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TESTIMONY OF TERESA CHENG 1 

I. Introduction and Purpose of Testimony 2 

Q: Please state your name and occupation.  3 

A: My name is Teresa Cheng. I am the California Director at Industrious Labs.  4 

Q: Please describe Industrious Labs. 5 

A: Industrious Labs is an organization that drives industrial decarbonization through policy 6 

advocacy, community engagement, and strategic analysis. In California, Industrious Labs 7 

works to reduce emissions from essential industries like the manufacturing sector, 8 

fertilizer, and cement industries. By championing clean manufacturing, Industrious Labs 9 

advances climate solutions that create union jobs, improve air quality in frontline 10 

communities, and support local economies.  11 

Q: Please summarize your professional experience. 12 

A: I lead industrial decarbonization advocacy in California at Industrious Labs, focusing on 13 

zero-emissions technology deployment for process heat used in manufacturing in 14 

California. I regularly engage with California energy agencies, the State Legislature, air 15 

quality management districts, utilities, large industrial customers, and stakeholder 16 

coalitions on industrial decarbonization policy. Previously, I managed Sierra Club’s 17 

California Beyond Coal Campaign, leading electric sector advocacy on gas plant 18 

retirements, clean energy procurement, and grid policy. My expertise spans regulatory 19 

proceedings, legislative strategy, utility rate analysis, and environmental justice 20 

integration in energy policy. A copy of my current resume is attached as Attachment 1.  21 
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Q: On whose behalf are you testifying in this case? 1 

A: I am testifying on behalf of Industrious Labs. 2 

Q: Have you testified previously before the California Public Utilities Commission? 3 

A: No. 4 

Q: What is the purpose of your testimony in this proceeding?  5 

A: The purpose of my testimony is to analyze Southern California Edison’s (“SCE”) 6 

application for Large Power Dynamic Pricing Rate and determine whether the proposal 7 

promotes the use of dynamic rates in rate design to encourage efficiency, electrification, 8 

affordability, optimal use of grid supply, and reliability. Building on rate design 9 

principles adopted in the demand flexibility docket R. 22-07-005, my recommendations 10 

will aim to advance public policy goals: namely reducing carbon and criteria pollution 11 

emissions via the electrification of industrial process heating, while avoiding cross-12 

subsidies among customers—especially from residential customers who also face 13 

increasingly high electric rates in California. 14 

Q: What do you rely upon for your analysis, findings, and observations? 15 

A: I reviewed SCE’s application in this case. My analysis relies primarily upon a recently 16 

published report, Unlocking Industrial Electrification in California: Strategies for 17 

Electricity Rate Design and Policy Reform that Industrious Labs co-authored with 18 

American Council for Energy-Efficient Economy and the Sierra Club, along with 19 

Synapse Energy Economics, Inc. A copy of the Report is attached as Attachment 2. I also 20 

rely on my experience at Industrious Labs advocating at regional and state venues for 21 

policy design to support grid-beneficial industrial decarbonization, meeting with 22 

industrial customers to understand their needs, as well as discussions with zero-emissions 23 
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industrial heat technology providers to understand their unique challenges in California’s 1 

regulatory landscape.   2 

II. Findings and Recommendations 3 

Q: Please summarize your findings.  4 

A: SCE is proposing a new, optional electricity rate for large customers that lets part of their 5 

electric bill change hour-by-hour based on real grid prices and conditions, referred to as 6 

the Large Power Dynamic Rate. Eligible customers include those already eligible for 7 

SCE’s largest time-of-use rate (TOU-8) that are connected at 50kV or higher with total 8 

participation capped at 500 MW across all customers. Instead of one fixed time-of-use 9 

rate, the Large Power Dynamic Rate would have three components: (1) a subscription 10 

portion; (2) a dynamic portion based on CAISO day-ahead market prices and load 11 

forecasts; and (3) standard non-bypassable charges. The dynamic portion includes six 12 

components: (1) CAISO Day-Ahead Locational Marginal Energy Price; (2) Line Losses; 13 

(3) Generation Peak Capacity; (4) Generation Ramp Capacity; (5) Transmission Peak 14 

Capacity; and (6) Distribution Peak Capacity. Unlike standard tariffed rates, the proposal 15 

would pair a Commission-approved general tariff with customer-specific contracts that 16 

lock in multi-year terms and tailor the allocation between the subscription and dynamic 17 

components based on expected usage. 18 

 The inclusion of a dynamic energy component is a step in the right direction. Hourly 19 

prices linked to CAISO day-ahead markets are generally higher during periods of system 20 

stress and lower when capacity is available, providing stronger price signals than static 21 

time-of-use rates. The Large Power Dynamic Rate, however, continues to rely on non-22 

time-related facilities charges (including for facilities related demand or “FRD”) for a 23 
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portion of transmission and distribution cost recovery in the subscription component, and 1 

it also continues to include non-peak-aligned distribution capacity marginal costs within 2 

the dynamic distribution component (i.e., the Grid Capacity related component).  3 

Efforts to expand access to dynamic pricing options for large industrial customers are an 4 

important step toward more efficient electricity use. While SCE’s proposed approach 5 

here does not fully capture peak-driven infrastructure impacts, the availability of dynamic 6 

rates is an important tool that warrants action now, with continued refinement rather than 7 

delay. 8 

Q: Please summarize your recommendations. 9 

A: The Commission should approve SCE’s proposal because it is a meaningful step towards 10 

encouraging efficiency, electrification, affordability, optimal use of grid supply, and 11 

reliability. Expanding access to dynamic rates for large industrial customers can improve 12 

alignment between electricity demand and real-time grid conditions, supporting 13 

California’s clean energy and load management goals. However, the Commission’s 14 

approval should come with several modifications that ensure true cost causation. In 15 

particular, the Commission should require a coincident peak demand charge for the 16 

transmission component, rather than reliance on non-coincident demand charges, to better 17 

reflect transmission costs, which are driven by system peak conditions. The Commission 18 

should also require SCE to remove the remaining non-coincident distribution demand 19 

charge component and instead recover distribution capacity costs through a coincident, 20 

peak-aligned charge or another metric tied to distribution cost drivers. Additionally, the 21 

Commission should encourage expanding dynamic rates for smaller industrial customers 22 

and require the inclusion of locational pricing for the Large Power Dynamic Pricing Rate.  23 
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III. Background and Context 1 

Q: Why are California’s climate and public health goals relevant to industrial rate 2 

design? 3 

A: Meeting California’s climate goals will require deep decarbonization in every sector, 4 

including industrial. Similarly, achieving health-based air quality standards in the San 5 

Joaquin Valley as well as the Los Angeles Basin, where the industrial activity in SCE’s 6 

service territory is concentrated, will require a widespread transition to zero-emission 7 

technologies for stationary sources of all sizes.1 Electrification is the most promising 8 

strategy for eliminating both climate and health-harming pollution today from a 9 

significant portion of the equipment that produces industrial process heat. However, high 10 

electricity prices are a major barrier to industry transitioning from process heat equipment 11 

that burns fossil fuels to equipment that uses zero-emission electric technologies. 12 

Innovative rate design can help address that barrier. 13 

Q: Please explain how industrial electrification can help California achieve its climate 14 

goals.  15 

A: California’s ambitious climate goals require carbon neutrality across all sectors by 2045. 16 

The industrial sector, which is responsible for roughly 20 percent of carbon emissions in 17 

the state, will have to reduce emissions substantially for the state to meet its goals. 18 

Commercially available clean technology is available to decarbonize many heat processes 19 

used in manufacturing and could provide a direct, proven path to cut emissions while 20 

improving air quality and public health.  21 

 
1 South Coast Air Quality Management District, 2022 Air Quality Management Plan at ES-4 – ES 8, 
available at https://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-
plans/2022-air-quality-management-plan/final-2022-aqmp/03-es.pdf?sfvrsn=95c5bd61_6.  

