the last decade was 18° 

Fahrenheit (F), while the ‘1 in 10’ year cold-snap included in the weather used in this study dips to 10° F. 

This 10° F cold-snap event represents a heuristic for the types of inter-year variation in heating needs that 

could be experienced by buildings across the region.10 

                                                           
8 Weather from 2012 was found to be representative, so the hourly weather from 2012 was used as an input to the simulation. 
9 Using the methodology in NW Natural’s 2018 IRP, a 1-in 10 year cold event in Portland includes a day with an average temperature of 17.09°F. 
Consequently, the hourly temperature profile from the December 7 through December 9, 2013 cold event was added to the data to represent a 1-in 
10 year event. The average temperature of the coldest day of this cold event (December 8th, 2013) was 17.42°F. 
10 Note that these figures for Portland are representative and adjustments were made to account for regional diversity in weather conditions.. See 
Section 6.4 in the appendix for more information on the treatment of weather. 
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2.4 Electricity Sector  

In order to simulate the costs and performance of the electric grid under a very low-carbon future, this 

study uses a tool called RESOLVE. This tool is an electricity-sector resource investment model that uses 

linear programming to identify optimal, long-term generation and transmission investments, subject to 

reliability, technical, and policy constraints. RESOLVE layers capacity expansion logic on top of a 

production cost model to determine the least-cost electric sector investment plan, accounting for both 

upfront capital costs and variable costs to operate the grid. This project uses a Northwest specific version 

of RESOLVE first developed for the Public Generating Pool in 2017 (E3 2017).  

RESOLVE selects from a wide range of potential new generation resources. The options for new 

investments considered in this study are limited to those technologies that are commercially available in 

the Pacific Northwest today. New nuclear power and carbon capture and sequestration are not 

considered in these scenarios.  

RESOLVE includes a variety of Northwest specific inputs, including hydro dispatch informed by historical 

operations. RESOLVE captures the constraints on the dispatch of the hydroelectric system by deriving 

constraints from actual operational data. Three types of constraints govern the operation of the hydro 

fleet as a whole: 1) daily energy budgets, 2) maximum and minimum hydro-electric generation levels and 

3) maximum multi-hour ramp rates. Collectively, these constraints limit the generation of the hydro fleet 

to reflect seasonal limits on water availability, downstream flow requirements, and non-power factors 

that impact the operations of the hydro system. RESOLVE incorporates a number of other constraints 

including a planning reserve margin (PRM) that requires a minimum quantity of firm capacity, and the 

ability to impose a GHG cap on electricity emissions over time.  

RESOLVE is a complementary model to both PATHWAYS and EnergyPlus. PATHWAYS identifies the annual 

electric loads that the electric sector must serve and the emissions budget that constrains RESOLVE’s 

capacity expansion and operational linear optimization problem. EnergyPlus provides hourly load shapes 
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for individual buildings, that when aggregated and diversified, can be used to inform changes to the 

system-level building load shape, which determine both the annual peak capacity requirements in 

RESOLVE and operational requirements of the electric system.  
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3 Northwest PATHWAYS Scenarios 

PATHWAYS is a user-defined scenario analysis framework. Scenarios are not forecasts. They do not 

represent an expectation of what a future energy system will look like. Nor are they mere speculation. 

Instead, scenarios are opportunities to ask “what if?” questions about plausible decarbonization 

trajectories for Oregon and Washington. This scenario analysis approach is meant to draw out potential 

implications and trade-offs between different approaches to achieve deep decarbonization.  

3.1 Scenario Design  

This analysis develops four decarbonization scenarios that examine trade-offs between and within 

different strategies for providing heat in buildings, as well as a Reference scenario, representing a “current 

policy” trajectory. The tradeoffs between building heating strategies in the decarbonization scenarios 

have implications for the rest of the economy as well as total scenario costs, since all scenarios are 

constrained to meet the same long-term carbon reduction goal. 

Four variations of building heating equipment are considered: gas furnaces, electric air-source heat 

pumps, gas-powered heat pumps and cold-climate air source heat pumps. These four scenarios can be 

binned into two scenario categories: Direct Use Gas Scenarios and Electric Heat Pump Scenarios. 

 

3.1.1 REFERENCE SCENARIO 

The PATHWAYS Reference scenarios is a representation of current policy in the Northwest as of Summer 

2018. Key policies include the Oregon Clean Fuels Program, Oregon’s participation as a ZEV State, a 20% 
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regional RPS target by 2045,11 and energy efficiency savings consistent with the Northwest Power and 

Conservation Council’s 7th Power Plan.  

3.1.2 DIRECT USE GAS SCENARIOS 

In these scenarios the gas distribution pipeline system continues to provide heat to residential and 

commercial buildings in the Northwest. The proportion of homes in Oregon and Washington that are 

served by gas are held constant through time, though the total number of gas homes increases as the 

region’s population expands. In each of the Direct Use Gas Scenarios, natural gas is blended with 

renewable gases like biomethane and hydrogen to decrease the carbon content of energy provided via 

the existing pipeline infrastructure.  

3.1.2.1 Gas Furnace Scenario 

In the Gas Furnace Scenario, the primary heating equipment in homes transitions to high efficiency 

versions of gas furnaces and water heaters, both of which are commonly used technologies today. By 

2030, nearly all gas space-heaters sold are 98% efficient condensing gas furnaces while air conditioning 

needs continue to be met with high efficiency air conditioners.  

3.1.2.2 Gas Heat Pump Scenario 

In the Gas Heat Pump scenario, natural gas fired air-source heat pumps, an emerging technology, are 

assumed to become the primary space heating and water heating equipment in buildings that typically 

use natural gas today. Gas heat pumps operate similarly to electric heat pumps, except that they are 

powered by gas rather than electricity. The Northwest Energy Efficiency Alliance (NEEA) is working to 

commercialize gas heat pumps in the region and provided E3 with estimates of the performance 

                                                           
11 This is a regional weighted figure representing the combination of the 50% RPS by 2040 in Oregon and the 15% RPS by 2020 in Washington.  
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characteristics and potential costs of natural gas heat pumps. Gas heat pumps have improved efficiencies 

compared to gas furnaces, achieving a coefficient of performance (COP) of 1.4 for space-heating and 1.3 

for water-heating. NEEA believes natural gas heat pumps may be well suited to provide both space- and 

water-heating in a combined unit, which could lead to cost savings relative to the cost of an individual 

water heater and gas heat pump heater.  

3.1.3 ELECTRIC HEAT PUMP SCENARIOS 

The electric heat pump scenarios examine futures where the bulk of heat in buildings is provided by 

electric air-source heat pump space heaters and water heaters. Electrification paired with a 95% 

decarbonized electric sector achieves a near-complete decarbonization of heat in buildings.  

3.1.3.1 Electric Heat Pump Scenario 

This scenario replaces both existing gas and electric technologies with a high efficiency (HSPF 9) electric 

air-source heat pump for space heating, representing an efficiency option that is readily available today. 

12 This scenario does not assume installations of higher efficiency systems on the upper-end of the heat 

pump market, nor does it assume any technology innovation. An HSPF 9 heat pump system is relatively 

efficient in terms of annual energy but becomes less efficient at cold temperatures. At 34°F these heat 

pump systems “lock-out” and switch to the use of electric resistance back-up heat.13 This scenario 

represents a future where the region proceeds with building electrification using a commonly-available 

                                                           
12 Heating Season Performance Factor, or HSPF, is a measure of the seasonal efficiency of heat pump equipment in the winter.  The Federal 
minimum for air source heat pumps is an HSPF rating of 7.7.  In Oregon, to qualify for an Oregon residential energy tax credit, a ducted air source 
heat pump system must have an efficiency of 9.5 HSPF or greater. The Energy Trust of Oregon offers incentives for systems that have an HSPF of 8.5 
or higher. High efficiency mini-split heat pumps may have an HSPF efficiency rating of 12.5 but may not be suitable in larger homes or some 
applications.   
13 Energy Trust of Oregon provides an incentive to set a compressor lock-out temperature to 35°F (or “as close as possible”). High efficiency mini-split 
heat pumps do not “lock-out” at temperatures experienced in the Pacific Northwest but may not be suitable in larger homes or some applications. 
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heat pump technology and common HVAC installation procedures without accounting for the system-

wide peak impacts of electrification.  

3.1.3.2 Cold-Climate Electric Heat Pump Scenario 

Cold-climate air-source heat pumps are commercially available products, though still relatively 

uncommon in today’s market, that perform better at cold temperatures than more common heat pumps. 

Their improved performance at cold temperatures is due to their having an inverter driven, variable-speed 

compressor, and more advanced control systems. The Northeast Energy Efficiency Partnerships (NEEP) 

has established a product specification for cold-climate heat pumps and provides a listing of systems that 

meet that specification. To qualify, a system must have a variable speed compressor, a coefficient of 

performance (COP) at 5° F higher than 1.75, and an HSPF of at least 10.  

For this analysis, Big Ladder simulated a ducted cold-climate heat pump with an HSPF of 10.5. The system 

uses supplemental heat once the temperature drops below 20° F.14 Below that temperature, the heat 

pump can still provide a portion of the heat, with electric resistance heating providing the additional heat 

needed to maintain building comfort. Note that we did not model the hourly performance of ductless 

heat pumps in this study, assuming that homes that fuel-switch from natural gas to electric heating would 

already have duct-work. We do assume for costing purposes only that ductless heat pumps are installed 

in homes that currently have electric resistance heat. 

                                                           
14 For comparison with NEEP’s cold-climate heat pump specifications the modeled system has a COP of 2 at 5°F. 
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3.2 Common Scenario Assumptions 

The scenarios in this analysis examine different strategies to deliver heat in buildings while achieving the 

same level of economy-wide carbon reduction. However, there are many shared features and common 

assumptions across the scenarios, which are described below:  

 Energy efficiency and conservation: High levels of energy efficiency and conservation in buildings 

and industry are critical to reduce energy demands and save carbon in all scenarios. In all 

scenarios, ductless heat pumps replace nearly every electric resistance heater in buildings, while 

deep building shell retrofits reduce the heat required in residential and commercial buildings, and 

smart-growth measures decrease per-capita vehicle-miles travelled in the region.  

 Electrification in transportation, and industry OR buildings: All scenarios assume nearly 

complete electrification of passenger vehicles, trucks and off-road vehicles by 2050. The amount 

of electrification in industry and buildings varies by scenario, as discussed in more detail below.   

 Low carbon fuels: biofuels and renewable natural gas: All scenarios include renewable natural 

gas and renewable jet fuel to decarbonize fuels that may be otherwise difficult to electrify.  The 

total quantity of biofuels varies between scenarios, ranging from 73% of the available biofuel 

supply in the Electrification scenarios, to 97% to 100% of the available supply in the Direct Use of 

Natural Gas scenarios.   

 Low-carbon electricity: All scenarios assume nearly complete decarbonization of the electricity 

sector through expanded reliance on renewable generation, and continued reliance on 

hydropower and nuclear energy, achieving between 95% and 97% zero-carbon electricity 

generation by 2050. All of the scenarios consider additional demand response, electricity storage, 

wind, and solar generation, but do not consider the development of carbon capture and 

sequestration, new nuclear power, or new large-scale hydropower as zero-carbon technology 

options. In all scenarios, the electricity sector is allocated a carbon budget that allows the overall 

scenario to meet the 2050 carbon reduction goal. 

 Reductions in non-combustion GHG emissions: Each scenario assumes concerted efforts to 

reduce non-combustion emissions, achieving approximately a 53% reduction in non-combustion 
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emissions by 2050, relative to 1990 levels.  This means that a higher share of reductions is required 

in the energy sector, in order to achieve an economy-wide goal of 80% below 1990 levels by 2050. 

Methane emissions from manure, landfills and wastewater are captured in each scenario and 

converted to biomethane. Fluorinated (F)-gases are replaced with lower cost refrigerants 

throughout the economy. The scenarios also assume efforts to reduce fugitive and process 

emissions in industry.  

All of these common mitigation assumptions represent major shifts from a business-as-usual world.  

3.3 Key Differences between the Scenarios 

The different building strategies applied in each scenario result in different implications for other sectors 

of the economy. These differences are summarized by sector, and in the table below:  

 Electrification in Industry: The Direct Use Gas Scenarios assume that 30% of industrial energy 

demand currently served by other fuels is electrified by 2050. This quantity of electrification is 

consistent with a near-complete electrification of industrial HVAC equipment, as well as high 

levels of process heating and boiler electrification. No industrial electrification is assumed in the 

Electric Heat Pump Scenarios, beyond a limited switching of HVAC electricity demand to electric 

heat pumps.    

 Electrification in Buildings: As discussed above, the Direct Use Gas Scenarios do not assume any 

new building electrification, beyond the current market share of electric heat in existing buildings 

in the Pacific Northwest.  Buildings with existing electric resistance space heating are assumed to 

switch to electric heat pumps in all scenarios.  In the Electric Heat Pump Scenarios, 90% of all 

buildings are assumed to use electric heat pumps for space heating and water heating by 2050. 

This assumes a rapid transition towards electric heat pump adoption in both new construction 

and existing buildings, requiring major retrofits of existing space and water heating equipment.  

 Low Carbon Fuels: Biomethane and Renewable Hydrogen: All of the scenarios include substantial 

use of carbon-neutral, advanced biofuels to achieve the 2050 GHG targets. In the Direct Use of 
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Natural Gas Scenarios, up to 25% biomethane is blended into the natural gas pipeline by 2050, 

based on the assumed available regional supply of sustainable biomass.  This is equivalent to 72 

TBtu of renewable natural gas by 2050 in the Gas Heat Pump Scenario, and 84 TBtu of renewable 

natural gas in the Gas Furnace Scenario. The total quantity is higher in the Gas Furnace Scenario 

because the total gas demand is higher in this scenario. In the Gas Furnace scenario, an additional 

6.5% of the energy in the gas pipeline is provided by renewably-produced hydrogen from 

electrolysis.   

 Zero-Carbon Electricity: In all scenarios, electricity is nearly decarbonized by 2050.  The Electric 

Heat Pump scenarios assume that 95% of electricity generation is provided by zero-carbon 

resources, mostly from renewable energy and hydro-power by 2050. This is equivalent to a 5 

MMtCO2 carbon budget in 2050 for the electric sector. The Direct Use Natural Gas Scenarios 

assume that 97% of electricity generation is provided by zero-carbon resources by 2050, 

equivalent to a 3 MMtCO2 carbon budget for the electricity sector.  

These key scenario design differences are illustrated in Table 3. 

Table 3. Key assumptions by scenario 

2050 metrics  
Gas Furnace 

Scenario 
Gas Heat Pump 

Scenario 
Electric Heat 

Pump Scenario 
Cold-Climate Heat 

Pump Scenario 

Share of Natural Gas 
Space and Water Heating 
Electrified (fuel switching) 

0% 0% 96% 96% 

Industry Electrification 
(fuel switching, % total 
industry energy demand) 

30% 30% 5% 5% 

Carbon Free Electricity 
Generation 

97% 97% 95% 95% 

Biofuel Development 
(Share of available 
resource) 

100% 97% 73% 73% 

Hydrogen Mix in Gas 
Pipeline 

7% 0% 0% 0% 
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4 Results 

In all four PATHWAYS scenarios, achieving deep decarbonization will require transformative change to the 

energy economy of the Northwest in just over 30 years. This is a relatively short period of time compared 

to the investment decision timeframe and average lifetimes of energy infrastructure and equipment. A 

low-carbon energy transition for the Northwest region will only occur if investment decisions shift towards 

prioritizing higher efficiency options, and the development and use of low-carbon fuels. Those investment 

decisions range from small choices, like consumer purchases of LED light-bulbs, to large capital investment 

decisions by industrial facilities in the region.  

4.1 Greenhouse Gas Emissions in a Low Carbon Future 

Each scenario achieves the same 80% below 1990 target emissions budget of 29.3 MMtCO2 in 2050 and 

have very similar emissions trajectories over time. However, by 2050 the scenarios diverge in the 

allocation of emissions between sectors of the economy (Figure 11). The Gas Scenarios leave a larger 

share of the economy-wide budget to the buildings sector while the Electric Heat Pump Scenarios allocate 

more of the emissions budget to electricity and industry (Figure 12). The bulk of remaining energy 

emissions in both cases come from natural gas combustion, though the scenarios differ in where that gas 

is used. The Gas Scenarios rely more on direct-use of natural gas, while the Electric Heat Pump Scenarios 

use relatively more gas in the electricity sector, although the total use of natural gas is greatly reduced by 

2050 in all scenarios relative to today.  
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Figure 11. Greenhouse Gas Emissions Over Time by Scenario and by Source in 2050 

 

Figure 12. Share of Greenhouse Gas Emissions by Sector in 2020 and by Scenario in 2050 
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4.2 Energy Demand in a Low Carbon Future 

Delivered energy in the Northwest is dominated by the use of liquid fossil fuels (mostly gasoline and diesel 

in the transportation sector) and gaseous fossil fuels (mostly natural gas use in buildings and industry). 

Electricity is currently provided by a mix of coal, natural gas, hydropower, nuclear and renewables. In 

every mitigation scenario considered in this analysis, final energy demands are lower by 2050 than today, 

despite continued population and economic growth (Figure 13). The lower final energy demand is due to 

the combined impact of energy efficiency in all sectors (buildings, industry and transportation), as well as 

the efficiency savings from switching from internal combustion engines in vehicles (~20% efficient) to 

electric motor drive-trains in the transportation sector (~60% efficient).  

Figure 13. Energy demand by fuel type, Gas Heat Pump Scenario 

 

By 2050, low-carbon electricity is assumed to provide the largest share of final energy demands in all 

scenarios. The remaining liquid and gaseous fuels in the economy are blends of biofuels and conventional 
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fossil fuels. Biofuels account for between 19% and 24% of final energy consumption in 2050 in all scenario. 

In the Gas Furnace Scenario, an additional 6% of pipeline gas energy comes from renewably-produced 

hydrogen (Figure 14).  

Figure 14. Final energy demand by fuel type and scenario, 2050 (Tbtu) 

 

 

4.2.1 BIOFUELS 

Carbon-neutral, advanced biofuels are a limited, but important, source of carbon reductions in all 

mitigation scenarios. The PATHWAYS biofuels module allocates biomass feedstocks to fuels, based on 

energy demands remaining after electrification and energy efficiency measures have been applied in each 

scenario. Most of the biomass is allocated to producing liquid fuels, largely renewable diesel and 
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renewable jet kerosene to displace fossil fuel emissions in off-road transportation and aviation, both 

sectors which may be difficult to electrify (Figure 15). The allocation in these scenarios was selected by 

optimizing to maximize cost-effective GHG reduction from a societal perspective (e.g. consumer 

incentives and electric rate design options are not considered). For cellulosic and woody feedstocks, liquid 

fuels result in lower net cost CO2 displacement than biomethane because of the high cost and CO2 

intensity of the displaced fossil fuels, but this result is sensitive to a number of uncertain model inputs, 

including projected biofuel conversion efficiencies. Biomethane is an important tool to decarbonize 

remaining pipeline gas in each scenario, with blends as high as 25% of total throughput in the Direct Use 

Natural Gas Scenarios. Biofuel demands are identical in both of the Electric Heat Pump Scenarios.  

Figure 15. Biofuel Energy Use by Scenario, 2050 

 

The PATHWAYS biofuels module determines a market-clearing price for biofuels on an economy-wide 

basis. The same market-clearing price for biofuels is assumed in all scenarios, based on an assumption 

that the market price will be set by regional, economy-wide supply and demand (Table 4). 



 

 
 

P a g e  |  45  | 

 Results 

© 2018 Energy and Environmental Economics, Inc.    

Table 4. 2050 estimated market clearing price for biofuels, by fuel type 

Final biofuel $ / MMBtu 

Biomethane $23 

Renewable diesel $51 

Renewable jet kerosene $49 

4.2.2 DEMAND FOR PIPELINE GAS 

Demand for natural gas decreases in every case relative to Reference (Figure 16). Direct use gas demand 

begins decreasing in 2020 due to aggressive energy efficiency in all cases. Further reductions in direct use 

gas occur in the Electric Heat Pump Scenarios as fuel-switching from gas to electric equipment in buildings 

occur. Total pipeline gas use in the region increases in the Gas Scenarios and is close to Reference in the 

Electric Heat Pump scenarios through 2040. This result is largely driven by a switch from coal-fired 

generation to natural gas combined cycle power plants. Later in the study period, the emissions cap for 

the electricity sector, achieved largely through additional renewable generation, leads to a sharp drop in 

gas use in the electricity sector between 2040 and 2050. 
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Figure 16: Pipeline gas throughput by scenario 

 

4.3 Transportation Sector 

4.3.1 PASSENGER VEHICLES 

Across all scenarios, passenger vehicle electrification is a core strategy to decarbonize the region’s 

transportation sector, the largest source of GHG emissions in the Northwest region. In all scenarios, over 

70% of passenger vehicle sales are from either battery electric or plug-in hybrid technologies in 2030, and 

by 2035, 100% of sales are either battery electric or plug-in hybrids.  This translates to 3.4 million electric 

or plug-in electric passenger vehicles by 2030 and 9.8 million electric or plug-in electric vehicles by 2050 

(Figure 17).  Achieving this scale of light-duty vehicle electrification will require a complete transformation 

of consumers’ vehicle purchase decision within the next two decades. In 2017, 2.5 percent of light-duty 
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vehicle sales in Washington and 2.3 percent of sales in Oregon were battery electric or plug-in hybrid 

vehicles (Alliance of Auto Manufacturers 2018).  

Figure 17. Millions of Passenger Cars and Trucks by Type, All Scenarios, 2015 – 2020 

 

Barring a ban on fossil-fueled vehicles, consumer decisions will determine the pace of passenger vehicle 

electrification. Even under optimistic cost projections, electric vehicles are expected to be more expensive 

from an upfront cost perspective than fossil alternatives for at least the next decade (Bloomberg New 

Energy Finance 2018). This means that an increasing proportion of consumers will have to opt for vehicles 

with a higher upfront cost or will continue to require subsidies to drive ZEV sales.  

Barriers to widespread adoption of electric vehicles must also be addressed, even as ZEVs move towards 

cost-parity with fossil alternatives. Non-cost considerations—for example, anxiety over range or the 

opportunity to refuel—may reduce consumers’ propensity to adopt a new vehicle technology. Public 

charging infrastructure will be needed to address range anxiety concerns and ensure equitable access to 

electric vehicles for lower income drivers who may not have access to at home chargers.  
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4.3.2 MEDIUM- AND HEAVY-DUTY TRUCKS 

Like passenger vehicles, medium and heavy-duty trucks must undergo a transition from GHG intensive 

fossil fuels to a mix of low-carbon alternatives. There are a range of plausible technologies that can be 

used to decarbonize trucks, including: hybrid electric (diesel hybrid), battery electric (BEV), hydrogen fuel 

cell (HFCV), and biofuel derived diesel and compressed natural gas (CNG). In this analysis, we focus on 

electrification as the primary strategy to reduce emissions in medium-and heavy-duty trucks. Battery 

electric trucks have not yet been produced at scale but could represent an important transportation 

decarbonization technology. We assume that battery electric trucks are most immediately useful in the 

medium-duty trucking sector. 

Major owners of medium duty fleets like UPS have begun to pilot battery electric parcel trucks (Winston 

2018). Heavy duty truck electrification is more speculative. Barring substantial improvements in battery 

technology, the energy densities of renewable diesel and hydrogen may be attractive options for trucking 

services that involve heavy loads or long-distances. 

In all scenarios over 80% of medium duty trucks and over 70% of heavy-duty trucks are electrified. This 

view of the future is premised on electric technologies being capable of serving all but the highest load 

and longest trips. The remaining trucks in the economy are powered by hybrid diesel drive-trains, fueled 

with 100% renewable diesel (Figure 18).  



 

 
 

P a g e  |  49  | 

 Results 

© 2018 Energy and Environmental Economics, Inc.    

Figure 18. Millions of Freight Trucks by Type, All Scenarios, 2015 - 2050 

 

4.3.3 ENERGY DEMAND IN THE TRANSPORTATION SECTOR 

By 2050, in all scenarios, energy demands in the transportation sector are assumed be served entirely 

with electric or hybrid electric vehicles, with the remaining liquid energy demands provided by advanced, 

carbon-neutral biofuels.  Total transportation energy demands in the mitigation scenarios are about half 

of the energy demands in the Reference scenario, due to the efficiency gains from electric drive trains in 

vehicles (Figure 19). Energy demands fall even in the Reference scenario due to the assumed efficiency 

gains of continued implementation of the federal corporate average fuel economy standards for vehicles.   
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Figure 19. Energy demand in the Transportation Sector, All Scenarios, 2015 - 2050 

 

4.4 Industrial Sector 

Greenhouse gas reductions from industrial energy emissions are achieved in these scenarios via three 

mechanisms: 1) energy efficiency, 2) decarbonization of fuels, and 3) electrification. Non-energy emissions 

reductions are also an important component of decarbonizing industry, particularly in sectors like cement, 

and are applied based on current research suggesting realistically achievable reductions.   

Energy efficiency is assumed to reduce industrial demands for pipeline gas, diesel and electric power. Each 

scenario assumes a 30% reduction in total industrial energy demand via energy efficiency, relative to the 

Reference scenario. We assume that the petroleum refining industry in the region sees sharp decreases 

in output given the very low demand for refined petroleum products in all mitigation scenarios. Today, all 
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refining in the Northwest occurs in Washington. We estimated the share of industry energy usage 

associated with refining using Washington State Emissions Inventory Reporting System data for 2014 

(Washington Department of Ecology 2014). Based the emissions in that report, we assume that retired 

refinery capacity is equivalent to an additional 20% reduction in total industrial demand in Washington in 

2050 relative to the Reference scenario.  

The remaining energy demands in industry can be served in one of three ways: electrification, low-carbon 

fuels, and fossil-fuels. All scenarios use low-carbon fuels, primarily biomethane, to displace fossil natural 

gas in the pipeline. The renewable natural gas in the pipeline contributes to reducing emissions from the 

industrial sector. A distinction between the Electric Heat Pump and Direct Use Gas Scenarios is industry 

electrification. The Gas Scenarios rely on 30% electrification of industry natural gas to meet the 2050 

emissions gap, reducing the direct use of natural gas in industry compared to the Electric Heat Pump 

scenarios (Figure 20). Industry electrification includes converting HVAC equipment to electric heat pumps, 

using electric resistance heaters in process heating and boiler applications, as well as using emerging 

electric technologies like ultraviolet pasteurization or induction melting.  

Figure 20. Energy Demand in Industry by Scenario and Fuel Type, 2015 - 2050  
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The electrification of industrial energy usage in the Gas Scenarios is a transformational change in the 

sector. There may be emerging use cases where some industrial processes will experience productivity 

gains by converting to electric technologies, but cost per unit of heat will probably be the most salient 

feature for most of industry.  

4.5 Buildings Sector 

4.5.1 ENERGY EFFICIENCY 

In all scenarios, carbon reductions are achieved in the buildings sector through high levels of energy 

efficiency. Conventional forms of energy efficiency that are applied in all scenarios include a complete 

transition to efficient LED lighting, as well as more efficient plug loads and equipment, ranging from 

refrigeration to dishwashers.  High efficiency appliances achieve an Energy Star standard or beyond.  

All scenarios assume substantial improvements in the building shells of buildings in the Northwest. In the 

PATHWAYS model, building shell improvements are modelled as a ‘stock’ measure. Building shell 

improvements are assumed to reduce space-heating energy services demand by 40% relative to today in 

individual retrofit of buildings. By 2050, almost 75% of buildings are assumed to have this more efficient 

building shell. We also assume that behavioral conservation measures, such as smart use of 

programmable thermostats, decrease energy services demand by 5% per building. The result is a 35% 

decrease in heat required to keep buildings warm across the entire Northwest building stock by 2050. 

These energy efficiency gains are an important tool to contain costs for the Gas Scenarios and the 

Electrification Scenarios. 

4.5.2 SPACE HEATING  

In nearly all scenarios, a transformation of space heating technology sales is envisioned as part of a low-

carbon future. There are a wide variety of space-heating technologies in use in the Northwest today, 
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ranging from natural gas furnaces to wood-fired stoves. All scenarios assume that electric resistance, 

diesel, and propane (LPG) heaters are replaced with ductless electric heat pumps, given that the lifecycle 

economics for such a replacement would be generally positive in all cases. Policy intervention may still be 

needed for this transition to overcome market barriers such as limited access to credit or split incentives 

for renters. 

In the Direct Use Natural Gas Scenarios, continued use of the Northwest’s existing natural gas distribution 

infrastructure is assumed to heat existing proportions of homes and businesses. The Electric Heat Pump 

Scenarios replace existing gas space- and water-heaters with electric air source heat pump technologies 

(Figure 21).  

 In the Gas Furnace Scenario, all new furnaces sold have an efficiency of 98% or greater by 2030, 

compared to an approximate 90% efficiency for a typical furnace installed in Northwest today 

(NEEA Residential Building Stock Assessment [RBSA]).  

 The Natural Gas Heat Pump scenario is an innovation case, where gas-powered heat pumps are 

brought to market on a wide scale by 2025. Natural gas heat pumps operate under similar 

principles as electric heat pumps and can achieve annual COPs of over 1.4 annually for space 

heating and 1.3 for water heating, without relying on electric resistance heating during extreme 

cold temperatures. E3 consulted with NEEA—a regional energy efficiency organization working to 

commercialize the technology—to better understand the characteristics of natural gas heat 

pumps (Interview). One notable feature of NEEA’s preferred natural gas heat pump technology is 

that it may be well suited to provide both space- and water-heating from a single system.  

 The Electric Heat Pump Scenarios assume a near complete electrification of space-heating in the 

Northwest. The Electric Heat Pump Scenario assumes that, by 2030, 60% of the sales of space 

heating equipment in buildings are high efficiency air source heat pumps with an HSPF of 9.0. By 

2040, 100% of sales of all space heating equipment in the region is assumed to be electric heat 

pumps. The Cold-Climate Heat Pump Scenario assumes that, by 2030, 60% of the sales of space 

heating equipment are higher performing, but more expensive, cold climate heat pumps, with an 

HSPF of 10.5. This share of new sales increases to 100% by 2040. Over time, homes that have, or 
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would have, installed gas heating equipment instead install an air-source heat pump. By 2050, 

almost every building in the region is heated by electric heat pumps or cold climate heat pumps. 

The scale and pace of this transition highlights the role of the consumer in achieving deep 

decarbonization. To achieve this transition, the purchase decisions of both homes and business 

must shift to electric alternatives. That trend would run counter to recent experience, where the 

share of gas heated buildings in the region is increasing (NEEA RBSA). The electric sector 

implications of space-heating electrification are discussed below, in section 4.7.  

Figure 21. Millions of Residential Space Heaters, by Scenario, 2015 - 2050 

 

4.5.3 GAS USE IN BUILDINGS 

A key element of greenhouse gas reductions in the Gas Scenarios is energy efficiency. Wide-spread 

adoption of efficient gas technologies—paired with the same aggressive shell measures used in the 

Electrification Scenarios—decreases gas throughput relative to Reference by between 18 and 26 percent 

compared to the Reference scenario.  
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The remaining pipeline gas throughput is partially decarbonized in the Gas Scenarios. The Gas Furnaces 

scenario uses a combination of biomethane and blended hydrogen to decarbonize 31% of direct use 

natural gas. The Natural Gas Heat Pump Scenario has a similar quantity of biomethane, but with its lower 

denominator has a higher blend of biomethane at 25% of direct use of natural gas. The Natural Gas Heat 

Pumps scenario avoids the use of relatively expensive hydrogen because of the additional energy 

efficiency this technology enables.   

Figure 22. 2050 Composition of the Natural Gas Pipeline by Scenario, and Direct Use of Gas in the Buildings Sector 
Over Time, by Scenario 

 

 

4.5.4 WATER HEATING 

Both of the Electric Heat Pump Scenarios include wide-spread adoption of electric heat pump water 

heaters in Oregon and Washington. The heat pump water heater load shapes are derived from Ecotope, 

and are primarily driven by occupant use schedules, with some impact from outdoor air temperatures 

(Larson and Hannas 2014).  While heat pump water heaters are larger than traditional tank water heaters 
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and require more clearance around the unit, it is assumed that they can be installed in nearly all homes 

and businesses by 2050. 

The Gas Furnaces scenario assumes wide-spread adoption of 85% efficient gas condensing storage tank 

water heaters. The Natural Gas Heat Pump scenario assumes that natural gas heat pump “combi” systems 

are installed to provide both space- and water-heating services to buildings. This is an important feature 

of the Natural Gas Heat Pump scenario, allowing customers to realize not only energy efficiency gains 

from adopting this technology, but also cost savings relative to the cost of purchasing a separate water 

heater and space heater.   

4.5.5 PEAK HEATING LOADS IN THE NORTHWEST 

Heating loads are the largest source of energy demand in a typical residential and commercial building in 

the Northwest. The importance of heating loads only increases as the temperature drops. E3 worked with 

Big Ladder Software to conduct building simulations in Energy Plus for three different building types using 

air source heat pumps. Results from that modelling show that electrification can cause large new loads in 

buildings. After accounting for weatherization and displaced electric resistance heat, electrification of 

space-heating adds incremental loads of between 17,000 and 37,000 megawatts to the region’s peak 

electricity demand. For context, the region’s entire hydroelectric system is about 33,000 MW, with an 

estimated peak capacity of 24,000 MW over a four-hour period.15 

The Gas Scenarios examine cases where the proportion of homes16and businesses served directly by 

pipeline gas (inclusive of natural gas, renewable natural gas, and hydrogen) does not change over time. A 

                                                           
15 Northwest Power and Conservation Council 7th Power Plan, Chapter 9: Existing Resources and Retirements: 
https://www.nwcouncil.org/sites/default/files/7thplanfinal_chap09_existresources_2.pdf   
16 The share of gas heating is based on housing unit type, where there are 3 categories, including large-single family, small single-family attached, and 
multifamily. 

https://www.nwcouncil.org/sites/default/files/7thplanfinal_chap09_existresources_2.pdf
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combination of low-carbon gases and energy efficiency reduces the direct-combustion emissions per gas 

home by between 42% and 50% by 2050.  

The Gas Furnaces Scenario assumes the installation of condensing gas furnaces and condensing gas 

storage tank water-heaters to reduce demand over time. Both technologies are commonly installed today. 

In order to achieve the economy-wide emissions target this scenario also includes a blend of both RNG 

and hydrogen in the pipeline to reduce the emissions intensity of pipeline gas. The Gas Heat Pump 

Scenario assumes the installation of natural gas-powered heat pumps, a technology which is not widely 

available today.  Natural gas-powered heat pumps have an efficiency rating, or COP, of 1.3 to 1.4, creating 

a large enough reduction in demand that hydrogen blending into the gas pipeline is not necessary in this 

scenario to meet the 2050 economy-wide GHG reduction goal.  

4.5.5.1 Building Stock in the Pacific Northwest  

Most buildings in the Northwest are heated by either natural gas furnaces or electric resistance heaters. 

In Oregon, 58% of homes use natural gas as their primary source of space-heating, 33% of homes use 

electric heat and the remaining homes use a combination of oil, propane and wood. The current 

distribution of space-heating equipment in Washington is similar to Oregon (Table 5).  

Table 5. Share of space heating and water heating by fuel type and state (%) (Source: NEEA RBSA) 

Appliance Fuel Type Oregon Washington 

Space heating Gas 58% 52% 

Electric 33% 42% 

Other 9% 6% 

Water heating Gas 50% 48% 

Electric 50% 51% 

Other <1% 1% 
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In the Northwest, approximately 35% of homes use electric heat. In general, these homes tend to be 

smaller and older than gas homes in the region (Figure 23). Whereas the average gas home in Oregon and 

Washington is almost 2,000 square feet and most likely was built in the 1990s or 2000’s, an average 

electric resistance home in the region is 1,200 square feet and was most likely built in the 1970s. Gas 

equipment tends to serve larger loads, so its share of heating energy is higher than the stock shares in 

Table 2. For instance, natural gas serves 68% of regional space-heating needs despite being the primary 

source of heating for just over half of the residential housing units in Oregon and Washington. 

Figure 23. Existing distribution of Pacific Northwest homes by vintage and heating fuel type, and by square footage 

and heating fuel type (Source: NEEA RBSA 2016) 

 

Space heating and cooling loads are weather dependent. As the temperature drops, building heating 

requirements increase. Figure 24 shows the distribution of hourly space-heating demand for the gas-

heated building stock within Northwest Natural’s service territory at three different temperatures. At 
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freezing, the median home requires 25 kbtu per hour (kbtu/hr) to maintain comfort. The average heating 

requirements increase to a peak of 37 kbtu/hr during an average winter (18° F) and 44 kbtu/hr during a 

particularly cold, “1 in 10 year”, winter at 10° F. For reference, the largest residential heat pump widely 

available is 5 tons, rated to provide 60 kbtu/hr at 47° F and that output that decreases with temperature.  

Figure 24. Distribution of heating requirements across NW Natural’s housing stock at 7am, across three different 
temperatures (Source: NW Natural) 

 

 

4.5.5.2 Performance of Electric Heat Pumps in the Pacific Northwest  

Electrification of space-heating creates a large new weather dependent load for the Northwest electricity 

system to serve. This analysis considers the impact of a ‘1 in 10’ cold-snap as a heuristic for the type of 

heating event that the electric sector will need to plan for in a high electrification regime. 
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This analysis considers two types of centrally-ducted electric heat pumps for residential and commercial 

buildings: a conventional air source heat pump system and an electric air source heat pump designed for 

better performance in cold-climates. The first heat pump system has an efficiency rating, or HSPF, of 9, 

equivalent to an annual COP of 3.2 (estimated regional average). These types of systems are commonly 

available in the Pacific Northwest region. For context, these systems are more efficient than the federal 

code minimum requirements of an HSPF of 7.7. The minimum requirements to receive an incentive from 

The Energy Trust of Oregon for an air source heat pump is an HSPF of 8.5 or greater, while the state of 

Oregon offers an incentive for ducted air source heat pumps with an HSPF of 9.5 or greater. The cold-

climate system has an HSPF of 10.5, equivalent to an annual COP of 4 (estimated regional average). These 

systems are both more efficient overall and more expensive than the heat pumps with an HSPF of 9. Cold 

climate heat pumps are also currently less common and as a result are less well understood by some 

contractors and HVAC installers.   

Both electric heat pump systems are efficient on an annual basis, requiring less on-site energy to heat 

buildings than gas furnaces or electric resistance heaters. The systems are most distinct in their 

performance during cold weather events. Consistent with the standard installation practices for heat 

pumps in cold climates, each system is assumed to be installed with electric-resistance back up heat. At 

the “lock-out” temperature, the heat pump operation is entirely replaced with less efficient electric 

resistance back-up heat to ensure that desired building temperature is maintained. The Electric Heat 

Pump scenario assumes that this temperature is 34 degrees Fahrenheit, while the Cold Climate Electric 

Heat Pump scenario sets that temperature at 5 degrees Fahrenheit. Table 6 lists the key parameters of 

the heat pump systems. 

The Electric Heat Pump scenario represents a worldview where relatively efficient air source heat pump 

systems are adopted, but where installers and building occupants select and install the electric heat 

pumps systems to reduce the upfront capital costs, and do not have an incentive to optimize the 

performance of the systems for the broader electric grid during cold weather. The Cold Climate Electric 
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Heat Pump scenario is more consistent with a market-transformation future where cold climate heat 

pumps are specifically incentivized or required, or customers’ economic interests are aligned with 

reducing system-wide winter peak demands. 

Table 6. Comparison of electric heat pump performance assumptions by scenario  

 Electric Heat Pump Cold-Climate Heat Pump 

Annual Efficiency (heating seasonal performance factor, HSPF) 9 10.5 

Annual coefficient of performance, regional average estimate 
 (Heat pump/ System) 

3.0 / 2.5 4.0 / 3.8 

Peak coefficient of performance (System) 1.0 2 

Lock-out temperature (F) 34F 5F 

Electric heat pumps both lose efficiency and produce less heat as the outdoor temperature drops. When 

there is a gap between building heating requirements and the maximum output of a heat pump, 

supplemental heat is required.  The most common form of supplemental heat is an electric resistance 

element, though natural gas or propane furnaces can also provide supplemental heat (Center for Energy 

and Environment 2017, Wales & West Utilities 2018). For the purposes of this study, electric heat pumps 

are assumed to be supplemented by electric resistance heat.  

After accounting for energy efficiency improvements and load diversity, we find that switching from gas 

to cold-climate electric heat pumps adds an incremental peak of 4.3 kW per home during a ‘1 in 10’ 

heating event. Similar incremental peak loads occur in the commercial sector, where conversion to air 

source heat pumps increases electric load by 2 W/ft2. These loads are offset, somewhat, by replacing 

electric resistance heaters with electric heat pumps. The Appendix provides additional detail on how 

building electrification loads were built up in this analysis. Table 7, below, outlines some key conditions 

under which actual building electrification peak load impacts could either be higher our lower than our 

findings. 
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Table 7: How peak load estimates could change 

Winter peak could be higher with: Winter peak could be lower with: 

 Less progress on building shell 

retrofits and improvements in new 

buildings 

 Winter temperatures colder than the 

1-in-10 heuristic used in this analysis 

 Less diversity in building heating loads 

during cold temperatures 

 More reliance on supplemental heat 

during cold weather (e.g. HVAC 

installation practices that are not 

focused on meeting peak heat needs, 

or poor equipment maintenance) 

 Higher coincidence of space heating, 

water heating and electric vehicle 

charging 

 Market transformation that reduces the cost 

of non-weather dependent ground source 

heat pumps 

 Technology improvements that improve the 

performance of cold-climate heat pumps 

 More diversity in building heating loads at 

cold temperatures 

 Demand response & flexible loads in 

industry, electric transportation and other 

non-weather dependent end-uses 

 Heat storage in buildings, including pre-

heating buildings 

 Duel-fuel heating systems: electric heat 

pumps paired with a furnace or boiler 

powered by gas or propane that provides 

supplemental heat 

 Increased winter minimum temperatures due 

to climate change 

 New electric transmission could also help to 

address winter peaks 
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4.6 Electric Sector Capacity Expansion and Operations 

The electric sector is the lynchpin of deep decarbonization. In each scenario, clean electric generation 

displaces fossil fuels, both directly in the electric sector and through electrification of end uses elsewhere 

in the economy. As discussed in the methods section of the report, the electricity sector is modeled using 

the RESOLVE model to evaluate the costs and generation mix associated with meeting a given set of 

electricity demands and an electricity sector carbon constraint, as defined in each scenario.  

For this analysis, we simulate the electricity sector under a carbon budget. The carbon budget defines a 

maximum amount of carbon which the electricity sector can emit. The greenhouse gas accounting 

convention reflects a consumption-based approach, in which the emissions attributed to the region 

includes in-region generation, external resources owned by utilities which serve load within the region, 

and “unspecified” imports to the region, based on a deemed emissions rate of 0.43 tons/MWh. This 

accounting convention is based on rules established by the California Air Resources Board – for further 

details see the E3 ”Pacific Northwest Low Carbon Scenario Analysis” Study.17 The carbon budget is an 

upper bound on emissions, not an emissions target; if it is economic to procure more zero-carbon energy, 

meeting a lower emissions target than the required budget, RESOLVE will do so.  

This study models a suite of scenarios to investigate strategies to deep decarbonization. A Reference 

Scenario reflecting current policies and trends serves as a point of comparison for the decarbonization 

scenarios. This Reference Scenario models existing statutory Renewable Portfolio Standard (RPS) goals, 

including Oregon’s 50% RPS requirement for large IOUs and Washington’s 15% RPS by 2020. This results 

in a region-wide, weighted RPS goal of 20% by 2040, which is held constant through 2050. Under the 

various decarbonization scenarios, the carbon budget for the electricity sector is set such that the total 

                                                           
17 E3, “Pacific Northwest Low Carbon Scenario Analysis: Achieving Least-Cost Carbon Emissions Reductions in the Electricity Sector,” December 2017. 
Available at: http://www.publicgeneratingpool.com/wp-content/uploads/2017/12/E3_PGP_GHGReductionStudy_2017-12-15_FINAL.pdf 
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scenario will achieve the 80% by 2050 carbon target. Table 8 below reflects the RPS assumption and 

carbon budget requirement by scenario. 