https://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2022-air-quality-management-plan/final-2022-aqmp/03-es.pdf?sfvrsn=95c5bd61_6
https://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2022-air-quality-management-plan/final-2022-aqmp/03-es.pdf?sfvrsn=95c5bd61_6
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Electrification of a substantial portion of the gas-powered industrial process heat demand, 1 

or the thermal energy used to produce, treat, or alter manufactured goods, is both feasible 2 

and necessary for California to achieve its climate goals. Direct electrification is also a 3 

necessary step to protect the health of vulnerable frontline communities which are 4 

disproportionately overburdened by industrial air pollution. Rate design and other 5 

regulatory shifts have the potential to provide the necessary economic conditions to 6 

incentivize flexible electrification in many of California’s industrial facilities, while also 7 

delivering key grid benefits that can support California’s transition to a clean, renewably-8 

powered electric grid.  9 

About 73% of California’s industrial sector emissions are from fossil fuel combustion, 10 

most of which are process heat emissions, but also include facility related heating and 11 

heat as energy for mechanical processes. Compared to the national rate of 55%, 12 

California has a higher proportion of industrial emissions attributed to fossil fuel-based 13 

combustion. Additionally, California is home to more industrial boilers than any other 14 

state in the nation. The largest emitting subsectors, excluding the mining, refining, and 15 

waste sectors, are minerals manufacturing (transforming mined or quarried minerals into 16 

finished products), food processing, wood products, pulp and paper, chemicals including 17 

pharmaceuticals and plastics, and fabricated metals. The food processing, pulp and paper, 18 

and chemicals subsectors in particular are best positioned to electrify with highly efficient 19 

industrial heat pumps because they rely primarily on low temperature heat (< 200 degrees 20 

Celsius), for which heat pumps are well suited. Electric boilers and thermal batteries are 21 

also commercially available zero-emissions alternatives that can serve higher temperature 22 

applications, with thermal battery models under development to support temperatures of 23 
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up to 1500 degrees Celsius. We can make a considerable dent in overall climate 1 

emissions in the near term by powering industrial process heat with electricity rather than 2 

burning fossil fuels. 3 

Q: How does industrial rate design impact public health and workplace safety?  4 

A: Industrial pollution is a significant contributor to health-damaging pollution. Burning 5 

fossil fuels for industrial process heating emits a mix of pollutants including carbon 6 

dioxide, carbon monoxide, nitrogen oxides (“NOx”), particulate matter, and sulfur 7 

dioxide, all of which degrade air quality and harm human health. While all air pollutants 8 

have health impacts, PM2.5, or ultra fine particulate matter with a diameter of 2.5 9 

microns, is directly linked to adverse cardiovascular disease, respiratory diseases, like 10 

asthma and lung cancer, and premature mortality. NOx is also of high concern as it is a 11 

precursor for ozone which is commonly known as smog and is associated with several 12 

adverse health outcomes, including elevated asthma rates.  13 

The public health benefits of transitioning to decarbonized energy sources are reduced 14 

risk for pollution-related disease and lower health costs, particularly for two groups: 15 

industrial workers and households near industrial facilities. Eliminating emissions from 16 

fossil fuel-combustion equipment near such facilities can lead to a reduction in illness 17 

and mortality, lessen the strain on the health system, and transfer savings from health 18 

expenses to economic development. For instance, eliminating the PM2.5 and ozone 19 

emissions from industrial boilers in California’s manufacturing sector is estimated to 20 

prevent 3,220 premature deaths and 1.87 million asthma attacks through 2050. 21 

Eliminating the combustion of fuels from equipment like boilers and heaters in the 22 
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industrial sector will yield substantial benefits to public health, especially since industrial 1 

facilities tend to be concentrated near environmental justice communities. 2 

Persistent industrial emissions also contribute to large swathes of California falling 3 

woefully short of federal and state air quality standards. SCE’s service territory overlaps 4 

significantly with the California’s South Coast Air Quality Management District, which 5 

spans Los Angeles, Orange, San Bernardino and Riverside Counties and contains over 17 6 

million residents, as well as parts of the San Joaquin Valley Air Pollution Control District 7 

(“Valley Air District”). Both regions’ industrial hubs contribute to both of their 8 

respective Air Districts’ “extreme” nonattainment of 2015 and 2008 8-hour and 1-hour 9 

ground-level ozone standards under the Clean Air Act and “serious” nonattainment of the 10 

2012 PM2.5 (ultra-fine particulate matter of soot) standard, with the Valley Air District 11 

also in “extreme” nonattainment of the 1997 ozone standard and “serious” nonattainment 12 

of the 2006 and 1997 PM2.5 standard.  13 

Some South Coast and Valley Air District residents have it worse than others. People 14 

living near industrial facilities that operate boilers, large water heaters, and process 15 

heaters are subject to particularly acute health risks. Wind patterns distribute high 16 

concentrations of ozone to low-income inland communities already heavily impacted by 17 

industrial activities, such as San Bernardino and Riverside Counties. In all, the health 18 

harms from South Coast and Valley Air District air pollution disproportionately falls on 19 

disadvantaged communities. 20 

Industrial decarbonization can deliver workplace health and safety improvements, such as 21 

reduced noise pollution, lower exposure to hazardous air pollutants, and fewer 22 

combustion-related safety risks, such as explosions. These benefits are substantial enough 23 
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that they can lower health insurance and liability costs for workers. As stated in our 1 

report, the American Lung Association found that electrifying low-heat temperature 2 

applications in industrial boilers in California could save an estimated $47.5 billion in 3 

health benefit costs over a 20-year period, prevent an annual estimated 162,000 workdays 4 

lost and 800,000 lost school days.2 The electrification of the manufacturing sector also 5 

creates an opportunity to establish safer and healthier manufacturing jobs in 6 

environmental justice communities, including rural communities where residents rely 7 

more heavily on industrial facilities for employment.  8 

Q: What has prevented transitioning the industrial sector away from polluting and 9 

health-harming processes? 10 

A: Cost effectiveness, both in terms of upfront cost of electric industrial process heat 11 

equipment itself and the ongoing operational costs, is a major driver of transitioning from 12 

incumbent fossil fuel technologies to newer ones. The California Energy Commission’s 13 

Industrial Decarbonization and Improvement of Grid Operations (“INDIGO”) program 14 

provides capital grants for the adoption of clean industrial technologies, and Assembly 15 

Bill 1280 (Garcia) was signed in 2025, making thermal energy storage eligible under both 16 

INDIGO and loans from California’s Infrastructure and Economic Development Bank.  17 

Electric rate design can address the operational costs, which are greater than the upfront 18 

investments over the lifetime of the equipment.3 Thus, getting rates aligned with 19 

 
2 American Lung Ass’n, Clean Heat, Clean Air: Health Benefits of Modern Industrial 
Technologies (2025), https://www.lung.org/getmedia/97c8c798-d246-4f1d-9bd1-dbb77447a816/ALA-
Clean-Heat-Clean-Air-Report.pdf. 
 
3 The 2035 Initiative, The Clean Heat Climate Opportunity: A Roadmap for Electrifying Low- and 
Medium-Temperature Industrial Heat 36 (Dec. 2025). 
 