Table 8. Electricity sector RPS and carbon budget assumptions by scenario 

 Regional RPS  Carbon Budget / 
Constraint (2050) 

Reference 20% by 2040 None (unlimited) 

Direct Use Gas Scenarios 20% by 2040 3 MMT (97% zero-carbon) 

Electric Heat Pump Scenarios 20% by 2040 5 MMT (95% zero-carbon) 

4.6.1 ELECTRICITY DEMAND  

Electric demand increases through 2050 in all decarbonization scenarios. Population growth and 

decarbonization driven electrification are the primary drivers of load growth in each scenario. Load in 

PATHWAYS Reference case is expected to grow at 0.2% per year after energy efficiency, while the 

mitigation scenarios see load growth of 0.67% to 0.84% per year. The Direct Use Gas Scenarios see higher 

load growth than the Electric Heat Pump Scenarios due to industrial electrification (both Direct Use Gas 

Scenarios) and due to electricity loads associated with the production of hydrogen via electrolysis in the 

Gas Furnace scenario. By 2050, the Gas Furnace Scenario has the largest electricity loads due to energy 

intensive hydrogen electrolysis (Figure 25).  
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Figure 25. Annual Electricity Demand by Scenario, 2015 - 2050 

 

While the hourly loads look quite different between the scenarios, each of the scenarios has a similar 

magnitude of annual electric loads in 2050, served by an electric generation mix that is 95% to 97% zero 

carbon. The largest source of energy in the region continues to be hydropower. Renewables displace most 

existing fossil generation in the region—including all coal—leaving 3% to 5% of generation from natural 

gas to balance the system (Figure 26). There is only a modest amount of renewable curtailment in this 

analysis, falling around 5% of generation in each case. 
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Figure 26. Electricity Generation Mix by Scenario, 2050  

 

4.6.2 ELECTRICITY GENERATION CAPACITY 

The Northwest electricity system must expand in every scenario to meet higher electricity demands. 

There are three main reasons for that expansion: natural growth in loads due to population and 

economic growth (which is offset by energy efficiency in the mitigation scenarios), greenhouse gas 

constraints which require new zero-carbon resources to be built, and electrification measures that 

increase electricity demands, particularly winter peak demands. The 2050 installed resource capacity 

assumptions by scenario are shown in Figure 27 below. For context, across the Pacific Northwest, the 

total installed capacity for renewables in 2016 was approximately 10,000 MW, mostly wind. In this 

analysis, the installed capacity of renewable resources approximately doubles by 2050, to 19,000 MW in 

the Cold Climate Heat Pump Scenario and to 30,000 MW in the Natural Gas Furnace Scenario, including 

a mix of solar and wind.  The 11,000 GW of additional renewable capacity in the Natural Gas Furnace 

Scenario compared to the Cold Climate Heat Pump Scenario is used to provide low-carbon power to 

produce hydrogen from electrolysis, which is blended into the natural gas pipeline. Higher levels of 
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renewable capacity are also built in the Natural Gas Heat Pump scenario to power industrial 

electrification.  

Figure 27. Installed electric generation capacity, 2050 

 

4.6.3 ELECTRIC HEAT PUMP LOAD SHAPES AND CONTRIBUTION TO WINTER PEAK 

The largest cause of capacity expansion in the Electric Heat Pump scenarios are the peak loads associated 

with the electrification of building heat. A critical feature of these loads is that they are inherently 

weather-dependent and weather varies both within and between years.   

Current electricity sector peak planning practices consider a variety of weather conditions, generator 

outages and other contingencies to establish a planning reserve margin (PRM). A PRM is expressed as an 

incremental percentage of capacity that is needed on top of expected loads in an average year to ensure 

electric reliability through a range of contingencies ranging from generator outages to variations in 
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weather dependent loads. Today, a PRM of 15% is typical in many jurisdictions across the Western United 

States, including in the Pacific Northwest (NERC 2017). Adding weather dependent space-heating loads to 

a winter-peaking electricity system will, all else equal, increase the variance of plausible load conditions 

beyond those seen in studies that are the basis for current planning standards.   

E3 used a ‘1 in 10’ year cold weather event to help evaluate the type of peak event that electricity sector 

planners would need to account for in a high building electrification future. The difference in peak heating 

loads between a 1-in-10 weather year and an average ‘1 in 2’ weather year exceeds 9 GW for the Cold-

Climate Heat Pump Scenario in 2050, highlighting the sensitivity of load from heat pumps at cold 

temperatures. Put differently, the system-wide coincident peak loads for the Cold-Climate Heat Pump 

Scenario are 25% higher in a ‘1-in-10’ winter than in a ‘1-in-2’ winter. Based on this information, we derive 

an estimated requirement of a 35% planning reserve margin (PRM) in the Cold-Climate Heat Pump 

Scenario. This PRM is then applied to the ‘1-in-2’ peak loads. 

The estimated 35% PRM figure incorporates the 25% inter-annual variation in load under cold 

temperatures, with the remaining 10% of the PRM accounting for contingencies ranging from generator 

outages to forecast uncertainty. The estimated 35% PRM was applied to the ‘1-in-2’ peak loads in the 

RESOLVE model. We compared this approach to an alternative method of applying a 10% PRM to the ‘1-

in-10’ peak loads in RESOLVE and the RESOLVE model peak capacity requirements between these two 

approaches were within 200 MW.  

It is important to note that both methods are a heuristic for how a PRM would be calculated and applied 

in a more detailed electricity resource planning process. To develop a more detailed analysis of the peak 

capacity needs under a high building electrification, high renewables future, a loss-of-load probability 

analyses would be needed that accounted for many more contingencies and weather conditions than are 

included in this study.  However, for the purposes of this kind of long-range, scenario planning exercise, 
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we believe that this heuristic-based approach provides an appropriate estimate of the peak capacity 

requirements.   

Figure 28 below illustrates the hourly load shape and generation supply during a peak demand day in the 

winter and in the summer, under 1-in-2 winter weather conditions, 1-in-10 winter weather conditions and 

the planning reserve margin that is applied in this analysis.   

Figure 28: Hourly loads, peak winter day and peak summer day in 2050, Cold-Climate Heat Pump Scenario 

 

Variable renewables can provide a portion of peak capacity requirements, but that contribution is de-

rated by these resources’ effective load carrying capacity (ELCC). ELCC metrics capture the outage rate of 

a given resource. For thermal plants that is equivalent to a period of maintenance or refueling, but for 

variable resources the ELCC also captures periods of low wind or solar output. There are 18,000 MW of 

variable renewable energy installed in the Cold-Climate Heat Pump scenario, but after the ELCC 

adjustment these resources only contribute 3,500 MW towards the region’s peak planning requirement.  
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The remaining incremental peak load—between 17,000 MW and 37,000 MW in the Electrification 

Scenarios—are served by firm resources, meaning natural gas combustion turbines, hydro-electric power 

and battery energy storage. In all scenarios, the RESOLVE model selects natural gas combustion turbines 

to provide the bulk of the firm capacity not met by variable renewable energy (Figure 29). The incremental 

cost to the region’s electric grid of serving peak heating loads—that is the difference in electric peak in an 

average year versus a 1-in-10 heating year—exceed $1.9 billion annually.  

An alternative source of capacity to serve peak loads could be battery or pumped-hydro energy storage. 

These technologies can provide firm capacity insofar as they are able to reliably charge and discharge 

during peak demand events. A determinant of these technologies’ ability to provide reliable power during 

peak demand events is the storage duration of batteries and pumped-hydro resources.  

Figure 29. 2050 incremental firm capacity build by scenario and 2050 electricity sector cost by scenario 

 

We tested a “no new gas” sensitivity, in which only new energy storage could be selected to meet capacity 

needs in the RESOLVE model, and new gas capacity is not allowed to be built. This sensitivity assumes that 

a 10-hour energy storage duration could achieve the full capacity value needed to meet the winter peak, 

and that renewable resources would be available to charge the energy storage during the peak demand 
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times in the winter. The incremental cost of using 10-hour energy storage, rather than combustion 

turbines to meet the peak demand, adds an additional $2 billion per year to the electricity sector costs in 

2050, in the Cold Climate Heat Pump Scenario.18  

However, this study did not include a detailed loss-of-load probability analysis to evaluate the expected 

load carrying capacity of battery storage under these conditions. As a result, this “no new gas”, energy 

storage sensitivity may underestimate the cost of reliability serving winter loads if significantly more low-

carbon resources (wind and solar) are needed to fully-charge the energy storage facilities during the 

winter.  capacity contribution of energy storage under these future high-load, high renewable energy 

systems are very uncertain, especially in a winter-peaking system when extended periods of low hydro 

(drought), wind, and solar output are taken into account. While chemical battery technologies have been 

improving, it may not be possible for batteries and pumped storage to provide sufficient energy to serve 

loads during extended periods of low renewable output and high peak loads, especially during an 

extended cold snap, in which multiple days of peak or near-peak system loads can be expected to occur. 

A detailed analysis of the capacity value of energy storage under these future conditions is beyond the 

scope of this analysis. 

The electric sector results from the RESOLVE model represent a limited subset of supply and demand 

conditions associated with deep decarbonization. These results inform the magnitude of low-carbon 

generation needed in the region to achieve deep decarbonization and the impacts of peak heating events 

on the region’s electricity system. These results are not a substitute for a more detailed reliability analysis 

to assess the ability of the region to serve loads under a variety of supply and demand conditions. A loss-

of-load-probability analysis is needed to more fully explore the range of possible load conditions under 

high electrification and how these conditions coincide with available energy supply.  

                                                           
18 The incremental cost would be higher in the Electric Heat Pump Scenario. 
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4.6.3.1 Incremental distribution costs 

RESOLVE does not model electricity distribution system costs. Higher peak loads will require 

reinforcements of distribution infrastructure from the substation to the service drop. In fact, it is possible 

that the peak impacts of electrification could be more acute in the distribution system given that there 

will be less load diversity on any individual circuit or substation than for the region as a whole.  

This analysis uses a single long-run marginal cost of service. That figure is in terms of $/kW-year, which is 

the annualized cost of individual distribution investments (i.e. similar to amortization of a home 

mortgage). A more granular figure would require a feeder by feeder analysis that assesses how much 

spare capacity is available in the region’s distribution system, and what the grid upgrade costs would be 

under high electrification. No such analysis has been done in the region, but studies along those lines have 

been done in the United Kingdom (Delta Energy & Environment 2016). Those studies find that the grid 

upgrade costs under a high building electrification scenario exceed $100/kW-year when planning for a ‘1 

in 20’ heating event. We used that figure as a reference point to pick the highest distribution marginal 

cost listed in the Northwest Power and Conservation Council’s 7th Plan. That cost is $76/kW-year (2012$) 

and is applied to all incremental peak load as an adder to the generation and transmission costs in 

RESOLVE (Figure 30). There are no incremental distribution costs in the Gas Scenarios, reflecting the 

aggressive energy efficiency measures in all mitigation cases. The incremental costs in the Electric Heat 

Pump Scenarios are largely driven by peak space-heating loads. 
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Figure 30: RESOLVE Costs, Including a Distribution Adder 

 

4.1 Non-Combustion GHG Emissions 

Each scenario assumes a 53% reduction in non-combustion emissions relative to 1990 (Figure 31). Non-

combustion greenhouse gas emissions are gasses that contribute to global warming but are not directly 

the result of combusting fossil fuels.  Examples include methane from biogenic and anthropogenic sources 

and other high global warming potential gases such as fluorinated gases used in refrigeration, air 

conditioners and heat pumps. The measures identified are consistent with the California Air Resources 

Board Short Lived Climate Pollutant Strategy (CARB 2017). Achieving these reductions will require action 

across multiple sectors of the economy, ranging from industry to agriculture. In some cases, these 

mitigation measures are complementary to energy system mitigation measures. A prime example is 

manure management, where we assume an 80% reduction in methane emissions and 452,000 dry tonnes 

of this feedstock is converted to advanced biofuels. Other non-combustion emissions reductions are 
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potentially more challenging. For instance, we assume that emissions from enteric fermentation can be 

reduced by 80% and cement emissions reduced by 10%. 

Figure 31: Non-combustion emissions 

 

4.2 Scenario Costs 

The total economy-wide costs for each scenario are calculated as the sum of the PATHWAYS model costs 

(all sectors except for electricity) and the RESOLVE model costs (electricity). Total costs are calculated on 

an annual basis including amortized capital costs for energy infrastructure in each sector, associated 

operations and maintenance costs, and fuel costs. The cost of each mitigation scenario is reported as an 

annual increment over the Reference case. These costs are meant to capture the direct incremental costs 

of the energy transition in terms of capital costs and fuel savings. The scenario costs do not include or 

reflect macroeconomic effects (e.g. jobs or structural changes to the economy), nor do they include 

avoided externality costs like the social cost of carbon or changes in health outcomes or costs due to 

changes in regional air quality.   
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4.2.1 COST UNCERTAINTIES  

The economy-wide scenario costs calculated in this analysis are sensitive to input assumptions, 

particularly for measures that differ between scenarios. Key sources of cost differences between scenarios 

in this analysis include: the heating equipment deployed in buildings, the levels of industry electrification, 

and quantities of biofuels used. The costs of these measures are uncertain, particularly when projected 

out to 2050. The cost sensitivities and ranges presented below seek to capture some of that uncertainty.  

4.2.1.1 Building equipment cost ranges 

This analysis compares four different types of heating equipment in buildings. E3 evaluated a variety of 

sources to identify multiple cost estimates for each technology modelled. Ideally there would be a single 

data source that has a credible, comparable set of cost figures for each technology. To the best of our 

knowledge, no such data source currently exists. Table 9 lists the costs of space-heating equipment 

evaluated in this study. These costs define the low- and upper bounds of the capital cost sensitivities in 

Figure 32. All the heat pump technologies have a wide range of capital costs. Costs can vary for a variety 

of reasons, with the largest source of uncertainty being the non-equipment install costs associated with 

installing heat pump technologies. For example, if duct work is required to increase air flow throughout 

the home, or new electrical panel upgrades are required, the costs for a heat pump retrofit can be 

significantly higher than the capital cost of the equipment alone. 
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Table 9. Ranges of installed capital costs assumed for space heating plus water heating equipment, by type and data 

source  

 Natural Gas 
Furnace 

Natural Gas 
Heat Pump 

Electric 
Heat Pump 

Cold-Climate 
Electric Heat 

Pump 

Ductless Air-
Source Heat 

Pump 

U.S. Department of Energy 
(National Energy Modelling 
System) 

$3,000 $14,700 $5,100   

Energy Trust of Oregon   $10,200 $15,100  

Northwest Energy Efficiency 
Alliance 

 $7,000   $3,900 

National Renewable Energy 
Laboratory 

$2,500  $4,500 $6,000 $1,800 

4.2.1.2 Biofuel cost uncertainty ranges  

All scenarios in this analysis rely on biofuels to reduce the emissions intensity of remaining liquid and 

gaseous fuel demands. The PATHWAYS Biofuels Module simulates a regional market for biofuels, 

identifying a single clearing price for avoided CO2 emissions across all biofuels. That clearing price is 

sensitive to the cost of raw feedstocks, as well as the efficiency and costs of the conversion process from 

feedstocks to final biofuels.  We estimate a high- and a low-end cost for biofuels by changing the final 

delivered fuel price for each final biofuel by plus or minus 20%.  

4.2.1.3 Electrolysis and industrial electrification capital cost uncertainty ranges  

There are also uncertainties in the capital costs of two key technologies—electrolysis and industrial 

electrification. Hydrogen electrolysis is a well understood process but has only been deployed at a limited 

scale. The capital costs of electrolysis today are assumed to be $1,127/kW, but these fall over time as 

demands for hydrogen fuels increase and learning-by-doing effects occur. The annual, or levelized, cost 

of hydrogen infrastructure also depends on its utilization. Hydrogen produced at a high capacity factor 
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will cost less on a dollars per unit of energy produced basis than hydrogen produced at a low capacity 

factor, given the same electricity costs. The costs of converting from fossil fuel-powered to electric 

processes in industry are also uncertain, in part because the industrial sector is heterogeneous.  

In this analysis both electrolysis and industry electrification capital costs are represented as a levelized 

($/GJ) cost (Table 10). Costs in Table 10 do not capture cost of electricity associated with these mitigation 

measures. All electricity sector costs associated with industry electrification and hydrogen electrolysis are 

captured in RESOLVE. In 2050, RESOLVE costs in the Gas Furnaces scenario are $1 billion higher than in 

the Natural Gas Heat Pumps scenario.  

Table 10: Hydrogen and industry electrification cost uncertainties 

 Low - $/GJ Mid - $/GJ High - $/GJ 

Hydrogen electrolysis capital cost uncertainty ranges -20% 
$35.3 (2018)  
$19.3 (2050) 

+20% 

Industrial electrification capital cost uncertainty ranges $5 $5 $10 

4.2.2 SCENARIO COST RESULTS AND DISCUSSION 

PATHWAYS scenarios evaluate complex and uncertain futures. Results do not prescribe an optimal 

mitigation pathway, but instead test “what if” questions that can help inform future rounds of analysis 

and policy-making. Indeed, scenario results are sensitive to assumptions, many of which are 

fundamentally uncertain over the three-plus decades considered in this analysis.  

Figure 32 shows the range of scenario costs in 2050 relative to the Reference case. The cost ranges reflect 

two sensitivities. The cost ranges shown in the blue bars reflect uncertainty about the capital costs of 

building space-heating, industry electrification and hydrogen production costs. The narrow, grey portion 
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layers the biofuels price uncertainty on top of the capital cost uncertainty, reflecting a biofuels cost range 

of +/- 20% compared to the results from the PATHWAYS biofuels module.  

The 2050 costs of the Direct Use Gas Scenarios and Cold-Climate Electric Heat Pump scenario are similar 

in 2050, representing an incremental cost in the range of $4 to $10 billion per year in 2050.  This range 

falls within 1% of the projected combined Gross State Product of Oregon and Washington. The Electric 

Heat Pump scenario shows the highest scenario costs due to the cost of serving the unmitigated, large 

winter peak load.  

The average scenario costs range from $40/ton to $190/ton CO2e in 2050 (in real 2017 dollars), relative 

to the Reference scenario depending on the future capital costs and fuel prices assumed. The average cost 

per ton metric means that some measures are far less expensive than this, while other measures are more 

expensive. This range reflects the wide range of uncertainties in projecting future scenario costs. Overall, 

these average GHG abatements costs ($40/ton to $190/ton CO2e) are generally lower than the most 

recent estimates of the global social cost of carbon, which has a median cost of $417/ton CO2, (and ranges 

from $177 to $805/ton CO2). 19 The global social cost of carbon represents the expected economic 

damages to be incurred by climate change, per ton of CO2 emitted.  

 

                                                           
19 Ricke, K., L. Drouet, K. Caldeira, M. Tavoni, “Country-level social cost of carbon,” Nature Climate Change, Vol. 8, October 2018 895-900. Available 
at: https://www.nature.com/articles/s41558-018-0282-y.pdf  

https://www.nature.com/articles/s41558-018-0282-y.pdf
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Figure 32. 2050 Mitigation scenario costs relative to Reference scenario, including capital and fuel cost sensitivities  

 

Summary of Range of 2050 Mitigation Costs Relative to Reference Scenario:  
Gas Furnace Scenario: $5 - $10 billion 
Gas Heat Pump Scenario: $3 - $11 billion  
Cold Climate Heat Pump Scenario: $5 - $11 billion  
Electric Heat Pump Scenario: $10 - $16 billion  

Each scenario carries incremental costs throughout the study period (Figure 33). These costs increase 

most rapidly between 2020 and 2030 as markets for biofuels scale and relatively more expensive 

technologies are deployed. Over time, the combined impact of technology cost decreases and continued 

energy efficiency progress stabilize scenario costs. In fact, in the lower end of the cost sensitivity ranges 

the cost of mitigation begins to drop post-2030. This result underscores the critical role of ongoing 

technology innovation and energy efficiency in achieving deep decarbonization. 
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Figure 33. Mitigation scenario costs relative to Reference scenario,  
including capital and fuel cost sensitivities, 2020 - 2050 
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5 Conclusions 

The emissions reduction scenarios modelled in this analysis represent a transformation of the energy 

economies of Oregon and Washington. Rapid gains in energy efficiency, electrification and the 

development of low-carbon fuels are necessary for any strategy that reduces emissions by 80% below 

1990 levels. This analysis takes an economy-wide view on regional decarbonization, with a focus on the 

role of buildings.  

The results suggest multiple plausible technology pathways for the buildings sector in achieving economy-

wide deep decarbonization, though each comes with risks and challenges. Indeed, no single strategy for 

buildings appears to be definitively the most cost-effective, when considered in the context of an 

economy-wide decarbonization strategy.  Given this uncertainty, it would be prudent from a policy 

perspective to encourage the commercialization of renewable natural gas and hydrogen along with high 

efficiency space heating technologies in buildings.  A number of “no regrets” decarbonization strategies 

are also identified including: 1) continued support for energy efficiency in buildings, 2) rapid electrification 

of the transportation sector, and 3) deployment of zero-carbon electricity generation.   

In all scenarios, a combination of fossil and renewable natural gas, either used in homes or in new power 

plants, continues to serve winter peak heating, and is consistent with achieving an 80 percent reduction 

in greenhouse gases in the region. 

5.1.1 MAINTAINING GAS HEAT IN BUILDINGS IS A FEASIBLE STRATEGY  

In the Direct Use Gas Scenarios, space heating and water heating in buildings continue to be provided by 

pipeline gas, using a mixture of fossil natural gas and renewable natural gas, and in one scenario, a 

limited amount of renewably-produced hydrogen.  These pathways are consistent with a future world 
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that achieves an 80 percent reduction in GHG emissions by 2050.  All of the scenarios evaluated here 

rely on technology innovation in producing and delivering renewable fuels at an industrial scale, this is 

true to a higher degree in the Direct Use of Natural Gas Scenarios. Compared to the electric heat pump 

pathways, maintaining gas heat in buildings doesn’t require as many changes from consumers: no need 

for widespread investments and retrofits to existing buildings’ space conditioning systems and water 

heaters or changes to contractor practices. The Gas Furnace Scenario assumes that consumers continue 

to purchase efficient versions of the same technologies for space heating and water heating that they 

already use.  