 

https://www.lung.org/getmedia/97c8c798-d246-4f1d-9bd1-dbb77447a816/ALA-Clean-Heat-Clean-Air-Report.pdf
https://www.lung.org/getmedia/97c8c798-d246-4f1d-9bd1-dbb77447a816/ALA-Clean-Heat-Clean-Air-Report.pdf
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industrial electrification and decarbonization goals will help get deployment of electric 1 

alternatives on track to displace conventional fossil fuel-burning boilers and process 2 

heaters.  3 

In California, electricity is so much more expensive than gas that electricity rate design 4 

that incentivizes flexible industrial electrification is likely necessary to bring industrial 5 

heat pumps, thermal energy storage, and other such technologies into the mainstream. 6 

Although industrial heat pumps currently carry relatively high upfront costs compared to 7 

fossil fuel boilers, they can be cost-effective in states where the cost of electricity is more 8 

competitive with methane gas. Electric technologies can be economical even if electricity 9 

rates are higher than gas rates on a per-megajoule basis. This is because the high 10 

comparative efficiency of heat pumps makes them an economical option, especially if 11 

there are ways to offset initial higher capital costs. In addition, heat pumps can become 12 

grid-interactive assets when paired with other onsite heat sources such as thermal energy 13 

storage, electric boilers, or even existing combustion boilers. Such hybrid configurations 14 

can provide flexibility to shift electric demand in response to grid conditions while 15 

maintaining consistent process heat availability. The payback period for electric heat 16 

pumps depends primarily on the application and the cost of both methane gas and 17 

electricity. Similarly, thermal batteries have significant potential to deliver grid benefits. 18 

They allow energy to be stored as heat, ranging from several hours to several days, and 19 

are discharged on demand as either heat, or in some cases, electricity. However, their 20 

large-scale adoption is also hindered by high retail electricity costs compared to methane 21 

gas.   22 
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Q: What is the commercial availability of cleaner alternatives to polluting fossil fuel-1 

based industrial equipment? 2 

A: Many zero-emissions industrial process heat technologies are already commercially 3 

available or will be in the near future. For example, electric boilers, thermal batteries, and 4 

industrial heat pumps for low- and medium-temperature processes are already in place or 5 

being deployed in over two dozen projects across the country, with seven industrial heat 6 

pump projects, three concentrated solar thermal projects, and two thermal battery projects 7 

planned or in place in California. Public incentives for developing, deploying, and 8 

manufacturing these technologies are essential to making them accessible.  9 

While there are commercially available, efficient, and effective alternatives to fossil fuel-10 

fired boilers and process heaters, uptake of these technologies remains slow, in large part 11 

due to the comparatively high cost of electricity compared to methane gas. Gas prices are 12 

cheaper than electricity prices, making operating costs higher for manufacturers who 13 

electrify. Policies that can address the high cost of electricity and thus encourage 14 

electrification and load shifting are essential to widespread deployment of industrial heat 15 

pumps, thermal batteries, and other technologies that will allow the industrial sector to 16 

significantly reduce greenhouse gas emissions as well as health-harming air pollutants.  17 

Q: Describe the demonstrated impacts of rate design on industrial facilities. 18 

A: Utility rates can be both a barrier to and an enabler of industrial electrification. In 19 

California, the high cost of electricity relative to methane gas as well as non-coincident 20 

demand charges means that the economic case for fuel-switching is exceedingly 21 

challenging for industrial customers. After successive rate hikes in recent years, the state 22 

now has some of the highest electricity prices in the country, with an average of 19.84 23 
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cents per kWh for industrial customers as of March 2025. This is more than double the 1 

national average of 9.05 cents per kWh. Current rates are a result of dramatic rate 2 

increases over the last several years: industrial electric rates in California increased by 3 

approximately 90 percent between 2010 and 2023. Even with the increased efficiency of 4 

industrial heat pumps and other electric technologies compared to gas-fueled equipment, 5 

electricity is currently not cost-competitive with methane gas as a fuel source for 6 

industrial process heating.  7 

Q: How could effective rate design impact industrial customers in SCE’s utility 8 

territory? 9 

A: To illustrate the importance of rate design and load flexibility for industrial electrification 10 

projects using heat pumps, our report performed an analysis comparing (1) the cost of 11 

using methane gas for industrial process heat, co-generation, and boilers pre-12 

electrification; (2) the cost of electricity after electrifying industrial process heat under 13 

Schedule TOU-8 Option D for SCE; and (3) the cost of electricity after electrifying these 14 

same loads under a modified rate that recovers demand-related costs through a coincident 15 

demand charge instead of a non-coincident demand charge and where industries are able 16 

to avoid the coincident demand charge by load shifting to off-peak times.  17 

Our analysis focused on process heating loads in three industrial subsectors: fruit and 18 

vegetable canning, paperboard mills, and pharmaceutical manufacturing. Our analysis 19 

found that all three subsectors see substantial increases in energy costs post-20 

electrification in SCE’s utility territory, highlighting the unfavorable economics of 21 

industrial electrification under standard rate design approaches. The scenario in which 22 

demand charges could be avoided, however, showed much more promising economics 23 
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for electrification. While electrifying was still higher cost than remaining on methane gas, 1 

the analysis showed that rate design can have a meaningful impact on the overall 2 

economics of electrification for industrial customers. 3 

Q: What are the key take-aways from the report? 4 

A. Our report shows that rate reform is necessary but not sufficient. Even with electric rate 5 

reform, the low cost of methane gas means that electrifying will often still be higher cost 6 

for many industrial users compared to relying on gas-fired equipment. That does not 7 

mean that electric rate reform is not worthwhile. On the contrary, it shows that electric 8 

rate reform is necessary and California must take additional actions to support industrial 9 

electrification in order to improve public health and meet the state’s climate goals. 10 

Investigating options—such as real time pricing—that can provide better price signals to 11 

industrial customers and allow those customers to better manage their electric bills by 12 

shifting load is an important step towards supporting industrial decarbonization with 13 

benefits for our climate, public health, integrating renewables on our increasingly 14 

renewable grid, and for rate affordability by spreading out system costs amongst more 15 

customers while reducing grid strain and therefore costly grid upgrades. 16 

Q: Please summarize your position on the key principles that are needed for effective 17 

rate design.  18 

A: Our report identified a number of rate design strategies consistent with the PUC’s 2023 19 

Electric Rate Design Principles as well as the rate design principles adopted in the 20 

demand flexibility docket R.22-07-005. These rate options include: (1) time-and location-21 

differentiated rates including time-of-use rates, critical peak pricing, real-time pricing, 22 

and locational pricing; (2) alternatives to non-coincident demand charges; (3) 23 
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interruptible rates and demand response programs; and (4) discount rates for 1 

electrification load. We identified each option based on its potential to improve the 2 

economics of electrification projects and enable load flexibility, recognizing that different 3 

approaches may be more suitable for different industrial customers and sectors with their 4 

own operational characteristics and requirements. 5 

 One of the most important rate design components is shifting from non-coincident to 6 

coincident demand charges. Because non-coincident demand charges are based on a 7 

facility’s individual peak usage, rather than periods of highest system demand, they 8 

frequently fail to align customer costs with times of actual grid stress. As a result, non-9 

coincident demand charges provide little incentive for customers to reduce load when it 10 

matters most for system reliability and cost containment. Shifting toward coincident 11 

demand charges would better reflect system peak conditions, encourage industrial 12 

customers to move electricity use to times that are most beneficial for the grid, and enable 13 

industrial customers who do so to significantly reduce the costs of electrification. This 14 

alignment is particularly important in California, where managing midday solar 15 

overgeneration and evening peak demand requires stronger rate signals for large loads to 16 

shift consumption to periods of abundant clean energy. 17 

IV. Rate Design Analysis 18 

Q: Please summarize your analysis of SCE’s Large Power Dynamic Rate. 19 

A: The proposed Large Power Dynamic Rate for high-demand non-residential customers 20 

would consist of three rate components: (1) a subscription component for a specified 21 

amount of electricity use, billed according to the Otherwise Applicable Tariff and set by 22 

agreement between SCE and the customer; (2) a dynamic component based on CAISO 23 
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day-ahead hourly market prices and load forecasts, billed according to dynamic usage; 1 

and (3) a component covering standard non-bypassable charges, billed on total usage. 2 