The Natural Gas Heat Pump scenario envisions a more substantial change in how buildings are heated, 

through the use of natural gas heat pumps, but offers the potential for larger energy efficiency gains 

relative to the Gas Furnaces scenario. A further benefit of the ‘drop-in’ fuel feature of the Direct Use Gas 

Scenarios is that they avoid the need for the new electric sector infrastructure associated with meeting 

winter peak demands in the Building Electrification Scenarios.  

The primary challenge associated with maintaining gas heat in buildings in a deeply decarbonized future 

is around the development and commercialization of new, low-carbon technologies: renewable natural 

gas, industrial electrification, renewable hydrogen and/or natural gas heat pumps. Since these scenarios 

use a relatively high share of the region’s 2050 GHG emissions budget in the buildings sector, more 

mitigation efforts in other sectors of the economy are required, each of which face their own set of 

implementation challenges. In both of the Direct Gas Use scenarios, industry electrification is the 

primary mitigation measure to offset the additional emissions from the building sector. Industry 

electrification is an emerging opportunity for decarbonization, but more research is needed to 

understand the cost of industrial fuel switching.   

In addition, the Direct Use Gas scenarios rely on about 30% more sustainable, carbon-neutral biofuels 

than the other scenarios.  Research, development and investments will be needed to bring significant 
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new quantities (between 255 and 263 tBtu by 2050)20 of renewable natural gas and other sustainable 

biofuels to market.  Finally, biomethane must be paired with either natural gas heat pumps or 

renewable hydrogen in these scenarios, neither of which are currently commercially prevalent 

technologies in the region. This list of technology challenges also presents a set of research, 

development, deployment and market transformation opportunities for NW Natural and other 

companies to invest in bringing to market.   

5.1.2 SWITCHING TO ELECTRIC HEAT IN BUILDINGS IS A FEASIBLE STRATEGY 

Building electrification, when paired with very low-carbon electricity, can displace nearly all emissions in 

the buildings sector using existing technologies, reducing the need for other mitigation strategies such as 

industrial electrification, renewable natural gas, or hydrogen. However, switching to electric heat in 

buildings also comes with its own challenges and risks.  

Large-scale electrification of buildings depends on a transformation of the building HVAC and water heater 

market, accompanied by consumer acceptance and rapid adoption of electric heat pumps in place of gas 

equipment. In many existing homes, retrofitting to electric space heating and water heating may require 

expensive retrofits. Further, the building simulations and electricity sector modelling in this analysis 

indicate that, from a grid perspective, consumers should install cold-climate systems that perform well in 

cold weather to avoid the highest system-wide cost impacts to the electric grid. However, the cold-climate 

systems are currently more expensive than conventional electric heat pumps.   

No matter what type of heat pumps are installed, the Building Electrification scenarios add large new 

weather-dependent loads to the Northwest Electricity system, estimated at 20,000 and 40,000 MW of 

                                                           
20 In the building electrification scenarios the quantity of sustainable biofuels in 2050 is lower, at 191 tBtu. 
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incremental peak capacity needs by 2050. Those loads will require an expansion of the region’s electric 

system, including additional generation, transmission and distribution infrastructure.  

5.1.3 SCENARIO COSTS AND UNCERTAINTIES  

Given the many uncertainties in projecting future technology costs, it appears that within a reasonable 

cost uncertainty range, three of the four scenarios evaluated in this analysis have similar total economy-

wide costs: The Gas Furnace Scenario, the Natural Gas Heat Pump Scenario, and the Cold Climate Heat 

Pump Scenario. The Electric Heat Pump scenario is the highest cost scenario of the four evaluated, based 

on the relatively poor performance of the conventional heat pumps in cold weather.  

5.1.4 POLICY IMPLICATIONS AND ONGOING RESEARCH NEEDS 

Energy efficiency is critical in all scenarios 

All scenarios depend on energy efficiency to enable emissions reductions at manageable costs, in 

buildings, industry and the transportation sector. Building shell measures reduce the annual amount of 

heat demanded by buildings, which is important for reducing the total cost of the Direct Use Gas 

Scenarios, given that there is a limited supply of carbon-neutral biomethane available. If natural gas 

demands were higher, then more expensive fuels like hydrogen or synthetic natural gas would be needed 

to meet the emissions target. Likewise, deep energy efficiency retrofits in buildings are important in 

reducing the total costs of the electrification scenarios because they reduce the peak heating 

requirements of space-heating in the region. Absent building shell improvements, the peak load impacts 

of electric heat pumps would be more pronounced than modeled here. 
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All scenarios rely on widespread electrification of the region’s transportation sector 

The transportation sector is currently the largest source of emissions in the Northwest. All scenarios in 

this analysis assume near-complete electrification of passenger vehicles by 2050, as well as high levels of 

truck and freight electrification. As the cost of light-duty electric vehicles declines, the deployment of 

public charging infrastructure will become increasingly important, particularly for those drivers who do 

not own their home and cannot install home-based EV chargers.  

Given rapid declines in battery costs, electrification of trucks is an emerging strategy for freight 

transportation and was the primary decarbonization strategy assumed for trucks in these scenarios. 

Hydrogen fuel cell trucks represent an alternative technology pathway, but these were assumed to be 

higher cost than the electric options. Finally, advanced biofuels, such as renewable compressed natural 

gas trucks or hybrid trucks running on renewable CNG or renewable diesel represent alternative 

decarbonization strategies. In these scenarios, since biofuels are assumed to be relatively limited, 

advanced biofuels were used for aviation (renewable jet fuel) and in the gas pipeline, rather than for cars 

and trucks.   

Advanced biofuels, such as renewable natural gas and renewable jet fuel, are needed in all mitigation 

scenarios 

Both scenarios rely on advanced, carbon-neutral biofuels to displace remaining liquid and gaseous fuels 

in the economy. Oregon has already begun to promote advanced biofuels with its Clean Fuels Program. 

Expanding the region’s policy to promote development of biomethane resources could be a worthwhile 

next step. It will be important to continue to refine estimates of the lifecycle emissions of biofuel 

resources, to ensure that they are indeed carbon-neutral resources. Using today’s biofuel’s technologies, 

the lifecycle emissions of ethanol, for example, can be comparable to fossil fuels. A transition away from 

current forms of biofuels, towards more sustainable, carbon-neutral biofuels is needed.  
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Focus research, development and deployment of space heating technologies that address or mitigate 

peak heat needs 

This study suggests that continued use of the natural gas distribution system is a cost-effective strategy 

to meet the region’s climate goals while also reliably serving winter peak demands. Advanced heat pump 

technologies could play an important role in decarbonizing heat in the Northwest at relatively low societal 

costs. The natural gas heat pumps modelled in this analysis are not yet commercially available in the 

Northwest, but NEEA staff indicate that the technology is expected to be available by the mid-2020s. In 

the interim, pilot programs and demonstrations would be very useful in validating the performance 

characteristics of natural gas heat pumps assumed in this report. Beyond 2025, market transformation 

and deployment programs will be needed to ensure the technology is available throughout the region. 

In addition, cold-climate electric heat pumps with electric resistance back-up could provide winter heating 

services in the region. Cold climate heat pumps remain a relatively new technology but are available in 

the market today. From a societal perspective, cold climate heat pumps are preferable to standard electric 

heat pumps, but also have a higher upfront cost. Further, the benefits of cold-climate heat pumps will 

only be realized if HVAC contractors are trained and incentivized to install heat pumps that perform up to 

their rated efficiency, while minimizing the reliance on electric resistance supplemental heat. This implies 

a market transformation initiative is needed alongside ongoing technology development if widespread 

electrification of space heating were pursued.  

A potential way to partially mitigate the peak load requirements of electrifying space heating load is to 

shift loads from peak to off-peak periods. Load flexibility is included in this analysis primarily through the 

assumption that light-duty electricity vehicles can be charged during off-peak periods. It is possible that, 

given the right price signals, additional electric sector load flexibility could be realized, for example, with 

flexible use of heat pump water heaters. However, water heaters represent only 7% of total electric loads 
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in the Electrification scenarios, in 2050. Additional study is needed to characterize those resources’ 

availability and costs.  

Whether served by natural gas or electricity there could also be additional flexibility in buildings’ heating 

systems. For instance, a combination of tighter shells and pre-heating of buildings could smooth morning 

peak loads. Alternatively, on-site heat storage systems could provide a similar service.  Another source of 

flexibility could be hybrid electric and natural gas or propane heating systems. Those types of systems use 

an electric heat pump for the bulk of annual heating requirements but switch to natural gas or propane 

back-up during relatively cold hours21. These systems have the greenhouse gas benefit of displacing most 

fossil gas combustion, while also taking advantage of the large existing pipeline gas system as an energy 

storage system. Each of these alternatives comes with an incremental cost; this study did not attempt to 

evaluate how much these alternatives might cost relative to the incremental electricity sector expansion 

costs identified in this analysis.  

Overall, this study focused on the economics of a deep decarbonization from a societal perspective.  As a 

next step, it would be helpful to develop a better understanding of the consumer economics and 

consumer choices that may drive the adoption of different space heating technologies in the Pacific 

Northwest.   

Strategies to deploy industry electrification and hydrogen electrolysis  

A more granular characterization of the region’s industrial sector could help decision-makers understand: 

1) in what industries and end-uses in the Pacific Northwest a shift from fossil fuels to electricity is most 

plausible and, 2) what policy mechanisms would be most conducive to incentivizing a shift of the region’s 

industrial sector towards electrification.  

                                                           
21 These systems are being evaluated in Europe, see for example Wales and West Utilities 2018 
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Finally, renewably-produced hydrogen from electrolysis is a small portion of the energy used in the Gas 

Furnace Scenario, but it helps to close the emissions gap to meet the 2050 GHG goal. This scenario 

assumes that up to 6% hydrogen by energy, about 20% by volume, can be blended into the existing 

pipeline gas supply without a need for upgrades to end-use equipment or the region’s gas transmission, 

storage and distribution systems. Further study of the impacts of hydrogen on those systems would be a 

valuable next step. 

Many pathways exist to achieving decarbonization in the Pacific Northwest. The challenge lies in the 

development and sustained deployment of the advanced technologies needed to transform the region’s 

energy economy over the next two to three decades.   
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6 Appendix 

6.1 Baseline Key Drivers of Pathways Model Energy Demands 

Sector Key Driver Compound annual 

growth rate [%] 

Data Source 

Residential Housing Units 1.15% NWPCC Projections 

Commercial Square 

Footage 

1.11% NWPCC Projections 

Industry Energy 

growth 

Varies by fuel EIA AEO 2018 growth 

rates 2017-2050 

Industry Natural Gas 

Energy 

growth 

0% NW Natural 

On Road Transportation VMT 0.35% average 

2015-2050 

State DOT forecasts 

Off Road Transportation Energy 

growth 

Varies by fuel EIA AEO 2018 growth 

rates 2017-2050 

Electricity generation  Electric load 

growth 

0.77% average 

2015-2050 

Built up from Pathways 

demands in Buildings, 

Industry, Transportation 
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6.2 Reference Scenario Key Assumptions 

 
Reference Scenario 

Electricity generation 

Carbon-free generation 20% Weighted RPS target in 2040 (per 50% Oregon 

RPS requirement by 2040 and 15% Washington RPS 

by 2020) and85% Carbon-free by 2050 

Buildings 

Energy Efficiency 50% of appliance sales are high-efficiency by 2030, 

reflecting NWPCC 7
th
 Power Plan 

Transportation 

Zero-Emission Vehicles 8% sales by 2025, 20% light-duty sales by 2030 (5% 

PHEV, 15% EV) 

Efficiency Federal CAFÉ standards for LDVs by 2026 

Biofuels 

Conventional Biofuels 10% ethanol blend in gasoline (currently 7% E85 and 

93% E10) 

Other Sectors 

Energy Consumption Grows at AEO 2017 reference scenario growth rates 

by fuel 

Non Combustion GHG 

Emissions 

Held constant at current GHG Inventory levels 
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6.3 Mitigation Scenario Key Assumptions  

 
Gas Furnace Scenario Electric Heat Pump Scenario 

Electricity generation 

Carbon-free 

Generation 

97% Carbon-free by 2050 95% Carbon-free by 2050 

Buildings 

Energy Efficiency 100% of appliance sales are high-efficiency by 2030 

100% adoption of efficient building shell/weatherization measures 

by 2030 

Sales of Heat 

Pump Equipment 

100% heat pump sales 

replacing electric resistance by 

2040. 100% efficient gas 

furnaces by 2030 

100% heat pump sales 

replacing electric resistance by 

2040. 60% heat pump by 

2030, 98% by 2050 

Transportation 

Sales of Zero-

Emission Vehicles 

LDVs: 70% by 2030, 100% by 2050  

MDVs: 85% by 2030, 85% through 2050 

HDVs: 60% by 2030, 80% by 2050 

Efficiency Federal CAFÉ standards for LDVs through 2026, Aviation efficiency 

of 40% below Reference Scenario by 2050 

Biofuels 

Advanced 

Biofuels 

Advanced biofuels from wastes, 

residues and purpose grown 

crops, sourced from within the 

PNW region 

Advanced biofuels from wastes, 

residues and purpose grown 

crops, sourced from within the 

PNW region (20% less than gas 

scenarios) 

Other Sectors 

All Emissions Reduction of 80% below 1990 Levels 

Industry 

Electrification 

30% of Industry End Uses 

electrified by 2050 

5% of Industry End Uses 

electrified by 2050 
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Gas Heat Pump Scenario Cold Climate Heat Pump 

Scenario 

Electricity generation 

Carbon-free 

Generation 

97% Carbon-free by 2050 95% Carbon-free by 2050 

Buildings 

Energy Efficiency 100% of appliance sales are high-efficiency by 2030 

100% adoption of efficient building shell/weatherization 

measures by 2030 

100% sales of ductless heat pumps in place of resistance by 

2040 

Sales of Heat 

Pump Equipment 

20% Natural Gas HP sales by 

2030, 100% by 2050 

60% Cold Climate HP sales by 

2030, 98% by 2050 (small 

amount of electric resistance in 

Commercial) 

Transportation 

Sales of Zero-

Emission Vehicles 

LDVs: 70% by 2030, 100% by 2050  

MDVs: 85% by 2030, 85% through 2050 

HDVs: 60% by 2030, 80% by 2050 

Efficiency Federal CAFÉ standards for LDVs through 2026, Aviation 

efficiency of 40% below Reference Scenario by 2050 

Biofuels 

Advanced 

Biofuels 

Advanced biofuels from 

wastes, residues and purpose 

grown crops, sourced from 

within the PNW region 

Advanced biofuels from 

wastes, residues and purpose 

grown crops, sourced from 

within the PNW region (30% 

less than gas scenarios) 

Other Sectors 

All Emissions Reduction of 80% below 1990 Levels 

Industry 

Electrification 

30% of Industry End Uses 

electrified by 2050 

5% of Industry End Uses 

electrified by 2050 
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6.4 Building Simulations and Evaluation of Electric Heat Pump Winter 
Peak Performance  

This study focuses on the role of buildings in achieving the broader economy-wide deep decarbonization 

goal. Buildings contribute to GHG emissions through both consumption of electricity generated from fossil 

fuels and through direct, or on-site use of fossil fuels. The primary purpose of direct use of gas in buildings 

is to provide heat.  

Space-heating loads are the largest source of natural gas use in buildings in the Northwest, followed by 

water-heating, cooking and clothes drying—in that order. Space heating loads are also weather 

dependent. As the outdoor air temperature drops, buildings require more heat to maintain a comfortable 

temperature for occupants. Today, space heating energy needs in the Northwest are met by a 

combination of natural gas (68%), electricity (24%), petroleum products (6%) and wood (2%).  

The relatively high share of electric resistance space-heating in the region, combined with mild-summers, 

means that the region has historically seen the highest electricity demands in the winter, 22The PNUCC 

estimates that the winter peak for the Northwest in 2019 will be 36.4 GW, while summer peak is 

forecasted at 35.2 GW.  

The heating requirements of buildings increases and the output of electric air-source heat pumps 

decreases as the outdoor air temperature drops. When a heat pump can no longer provide sufficient heat 

to maintain a comfortable temperature of building occupants, supplemental heat is required. The most 

common type of supplemental heat installed is electric resistance. Where a heat pump may have a COP 

of over 2 or higher in cold temperatures, an electric resistance element has a COP of 1. Supplemental heat 

                                                           
22 The increased adoption of air conditioning in the region – which is nearly 100% electric – means that the summer peak is now catching up to the 
winter electric demand. The results of this study show that with electrification of a majority of non-electric space heating load that the region would 
become a heavily winter peaking region.  
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fills the gap between a buildings heating requirements and a heat pump’s output until a ‘lockout’ 

temperature is reached, after which point only supplemental heat is used.  

Buildings require the most space-heating energy during morning hours when there is little solar radiation 

and thermostats are set to daytime settings. Peak space-heating loads tend to occur during the coldest 

morning hours of the year. However, some years have lower minimum morning temperatures than 

others. 

The amount of supplemental electric resistance heat required depends on the capacity of the heat pump 

and the heating load of the building. Figure 34 compares the maximum output of the 4-ton cold-climate 

heat pump simulated by Big Ladder to the hourly heating requirements of the median NW Natural 

residential customer. As the temperature drops the heat pump requires more input power per unit of 

useful heat produced. When the heat pump can no longer provide enough heat to heat the home—when 

the grey line is below the dotted black line—supplemental electric resistance heat is needed.  
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Figure 34: Air-source heat pumps and supplemental heat 

 

The building simulations in this analysis show that supplemental electric resistance heat can markedly 

increase the load of homes served by cold-climate electric heat pumps. The share of electric resistance 

heat in the building simulation increases as the temperature drops. In the Portland simulations, a 4-ton 

ducted heat pump provides 34 kbtu/hr at 10.2°F, the coldest simulated temperature, but the building 

requires 42 kbtu/hr to stay warm. The gap between the heat pump’s output and building heating demand 

is filled by 8 kbtu/hr of supplemental heat, equivalent to over 2.3 kW of additional electric load. The 

amount of energy required for the heat pump itself also increases as the temperature drops, with its COP 

dropping from 4 annually to 2.5 during the coldest hour simulated. The result is a combined load for the 

HVAC system—the heat pump, electric resistance heater and fans— of over 7 kW at 10.2°F.    

Figure 35 shows HVAC demand over the same 8760 hours of weather in the representative year for both 

the conventional and cold-climate heat pumps simulated in EnergyPlus. The figure includes loads 

simulated for both Portland and Spokane. The conventional electric heat pump simulations (red) lock-
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out the heat pump compressor below 34°F,23 relying entirely on electric resistance heat below that 

temperature. These results represent an estimate for the load impacts of electrifying space-heating in 

the Northwest with  commonly installed systems today. The cold-climate heat pumps (blue) show a 

marked improvement in performance as the temperature drops. However, loads for these systems 

begin to increase more rapidly as the temperature drops below 20° Fahrenheit. This is especially true 

during the early morning heating hours when solar gains are at their minimum and homes recover from 

their night-time setbacks.  

Figure 35. Simulated heat pump performance by temperature  

 

Big Ladder also simulated the performance of a cold-climate heat pump in a smaller home, comparing its 

hourly load with that of a conventional electric furnace. The heat pumps in these homes also require 

supplemental heat at temperature below 18° Fahrenheit but exhibit a large improvement in performance 

                                                           
23 The Energy Trust of Oregon provides a heat pump control incentive to new and existing heat pumps ($250) to set the lockout temperature at 35°F 
(“or as close as possible”). https://www.energytrust.org/wp-content/uploads/2016/09/HES_FM0320C.pdf 
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relative to a stand-alone electric furnace. Where conversions of gas homes to electric heat pumps create 

new electric loads, replacing electric resistance heat with an efficient electric heat pump puts downward 

pressure on peak loads.  

6.4.1 FROM BUILDING SIMULATIONS TO SYSTEM-WIDE BUILDING LOAD SHAPES 

Electrification of gas homes causes incremental annual and peak loads. The peak load in a typical 

Northwest gas home would be nearly 7kW during a ‘1 in 10 year’ winter cold-snap. East of the Cascades, 

where temperatures can drop below -10°F during a very cold winter, that figure rises to over 13kW per 

home.  However, the cumulative electric-sector loads in a high electrification future depend on a variety 

of different factors, including: 

 The amount of electric resistance heat displaced; 

 The diversity of space-heating loads in the region; and 

 Improvements in the thermal efficiency of buildings. 

This study accounted for all three of these factors when defining electric-system peak loads in all of the 

mitigation scenarios, resulting in appreciably lower peak load estimates than if these adjustments were 

not made. 

Displaced electric resistance heat 

The Northwest has high levels of existing electric resistance heat relative to other moderate to cold 

climates in the country. High levels of electric resistance heat contribute to the region’s current winter 

electric sector peak. A key assumption made in this analysis is that most electric resistance heat in the 

region is replaced with electric air-source heat pumps. Electric resistance heat in the smaller housing 
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units24 save over 6 MWh in annual load and, importantly, also puts downward pressure on peak load. 

Building simulation results for the small single-family home during the coldest hour, show a peak savings 

of almost 3.5 kW (Figure 36).    

                                                           
24 In the Pacific Northwest electric resistance heat is most commonly installed in multifamily housing units like apartment complexes, manufactured 
homes, and small single family homes.  
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Figure 36: Displaced electric resistance heat 

 

Diversity of space heating loads across the region 
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No individual building load shape is an accurate representation of the system load that must be served by 

the electricity system. We consider two mechanisms through which diversity could occur for space-

heating loads: 1) a behavioral effect, and 2) spatial variation of weather.  

Behavioral diversity in space-heating loads occurs because occupants of buildings choose to heat their 

homes and businesses at different times. Diversity from spatial variation of weather occurs because the 

minimum temperatures will vary across population centers in the Northwest. For instance, during the ‘1 

in 10’ cold-snap simulated in this analysis, the temperature is almost 6 Fahrenheit warmer in Seattle than 

Portland during the coldest hour simulated in the latter city.  