The proposal’s dynamic component helps tie usage to actual system costs by introducing 3 

a dynamic energy price that reflects systems conditions that may incentivize load 4 

reductions during peak hours. However, the proposal does not directly reform 5 

transmission rate design or fully replace non-coincident demand charges with coincident 6 

or peak-aligned transmission pricing. 7 

This rate proposal will further change generation costs based on real time grid constraints 8 

which would help unlock additional load flexibility from industrial customers and enable 9 

customers to lower electricity costs by optimizing their load based on granular price 10 

signals. The CPUC adopted a decision in August 2025 requiring SCE to offer RTP 11 

options that reflect hourly prices for marginal energy costs, marginal generation capacity 12 

costs, marginal transmission capacity costs, and marginal distribution capacity costs. I 13 

will address the transmission and distribution price components below. 14 

Q: What are your findings and recommendations for the transmission pricing 15 

component of SCE’s proposal? 16 

A: While SCE’s proposed Large Power Dynamic Pricing Rate introduces a dynamic energy 17 

price, 50 percent of transmission costs and the Grid Capacity component of distribution 18 

costs are still collected through non-coincident demand charges in the dynamic 19 

component of the proposed rate. The proposal does not fully replace non-coincident 20 

demand charges with coincident or peak-aligned transmission and distribution pricing. 21 

Furthermore, within the subscription component, non-time-differentiated transmission 22 

and distribution costs are also included.   23 
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Transmission and distribution costs are driven, at least in part, by peak demand. Charging 1 

higher prices during peak periods, including through a coincident demand charge and/or 2 

on-peak energy charges, would therefore better align transmission and distribution rates 3 

with the marginal cost of transmission capacity. This would encourage large customers to 4 

reduce usage at critical times, while making electricity more affordable during hours with 5 

available capacity.  6 

While the subscription component is meant to reflect non-shiftable load, there are at least 7 

two reasons why non-coincident charges should be avoided. First, it does not reflect cost 8 

causation, as system costs are driven by peak demand and these charges do not reflect the 9 

increased pressure on peak due to the load at issue. Additionally, the subscription rate is a 10 

contractual agreement reflecting anticipated non-shiftable load. There could be more 11 

incentives for shifting load, and proper price signals could encourage large customers to 12 

adopt measures, including Distributed Energy Resources (“DERs”), to allow them to shift 13 

more load.  14 

Q: What are your findings and recommendations regarding the distribution capacity 15 

marginal cost component?  16 

A: SCE proposes to reduce but not eliminate the Grid Capacity portion of distribution 17 

capacity marginal costs, which is not peak-coincident. To provide stronger price signals 18 

to shift loads off peak, the Commission should require SCE to remove the remaining non-19 

coincident distribution demand charge component and instead recover distribution 20 

capacity costs through a coincident, peak-aligned charge (or another metric tied to 21 

distribution cost drivers). This approach would ensure that customers are rewarded, rather 22 

than penalized, for load shifting that reduces grid stress. 23 
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 As noted in SCE’s supplemental testimony and in D.25-08-049, the Commission made 1 

clear that for marginal distribution capacity costs, utilities should limit non-coincident 2 

demand charges in demand flexible rate proposals to only recover demonstrably 3 

customer-specific, non-peak distribution costs that are clearly shown to be caused by 4 

individual customer non-coincident demand, rather than system or circuit peak loads. The 5 

Commission further required extensive analysis to justify inclusion of non-coincident 6 

demand charges, including a showing that such charges are specifically tied to individual 7 

customer demand and would not unreasonably limit customers’ load flexibility. SCE does 8 

not explain why a non-coincident demand charge is needed in a dynamic rate, nor does it 9 

demonstrate that inclusion of such a charge is consistent with cost causation or 10 

Commission policy. Based on the analysis in our report, removing non-coincident 11 

demand charges is critical, and SCE’s application does not meet the Commission’s 12 

standard.  13 

Q: Did you find any issues with the eligibility requirements for the rate? 14 

A: SCE proposes only making this available for 500 MW of demand for sub-transmission 15 

customers. The Commission should reserve at least half of the capacity in the program 16 

for industrial customers who are electrifying process heating equipment or adding other 17 

electric equipment to serve needs that are currently met by fossil-fueled equipment. The 18 

overall size of the program is reasonable, provided that the capacity is reserved for 19 

customers with beneficial electrification potential, although SCE should expand dynamic 20 

rates for smaller industrial customers as well. That approach supports electric 21 

affordability by attracting new load that can help pay for fixed costs, while providing 22 

powerful incentives for the customers not to add load during cost-causing hours. With 23 
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this goal in mind, the Commission should order SCE to offer a dynamic rate for small 1 

industrial customers in its next GRC Phase II proceeding that reflects lessons learned 2 

from implementing this rate.  3 

Q: Are there components of the standard dynamic rate that should also be considered 4 

for the Large Power Dynamic Rate? 5 

A: SCE indicates that it will explore location-based pricing at the A-Bank voltage level for 6 

its standard dynamic rate but proposes to rely on a system-level price initially so that 7 

customers can adjust to the new rate design. While testing may be appropriate, SCE’s 8 

testimony does not provide a clear timeline for when locational pricing will be evaluated, 9 

nor how those results will inform broader rate design. The Commission should therefore 10 

require SCE to establish a defined schedule for testing A-Bank voltage level locational 11 

pricing through its Expanded Dynamic Rate pilot and to report back by a date certain on 12 

the results of that evaluation. Moreover, although SCE does not propose locational 13 

pricing for the Large Power Dynamic Pricing Rate at this time, the same cost-causation 14 

and grid management principles apply. The Commission should direct SCE to assess 15 

whether and how locational pricing adopted for the standard dynamic rate should also be 16 

incorporated into the Large Power Dynamic Pricing Rate following the pilot results.  17 

V. Conclusion 18 

Q: How should the Commission proceed? 19 

A: The Commission should approve SCE’s proposed Large Power Dynamic Pricing Rate 20 

with my recommended modifications without delay. Offering attractive rate options for 21 

flexible industrial load is a necessary step for reducing pollution from the industrial 22 

sector and achieving California’s climate and public health goals.   23 
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Q: Does this conclude your testimony? 1 

A: Yes.2 
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E x e c u ti v e S u m m ar y
C alif or ni a’ s a m biti o u s cli m at e g o al s r e q uir e c ar b o n 

n e utr alit y a cr o s s all s e ct or s b y 2 0 4 5. T h e i n d u stri al 

s e ct or, w hi c h i s r e s p o n si bl e f or r o u g hl y 2 0 p er c e nt 

of c ar b o n e mi s si o n s i n t h e st at e, will h a v e t o r e d u c e 

e mi s si o n s s u b st a nti all y f or t h e st at e t o m e et it s 

g o al s. A p pr o xi m at el y 3 6 p er c e nt of C alif or ni a’ s 

i n d u stri al e mi s si o n s fr o m f o s sil f u el c o m b u sti o n —

e x cl u di n g h e at u s e d at r e fi n eri e s — c o m e s fr o m 

b oil er s, f ur n a c e s, h e at er s t h at o p er at e b el o w 

2 0 0 ° C. At t hi s h e ati n g l e v el, c o m m er ci all y a v ail a bl e 

t e c h n ol o gi e s c a n el e ctrif y h e ati n g d e m a n d, 

pr o vi di n g a dir e ct, pr o v e n p at h t o c ut e mi s si o n s 

w hil e i m pr o vi n g air q u alit y a n d p u bli c h e alt h. 

T h e s e l o w -t e m p er at ur e h e ati n g pr o c e s s e s ar e 

c o n c e ntr at e d i n i n d u stri e s s u c h a s f o o d pr o c e s si n g, 

p ul p a n d p a p er, a n d c h e mi c al s, a n d it i s t h e s e 

i n d u stri e s t h at ar e t h e f o c u s of t hi s p a p er. W hil e 

t h e t e c h n ol o gi c al s ol uti o n s ar e h er e, C alif or ni a’ s 

hi g h el e ctri cit y pri c e s — s o m e of t h e hi g h e st i n t h e 

c o u ntr y, wit h a n a v er a g e pri c e of 1 9. 8 4 c e nt s p er 

kil o w a  h o ur ( k W h) f or i n d u stri al c u st o m er s a s of 

M ar c h 2 0 2 5 — m e a n s t h at e v e n a c c o u nti n g f or t h e 

i n cr e a s e d e ffi ci e n c y of i n d u stri al h e at p u m p s a n d 

ot h er el e ctri c t e c h n ol o gi e s, el e ctri cit y i s n ot c o st -

c o m p etiti v e wit h g a s f or i n d u stri al pr o c e s s h e ati n g 

u n d er t o d a y’ s el e ctri cit y r at e s.
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D e s pit e t h e w ell - e st a bli s h e d cli m at e a n d h e alt h 

b e n e fit s, a s w ell a s t h e p ot e nti al b e n e fit s t o 

C alif or ni a’ s e n er g y s y st e m fr o m el e ctrif yi n g 

i n d u stri al f a ciliti e s, t h er e ar e still s u b st a nti al 

e c o n o mi c a n d r e g ul at or y b arri er s t h at c o ntri b ut e 

t o t h e hi g h c o st s of el e ctri cit y, r el ati v e t o g a s. 

A d diti o n all y, c urr e nt i n d u stri al r at e d e si g n s d o 

n ot i n c e nti vi z e fl e xi bl e a n d gri d - b e n e fi ci al e n er g y 

u s a g e p a er n s. N e w e n er g y d e m a n d t h at d o e s 

n ot r e q uir e a d diti o n al i nfr a str u ct ur e b uil d o ut a n d 

a v oi d s p e a k d e m a n d p eri o d s c o ul d dri v e d o w n 

o v er all el e ctri c s y st e m c o st s b y fl a e ni n g o v er all 

d e m a n d a n d s pr e a di n g o ut c o st s m or e e v e nl y b ot h 

s e a s o n all y a n d al s o a cr o s s h o ur s of e a c h d a y. A gri d 

wit h gr e at er o v er all d e m a n d b ut a v oi d e d p e a k ti m e 

i n cr e a s e c a n p ut d o w n w ar d pr e s s ur e o n r at e s f or all 

c u st o m er s, i n cl u di n g r e si d e nti al c u st o m er s. 

T hi s r e p ort f o c u s e s o n o n e f a ct or t h at c a n u nl o c k 

t h e p ot e nti al of i n d u stri al el e ctri fi c ati o n t o r e d u c e 

gr e e n h o u s e g a s e mi s si o n s, i m pr o v e air q u alit y a n d 

p u bli c h e alt h, a n d dri v e d o w n o v er all el e ctri cit y 

s y st e m c o st s: a c c e s s t o a ff or d a bl e el e ctri cit y. T o 

u nl o c k t h e p ot e nti al f or i n d u stri al el e ctri fi c ati o n, 

C alif or ni a r e g ul at or s, utiliti e s, a n d a d v o c at e s s h o ul d 

p ur s u e:

1. R at e r ef or m t h at e n a bl e s i n d u stri al c u st o m er s 

t o b e n e fit fr o m ti m e a n d l o c ati o n - di ff er e nti at e d 

r at e s, eli mi n at e s n o n - c oi n ci d e nt d e m a n d 

c h ar g e s, a n d o ff er s di s c o u nt r at e s f or n e wl y 

el e ctri fi e d l o a d.

2. E x p a n si o n of d e m a n d -r e s p o n s e pr o gr a m s, 

i n cl u di n g i nt err u pti bl e r at e s.

3. N o n -r at e str at e gi e s i n cl u di n g:

 » E x p a n d e d dir e ct a c c e s s;

 » Cl e a n tr a n siti o n t ari ff s all o wi n g l ar g e i n d u stri al 

c u st o m er s t o b e s u p pli e d b y p or oli o s of cl e a n 

e n er g y r e s o ur c e s m at c hi n g t h e c u st o m er s’ 

e n er g y c o n s u m pti o n o n a n h o url y b a si s;

 » I n c e nti v e s f or o n - sit e di stri b ut e d r e s o ur c e s; a n d

 » C o st s h ari n g or i n c e nti v e s f or gri d u p gr a d e s.

T hi s r e p ort i s c o m pri s e d of t w o p art s. P a r t I, 

O p p o r t u ni ti e s f o r I n d u s t ri al D e c a r b o ni z a ti o n 

i n C ali f o r ni a, pr o vi d e s a n o v er vi e w of i n d u stri al 

e mi s si o n s g e n er all y a n d i n C alif or ni a s p e ci fi c all y, 

hi g hli g hti n g t h e wi d e -r a n gi n g c o - b e n e fit s of 

d e c ar b o ni zi n g i n d u stri al h e at wit h el e ctri cit y 

d eri v e d fr o m r e n e w a bl e e n er g y s o ur c e s, i n a d diti o n 

t o e n er g y a n d e mi s si o n s s a vi n g s. T o d a y, r e si d e nt s 

i n cl o s e pr o xi mit y t o i n d u stri al f a ciliti e s t h at b ur n 

f o s sil f u el s ar e at hi g h er ri s k of e x p o s ur e t o h e alt h -

h ar mi n g p oll uti o n. O ur a n al y si s i d e nti fi e d 3, 4 0 0 of 

o v er 3 6, 0 0 0 m a n uf a ct uri n g f a ciliti e s i n C alif or ni a 

t h at r el e a s e d a n e sti m at e d 1 4 milli o n m etri c t o n s 

of C O 2 e mi s si o n s i n 2 01 7.  M a n y of t h e m et h a n e 

g a s p o w er e d e q ui p m e nt, li k e b oil er s, h e at er s, a n d 

o v e n s f or pr o c e s s h e at at t h e s e f a ciliti e s c a n b e 

r e pl a c e d wit h z er o e mi s si o n alt er n ati v e s, s u c h a s 

i n d u stri al h e at p u m p s. Tr a n siti o ni n g C alif or ni a’ s 

c o m b u sti o n - b a s e d b oil er s t o m o d er n i n d u stri al h e at 

p u m p s h a s t h e p ot e nti al t o pr e v e nt t h o u s a n d s of 

pr e m at ur e d e at h s, i m pr o v e p u bli c h e alt h o ut c o m e s, 

a n d g e n er at e billi o n s i n h e alt h s a vi n g s, wit h t h e s e 

b e n e fit s c o n c e ntr at e d i n e n vir o n m e nt al j u sti c e 

c o m m u niti e s ( a s d e fi n e d b y C al E n vir o S cr e e n 4. 0) 

cl o s e st t o t h e f a ciliti e s. 

I n 2 0 2 3, i n d e m a n d fl e xi bilit y d o c k et R. 2 2 0 7 0 0 5, 

t h e C alif or ni a P u bli c Utiliti e s C o m mi s si o n ( C P U C) 

a d o pt e d a s et of El e ctri c R at e D e si g n Pri n ci pl e s t o 

a p pl y t o t h e a s s e s s m e nt of el e ctri c r at e s f or P a ci fi c 

G a s & El e ctri c ( P G & E), S o ut h er n C alif or ni a E di s o n 

( S C E), a n d S a n Di e g o G a s & El e ctri c ( S D G E) a n d 

e n s ur e t h at r at e s r e c o v er at l e a st t h e m ar gi n al c o st 

of c u st o m er s’ l o a d s, w hil e e n c o ur a gi n g e ffi ci e nt 

b e h a vi or.