We account for behavioral diversity in the building simulations via two mechanisms. First, EnergyPlus 

returns electric loads on an hourly basis, so the hourly peak demand (kW) figures reported in this analysis 

are averaged hourly loads (KWh/h), not the instantaneous peak load for each building. A building 

simulation that provided heating estimates in shorter intervals would return higher peak values per 

building than those returned from EnergyPlus. However, variations in loads between hours also occur for 

behavioral reasons. Building heating is related to the behavioral choices and patterns of occupants. As a 

result, some buildings will start heating relatively early in the morning and some relatively late (Hanmer 

et al 2018). E3 and Big Ladder accounted for between hour variations in heating by allowing two hours for 

the simulated heat pump systems to meet the morning thermostat temperature25 for each building. This 

modelling decision smooths out the morning heating period, lowering the peak load during the 7am hour 

compared to model results that only allow 1 hour to meet the morning thermostat set point.  

E3 evaluated the potential for geographic diversity using a combination of the EnergyPlus load shapes, 

and temperature data from 76 airport weather stations in Oregon and Washington. Weather station data 

were paired with American Community Survey (ACS) estimates of where gas homes in each state are 

                                                           
25 Representative thermostat heating setpoints were developed from the NEEA RBSA, and fall between 67.4- and 68.7-degrees 
Fahrenheit, depending on building type. 
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located. An hourly load shape for each weather station was estimated by using the relationship between 

HVAC load and temperature identified in EnergyPlus (Figure 37). This relationship was developed by fitting 

a 2nd-order polynomial to the temperatures and loads in Energy Plus during the 7am peak morning heating 

hour. Using that fit, a peak load was estimated for each fuel-switching single-family home in the region at 

7am on December 8, 2013—the hour that drives peak planning requirements in this analysis.  

Figure 37: Load diversity in Oregon and Washington 

 

The average peak load for gas homes east and west of the Cascades simulated in Energy Plus during that 

hour was 6.8 kW. However, Washington was warmer than Oregon during that peak hour. As a result, the 

predicted loads using weather station data for Washington are 5.2 kW per home. In contrast, Oregon as 
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a whole was colder than the temperatures simulated in Energy Plus during the peak heating hour. After 

accounting for the colder temperatures elsewhere in Oregon, the predicted average load per home for 

Oregon is 7.8 kW, or 1 kW higher than the figure returned by Energy Plus. There are more gas homes in 

Washington than Oregon, so the weighted average peak load per home using weather station data is 6.1 

kW per home. We use the ratio of those weather-matched predicted loads and Energy Plus simulated 

loads as an estimate of weather-driven load diversity factor. That factor, equal to 0.9, decreases the peak 

capacity requirements associated with space-heating electrification by 10%.  

Energy efficiency and weatherization 

Peak heating requirements in buildings are driven by heat loss. One important strategy to reduce the 

annual and peak heating loads in buildings is to increase the ability of buildings to retain heat. Measures 

to weatherize a building might include installing more insulation, sealing bypasses, adding storm doors 

and replacing windows. In general, it is easier to install these measures in a new building, avoiding 

expensive retrofit costs. We assume that every new building has an efficient shell and that a substantial 

number of existing buildings undergo a retrofit. Accomplishing wide-spread retrofits will be a major 

challenge but is a critical measure for any strategy to reduce heat related GHG emissions.  

PATHWAYS treats building shell improvements as a ‘stock’ measure that flows through the model like any 

other building equipment. Building shells are assumed to have a lifetime of 40-years. Effectively, this 

means that buildings undergo a major retrofit every 40-years, at which point a suite of weatherization 

measures are installed. An ‘efficient’ building shell in PATHWAYS decreases both the annual and peak 

heating requirements of buildings by 40%, and in 2050 73% of buildings are assumed to have an efficient 

shell. That is equivalent to 100% of new buildings being built with an efficient envelope and 60% of existing 

buildings receiving a retrofit. In sum, building shell measures reduce both annual and peak heating 

requirements in the region by 30% compared to loads that would have occurred without the measures. 
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6.5 Other End Use Load Shape Assumptions 

Transportation Electrification Load Shapes 

Electric vehicle charging load profiles are based on an EV charging model which translates travel behavior 

into EV load shapes by weekday/weekend, charging strategy, and charging location availability. This travel 

behavior is based on the 2009 National Household Transportation Survey, a dataset on personal travel 

behavior26. This study assumes that 60% of drivers have charging infrastructure available at home and 

work by 2050, while the rest have charging infrastructure available only at home. Furthermore, we let 

RESOLVE dynamically charge a certain percentage of cars that are plugged in; this is constrained by the 

number of cars that are plugged in, the instantaneous driving demand for that hour, and how much charge 

capacity is available. By 2050, 100% of electric vehicle charging is assumed to be flexible when plugged in. 

In 2050, this means that 100% of light duty electric vehicles flexibly charge outside of business hours, 

while 60% of light duty electric vehicles charge flexibly during business hours.  This means that electric 

vehicles contribute very little to peak demand needs, despite increasing total electricity demands. 

Hydrogen Electrolysis Load Shapes 

In this study, hydrogen electrolysis facilities operate flexibility in RESOLVE, and thus avoid operating during 

system peak hours. While hydrogen electrolysis contributes significantly to total electricity demand in the 

Gas Furnaces scenario, it has no impact on incremental peak load. However, hydrolysis loads do spur 

additional renewable energy capacity expansion as additional solar resources are developed to provide 

                                                           
26 http://nhts.ornl.gov/introduction.shtml 

http://nhts.ornl.gov/introduction.shtml
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enough zero-carbon energy to power the hydrolysis and stay within the 3 MMtCO2e electric sector 

emissions budget for that scenario.  

Industrial Load Shapes  

Incremental industrial electrification loads are assumed to have a load shape that reflects the system-

wide loads before electrification. This simplification was used because industrial loads are heterogenous 

in terms of both their base shape, their ability to be flexible and there is not sufficiently detailed public 

data available to translate annual electrification to a net change in annual electricity demands. There is 

reason to believe that much of this load could be flexible, however, given that most of the industrial load 

assumed to be electrified in these scenarios is currently served by natural gas; and the majority of natural 

gas industrial load in NW Natural’s service territory elects to be on interruptible schedules. Interruptible 

schedules are a form of demand response where customers receive a discount on their rate for the option 

to be interrupted – or required to stop using gas – during peak cold events.  

Electrified HVAC shapes will, insofar as they equate to air-source heat pumps, increase peak load 

requirements during cold weather. Other processes may be flexible, decreasing the capacity impacts of 

industry electrification. The Gas Scenarios have higher industry electrification levels than the Electric Heat 

Pump Scenarios and the incremental peak impact of industry in electrification in those scenarios is 

approximately 2 GW. While the exact capacity impact of industry electrification deserves further study, 

the order of magnitude does underscore the difference between electrifying more- and less-weather-

dependent loads.  

Water heating 

In addition to space heating electrification, we investigate the effect of water heating electrification on 

system peak. As part of a multi-year field metering study done on behalf of NEEA, Ecotope, Inc. created 

annual hourly load profiles for electric resistance and electric heat pump water heaters (Ecotope 2014). 
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Ecotope, Inc. developed representative shapes from 135 sites, encompassing a variety of installation 

locations, equipment brands, and climates. The day of week and time of year, in addition to hour of day, 

significantly affect water heating load. The change in water heating load over the year is affected by 

ground water temperature, which changes much more slowly than air temperature, and thus the daily air 

temperature is less impactful on water heating load shapes than on space heating load shapes. To 

incorporate the Ecotope calculated water heater load profiles into a system wide load shape, we match 

water heater load shapes from Ecotope with the day of week and month of year for the subset of days 

modeled in RESOLVE.  

6.6 State cost results 

The Northwest PATHWAYS model developed for this analysis models Oregon and Washington as two 

distinct regions of energy demand. Electricity supply in RESOLVE is modelled on a regional basis. RESOLVE 

costs were downscaled to each state by their 2017 load share of the “Core NW” region modelled in 

RESOLVE (Figure 38). 
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Figure 38: RESOLVE foot print 

 

6.6.1 OREGON 

Costs in Oregon are generally lower than those in Washington. This is partially due to Oregon being small 

relative to Washington. However, costs in Oregon are also proportionally lower relative to the Reference 

case because the state has lower biofuels demands than Washington. In fact, the lower bound of 3 of 4 

mitigation scenarios in Oregon are near or below $0 incremental costs Figure 39.  
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Figure 39: Scenario Costs in Oregon 

 

6.6.2 WASHINGTON 

Costs in Washington are higher than Oregon (Figure 40). These costs are partially driven by Washington 

having a larger energy economy than Oregon, though an additional driver of the cost differentials across 

scenarios are higher biofuels demands in Washington. Those higher biofuels demands are almost entirely 

attributed to Washington’s aviation emissions. After aviation efficiency measures, the PATHWAYS model 

allocates a large share of the region’s available biomass to displace remaining jet kerosene demands. 

Washington’s emissions inventory includes per-capita aviation emissions above 1.1 MtCO2e. Per-capita 
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aviation emissions in the Oregon inventory are approximately 0.5 MtCO2e, and nationally per-capita 

aviation emissions were 0.68 MtCO2e per person.  

Figure 40: Scenario costs in Washington 
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6.7 Key data sources 

6.7.1 GROWTH RATES AND DRIVERS 

Sector 
Key 
Driver  

Compound 
annual growth 
rate Data Source 

Residential Housing Units 1.15% NWPCC Projections 

Commercial 
Square 
Footage 1.11% NWPCC Projections 

Industry Energy growth 

Varies by 
fuel EIA AEO 2018 growth rates 2017-2050 

Industry 

Natural Gas 
Energy growth 0% NW Natural 

On Road Transportation VMT 

0.35% 
average 
2015-2050 State DOT forecasts 

Off Road Transportation Energy growth 

Varies by 
fuel EIA AEO 2018 growth rates 2017-2050 

Electricity generation  
Electric load 
growth 

0.77% 
average 
2015-2050 

Built up from Pathways demands in 
Buildings, Industry, Transportation 

Fossil fuel price 
forecasts $/GJ Varies EIA AEO 2018 growth rates 2017-2050 
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TECHNOLOGY COSTS 

Technology Source 

Building heating equipment 

Energy Trust of Oregon (ETO 2016) 

National Energy Modelling System (USDOE 2018) 

Northwest Energy Efficiency Alliance (NEEA 2016, 2018) 

National Renewable Energy Laboratory Efficiency Measures Database (NREL 2018) 

Other building equipment (e.g. 

lighting, refrigeration, etc…) National Energy Modelling System (USDOE 2018) 

Battery electric vehicles 

National Energy Modelling System (NEMS 2018) 

Ricardo Electric Vehicle Cost Forecast as Appendix C to PG&E EPIC DC Fast Charging 

Mapping Report (PG&E 2016) 

Battery electric trucks 

National Energy Modelling System (NEMS 2018) 

National Renewable Energy Laboratory Electrification Futures Study (NREL 2017) 

Biofuels United States Department of Energy Billion Tonnes Study (US DOE 2016) 
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Technology Source 

Hydrogen 
UCI Advanced Power and Energy Program 2018 CEC Long-term Strategic View of the 

Use of Natural Gas in California. Publication Forthcoming 

Electric sector Public Generation Pool Carbon Study (PGP/E3 2017) 

Electricity sector costs 

PGP Carbon Study (E3 2017) 

Northwest Power and Conservation Council 7th Plan (NWPCC 2016) 
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Affordability, clean energy and 
efficiency: FortisBC’s clean 
growth pathway
We believe FortisBC has an important role to play in helping British Columbia move 
to a low-carbon, renewable energy future . We see ourselves as an energy delivery 
company that has climate and economic solutions in the buildings and transportation 
sectors . Millions of British Columbians we serve in communities across the province 
look to us to deliver energy safely, reliably and affordably every day . As a subsidiary of 
our Canadian-based parent company, Fortis Inc ., one of the largest energy companies 
in North America, we’re committed to helping British Columbia achieve its climate 
goals and addressing climate change solutions in a global context . We’re focused 
on providing practical solutions that can be implemented today by leveraging our 
existing infrastructure .

Figure 1: FortisBC’s role in driving BC’s sustainable prosperity
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This paper presents FortisBC’s pathway to align with the provincial 
government’s goal to significantly reduce greenhouse gas emissions (GHG) 
while supporting economic growth and maintaining affordability and 
customer choice . Our approach combines several strategies that 
together outline a clear pathway to significant emissions reductions and 
signal a paradigm shift in the way we relate to energy .

Our pathway calls for four significant shifts in our energy systems to foster market transformation:
• making significant investments in both low and zero carbon vehicles and infrastructure in the

transportation sector

• transitioning from higher carbon energy sources to lower carbon sources by ramping up Renewable
Natural Gas (RNG) and hydrogen deployment to achieve a ten per cent zero-carbon fuel supply by 2030 and
a thirty per cent supply by 2050

• positioning BC as a vital domestic and international Liquefied Natural Gas (LNG) provider to lower
global GHG emissions

• tripling our investment in energy efficiency in the built environment and developing innovative energy
projects in BC’s communities

Introduction
British Columbia (BC) has committed to achieving deep carbon reductions in 
greenhouse gas emissions by 2050 . The province recently updated its climate targets 
to a 40 per cent reduction in carbon emissions from 2007 levels by 2030, and a 60 
per cent reduction from 2007 levels by 2040 . Achieving these long-term targets will 
require immediate and coordinated action by policy makers, regulators and industry . 
The province will need more than aspirations to achieve real, timely results .

Provincial Carbon Emission Goals

Carbon emissions 2040
60% reduction

Carbon emissions 2030
40% reduction

Carbon emissions 2007
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We believe we have a significant role to play in helping the BC Government deliver on 
its climate and energy goals . Our pathway is based upon our commitment to investing 
in projects that will make life more affordable for British Columbians, improve 
efficiency, reduce GHG emissions and drive innovation . By strategically managing BC’s 
existing energy infrastructure and investing in new low-carbon energy supply, we see 
a long-term opportunity to continue creating sustainable, good-paying jobs across BC .

In 2015, BC’s emissions were 63 million tonnes (Mt) of CO2e . Most emissions fall 
into three categories: transportation, buildings and industry . We recommend any 
sectoral targets being considered should be proportionate to the sector’s share of 
GHG emissions and the ability to deliver cost-effective emissions reductions using 
our current infrastructure .

For example, the commercial transportation sector is the largest contributor to BC’s 
emissions at 25 per cent . The provincial government can achieve large emission 
reductions in transport using today’s commercially-available technology . Practical and 
affordable solutions that can be implemented immediately should be differentiated 
from aspirational goals that require technology breakthroughs .

A made-in-BC pathway
As a utility serving gas, electric and alternative 
energy customers, FortisBC recommends developing 
an integrated, system-wide evaluation of achieving 
the province’s carbon reduction objectives . Because 
FortisBC delivers the most energy to consumers of 
any entity in the province, we have a keen interest in 
British Columbians understanding the system-wide 
impacts of various pathways that meet the province’s 
GHG emissions targets . BC’s electric and gas energy 
systems work in tandem to provide reliable energy 
to British Columbians . Both systems complement 
one another, providing redundancy and a low-cost solution to delivering energy to 
British Columbians . FortisBC believes that the provincial pathway should be guided 
by strong analysis and pursue a strategy that utilizes ‘every tool in the toolbox’: all of 
our provincial energy resources and existing infrastructure will be needed to achieve 
long-term GHG emissions reductions .

Many low-carbon pathways have emphasized the importance of the electrification of 
end-uses . We agree that electricity will play a key role in reducing emissions but we 
also caution that there are significant challenges to this strategy . Notably, the direct 
substitution of electricity for gas to meet heating load, coupled with growth in other 
areas like electric vehicles, would far exceed the available electric infrastructure and 
add significant costs to the existing system which would be borne by all BC residents .

FortisBC supports the provincial government’s commitment to undertake a review of 
BC Hydro and incorporate the findings into the Clean Growth Strategy . As we consider 
how best to transition to a sustainable and innovative economy, we believe there is a 
need to reflect the real cost of all energy in our long-term goals and strategies .

FortisBC believes that gas—as an energy carrier—will continue to be a critical 
component of a decarbonized energy system in BC . Gas infrastructure in the 
province is a multi-billion dollar asset that provides reliable, safe, affordable and 
high-quality energy services to British Columbians . This infrastructure is designed 
to serve difficult-to-decarbonize end-uses such as building and industrial heating 
and heavy-duty freight . Additionally, BC’s gas infrastructure is equipped to handle 
decarbonization pathways that use drop-in fuels such as RNG and hydrogen, along 
with other key mitigation options like carbon capture and storage . The provincial 
government and stakeholders like FortisBC need to work to define the key role of the 
gas system to achieve our GHG reduction objectives and develop policies and other 
support mechanisms to leverage this system in a low-carbon transition .

25%
of BC’s CO

2
 emissions  

are from commercial 
transportation
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Transportation
The transportation sector accounts for 39 per cent of BC’s total emissions, making it 
the most important sector where we can achieve significant and 
immediate carbon reductions with technology that is available to us today . 
FortisBC is a leader in North America, providing innovative and clean 
technology that lowers emissions throughout the transportation sector .

The decarbonization of BC’s transportation sector will require the 
use of all tools available to us including:

• cleaner transportation systems, including increased investment in 
fuelling infrastructure, clean trade corridors

• displacing high-carbon fuels with cleaner fuels like natural gas, RNG, 
biofuels or hydrogen

• cleaner vehicles that use alternative fuels, electric power or 
hybrid technologies

Cleaner transportation systems

Marine
The marine sector represents a massive GHG reduction and economic opportunity 
that should be the top priority in the province’s Clean Growth Strategy . BC has had 
excellent early success in advancing liquefied natural gas (LNG) in the domestic 
marine sector that serves as a foundation to build upon for other markets .

BC Ferries launched their fourth LNG vessel this summer with a fifth expected next 
year and Seaspan Ferries now operates two LNG vessels in BC waters . With five LNG 
vessels in operation, BC Ferries, for example, expects to reduce their fuel costs by 
millions of dollars and CO2 emissions by 21,500 tonnes annually, the equivalent of 
taking approximately 4,400 vehicles off the road per year . To put that in perspective,  
that’s more than double the 2,200 battery electric vehicles that were purchased 
in all of BC in 2017 .

The Spirit of British Columbia is the first vessel in the world to refuel LNG through 
delivery on a fully enclosed vehicle deck . In collaboration with BC Ferries, FortisBC 
developed a proprietary tanker truck technology to deliver fuel while on board the 

BC’s transportation sector 
accounts for

39%
of our CO

2
 emissions

BC Ferries new Salish Orca 
is fuelled by natural gas—an 
innovative and clean solution 
that will provide benefits to 
BC Ferries’ customers and the 
provincial economy.
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vessel . Innovative solutions like this help make it easier for transportation customers 
to make the switch to LNG .

The conversion of BC Ferries’ two largest ships in the fleet, along with the 
introduction of three new natural gas-fuelled Salish Class vessels last year, improves 
sustainability and affordability for ferry users . FortisBC is proud to have partnered 
with BC Ferries to develop these innovative and clean solutions that will provide 
benefits to BC Ferries’ customers and the provincial economy .

Clean Trade Corridors
FortisBC applauds the provincial government for initiating the Clean Transportation 
in BC Trade Corridors initiative . We see this multi-stakeholder collaboration as 
an essential forum to ensure that BC and Canada are in position to capitalize 
on international conventions that will reduce the use of dirtier fuels and drive 
the adoption of LNG in the marine sector . The group’s mandate to improve 
competitiveness and reduce GHGs is well focused and timely—conventions set by 
the International Maritime Organization (IMO) will take effect by 2020 which is an 
incredibly short period to transition the practices of international vessels in BC’s ports .

Marine vessels that regularly call at BC ports originate from ports of other countries 
are not included in the provincial emissions inventory, yet these vessels emit a 
significant amount of emissions when in transit and when berthed in our ports . GHG 
emissions from this segment of international marine transport are approximately 
70 million Mt of CO2e per year  —greater than BC’s total annual GHG emissions . 
These emissions should be considered as part of the province’s global GHG reduction 
strategy by displacing high-carbon marine fuels with low-carbon LNG .

GHG emissions from international marine shipping currently represent around 2 .6 
per cent of total global emissions, but this share could more than triple by 2050 if 
measures are not taken to help speed a transition to a low-carbon environment in 
this sector . Following the Paris Climate Agreement, discussions began at the IMO 
to agree to an Initial Greenhouse Gas Strategy to stipulate significant measures to 
mitigate emissions . In April 2018, the IMO agreed on its first strategy to reduce GHG 
emissions in the international shipping sector to meet the Paris Agreement goals . 
The IMO strategy includes a target to reduce carbon emissions by at least 50 per cent 
compared with 2008 levels by 2050 . This strategy presents a challenge for a sector that 
has traditionally faced significant barriers to innovation and an opportunity for BC to 
position itself as a low-carbon fuel provider in the form of LNG .

Low-carbon fuels such as LNG will be critical to achieving the IMO emission reduction 
targets . BC is well-positioned to assist in these efforts and become a world leader in 
LNG bunkering . The provincial government should consider developing policies to 
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start addressing these emissions such as including the ability to generate compliance 
credits with the Renewable and Low Carbon Fuel Requirement Regulation if 
international marine vessels use lower carbon fuels such as LNG .

FortisBC has the infrastructure in place to be ready for 2020 . FortisBC 
has completed construction of a $400-million LNG expansion project at 
our Tilbury facility which includes a new storage tank and additional 
liquefaction capacity . Plans are being developed to increase the Tilbury 
LNG facility’s liquefaction capacity up to to three million tonnes per 
annum, expand LNG storage by another 92,000 cubic metres and provide 
ship loading facilities to serve these markets . Our Tilbury LNG facility is 
powered by electricity, creating safe, clean, low-GHG emitting LNG .

Locally, other agencies such as the Port of Tacoma are also working to 
position themselves for success . Puget Sound Energy (PSE) is developing 
an LNG production facility that will enable LNG supply for marine and 
transportation markets in the region . This LNG facility will incorporate 
LNG liquefaction, storage and bunkering to the marine market . The 
project is scheduled to be completed in late 2019 and would compete with 
BC . FortisBC believes there is a limited window of time for BC to establish 
itself as an LNG bunkering hub before 2020 . BC has an advantage as we 
have an ample supply of clean LNG available at globally competitive rates .