Wit h t hi s d e ci si o n i n mi n d, P a r t II, I n d u s t ri al R a t e 

D e si g n A n al y si s f o r C ali f o r ni a , e x a mi n e s i n d u stri al 

r at e str u ct ur e s c urr e ntl y a v ail a bl e t o i n d u stri al 

c u st o m er s i n C alif or ni a. P art II fi n d s t h at alt h o u g h 

s o m e c urr e nt r at e str u ct ur e s c o ul d b e s u p p orti v e 

of i n d u stri al el e ctri fi c ati o n, t h e c urr e ntl y a v ail a bl e 

t ari ff s di d n ot m e et all t h e pri n ci pl e s s et f ort h b y 

t h e C P U C. W hil e all utiliti e s o ff er e d s o m e f or m 

of ti m e - di ff er e nti at e d tr a n s mi s si o n r at e s, al m o st 

all of t h e s e r at e s still c oll e ct e d n o n - c oi n ci d e nt 

p e a k d e m a n d c h ar g e s. R e al -ti m e ( h o url y or e v e n 

m or e gr a n ul ar) pri ci n g w a s r ar el y a v ail a bl e t o 

c u st o m er s, alt h o u g h t hi s m or e gr a n ul ar r at e c o ul d 

r e w ar d gr e at er d e m a n d fl e xi bilit y fr o m c u st o m er s. 

W hil e s o m e r at e s w er e s u p p orti v e of c u st o m er s’ 

u s e of di stri b ut e d e n er g y r e s o ur c e s ( D E R s) t o 
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s u p pl e m e nt t h eir gri d p o w er d e m a n d, t h er e w er e 

o e n p arti ci p ati o n c a p s or l o a d si z e c a p s w hi c h 

li mit e d t h e a c c e s si bilit y of t h e s e o pti o n s, e s p e ci all y 

t o l ar g er i n d u stri al c u st o m er s. T h er e w er e al s o n o 

di s c o u nt or e c o n o mi c i n c e nti v e r at e s f or n e wl y 

el e ctri fi e d l o a d, a str at e g y w hi c h c o ul d e n c o ur a g e 

c u st o m er s t o m a k e t h e i niti al i n v e st m e nt s i n 

el e ctri fi c ati o n r e q uir e d t o a c hi e v e st at e cli m at e 

p oli c y g o al s.

T o f urt h er d et er mi n e t h e i m p a ct of c urr e nt a n d 

p ot e nti al i n d u stri al r at e s o n o p er ati n g c o st s 

f or a n el e ctri fi e d i n d u stri al f a cilit y, t h e a ut h or s 

c o n d u ct e d a s a m pl e bill a n al y si s f or t hr e e 

e x e m pl ar y i n d u stri al f a ciliti e s (fr uit a n d v e g et a bl e 

c a n ni n g, p a p er b o ar d mill s, a n d p h ar m a c e uti c al 

m a n uf a ct uri n g), c o m p ari n g o p er ati n g c o st s wit h 

g a s - p o w er e d h e ati n g pri or t o el e ctri fi c ati o n, 

a n d t h e n p o st - el e ctri fi c ati o n u n d er c urr e nt r at e 

str u ct ur e s, a s w ell a s p o st - el e ctri fi c ati o n f oll o wi n g 

a n i d e ali z e d r at e d e si g n t h at r e w ar d e d l o a d s hi i n g 

a w a y fr o m c oi n ci d e nt p e a k d e m a n d. T h e r e s ult s 

of t hi s a n al y si s, a cr o s s t h e t hr e e m aj or utiliti e s, 

d e m o n str at e d t h at a n i d e ali z e d r at e d e si g n 

wit h l o a d s hi i n g c o ul d si g ni fi c a ntl y i m pr o v e 

t h e e c o n o mi c s of el e ctri fi c ati o n f or i n d u stri al 

c u st o m er s, bri n gi n g t h e m cl o s er t o c o st  

p arit y wit h c o nti n u e d r eli a n c e o n g a s - p o w er e d 

pr o c e s s h e at.

P art II of t h e r e p ort al s o e sti m at e d t h e p ot e nti al 

e mi s si o n s r e d u cti o n s a n d e n er g y s a vi n g s fr o m 

el e ctrif yi n g i n d u stri al pr o c e s s h e at i n C alif or ni a. 

U si n g s e v er al p u bli cl y a v ail a bl e d at a s et s, t h e 

a ut h or s a n al y z e d t h e b e n e fit s of el e ctrif yi n g h e at 

b el o w 2 0 0 ° C u si n g i n d u stri al h e at p u m p s, i n a 

s u b s et of t ar g et i n d u stri al s e ct or s, l o o ki n g at b ot h 

l ar g e a n d s m all i n d u stri al f a ciliti e s. T hi s a n al y si s 

i d e nti fi e d 1 2 i n d u stri e s wit h l ar g e e mi i n g f a ciliti e s 

a n d a m e di a n e mi s si o n s a b at e m e nt a n d / or e n er g y 

s a vi n g s p ot e nti al gr e at er t h a n 4 0 p er c e nt, all 

wit hi n t h e f o o d pr o c e s si n g s e ct or. A n a d diti o n al 

2 3 i n d u stri al s u b s e ct or s h a d e mi s si o n s a b at e m e nt 

p ot e nti al s gr e at er t h a n 4 0 p er c e nt w h e n f o c u si n g 

o n s m all er - e mi i n g f a ciliti e s, i n cl u di n g b ot h f o o d 

pr o c e s si n g a s w ell a s c h e mi c al m a n uf a ct uri n g 

f a ciliti e s. A cr o s s all i n d u stri e s a n d f a cilit y si z e s i n 

C alif or ni a, t h e t ot al e mi s si o n s a b at e m e nt p ot e nti al 

fr o m el e ctrif yi n g pr o c e s s h e at u p t o 2 0 0 ° C i s n e arl y 

5. 6 M T C O
2
e / y e ar.

El e ctri fi c ati o n of a s u b st a nti al p orti o n of t h e 

g a s - p o w er e d i n d u stri al pr o c e s s h e at d e m a n d 

i s n e c e s s ar y f or C alif or ni a t o a c hi e v e it s cli m at e 

g o al s. Dir e ct el e ctri fi c ati o n i s al s o a n e c e s s ar y 

st e p t o pr ot e ct t h e h e alt h of v ul n er a bl e fr o ntli n e 

c o m m u niti e s, c urr e ntl y o v er b ur d e n e d b y i n d u stri al 

air p oll uti o n. R at e d e si g n a n d ot h er r e g ul at or y 

s hi s h a v e t h e p ot e nti al t o pr o vi d e t h e n e c e s s ar y 

e c o n o mi c c o n diti o n s t o i n c e nti vi z e fl e xi bl e 

el e ctri fi c ati o n i n m a n y of C alif or ni a’ s i n d u stri al 

f a ciliti e s, w hil e al s o d eli v eri n g k e y gri d b e n e fit s 

t h at c a n s u p p ort C alif or ni a’ s tr a n siti o n t o a cl e a n, 

r e n e w a bl y - p o w er e d el e ctri c gri d.
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P ar t I: O p p ort u niti e s f or I n d u stri al 
D e c ar b o ni z ati o n i n C alif or ni a
I N T R O D U C T I O N

C alif or ni a a n d ot h er st at e s h a v e l e d t h e c h ar g e i n 

i m pl e m e nti n g str at e gi e s t o d e c ar b o ni z e t h e m aj or 

s e ct or s r e s p o n si bl e f or cli m at e, i. e. gr e e n h o u s e 

g a s ( G H G), e mi s si o n s, st arti n g wit h el e ctri cit y, 

tr a n s p ort ati o n, b uil di n g s, a n d a gri c ult ur e. 

T h e l a st m aj or pi e c e of t h e p u z zl e i n g e i n g t o 

z er o G H G e mi s si o n s i s t a c kli n g e mi s si o n s fr o m t h e 

i n d u stri al s e ct or. A s s h o w n b el o w i n Fi g ur e 1, t h e 

i n d u stri al s e ct or a c c o u nt s f or n e arl y 2 0 p er c e nt of 

t ot al C alif or ni a e mi s si o n s. H o w e v er, t h e p er c e pti o n 

of si g ni fi c a nt b arri er s t o i n d u stri al d e c ar b o ni z ati o n 

h a s li k el y st all e d i niti al pr o gr e s s. T h e di v er sit y of 

i n d u stri al e mi s si o n s s o ur c e s m a k e s it di ffi c ult t o 

o ff er s e ct or - wi d e d e c ar b o ni z ati o n s ol uti o n s. T h e 

f a ct t h at m a n y i n d u stri al e mi s si o n s ar e a b y pr o d u ct 

of i n d u stri al pr o c e s s e s t h e m s el v e s r e q uir e a 

r a n g e of s ci e nti fi c a n d e n gi n e eri n g s ol uti o n s t o 

d e c ar b o ni z e. I n d u stri al pr o c e s s h e ati n g n e e d s —

t h e ot h er, a n d l ar g er, s o ur c e of gr e e n h o u s e g a s 

e mi s si o n s fr o m m a n uf a ct uri n g — ar e t e c h n ol o gi c all y 

e a si er t o t a c kl e. J u st a s t h e k e y t o r e d u ci n g t h e 

m aj orit y of e mi s si o n s fr o m t h e b uil di n g s s e ct or i s 

t o el e ctrif y e n er g y d e m a n d, el e ctrif yi n g i n d u stri al 

e n er g y u s e i s al s o a n e s s e nti al str at e g y f or c u i n g 

i n d u stri al e mi s si o n s. H o w e v er, l o w w h ol e s al e 

m et h a n e g a s pri c e s e ntr e n c h f o s sil f u el u s a g e 

a m o n g i n d u stri al c u st o m er s w h o c o ul d ot h er wi s e 

p o w er t h eir i n d u stri al h e ati n g pr o c e s s e s wit h 

el e ctri cit y.

D e s pit e t h e s e c h all e n g e s, t h er e e xi st s si g ni fi c a nt 

o p p ort u nit y i n C alif or ni a t o el e ctrif y m a n y i n d u stri al 

h e ati n g pr o c e s s e s w hil e al s o pr o vi di n g m aj or 

b e n e fit s t o t h e gri d. T h e fl e xi bilit y of s o m e t y p e s of 

i n d u stri al l o a d, if m et wit h a p pr o pri at e r at e s a n d 

ot h er s u p p orti v e p oli ci e s, c a n b e n e fit t h e gri d b y 

Tr a n s p ort ati o n 3 7. 7 %

I n d u stri al 1 9. 6 %

El e ctri cit y 1 6.1 %

C o m. a n d R e s. 1 0. 6 %

A gri c ult ur e 8. 0 %

Hi g h G W P 5. 7 %

W a st e 2. 2 %

Ot h er 1. 0 %

3 7 1. 7 M M T 
C O 2 e

2 0 2 2 G H G e mi s si o n s b y S c o pi n g Pl a n c at e g or y r e p or t e d t o t h e C alif or ni a Air R e s o ur c e s B o ar d. T h e i n d u stri al s e ct or a c c o u nt e d f or 

n e arl y 2 0 % of t ot al C alif or ni a e mi s si o n s. 
S o ur c e: C alif or ni a Air R e s o ur c e s B o ar d, C alif or ni a Gr e e n h o u s e G a s E mi s si o n s fr o m 2 0 0 0 t o 2 0 2 2: Tr e n d s of E mi s si o n s a n d O t h er I n di c at or s ( 2 0 2 4), a v ail a bl e at  

h p s: // w w 2. ar b. c a. g o v / si t e s / d ef a ul t / fil e s / 2 0 2 4 0 9 / n c - 2 0 0 0 _ 2 0 2 2 _ g h g _i n v e nt or y _tr e n d s. p df.

Fi g u r e 1. C ali f o r ni a 2 0 2 2 G H G E mi s si o n s b y S e c t o r.
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fl a e ni n g d e m a n d. A n d utiliti e s c a n s w e et e n t h e 

fi n a n ci al d e al f or i n d u stri al c u st o m er s w h o el e ctrif y 

b y r e w ar di n g t h o s e t h at d o s o wit h fl e xi bl e d e m a n d 

wit h l o w o ff - p e a k r at e s. I n s u m, i nt elli g e nt r at e 

d e si g n f or i n d u stri al el e ctri fi c ati o n a n d l o a d - s hi i n g 

c a n fi n a n ci all y i n c e nti vi z e c u st o m er s t o s wit c h 

fr o m f o s sil f u el h e ati n g w hil e al s o pr o vi di n g gri d 

b e n e fit s t o gri d o p er at or s li k e t h e a bilit y t o miti g at e 

a n d c o ntr ol s y st e m c o st s, w hi c h dri v e s d o w n 

el e ctri c r at e s f or all c u st o m er cl a s s e s (i n d u stri al, 

c o m m er ci al, a n d r e si d e nti al). 

T hi s r e p ort di v e s i nt o d e c ar b o ni z ati o n str at e gi e s 

f or i n d u stri al e mi s si o n s, hi g hli g ht s t h e pr o mi si n g 

e c o n o mi c a n d e n vir o n m e nt al vi a bilit y of 

el e ctri fi c ati o n of i n d u stri al pr o c e s s h e at, p arti c ul arl y 

l o w a n d m e di u m t e m p er at ur e pr o c e s s e s, a n d 

o ff er s utilit y r at e a n d ot h er s ol uti o n s f or m a ki n g 

el e ctri fi c ati o n m or e e c o n o mi c all y vi a bl e t o 

i n d u stri al a ct or s. 

B A C K G R O U N D

I n d u s t ri al E mi s si o n s

I n d u stri al p oll uti o n i s a si g ni fi c a nt c o ntri b ut or t o 

cli m at e a n d h e alt h - d a m a gi n g p oll uti o n. I n 2 0 2 2, 

i n d u stri al s o ur c e s m a d e u p n e arl y 2 0 p er c e nt of 

cli m at e p oll uti o n i n C alif or ni a 1 a n d 2 3 p er c e nt of 

cli m at e p oll uti o n n ati o n wi d e. 2  I n d u stri al cli m at e 

p oll uti o n c o m e s pri m aril y fr o m b ur ni n g f o s sil 

f u el s f or e n er g y t o p o w er i n d u stri al pr o c e s s e s, 

t h e m aj orit y of w hi c h ar e “i n d u stri al pr o c e s s h e at 

e mi s si o n s ”, wit h t h e r e m ai n d er of t h e i n d u stri al 

G H G e mi s si o n s g e n er at e d a s b y pr o d u ct s of 

i n d u stri al pr o c e s s e s t h e m s el v e s ( “i n d u stri al pr o c e s s 