FortisBC recommends the following actions:

• Continue supporting the Clean Transportation in BC Trade Corridors initiative . 
Specifically, the opportunity to introduce a pilot program to convert drayage 
vehicles from diesel to compressed natural gas (CNG) and the advancement of the 
LNG bunkering in advance of 2020 . The provincial and federal governments need to 
advance the regulation, financial tools for bunkering infrastructure and policies to 
establish BC as a global leader in LNG bunkering .

• Amend British Columbia’s Renewable Low Carbon Fuel Reduction Regulation to 
generate credits for LNG bunkering that lower international shipping emissions .

• Work with the federal government to develop policies that account for the 
role of BC LNG in meeting global GHG reduction targets via Article Six of 
the Paris Agreement .

Expanding our natural gas 
liquefaction capacity by

92,000
cubic metres

FortisBC was the first company 
in the world to offer onboard 
truck-to-ship LNG bunkering. 
This proprietary design was 
developed by collaborating with 
Seaspan Ferries, BC Ferries 
and their shipbuilders to create 
a customized solution to fit our 
customers’ needs.
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Cleaner fuels
FortisBC supports the provincial government’s proposal to support the transition to 
cleaner fuels . We see RNG as being an essential component of this transition . 

FortisBC was the first utility in North America to offer 
RNG to residential customers in 2011 . RNG is a critical 
source of renewable energy that is helping the province 
achieve its GHG emission reduction target . Farms, 
landfills and other suppliers like the City of Surrey have 
teamed up with FortisBC to capture methane (CH4) 
from organic waste, which would otherwise escape into 
the atmosphere . This methane, also known as biogas, is 
purified to make RNG .

FortisBC’s RNG program is enabled by a British 
Columbia Ministerial Regulation, the Greenhouse Gas 
Reduction Regulation (GGRR) . The GGRR has facilitated 
the development of five operational projects which 
are forecasted to supply over 203,000 GJ of RNG this 
year . These facilities capture biogas, clean and upgrade 
the biogas into RNG, and inject the RNG into our 
distribution system . Since the RNG offering launched 
to residential customers in June 2011 and commercial 
customers in March 2012, over 9,000 customers have 
subscribed to this offering and have helped reduce GHG 
emissions an equivalent amount to removing 7,200 cars 
from the road .

Though FortisBC has achieved important early successes 
in the residential and commercial sectors, further 
work is required to grow BC’s supply of RNG for use in 
the transportation sector . Innovations in biogas could 
boost our supply of RNG to between 25 and 46 per 
cent of FortisBC’s annual natural gas demand by 2036 . 
Power-to-gas, the process of converting electric power 
into carbon-neutral hydrogen, presents a further opportunity and could account for 
between five and 15 per cent of annual demand by 2036 .

We believe that hydrogen will be a key driver towards reducing BC’s carbon emissions, 
not only as an alternative fuel to enable the decarbonisation of heating, but as a 
means of storing renewable power (hydroelectric, solar and wind) and, through 
this, linking together the decarbonisation of the building, industry and transport 
sectors . We believe in taking a system-wide perspective of hydrogen as a technology 
that further integrates the electric and gas systems by acting as a high capacity 
storage medium for carbon-free power generation and a carbon-free fuel for heat 
and transport .

Turning waste into fuel
Earlier this year, we joined the City of Surrey and 
the Government of Canada to open North America’s 
first closed-loop waste management system . The 
facility will convert curbside organic waste into 
renewable biofuel to fuel the City’s fleet of natural 
gas powered waste collection and service vehicles . 
Under this closed-loop system, waste collection 
trucks will literally be collecting their fuel source 
at curbside . Excess fuel will go to the new district 
energy system that heats and cools Surrey’s 
City Centre .
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The potential of a low-carbon gas system
In our 2017 Long-Term Gas Resource Plan, FortisBC outlined a preliminary analysis of 
initiatives that could achieve significant GHG emissions reductions by 2030 . Emissions 
reductions opportunities for FortisBC fall into three categories: i) decarbonizing 
pipeline gas with RNG, hydrogen and carbon capture and storage; ii) energy efficiency 
and demand-side management (DSM); and iii) fuel switching from more carbon-
intensive energy to pipeline gas and LNG .

Should low-carbon gases like RNG and hydrogen achieve a notable share of the total 
supply in the gas distribution system, FortisBC estimates that the technical potential 
to reduce GHG emissions would be up to 2 .7 and 5 .0 Mt . This would reduce emissions 
from natural gas consumption by between 25 per cent and 42 per cent from 2007 
levels in the industrial, commercial and residential sectors .

In the transport sector, FortisBC could achieve 0 .3 Mt of domestic reductions and 10 .7 
Mt from international shipping by 2030 . This highlights the significant potential for 
the gas system to be a key contributor to the province’s climate objectives . Ambitious 
provincial incentives and other policy support would be required to expand the supply 
of low-carbon gas to this scale . But, maintaining a role for gas within a low-carbon 
transition ensures that customers maintain their choice of energy supply and lowers 
the technology risk and costs of a narrowly defined abatement pathway . Such a 
pathway would also ensure that provincial energy resources and infrastructure are 
leveraged for a made-in-BC solution . 

Growing BC’s low-carbon fuel sector will require a 
number of actions from the province:

• identify RNG as an essential component of the 
province’s clean growth pathway

• address regulatory barriers to expanding utility 
investment in RNG projects

• streamline regulations to enable RNG production 
from agricultural waste

• provide support to advance the commercial 
production of hydrogen as a form of RNG

Domestic carbon reductions from 
international shipping of

10.7
metric tonnes

What is Renewable Natural Gas?
Renewable Natural Gas (RNG) is a carbon-neutral 
energy source, because it does not contribute any 
net carbon dioxide into the atmosphere . RNG is 
produced in a different manner than conventional 
natural gas . It is derived from biogas, which is 
produced from decomposing organic waste from 
landfills, agricultural waste and wastewater from 
treatment facilities . The biogas is captured and 
cleaned to create carbon-neutral RNG .

Peter Schouten, Owner Operator, Fraser Valley Biogas. One of 
FortisBC’s first RNG suppliers.
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Cleaner vehicles
Displace higher carbon fuels by expanding BC’s natural 
gas vehicle sector
Commercial transportation accounts for 25 per cent of 
total GHG emissions in BC and more than half of these 
emissions originate from road freight transport . By 
increasing our efforts to displace higher carbon fuels in 
the heavy-duty vehicle and marine transport sectors, BC 
can achieve substantial emissions reductions .

By converting heavy-duty truck fleets and transit 
vehicles to LNG or CNG, we’re helping the province 
meet its carbon emission reduction goals while helping 
operators save on fuel costs .

FortisBC natural gas for transportation customers are 
realizing anywhere from 25 to 60 per cent reduction in 
fuel costs . This helps improve the competitiveness of 
our private and public sector partners . Since initiating 
our efforts to introduce cleaner vehicles in 2010, we 
have eliminated more than 110,000 tonnes of CO2e and 
displaced more than 145 million litres of diesel .

Natural gas can reduce GHG emissions by up 
to 30 per cent compared to diesel and gasoline . 
Additionally, switching to natural gas fuel can improve 
air quality: natural gas vehicles emit virtually no 
particulate matter, and they emit up to 95 per cent less 
nitrogen oxides (NOx) .

FortisBC recommends the following actions:

• continue supporting investment in CNG transit 
vehicles and fuelling infrastructure to displace 
higher carbon fuels and reduce particulate emissions

• expand the GGRR and develop a BC Ports incentive 
program to convert the 1,700 trucks in BC’s drayage sector to CNG or CNG/Hybrid 
trucks, covering the full cost of the vehicle and reducing both the particulate and 
GHG emissions associated with BC’s ports

• expand eligibility for BC’s CEV Specialty-Use Vehicle Program to include hybrid 
vehicles that include an alternative fuel, such as CNG or hydrogen

• undertake a review of Ministry of Transportation policy to permit low emission 
natural gas and hydrogen vehicles to use designated HOV lanes on key trade 
corridors such as Highway 99 and Highway 1

UPS’ commitment to CNG
Earlier this year, we partnered with the world’s 
largest package delivery company to launch a 
compressed natural gas fuelling station and vehicles 
in Vancouver, BC . Seven CNG highway tractors 
and 40 delivery trucks were added to the current 
Canadian UPS fleet of over 2,900 package cars, 
tractors and shifters . Presently, more than 40 per 
cent of the UPS fleet in Canada runs on alternative 
fuels . UPS Canada now joins over 800 transit buses, 
commercial vehicles and freight vehicles powered 
by natural gas here in BC .
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Transform the light-duty transportation sector 
through electrification
The light-duty transportation sector accounts for 14 per cent of BC’s total GHG 
emissions . This includes light-duty passenger vehicles and trucks that use 
gasoline or diesel . Electrification of this segment provides a promising 
pathway to reduce emissions, as cost and performance of the underlying 
battery technology has seen dramatic improvements in recent years . The 
automotive industry is responding with many new electric vehicle models 
arriving in the showrooms of almost every manufacturer .

Growth in the electric vehicle segment is happening in BC but further 
incentives will be required to achieve government’s goal of 5 per cent of 
all new light-duty vehicle sales . EV sales in 2017 increased by 53 per cent 
compared to 2016 and were accelerated by an expanding lineup of fully 
electric vehicles . However, while there has been an increase in the sale of 
EVs since 2013, at approximately 1 .7 per cent of total vehicle sales in 2017 
for BC, EV sales are still a small portion of the overall market . FortisBC 
supports the province’s proposal to continue providing vehicle incentives .

Additional EV charging infrastructure will be critical to 
advancing the adoption of EVs in the province . Without 
adequate charging infrastructure deployed throughout 
the province to allow zero emission vehicles to travel 
throughout BC safely and conveniently, it is unlikely 
that the EV market share will progress quickly . Further 
collaboration between the province, local governments 
and FortisBC and BC Hydro can address this gap .

We recommend that the province take the 
following actions:

• continue providing incentives for EV vehicles and 
infrastructure

• support increased utility investment in EV charging 
infrastructure in BC

• leverage existing FortisBC CNG fuelling 
infrastructure to include fast-charging EV stations

• develop measures to encourage charging station 
installations at businesses and other buildings as part 
of a smart grid

Light-duty transportation 
accounts for

14%
of BC’s total GHG emissions

accelerate Kootenays
FortisBC is a core funder of the accelerate Kootenays 
initiative, a collaborative project that will address 
the charging infrastructure gap across the Kootenay 
region in Southeast British Columbia . Earlier this 
year, we opened five electric vehicle Direct Current 
Fast Charging (DCFCs) stations in the region, 
connecting the West Kootenays to surrounding 
regions for electric vehicle travel .

All West Kootenay stations were installed by 
Kootenay-based electricians, creating local 
employment opportunities for residents .

All are part of the broader accelerate Kootenays 
initiative which will ultimately facilitate the 
installation of 13 fast chargers and 40 Level two 
chargers in communities across the Kootenays, 
resulting in over 1,800 kms of connected electric 
vehicle travel . The fast-charging stations are critical 
infrastructure to allow electric vehicle drivers to 
travel to and through the region, and to facilitate 
increased adoption of electric vehicles locally .
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Buildings & communities
FortisBC is uniquely positioned to be a key agent of the government’s strategy to 
reduce GHG emissions in buildings and communities in a cost-effective, market-driven 
manner . We provide energy in the built environment through gas, electricity and as 
an alternative energy provider .

The marketplace recognizes the affordable, high-quality, reliable and safe energy 
services delivered by FortisBC . Over three million British Columbians use natural 
gas every day with over 58 per cent of households using natural gas as their primary 
heating source . The preference for gas is reflected by our continued customer growth . 
In fact, 2017 was FortisBC’s best-performing year for customer growth, with many 
new customers converting their home heating system from high carbon fuels such as 
heating oil . This emphasizes the foundational role of gas infrastructure in BC’s energy 
system . To achieve the provincial government’s GHG reduction objectives, consumer 
preference for gas as a low-carbon and affordable energy source should be recognized 
and harnessed .

Even though customer additions to FortisBC’s gas system were at record-levels in 2017, 
the amount of gas used on a per customer basis declined by 1 .8 per cent in 2017 on a 
weather normalized basis . This speaks to the success of energy-efficiency measures 
in the province including FortisBC’s energy conservation programs, federal and 
provincial policies and the gradual but concerted shift in the built environment to 
more energy-efficient dwellings .

The unique aspect of the gas system is that it is specifically designed to address 
heating demand . Seasonal changes in heat demand (referred to as “peak load” or “peak 
demand”) can be up to 400 to 500 per cent greater than FortisBC’s average demand . 
For comparison, peak load in the FortisBC electric system is approximately 40 per 
cent higher than average load . If BC used electricity as the primary source for heat, 
the seasonal variability of heating load would create a huge need for energy storage . 
Hydropower could meet the storage requirement were it not for the magnitude of 
heat load in BC . The approximate peak-hour heating load in 2017 in FortisBC’s gas 
system was over 12 GW of electrical capacity equivalent (at a one-to-one unit energy 
conversion basis) . In other words, electrifying heating could require almost a doubling 
of the existing hydroelectric capacity in BC even before considering the electrification 
of some part of the transportation fleet or other energy end uses and the additional 
transmission and distribution requirements . Recognizing this, decarbonizing the gas 
flowing through the system while maintaining the use of that system is a prudent 
and low-cost strategy to ensure that BC achieves its climate targets .

In 2017, we opened the door 
to our new LEED-equivalent 
Kootenay Operations Centre 
outside of Castlegar, BC.
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Stronger codes and standards over time
We support stronger codes and standards that result in increased energy efficiency . 
We support an approach that is aligned with the current BC Building Code and BC 
Energy Step Code (BC ESC) targets . The BC ESC provides an incremental and consistent 
approach to achieving more energy-efficient buildings in a cost-effective manner 
while also reducing GHG emissions .

Codes and standards should stay consistent to achieve energy-efficiency gains

The BC ESC was developed after an extensive, multi-year 
engagement process . As a member of the Energy Step 
Code Council, FortisBC provided insights into the 
development of the BC ESC, particularly with respect to 
ensuring affordability needs for British Columbians are 
addressed, while supporting continuing innovation in 
the use of energy in buildings .

In addition to supporting long-term improvements 
in energy efficiency in the BC Building Code, the BC 
ESC ensures the consistency of building regulations 
in the province; a key to ensuring clear regulation for 
builders and developers looking to build in multiple 
municipalities . The BC ESC provides a provincial 
framework that replaces the patchwork of different 
green building standards that have been required or 
encouraged by local governments in the past . This 
allows local governments to play a leadership role in 
improving energy efficiency, while providing a single 
standard for industry, and build capacity over time .

The BC ESC focuses first on building envelope design 
with a goal of taking incremental steps to make 
buildings net-zero energy ready by 2032 . It provides for 
a fuel neutral approach and focuses on the efficiency of 
buildings and equipment . By focusing on building and 
equipment efficiency, both overall energy usage and 
GHG emissions are reduced while building comfort is 
increased . While costs increase at higher levels of the 
code, energy usage decreases help offset the increase 
in overall costs to consumers . The BC ESC also provides 
flexibility to meet the changing needs and abilities 
of local governments, industry and technologies . It 
does this by providing local governments with the 
tools to pursue a long-term vision for the future of 
energy efficiency of buildings and related climate action initiatives . As a new code 
structure, the BC ESC, similar to other changes in the BC Building Code, requires time 
to learn, implement and see results . It is common practice to make changes to the 
code only every five to seven years to allow the industry and consumers to become 
familiar with the change .

Adding additional regulations into the BC ESC, such as the proposed GHG intensity 
(GHGi) requirement, before results of the adoption of the existing BC ESC are 
understood and realized would be premature and could lead to unintended 
consequences: higher energy costs, impaired housing affordability and a loss of 
choice for consumers . The provincial approach should support consumer choice, 
by allowing designers and builders to continue to choose gas, electricity, or other 
energy sources for their project . A fuel-neutral approach provides builders with the 
flexibility to make energy-efficient buildings using all the available technologies 
along with managing their costs . It also empowers builders and developers to pursue 
innovative, creative, cost-effective solutions, and allows them to incorporate leading-
edge technologies as they come available . We believe that committing to the current 
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BC ESC is a prudent measure accounting for the scale of change that the new code 
presents to the market and the importance of aligning the code across the province .

FortisBC has been, and continues to be, a strong advocate for the use of the BC 
ESC . For example, FortisBC and the City of Vancouver signed a Memorandum of 
Understanding (MoU) which ensured that the City would introduce pathways that 
used the BC ESC for builders to comply with the City’s Zero Emissions Building 
Plan . Under these compliance pathways, builders can choose to follow the BC ESC 
without additional requirements such as a GHGi target . FortisBC also committed to 
developing a DSM program based on the BC ESC in the MoU . By having new pathways 
aligned with the BC ESC, FortisBC could provide DSM incentives to lower the costs 
of achieving the BC ESC to builders in Vancouver while still achieving meaningful 
improvements in the energy efficiency and GHG reductions of new buildings . 
Were the province to allow a patchwork of BC ESC along with municipally-specific 
GHGi requirements, FortisBC would not be able to provide DSM incentives to 
moderate the affordability pressures of new ambitious codes that restrict access to 
the gas system .

BC should seek alignment with national codes and standards to ensure consistency 
with other jurisdictions as it considers a new code for retrofits . The federal code 
for alterations to existing buildings should serve as a template for BC, as suggested . 
Because of the scale of the retrofit challenge, clear goals and objectives need to be 
identified to ensure that all players in this sector have a role . FortisBC is exploring 
innovative partnerships to demonstrate building energy retrofits and we believe that 
large GHG reductions consistent with the province’s long-term GHG objectives are 
possible while still maintaining connection to the gas system .

Finally, we recommend that any further changes to the BC Energy Efficiency 
Standards Regulation should be aligned with federal standards to ensure consistency 
for equipment manufacturers . We agree with the Canadian Homebuilders 
Association that it is likely that manufacturers will focus efforts on areas with the 
greatest market share, national and international, and BC’s initiatives may not be 
as lucrative to encourage the necessary research and development in comparison to 
federal approaches .

Maintaining affordability for BC energy consumers
Residential gas $/kWh price comparison
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Affordability is the key concern among BC residents and FortisBC customers while 
producing energy locally is the top policy priority for government to consider . As we 
transition to a low-carbon economy, care must also be taken to ensure that we pursue 
cost-effective strategies that will not result in higher costs for energy consumers .

Consumer 
priorities on 
energy issues 
In August 
2018, FortisBC 
commissioned 
Innovative Research 
Group to conduct a 
survey on consumer 
priorities on energy 
issues . The survey 
found that:

• For 42 per cent 
of respondents 
affordability is 
the top priority 
in their personal 
energy choices, 
followed by the 
environment 
(24 per cent) 
and reliability 
(22 per cent) .

• When it comes 
to government 
policy, the top 
priority is helping 
the economy by 
producing energy 
locally (28 per 
cent), followed 
by affordability 
(27 per cent), with 
environment third 
(21 per cent) .

The survey was conducted between 
August 3 and 14, 2018 among a 
sample of 1,328 randomly-selected 
British Columbians. The survey 
used a mixed-method online and 
phone methodology. Interviews in 
English (n=1,024) were conducted 
using a representative online panel 
and in-language interviews in 
Cantonese, Mandarin, and Punjabi 
(n=304) were conducted over the 
phone. Results were weighted to a 
sample size of n=1,200 based on age, 
gender, region of the province and 
mother tongue.
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We also believe that regional differences in BC should be taken into account . 
For example, policies that restrict choice will disproportionately impact energy 
consumers outside of the Lower Mainland and Southern Vancouver Island that reside 
in BC’s colder regions . Similarly, regions that rely on BC’s natural gas industry to drive 
the provincial economy, should also be taken into account .

FortisBC’s RNG, while more expensive than natural gas, is still approximately half 
the price of electricity in BC and with a lower carbon intensity . This demonstrates 
the potential for the gas system to achieve significant, affordable GHG reductions 
with low-carbon drop-in fuels such as RNG and hydrogen . To achieve this potential, 
supportive policies that provide incentives and opportunities to invest in low-carbon 
gas supply will be needed over the long-term . These investments will only happen 
as long as the gas system remains a viable productive asset and consumers have the 
choice to continue to connect to and use gas .

It is for all these reasons that we believe an approach that targets increased 
energy efficiency and allows for consumer choice and innovation is consistent with 
the broader government objectives: making life more affordable and growing the BC 
economy while taking action on climate change .

Incentives tied to energy efficiency and 
building improvements
We support increasing energy-efficiency incentives . FortisBC is seeking to 
significantly expand energy-efficiency investments in our DSM portfolio . 
Our proposal currently before the British Columbia Utilities Commission 
(BCUC) includes more than doubling energy efficiency spending from 2016 
levels by 2019 and with further increases over the next four years . By 2022, 
we are committed to investing more than $96 million annually, 
approximately tripling our 2016 spending .

FortisBC estimates that this increased funding would effectively double 
annual natural gas energy savings and GHG emissions reductions, with 
the majority of savings occurring in the built environment . Annual energy 
savings would be in the order of one million GJ of gas which will in turn 
lead to reductions in GHG emissions of approximately 50 thousand tonnes 
of CO2e per year .

We are also seeking approval to expand our electricity DSM portfolio . In 
our 2019 to 2022 DSM Plan, which is currently before the BCUC for review, 
we are seeking a 21 per cent spending increase over what we put forward in our 
long-term DSM Plan . We expect to achieve 17 per cent more energy savings than set 
out in the long-term plan, or 130 GWh over the plan period .

Through assisting customers in moving to higher-efficiency equipment, supporting 
the BC ESC and advancing energy conservation in BC overall, our expanded energy 
efficiency programs will positively impact the province and support the achievement 
of BC’s GHG emissions reduction goals . These measures will also support the BC 
government’s commitment to improving affordability: individual customers will 
reduce their energy consumption and their energy bills .

FortisBC is supportive of the proposal to develop an incentive program to complement 
existing utility-led energy-efficiency programs focused on retrofits . We believe that 
if utility and provincial actions are well-designed, they could leverage each other and 
strengthen participation . We advocate for the provincial government to continue to 
work closely with utilities in designing this program .

Committed to investing 
more than

$96 million
annually by 2022
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Advanced Metering Infrastructure (AMI) is a valuable tool in helping our customers 
across BC improve energy efficiency and reduce GHG emissions in residential and 
commercial buildings . This technology is providing FortisBC’s electric customers 
with more control over how they use energy . To date, we have installed over 134,000 
AMI meters in our electric service territory and we seek to extend these benefits to 
our natural gas system . This technology is the foundation of a more modern natural 
gas system that improves the customer experience by empowering them to access 
data to make informed decisions about their energy use . With advanced meters, our 
natural gas customers will have the information they need to inspire mindful choices 
like using digital control to better manage use of heating appliances or making 
energy-efficiency upgrades to their homes . This technology could also help facilitate 
more investment in behind the meter solutions by identifying buildings well suited 
to energy-efficiency upgrades and integrating those solutions to the broader system 
to maximize energy-efficiency gains . We recommend that the provincial government 
provide support for wider deployment of AMI across BC’s natural gas network .

Support for low-carbon innovation
FortisBC is well-positioned to identify innovation investments to reduce the carbon 
footprint of BC’s energy system . FortisBC is interested in investing in core research 
focused on opportunities relevant to BC . This could include ultra high-efficiency 
gas-fired heat pumps, hydrogen production technologies, measures to reduce the 
carbon intensity of natural gas such as carbon capture and storage, and near zero 
GHG engines in vehicles . Without innovation funding from FortisBC or other agencies 
focused specifically on addressing GHG emissions within BC’s unique energy system 
and fully integrated gas supply, transitioning the gas system to align with the 
provincial climate targets will be even more challenging .

We recommend that the province consider mechanisms for utility-led innovation 
investment aimed at reducing GHGs or directing a portion of Innovative Clean Energy 
(ICE) funding to utility-led projects .

FortisBC also seeks to expand BC’s supply of clean energy . Wood and forest residues 
could significantly expand the amount of RNG supply in BC but, to unlock this 
potential, focused support for innovation from the public and private sectors 
will be needed . Of the total supply potential for RNG, wood has the largest share 
representing approximately 50 per cent of natural gas consumption in Canada . There 
are a number of other co-benefits of harnessing the potential of wood feedstocks for 
RNG . These include reducing GHG emissions in BC’s forestry-based industries while 
providing them with new, meaningful financial benefits . This could increase the 
competitiveness and international market share of Canadian forest industries and 
boost employment in the sector . However, there are still important technological gaps 
and high costs associated with wood-based RNG production meaning that, to-date, 
there has been limited RNG production from wood . The provincial government should 
identify RNG from wood feedstocks as a key priority for its innovation and climate 
objectives and work with the forestry sector, FortisBC and the research community to 
realize this opportunity .

We are supportive of new policies that will support utility investment to broaden our 
supply of clean energy to include new forms of alternative energy . For 
example, FortisBC Alternative Energy Services (FAES) is a leader in 
providing cost-effective, high-performance thermal energy solutions (TES) 
in BC’s building sector . For example, our Marine Gateway and Telus 
Gardens energy systems in Vancouver, both use renewable and recycled 
energy to improve efficiency and emissions by 50-80 per cent compared to 
conventional systems . To date, FAES has invested more than $62 million in 
high-efficiency energy systems which we own and operate on behalf of 
our customers .

To date, FAES has 
invested more than

$62 million
in high-efficiency 
energy systems
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In order to accelerate FAES’ contribution to providing highly efficient and low-carbon 
energy systems, we propose that government support a move to facilitate adoption 
of a regulated pooled cost model for TES providers . This recommendation would 
ultimately lead to faster market adoption of TES solutions .

Another example of low-carbon, FortisBC-led innovation is the proposed Ellison 
Community Solar Pilot project that could be the largest utility-owned solar project in 
BC . Interest in solar is on the rise and we seek to provide an easy, affordable option 
for our customers who want to use solar energy to meet a portion of their electricity 
needs . Our aim is to develop a solar program for customers who are interested in 
solar, but the upfront cost, placement, operation or maintenance of a rooftop system is 
not desirable . The province should create opportunity for future utility investment in 
clean energy projects where there is consumer demand for these offerings .

Energy-efficiency labelling information
FortisBC supports the province’s goal to improve information for building owners 
and residents on the energy performance of buildings . As the province develops this 
program, total energy consumed, carbon footprint and overall cost should all be 
included in the energy labeling information . FortisBC looks forward to working with 
the province to further develop this proposal .
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A clean growth program  
for industry
Industry is an important part of the Provincial economy 
and our customer base . Of FortisBC’s million customers, 
less than a thousand are industrial clients, yet these 
firms consume approximately one-third of FortisBC’s 
total gas demand . To these customers, gas is a low-cost, 
efficient, reliable and high-quality fuel source . FortisBC 
is proud to be the energy supplier of choice to the 
industries that propel BC’s economy .

FortisBC agrees with the provincial government that 
reducing GHG emissions must happen alongside a 
strengthening economy . Reducing GHG emissions 
through investment, technology and sustainable 
growth must be fostered in a framework to ensure BC’s 
businesses and industries are not put at a competitive 
disadvantage . The intention to develop an effective 
Clean Growth Program for Industry is an important 
objective of the provincial government . To this end, we 
believe that an incentive-based approach for industry is 
an important development .

We also believe that BC needs to be in alignment with 
the rest of Canada . The federal government’s output-
based system in the Carbon Pricing Backstop provides 
more relief to industry while still maintaining the same 
marginal incentive to reduce GHG emissions . BC should 
commit to reviewing and evaluating outcomes from 
the two systems . If the federal approach demonstrates 
better outcomes for emissions and the economy, then 
BC should adopt this system to create a level playing 
field for industries across Canada .

Industrial incentive
We believe that setting the performance benchmark 
at the level of the cleanest facilities in the world 
is an ambitious but achievable starting point as 
many industries in BC are already world-leading 
environmental performers . Because the Clean Growth 
Program for Industry aims to improve the international 
competitiveness of BC’s industries, we support the 
benchmark level as the best performing international 
firm or facility .

Industries within BC or Canada should not be used to 
set the benchmark . This would force domestic firms 
to compete against each other and incur costs with 
no impact on their international competitiveness . As 
provincial carbon policy costs begin to align under the 
Pan-Canadian Framework, the incentive for domestic 
firms to reduce their carbon emissions is evened . 
In fact, BC’s approach to tax all of a firm’s carbon 
emissions up to $30 per tonne applies significantly more carbon costs than the 
approach used in the federal output-based allocation system which applies the carbon 
price only on emissions above the benchmark . This means that even with an aligned 
price on carbon, BC firms would be disadvantaged compared to other provinces .

A Canadian first
Climate change is a global issue, and FortisBC is 
committed to being part of the solution . One of 
the ways we’re doing this is by exporting liquefied 
natural gas (LNG) to countries like China that are 
looking to significantly reduce their greenhouse 
gas emissions .

Late last year, FortisBC notched a milestone by 
delivering the first shipment of LNG from Canada to 
China . Since then, our shipments have continued, with 
the most recent one arriving in Shanghai in May .

As China’s LNG imports continue to increase, 
analysts predict it could one day eclipse Japan as 
the world’s biggest importer of natural gas . This 
presents a unique opportunity for FortisBC, which 
has the only two LNG storage facilities on Canada’s 
West Coast .

FortisBC’s LNG facility in Delta, BC has been operating since 
1971 and in order to meet the growing demand for LNG it 
recently underwent a $400-million expansion. 
 

This market shift is about more than just an 
economic opportunity for Canada . Underlying this 
trend is the fact that natural gas is a strong energy 
option for countries like China that are looking to 
transition from high-carbon fuels to cleaner and 
more affordable alternatives .

FortisBC offers an abundant supply of LNG that 
meets high environmental standards . In fact, 
when FortisBC’s Tilbury LNG plant expansion is 
operational later this year it will be one of the 
cleanest LNG facilities in the world .
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The additional GHG reduction that would be achieved by using domestic firms 
for the performance benchmark is marginal while simultaneously not improving 
the competitive position of BC firms in the international market . Because BC’s 
firms compete for market share against international firms, ensuring that carbon 
costs are moderated compared to the next best international performer should 
be the key objective . We believe this makes both economic and environmental 
sense . Incentivizing firms to achieve the lowest carbon intensity than the next 
best global performer ensures that carbon leakage is minimized while firms in BC 
are allowed to grow .

The provincial government should use a consistent approach when setting the 
benchmark across all industries . This means that determining the benchmark for 
incumbent industries such as mining and pulp and paper should be the same as for 
nascent industries such as LNG exports . A consistent approach ensures industries of 
the future can compete for global markets just as today’s industries can . FortisBC also 
supports the principle of consistency regarding the threshold to enter the program 
at 10,000 tonnes of annual GHG emissions . This will ensure that all large industries 
can access carbon tax incentives . The government should monitor this threshold and 
consider opportunities for smaller firms to opt-in to the program .

The threshold and the benchmark should also account for all emissions whether 
from combustion, process or fugitive . Firms that demonstrate real investments in 
technologies and practices that reduce process and fugitive emissions should be able 
to report those savings toward their emission intensity .

Clean Industry Fund
FortisBC supports the creation of the Clean Industry Fund as a way to invest carbon 
revenues into direct emissions reductions and innovation in low-carbon technologies . 
The fund should only be available to firms that are participants in the Clean 
Growth Program . The fund should be additional to existing government funds for 
innovation and technology and focused on industrial improvements . The scope for 
funding should be broad and include direct facility-level improvements, research and 
development, pilots and demonstrations and projects across the energy supply chain 
that will lower the carbon intensity of fuels . FortisBC anticipates that it would be a 
recipient of funds to develop leading technologies in, for example, efficiency, RNG and 
hydrogen that would improve the carbon intensity of industrial clients .

Investments from the fund should allow projects that achieve both short and 
long-term GHG reductions and be fuel neutral . A common and agreed framework to 
evaluate proposals that emphasized cost-effective short term reductions or long-term 
projects with high reduction potential should be negotiated with Clean Growth 
Program participants .

FortisBC believes that the government should target industry specific reductions along 
with system-wide initiatives that could reduce the carbon intensity of all industries . 
A priority list of actions could be developed in consultation with industry to earmark 
fund dollars for high-payoff strategies . We believe that one such strategy is to support 
clean gaseous fuels such as RNG and hydrogen . A specified and focused tranche of 
support from the fund could have an outsized role to improve the carbon intensity of 
all industries in BC . 

A threshold of

10,000
tonnes

will ensure all large 
industries can access 
carbon tax incentives
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Helping our region move to a low-
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Our Low Carbon Pathway
We believe NW Natural has an important role to play in helping our region move to a low-carbon, renewable-energy future. It’s why we've

developed our Low Carbon Pathway, and it’s why we invite you to join us.

Greenhouse gas emissions 
in Oregon
Today, natural gas is the cleanest energy option to reliably meet

our region’s biggest energy needs. In fact, NW Natural delivers

more energy in Oregon than any other utility, yet our

customers’ use of natural gas — in homes and businesses —

accounts for 6% of Oregon’s greenhouse gas emissions. 

Still, we know that we can do even better. So our mission is to

work with all our stakeholders, from producers to policymakers

and regulators to customers, on a voluntary carbon savings

goal: 30% by 2035.

What about Washington
greenhouse gas emissions?
Our Clark, Klickitat and Skamania County customersí natural gas

use accounts for half a percent (0.5%) of greenhouse gas

emissions in Washington state. 

NW Natural is
creating a better
energy by design.

0:30

Our Progress
We are on track to meet or exceed our  associated with our own operations and the use of our

product by residential and business sales customers from 2015 emission levels. In addition to the actions we have taken operationally, this

voluntary goal has been a catalyst for us to lead beyond our walls by building public policy coalitions that support innovation and new

thinking. And we’re proud of the progress we’ve made.

We have also established our vision forward to be a carbon neutral energy provider by 2050.

Going beyond 2035: Destination Zero. 
As we are making progress on our 2035 goal, we are evolving our thinking on what’s possible for our system based on promising

advancements in renewables for the pipeline system.

To achieve our goals, we will continue to look for reductions throughout the natural gas value chain, from producers to our own operations

and customer use, to the transportation sector.

Our goals are focused on collective action to:

voluntary carbon savings goal of 30% by 2035

Lower the carbon intensity of the product we deliver using a mix of technologies and renewable energy sources.•

Pursue energy efficiency and offset projects.•

Replace dirtier fuels with clean-burning natural gas or renewable natural gas.•

Keep it affordable by using our existing system — one of the most modern in the U.S. — in new, innovative ways.•

Expanding the possibilities
2016 - NW Natural establishes a voluntary carbon savings goal of 30% by 2035 from 2015 emission levels. •

2019 - First-of-its kind Oregon RNG legislation passed that supports targets of up to 30%. NW Natural team travels to Europe to

research efforts underway there to transform the natural gas networks to use decarbonized energy.

•

2020 and Beyond - Leverage renewables in our existing modern system along with other innovations to pursue a carbon neutral

system for our sales customers by 2050. 

•

NW Natural and its customers leading the way

NW Natural's modern system

NW Natural was one of the first utilities to replace all older pipes, making our system

among the most modern in the U.S. An Environmental Defense Fund study led by

Washington State University found that methane emissions on our system were 90%

lower than EPA assumptions. This analysis shows that less than one-tenth of one

percent of the gas that flows through our pipes doesn’t end up getting used by our

customers, making our system one of the tightest in the nation.

New study: Pacific Northwest
Pathways to Decarbonization
Oregon and Washington have set goals for steep greenhouse gas

emissions reductions, as part of an economy-wide effort to combat

climate change.

These kinds of goals are referred to as “deep decarbonization” and

mean an 80% reduction in carbon emissions by 2050 from a 1990

emissions baseline – even after factoring in population growth. Is

this possible? And if so, how?

A new report, Pacific Northwest Pathways to 2050, by Energy and

Environmental Economics (E3), shows how the natural gas system

can help the region get there.

Pacific Northwest Pathways to 2050
– Achieving an 80% reduction in
economy-wide greenhouse gases by
2050
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Read tips that can help you improve

energy efficiency and lower your monthly
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Save energy and get as much as $2,000

back on high-efficiency natural gas

appliances.

Welcome to a natural gas home.

Find out how natural gas adds warmth,

convenience and savings to your home.

Register your account online.
View and pay bills, see gas use, and compare use over time.
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Pathway to Beyond Net Zero by 2045

EXECUTIVE SUMMARY 

In October 2018, the Intergovernmental Panel on Climate 
Change released the Special Report on Global Warming of 
1.5°C, describing the expected impacts of 1.5°C and 2°C 
of warming and outlining global greenhouse gas (GHG) 
emission reduction pathways that could limit warming to 
those levels. Their overarching conclusion is that every 
fraction of a degree of warming matters. As evidenced by 
early symptoms of climate change, letting temperatures rise 
will exact a massive toll on lives, natural systems, and the 
economy. And in order to hold global temperatures to 1.5°C 
above pre-industrial levels, we must cut greenhouse gas 
emissions 45% by 2030, and hit net-zero emissions by the 
middle of the century. For Washington State, the realities of 
a warming climate will continue to challenge the health of our 
communities, economy, and ecosystems unless we work 
together to address these challenges. It is also clear that 
without action these impacts are likely to disproportionally 
affect certain communities and populations.

PSE has a critical interest and important role in achieving a 
sustainable future and limiting widespread impacts of climate 
change. We must shift from what is practical, convenient, 
or easy, to climate action that is both grounded in the 
latest science and ambitious enough in speed and scale to 
transition to a more sustainable economy for ourselves, our 
customers, and society.

This transition must not only mitigate disproportionate 
impacts, but also ensure benefits to already disadvantaged 
segments of our society.

Washington State is already a clean energy leader and 
addressing climate change in our energy systems.  
The transition to clean energy offers an opportunity to  
grow the state’s clean energy economy, creating new jobs 
and opportunity. 

That is why PSE is announcing an ambitious goal and 
bold plan to reduce its carbon equivalent emissions to 
zero, and to ultimately go beyond net zero carbon by 
leveraging the company’s energy resources and influence 
to help Washington State, our customers and communities 
reduce their carbon impacts as well. Not only will this make 
progress in achieving a sustainable future, but PSE’s goal 
will help Washington State reach its 2035 GHG emission 
reduction goal of a 45% reduction below 1990 levels. To 
be successful we will need new products, partnerships 
and policies that reflect our shared interest in a healthy and 
sustainable future. To that end this is a living document given 
what we know today.

“ We want to help Washington be a 
leader in climate change, but this 

is a journey that will take all of 
us working together. ”–Mary Kipp, President and CEO
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PSE’S COMMITMENT TO  
GREENING WASHINGTON STATE’S 
ENERGY SUPPLY 

Washington benefits from access to abundant low-cost 
renewable energy resources and is the largest producer 
of hydroelectric power in the U.S., which supplies more 
than two-thirds of the state’s electricity. While Washington 
is a leader in U.S. renewable electricity generation, PSE’s 
challenges include limited access to the federal hydropower 
system that serves Washington public utility districts directly, 
refer to chart below.

In light of this, PSE has been an early leader in addressing 
climate change, investing billions in renewable resources and 
energy efficiency for homes and businesses. That said we 
recognize that we have much more to do. PSE is committed 
to meeting the current and future needs of our customers, 
delivering on the objectives of Washington’s Clean Energy 
Transformation Act (CETA), and setting ambitious goals that 
go beyond net zero carbon emissions.

OUR EFFORTS TO DATE

• Energy Efficiency

National leader saving 67 billion electric kWh and 600 
million natural gas therms through energy efficiency 
programs since the inception of our program that help 
our customers save energy. This is the equivalent of 
eliminating the typical residential customer electric usage 
for one year for roughly 6.2 million homes and eliminating 
the typical residential customer natural gas usage for one 
year for roughly 800,000 homes.

CARBON DIOXIDE EQUIVALENT CO2e

A carbon dioxide equivalent or CO2 equivalent (CO2e) 

is a metric measure used to compare the emissions 
from various greenhouse gases on the basis of 
their global-warming potential (GWP), by converting 
amounts of other gases to the equivalent amount 
of carbon dioxide with the same global warming 
potential. 

Carbon dioxide equivalents are commonly expressed 
as million metric tonnes of carbon dioxide equivalents, 
abbreviated as MMTCDE:

MMTCDE = (million metric tonnes of a gas) * (GWP of 
the gas).
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• Clean Energy Customer Programs: 

 » Green Power Program for residential and 
commercial customers (gives customers an option 
to buy low or carbon free electricity and thereby 
achieve net zero carbon emissions from their own 
electric usage).

 » Green Direct Program for governments and large 
energy users (gives them the option to work with 
PSE to create new renewable energy resources).

 » Carbon Balance Program for all customers (gives 
customers an option to buy offsets for their natural 
gas consumption thereby achieving net zero carbon 
emissions from their own gas usage). 

 » Up & Go Electric Program for electric vehicle 
owners (supports electric car market transformation 
through a comprehensive education and outreach 
program and the launch of charging stations for 
customer use).

 » Customer Connected Solar for customers who 
own their own renewable energy (through net 
metering that allows connection to PSE’s grid to 
maintain reliability; more than 10,000 PSE customer 
homes now net meter using solar panels).

• Renewable Energy Production: 

 » Largest utility producer of renewable energy in 
Washington State.

 » National leader in wind generation adoption.

 » Fourth largest utility generator of wind power in the 
U.S. with total capacity up to 772 megawatts of 

electricity, enough to power 165,000 homes:  

* Wild Horse Wind and Solar Facility in Kittitas 
County; 

* Hopkins Ridge Wind Facility in Columbia County; 

* Lower Snake River Wind Facility in Garfield 
County. 

• Battery and Solar Projects: PSE is piloting, testing 
and installing batteries in several communities to 
evaluate safety, reliability, and cost associated with 
various energy storage options for homes, businesses, 
and communities.

• Renewable Natural Gas (RNG): 

 » Began integrating RNG onto its gas system more 
than 30 years ago from a local wastewater treatment 
plant.

 » First utility in the region (and one of the first in the 
country) to partner with a pipeline quality landfill 
RNG project in 2009 and expanding landfill gas 
further:

* Today, PSE acquires RNG equal to 1.5% of our 
sales volume; 

* Recently acquired another landfill RNG supply 
contract which will increase our RNG to 2% in 
2021 and grow to nearly 3.5% of our annual gas 
sales by 2024. 

 » PSE is continuing to investigate and pursue more 
regional RNG supply opportunities to support 
voluntary customer choice RNG programs.
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• Hydrogen: founding member of Renewable 
Hydrogen Alliance with the goal of exploring hydrogen 
replacement of fossil gas on pipelines and a path to 
green hydrogen.

• Low Income Clean Energy Programs:

 » Weatherization: in 2019, PSE’s Weatherization 
Assistance Program served more than 1,800 
households, delivering $7.6 million in benefits.

 » Low-Income Electric Vehicle (EV) Pilot 
Projects: PSE partnered with HopeSource in 
Kittitas County to install a level 2 charging station 
and provided a portion of vehicle funding for a 
2020 Kia Niro EV to be used by all departments at 
HopeSource to provide client services.

 » Community Solar: a portion of Community Solar 
subscriptions will be reserved for income-eligible 
customers who will receive the financial and 
environmental benefits of the project at no cost.

 » Solar Green Power: part of the Green Power 
Program for low income (funded the installation of 
solar at administrative or housing facilities for 10 
non-profits in the past year alone, and has provided 
more than $1 million to support solar for low income 
agencies and housing since 2017).

• Public Policy: 

 » Enabled state-wide initiatives, laws and regulations 
with tools aimed at carbon reduction, including: 

* A closure plan for Washington State’s only 
coal plant that serves as a national model for 
community and worker transition; 

* One of the earliest renewable portfolio standards 
in the country; 

* Mandatory energy conservation targets;

* The nation’s most stringent emission 
performance standard for natural gas generation. 

 » Supported passage of CETA.

 » Advocated for stringent federal methane emission 
restrictions at the wellhead.

Our commitment to Beyond Net Zero has three pathways

Natural gas sales 
customer end use

• Reduce customer end use 
carbon emissions 30% by 2030

• Net zero carbon emissions for 
customer end use by 2045

Our aspirational objective

Beyond PSE  
reported emissions

• Electric vehicles

• LNG for marine and long haul 
trucking

• RNG/hydrogen or other low 
carbon fuels for transportation

• Upstream methane emission 
reduction

We will help other  
sectors reduce carbon

PSE operations and 
electric supply

• Net zero carbon emissions for 
all PSE operations and electric 
supply by 2030

• 100% carbon free electric 
supply by 2045

We will achieve the following

OUR NEW BOLD 2020 GOAL: BEYOND NET ZERO CARBON BY 2045
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ROADMAP TO A BEYOND NET ZERO CARBON COMPANY BY 2045 THAT PSE AIMS TO ACHIEVE

2021 2025 2030 2045

Strong investment in 
conservation/energy efficiency 

Facilitate renewable energy 
by building more transmission

Energy storage 

Elimination of 
methane leaks

Removal of coal 
from energy mix 

Net zero 
fleet cars

Net zero 
operations and 
electric supply 

Maximize forest offsets 
on PSE-owned lands

Forest 
offsets

Joint ventures with customers to 
reduce their carbon footprint

Seek partnerships on biological or 
engineered carbon sequestration projects

Install EV 
charging stations

Support low and net 
zero fuel vehicles

Utility-scale solar and 
wind development 

Centralia plant 
shutdown

Supply LNG or H2 
for long haul trucks

Hydrogen 
project 
investment

2

Support methane emission reduction 
in upstream natural gas supplies

CO2e emission free 
from electricity

CO2e emission 
free from gase

Net negative 
CO2e 

e

Offset programs and 
negative emission 
technology

Supply LNG or H2 
for marine vessels

Hybrid heat 
pumps

Distributed energy 
resources and 
demand response 
programs

RNG project investment 

Research into RNG and green 
hydrogen projects R&D2

NET ZERO OPERATIONS AND ELECTRIC SUPPLY BY 2030 

ASPIRE TO ACHIEVE NET ZERO 
CARBON GAS SALES BY 2045  

BEYOND NET ZERO INITIATIVES 
AND INVESTMENT 

New technology 
investment

* CO2e = Carbon Dioxide Equivalent

Energy efficiency and 
targeted electrification

Support streamlined renewable 
energy siting policies

Support regulatory reform

Support low and zero 
carbon fuel incentives

Support tariff 
innovation

Support carbon 
pricing
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PSE’S APPROACH

Equitable and sustainable clean energy for all

• Society is only as safe and sustainable as its most 
vulnerable members. 

• As we consider the opportunities to work together on 
climate solutions in energy, we need to ensure that the 
solutions pursued improve the livelihoods of all people 
on this planet.

• Climate change is a global problem, but its effects 
are profoundly local, and often refract through long-
standing patterns of inequality and racism.

• In Washington State and beyond, low-income residents 
and people of color shoulder an outsized share of 
the climate burden. They face greater risks from heat 
waves, floods and other climate-related impacts. And 
they have suffered collateral damage from the harmful 
pollutants produced by using fossil fuels.

• Now is the time for us to make equity the cornerstone of 
this vision for a greener, livable future.

• We at PSE must also ensure that costs and rate 
impacts of our clean energy future do not place unfair 
burden on disadvantaged communities.

Transparent and data-driven

• Use a 2019 baseline of CO2 equivalent emissions to 
track progress based on data submitted annually by 
PSE to the U.S. Environmental Protection Agency and 
the Washington State Department of Ecology. This 
annual data becomes part of Washington State’s annual 
inventory and the United Nations Convention on Climate 
Change annual inventory.

• Develop a carbon accounting balance sheet and 
expanded annual inventory report to track performance 
and communicate results transparently and consistently.

• Conduct PSE decarbonization studies and partner with 
other utilities for cross-utility analysis to maximize clean 
energy benefits while minimizing costs.

• Integrate GHG commitment into PSE’s future resource 
planning to ensure company-wide alignment.

• In collaboration with customers and stakeholders, 
develop methodologies and metrics to evaluate equity 
impacts in planning and operations. Begin with electric 
sector, as required by CETA, and expand to other 
company operations, gas sales and more over time.

• Implement internationally and nationally established 
standards and credit programs that are verifiable and 
support initiatives within Washington State as much  
as possible.

US Compliance  
Programs

US Voluntary  
Programs*

California Compliance Offset 
Program

Regional GHG Initiative (RGGI)

American Carbon Registry 
(ACR)

Climate Action Reserve (CAR)

*Green-e® Climate certification endorsed programs

Accountability to customers and an unwavering 
commitment to reliability, safety and affordability

• Establish a “Beyond Net Zero” external advisory 
committee comprised of a diverse set of community 
members, partners, technical experts and others 
to provide meaningful input, inform transparent 
communications and enable opportunities for  
collective action.

• Provide meaningful opportunities for customers 
to inform PSE approaches and develop stronger 
partnerships with customers to empower equitable and 
sustainable GHG reductions.

• Remain consistent with our almost one hundred-fifty 
year history of providing reliable, safe and affordable 
power for our customers.
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PSE’S 2019 GHG EMISSIONS AS BASELINE FOR NET ZERO CARBON EMISSIONS
PSE’s total GHG emissions in 2019 were approximately 17.2 million metric tons of CO2 equivalent (CO2e).

Scope 1 emissions: Direct 
from sources owned or 
controlled by the company. 

Scope 2 emissions: 
From the generation of 
purchased electricity 
consumed by the 
company, excluding 
electricity for resale. 

Scope 3 emissions: From 
sources not owned or 
controlled by the company, 
as a consequence of 
company’s activities. 

Definitions follow The 
Greenhouse Gas Protocol.

CO2 SF6 CH4 N2O HFCs PFCs

~674K metric tons

Line Losses & Facility Energy Contracted Electric Supply
Customer Natural Gas End-Use

Owned Fossil Generation, LDC
Process & Fugitive Emissions,

Owned Fleet vehicles etc.

2019 PSE Baseline: Total GHG Emissions: ~17M metric tons

~12M metric tons

~4M 
metric
tons

SCOPE 1

SCOPE 2
Indirect Indirect

Direct

SCOPE 3

GETTING TO NET ZERO CARBON ON  
OPERATIONS AND ELECTRIC SUPPLY BY 2030

Net zero carbon on electric operations and supply by 2030

• Development and implementation of CETA to get to GHG neutral 
electric supply by 2030 and carbon free electric supply by 2045 
thereby reducing carbon emissions from our electric supply by 
approximately 11.2 million metric tons of CO2 equivalent from  
2019 levels. 

 » Eliminating coal power and decreasing our dependence on natural 
gas generation.

 » Expanding customer-side resources (such as energy efficiency 
and demand response).

 » Increasing renewables including utility-scale solar and wind 
development and local, distributed renewables, and associated 
electric transmission.

 » Developing large scale energy storage.

 » Innovative customer programs and partnerships.

 » Investing in alternative compliance actions in Washington State as 
necessary to mitigate rate impacts to customers as we transition 
the system to increased reliance on renewable resources.

32.0%
COAL

17.2%
HYDRO27.9%

NATURAL GAS

0.3%
NUCLEAR

0.9%
SOLAR

8.3%
WIND

13.3%
UNSPECIFIED

2019 PSE Electric Supply

80%
CARBON FREE

20%
CARBON NEUTRAL

2030 Expected PSE Electric Supply



9

Pathway to Beyond Net Zero by 2045

Net zero carbon on PSE gas operations by 2030

• Elimination of methane leaks on PSE’s distribution 
system by 2022.

• Reduction or offset of all other methane emissions from 
operation and maintenance of PSE’s gas infrastructure 
system by 2030.

Net zero carbon from PSE transportation fleet for 
all operations by 2030

• Electrification of most fleet vehicles by 2030.

• Use lower carbon fuels for fleet vehicles that can’t be 
electrified and offset remaining emissions by 2030.

ASPIRING TO NET ZERO CARBON FROM 
GAS SALES BY 2045

• Obtain carbon pricing designed to maximize linkage 
to other markets, addresses equity issues, promotes 
the use of low or carbon free fuels (such as renewable 
natural gas and hydrogen), and encourages technology 
advancements in negative carbon technologies to use 
as offsets. 

• Increased energy efficiency and modification of tariffs 
and incentives to mitigate natural gas load growth 
including modification of line extension tariff and 
appliance incentives as needed.

• Decarbonize PSE’s gas sales 30% below 2019 levels 
by 2030 including aggressive scale up of zero carbon 
and low carbon fuel technologies, such as RNG, 
biosynthetic gas, hydrogen and other clean fuels. 

• Implement a carefully designed statewide policy 
towards targeted electrification that optimizes existing 
infrastructure to maximize carbon reduction while 
mitigating impacts on vulnerable populations and 
maintaining reliability standards in all energy distribution 
systems, including:  

 » hybrid heat pumps that use clean fuels, such as 
RNG and hydrogen, for backup 
energy for peak demand periods.  

 » clean fuels, such as RNG and 
hydrogen. 

• Focus on local and statewide opportunities that support 
economic diversification for businesses.

• Expand voluntary customer choice programs to reduce 
emissions equitably such as Carbon Balance Program.

• Explore new technologies to close any emissions gaps 
including carbon negative emission technologies.

• Initiate a workforce program to ensure the health and 
satisfaction of the gas operations workforce so we 
are able to continue to attract and retain a technically 
competent work force with our labor union partners to 
ensure a safe, reliable transition away from fossil fuel 
gas to renewable gas and hydrogen. 

BEYOND NET ZERO CARBON INITIATIVES  
AND INVESTMENT

• Support transformation of transportation sector to low 
and net zero fuels:

 » Plan for, promote and supply sufficient and reliable 
electricity for EVs; 

 » Promote and supply LNG for long haul trucks and 
marine vessels with option for transformation to 
hydrogen or other future lower or zero carbon fuel 
technology.

• Strive for net zero methane emissions upstream by 
partnering with regulators and natural gas suppliers.

• Maximize opportunities for forest offsets on PSE owned 
lands. 

• Pursue joint ventures with customers to reduce their 
carbon footprints.

• Seek partnerships on biologic or engineered carbon 
sequestration projects.

• Pursue RNG projects to reduce methane emissions 
from municipal solid waste and biomass sources, such 
as agricultural waste and forestry sources.
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Pathway to Beyond Net Zero by 2045

THE NEED FOR COMPLEMENTARY 
ENERGY SYSTEMS

We believe that complementary energy systems are needed 
to maintain reliability and affordability for our customers. Our 
existing gas delivery infrastructure is a valuable system with 
much potential. Yet, at the same time, we understand that 
natural gas is an ongoing source of carbon emissions that 
must be mitigated—especially as we consider transitions 
and/or new technologies. In the interim:

• A complementary gas energy system offsets the need 
to build additional electric transmission and distribution 
facilities that are difficult to permit and site.

• The pipeline infrastructure can be utilized for renewable 
gas, hydrogen and other low or zero carbon fuels to 
deliver energy with very low or zero GHG emissions. 

• Mandates for full electrification risk significant 
detrimental carbon emissions, reliability, affordability 
and vulnerable population impacts.

• Hybrid heat pump technology is a valuable  
technology to consider in new construction as an 
alternative approach: 

 » Hybrid heat pumps address carbon emissions, 
reliability and affordability issues;

 » Hybrid heat pump fueled with renewable gas use half 
the amount that would be needed from a peaking unit 
to produce the equivalent electric power.

WORKING ALONGSIDE OUR 
PARTNERS

Washington State is home to innovative businesses and 
organizations dedicated to reducing environmental impacts. 
PSE needs new partnership opportunities with organizations 
to pursue initiatives that can accelerate and scale GHG 
reductions inside and outside the PSE carbon footprint. 
Examples include:

• Innovative and expansive renewable energy initiatives.

• Distributed energy and battery pilot projects.

• Renewable gas opportunities from development of 
Washington State biomass resources.

• Integration of hydrogen or other zero carbon fuels. 

• Energy efficiency efforts that go beyond state standards.

• Carbon removal and storage technologies.

• Expanded PSE customer programs.

• Programs serving highly impacted communities and 
vulnerable populations to co-create opportunities for 
carbon reductions and economic and health benefits.

• Programs in cooperation with labor unions to  
ensure retention of qualified employees to ensure  
safety and reliability. 
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Pathway to Beyond Net Zero by 2045

THE UNKNOWN

This goal is ambitious. PSE doesn’t have all the answers and 
we face a number of significant challenges in meeting the 
current and future needs of our customers while delivering 
on the objective of greening Washington State’s energy. PSE 
is an essential provider of services mandated to be lowest 
cost in a state that does not yet have carbon pricing. 

The path to achieve the following is unknown:

• New relationships and dedicated time and resources 
needed to ensure an equitable and beneficial transition 
for ALL communities, especially the most vulnerable in 
our society.

• Certainty about carbon regulation in Washington State 
so PSE can adequately conduct long-range resource 
planning.

• CETA implementation including the availability and 
affordability of a sufficient renewable energy supply to 
meet peak demand while maintaining system reliability 
during long-duration extreme weather events (the 
Northwest wind fleet is typically not running when 
regional temperatures are very cold or very hot and 
demand is high).

• Regional cooperation to ensure focus on adequate 
electric supply to meet demand growth increases for EVs. 

• Regional grasp that on peak winter days, PSE delivers 
a significant amount of energy through the natural gas 
distribution system—for example, roughly two-thirds of 
the energy delivered in the city of Seattle flows through 
PSE’s gas system on these peak days.

• Commercially developed and affordable large scale 
RNG and other low-carbon or zero carbon gas, such as 
hydrogen, supply and infrastructure. 

• Affordable carbon reduction technologies with 
less geographic constraints for sequestration, and 
infrastructure constraints for carbon utilization.

• New behind-the-meter capabilities to reshape energy 
demands to lower peak capacity need.

• Recognition that distributed wind/solar requires new 
technical infrastructure as well as costs, with an inability 
to capitalize costs and earn a regulated return.

• State-wide, regional and local cooperation and 
collaboration will be required with all utilities because 
gas and electric service territories are not synced up to 
match by utility.
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Pathway to Beyond Net Zero by 2045

REGULATORY AND PUBLIC POLICY 
ALIGNMENT

Our current regulatory framework does not provide a known 
path to meet our state’s policy and our customers’ desire 
for clean energy. The following changes are needed to align 
Washington’s regulatory and public policy environment with 
PSE’s ambitious goal to reduce its emissions to net zero. 

NET ZERO OPERATIONS AND ELECTRIC 
SUPPLY BY 2030
• Regulatory reform: The regulatory paradigm must 

shift to foster and support a forward-thinking regulatory 
environment where utilities can focus on cost-effectively 
meeting the state’s ambitious energy policy objectives, 
as well as the utilities’ evolving customer needs while 
staying financially viable.

• Siting and permitting: Implementation of a policy to 
support efficient siting and permitting of renewable 
energy transmission lines and renewable generation.

ASPIRE TO ACHIEVE NET ZERO CARBON 
GAS SALES BY 2045
Carbon pricing: cap and invest, or cap and trade

• Direct link with California’s cap and trade program 
for equal trading to maximize efficiency for carbon and 
energy markets.

• One consistent regional system that recognizes 
equity and reliability issues associated with localized 
carbon regulation.

• Financial protections for natural gas customers (free 
allowances initially and subsequently ratchets down 
1.8% per year).

• Assurance of equitable distribution of benefits, 
invests in mitigation actions for highly impacted 
communities. 

• Maximum economic opportunity in Washington 
State and avoids negative economic impacts and GHG 
emissions shifting to other jurisdictions.

• Deliberate and thoughtful development of transition 
plans for impacted workforce sectors. 

BEYOND NET ZERO INITIATIVES AND 
INVESTMENT

• Additional complementary carbon reduction 
programs:

 » Low carbon fuel standard: incentivize more low, 
zero and negative fuel development.

 » Emission reduction plan: thoughtfully designed 
statewide emissions reduction policy that both (1) 
includes targeted electrification and (2) leverages 
existing gas infrastructure to minimize carbon 
emissions, while maximizing equity, reliability and 
collaboration with regional utilities by maintaining a 
back up and/or complimentary clean fuel option. 

 » Clean transportation incentives for customers, 
e.g., EVs and LNG for long haul and marine.

 » RNG and hydrogen incentives, including subsidies 
to research and develop infrastructure for further 
biomass development (from deadfall forestry and 
agriculture industry debris, etc.).

• Research, Development, Demonstration and 
Deployment of energy intensity and carbon 
reducing or carbon negative technologies

 » Gas-related clean energy implementation 
planning: gas utilities to propose specific carbon 
reduction plans as part of IRPs with a complete 
financial plan for how gas utilities can provide 
affordable and reliable service, and achieve a 
financially sustainable business while driving net 
emissions toward a significant reduction by 2045.

• Regulatory tools and state financial investment 
to avoid significant cost-shifts among natural gas 
customers including regulatory support and approval 
for new customer programs and tariffs designed to 
achieve PSE and customer GHG reduction goals (i.e., 
line extension tariffs, managed and flexible electric load 
tools such as time-of-use pricing, etc.). 

Combined electric and natural gas service

Electric service

Natural gas service
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Williams Announces Goal of 56% Absolute Reduction in  
Greenhouse Gas Emissions by 2030 

 
TULSA, Okla. – Williams (NYSE: WMB) announced today its climate commitment, setting a near-term goal of 56% 
absolute reduction from 2005 levels in company-wide greenhouse gas (GHG) emissions by 2030, putting the 
company on a positive trajectory to be net zero carbon emissions by 2050. By setting a near-term goal for 2030, 
the company plans to leverage its natural gas-focused strategy and technology that is available today to focus on 
immediate opportunities to reduce emissions, scale renewables and build a clean energy economy – while 
looking forward and anticipating future innovations and technologies. 
 
“As one of the largest energy infrastructure companies in the U.S., we see firsthand the important role natural 
gas plays today in a viable and sustainable low-carbon future, and we know that natural gas is critical to 
addressing climate change. It creates a practical and affordable solution for immediately reducing emissions 
both here and around the world. It also is key to maintaining reliability and enabling scaled use of renewable 
energy,” said Alan Armstrong, president and chief executive officer at Williams. “With our climate commitment 
encompassing both near- and long-term targets, we hope to challenge others to establish similar goals based on 
what we can reduce right here, right now – while also supporting the development of emerging technologies 
that will ultimately contribute to our aspiration to be net zero by 2050.” 

To reach its 2030 target, Williams is pursuing common sense methane emissions reduction opportunities 
through leak detection and repair, work practice improvements, and evaluating equipment upgrades on a site-
specific basis. This near-term phase also includes collaborating with peers and customers to uncover and 
implement innovative emissions reduction strategies through Williams-led initiatives, research organizations 
and trade groups. In addition, Williams will continue to support Colorado State University’s Methane Emissions 
Technology Evaluation Center and fund methane emissions reduction projects at Pipeline Research Council 
International.  
 
Other near-term efforts will focus on exploring renewable energy opportunities, including renewable natural gas 
(RNG) and solar energy. Currently, Williams delivers RNG by partnering with energy companies in Washington, 
Idaho, Ohio, and Texas to transport methane emissions captured from landfills or dairy farms where the 
methane is a byproduct of the waste decomposition process.  Methane produced from the waste is a renewable 
fuel because it is captured as biogas rather than being released directly into the atmosphere. Williams’ 
Northwest Pipeline is interconnected with four RNG facilities, of which two were brought online in the past 
seven months, and looking ahead, the company plans to aggressively pursue additional RNG partnership 
opportunities.  
 

Williams (NYSE: WMB) 
One Williams Center 

Tulsa, OK 74172 
800-Williams 

www.williams.com 



 

These efforts are in addition to the company’s previously announced $400 million solar initiative across nine 
states spanning Williams’ footprint. Williams is identifying locations where solar power installations are both 
economically viable and can be located on company-owned land that is adjacent to existing facilities. Initial sites 
identified are in Alabama, Colorado, Georgia, Louisiana, New Jersey, North Carolina, Ohio, Pennsylvania, and 
Virginia. These facilities are expected to be placed into service beginning late 2021. 
 
Williams’ long-term path to net zero by 2050 includes preparing for future breakthrough technologies in carbon 
capture, synthetic gas and hydrogen as a fuel source.  
 
“We are proud to lead the midstream space in meeting the growing demand for American-made energy while 
outlining clear steps toward a clean energy future,” said Armstrong. “We believe we can successfully sustain and 
evolve our natural gas-focused business as the world moves to a low-carbon future, while also helping our 
customers and stakeholders meet their climate goals.” 
 
This vision for a viable and sustainable low-carbon future is supported by the active role low-cost natural gas 
plays in the clean energy mix, particularly when it comes to displacing higher-emission fuels such as coal and 
heating oil. Natural gas generates up to 60% fewer GHG emissions than coal and is a reliable fuel source, making 
it the ideal partner for intermittent renewable energy sources like wind and solar power.  

  
The company will provide updates on its progress toward these goals in its annual Sustainability Report. To read 
the recently published 2019 Sustainability Report, visit www.williams.com. 
 
To learn more about Williams’ climate commitment visit www.williams.com/climate-commitment 
 
About Williams  
Williams (NYSE: WMB) is committed to being the leader in providing infrastructure that safely delivers natural 

gas products to reliably fuel the clean energy economy. Headquartered in Tulsa, Oklahoma, Williams is an 

industry-leading, investment grade C-Corp with operations across the natural gas value chain including 

gathering, processing, interstate transportation and storage of natural gas and natural gas liquids. With major 

positions in top U.S. supply basins, Williams connects the best supplies with the growing demand for clean 

energy. Williams owns and operates more than 30,000 miles of pipelines system wide – including Transco, the 

nation’s largest volume and fastest growing pipeline – and handles approximately 30 percent of the natural gas 

in the United States that is used every day for clean-power generation, heating and industrial use. 

www.williams.com 

Portions of this document may constitute “forward-looking statements” as defined by federal law. Although the 
company believes any such statements are based on reasonable assumptions, there is no assurance that actual 
outcomes will not be materially different. Any such statements are made in reliance on the “safe harbor” 
protections provided under the Private Securities Reform Act of 1995. Additional information about issues that 
could lead to material changes in performance is contained in the company’s annual and quarterly reports filed 
with the Securities and Exchange Commission. 
 

### 
 

http://www.williams.com/
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