e mi s si o n s ”). W e c a n m a k e a c o n si d er a bl e d e nt 

i n o v er all cli m at e e mi s si o n s i n t h e n e ar t er m b y 

p o w eri n g i n d u stri al pr o c e s s h e at wit h el e ctri cit y 

r at h er t h a n b ur ni n g f o s sil f u el s. C o m m er ci all y 

a v ail a bl e t e c h n ol o gi e s t h at u s e el e ctri cit y t o 

g e n er at e h e at, li k e i n d u stri al h e at p u m p s a n d 

el e ctri c b oil er s, c a n r e pl a c e p oll uti n g e q ui p m e nt 

a n d eli mi n at e t h e n e e d t o c o m b u st m et h a n e g a s 

o n sit e at m a n y m a n uf a ct uri n g f a ciliti e s. W hil e 

i m pr o vi n g t h er m al e ffi ci e n c y a n d o pti mi zi n g h e at 

u s e wit hi n f a ciliti e s wit h h e at r e c o v er y s y st e m s, 

pr o c e s s i nt e gr ati o n, a n d w a st e h e at c a pt ur e 

ar e i m p ort a nt str at e gi e s f or r e d u ci n g i n d u stri al 

e mi s si o n s, 3  t hi s p a p er f o c u s e s s p e ci fi c all y o n 

f u el - s wit c hi n g fr o m f o s sil c o m b u sti o n t o el e ctri c -

p o w er e d e q ui p m e nt. T hi s f o c u s r e fl e ct s t h e 

criti c al n e e d t o a d dr e s s h o w C alif or ni a’ s c urr e nt 

el e ctri cit y r at e str u ct ur e s cr e at e e c o n o mi c b arri er s 

t o el e ctri fi c ati o n, e v e n w h e n t h e t e c h n ol o g y i s 

c o m m er ci all y a v ail a bl e a n d t e c h ni c all y f e a si bl e.

D e c ar b o ni zi n g i n d u stri al pr o c e s s h e at wit h 

el e ctri cit y fr o m i n cr e a si n gl y r e n e w a bl e e n er g y 

s o ur c e s o ff er s si g ni fi c a nt h e alt h c o - b e n e fit s t h at 

e xt e n d b e y o n d e n er g y a n d e mi s si o n s s a vi n g s. F or 

e x a m pl e, i m pr o v e m e nt s i n l o c al air q u alit y d u e 

t o el e ctri fi c ati o n c a n r e d u c e ill n e s s a n d m ort alit y 

i n ar e a s a dj a c e nt t o i n d u stri al sit e s, d e cr e a s e 

t h e str ai n of h e alt h c o st s f or w or k er s a n d l o c al 

c o m m u niti e s, a n d pr o d u c e e c o n o mi c s a vi n g s. 4, 5, 6  

T e c h ni c al r e s e ar c h a n d e v al u ati o n s of el e ctri fi c ati o n 

A si g ni fi c a nt m aj ori t y of i n d u stri al e mi s si o n s i n C alif or ni a ar e 

d u e t o f o s sil f u el c o m b u sti o n, w hi c h i n cl u d e s pr o c e s s h e at 

e mi s si o n s fr o m b oil er s, f ur n a c e s, a n d ot h er f o s sil f u el p o w er e d 

e q ui p m e nt. C o m p ar e d t o t h e U. S., C alif or ni a h a s a n o u t si z e d 

pr o p or ti o n of e mi s si o n s fr o m f o s sil f u el c o m b u sti o n.
S o ur c e: U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y, I n v e nt or y of U. S. Gr e e n h o u s e G a s 

E mi s si o n s a n d Si n k s b y S t at e: 1 9 9 0 2 0 2 2, a v ail a bl e at  

h p s: // cf p u b. e p a. g o v / g h g d at a /i n v e nt or y e x pl or er / (l a st u p d at e d A u g. 1 8, 2 0 2 3).

Fi g u r e 2. P e r c e n t o f I n d u s t ri al G r e e n h o u s e G a s 
E mi s si o n s f r o m F o s sil F u el C o m b u s ti o n f o r 
C ali f o r ni a a n d t h e U. S.
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o e n o v erl o o k t h e s e c o - b e n e fit s, l e a di n g t o a n 

u n d er e sti m ati o n of it s o v er all p o siti v e i m p a ct. 5  

T h e i n d u stri al m a n uf a ct uri n g s e ct or e n c o m p a s s e s 

a wi d e r a n g e of i n d u stri e s a n d pr o c e s s e s. Fi g ur e 2 

a b o v e s h o w s i n d u stri al e mi s si o n s i n C alif or ni a. 

A b o ut 7 3 % of C alif or ni a’ s i n d u stri al s e ct or 

e mi s si o n s i s fr o m f o s sil f u el c o m b u sti o n, m o st of 

w hi c h i s pr o c e s s h e at e mi s si o n s, b ut al s o i n cl u d e s 

f a cilit y r el at e d h e ati n g a n d h e at a s e n er g y f or 

m e c h a ni c al pr o c e s s e s. 7  C o m p ar e d t o t h e n ati o n al 

r at e of 5 5 %, C alif or ni a h a s a hi g h er pr o p orti o n of 

i n d u stri al e mi s si o n s a ri b ut e d t o f o s sil f u el b a s e d 

c o m b u sti o n. 8  A d diti o n all y, C alif or ni a i s h o m e t o 

m or e i n d u stri al b oil er s t h a n a n y ot h er st at e i n t h e 

U. S. 9  T h e r e m ai ni n g e mi s si o n s o c c ur a s a b y pr o d u ct 

of i n d u stri al m a n uf a ct uri n g pr o c e s s e s, i. e. pr o c e s s 

e mi s si o n s. 

T h e f o c u s of t hi s p a p er will b e i n d u stri al 

m a n uf a ct uri n g s e ct or s t h at ar e e n er g y i nt e n si v e 

a n d r el y o n f o s sil f u el s, s u c h a s f o o d pr o c e s si n g, 

p ul p a n d p a p er, c h e mi c al s, m et al s, mi n er al s, a n d 

ot h er m a n uf a ct uri n g o p er ati o n s t h at tr a n sf or m 

r a w m at eri al s i nt o fi ni s h e d pr o d u ct s. Fi g ur e 3 

s h o w s e sti m at e d p er c e nt a g e gr e e n h o u s e g a s 

e mi s si o n s fr o m t h e s e s e ct or s. T hi s r e p ort e x cl u d e s 

mi ni n g, p etr ol e u m r e fi ni n g a n d w a st e m a n a g e m e nt 

o p er ati o n s, w hi c h al s o u s e l ar g e b oil er s, h e at er s, 

a n d i n ci n er at or s a n d i n s o m e c a s e s m a k e pr o d u ct s 

t h at ar e i n h er e ntl y mi s ali g n e d wit h tr a n siti o ni n g t o 

a cl e a n cli m at e. Ulti m at el y, m a n y of t h e s e s e ct or s, 

s u c h a s r e fi n e d oil ( b ur ni n g r e fi n er y - m a d e g a s), 

m u st b e p h a s e d o ut, a n d t h u s t h e f o c u s i s n ot 

o n el e ctrif yi n g or ot h er wi s e d e c ar b o ni zi n g t h eir 

pr o c e s s h e at e mi s si o n s.

A c c or di n g t o t h e U. S. C e n s u s B ur e a u, C alif or ni a’ s 

m a n uf a ct uri n g s e ct or i s c o m pri s e d of n e arl y 3 6, 0 0 0 

f a ciliti e s. T o e sti m at e e mi s si o n s, o ur a n al y si s 

i d e nti fi e d 3, 4 0 0 f a ciliti e s o p er ati n g a p pr o xi m at el y 

1 8, 5 0 0 pi e c e s of i n d u stri al pr o c e s s h e ati n g 

E x cl u di n g oil a n d g a s pr o d u cti o n, mi ni n g, a n d w a st e m a n a g e m e nt s e ct or s ( w hi c h c o n sti t u t e a b o u t 2 4 % of o v er all i n d u stri al s e ct or 

e mi s si o n s i n 2 0 2 3), t h e s u b s e ct or s t h at c o ntri b u t e t h e m o st gr e e n h o u s e g a s e mi s si o n s i n C alif or ni a i s mi n er al s m a n uf a ct uri n g, 

f oll o w e d b y f o o d pr o c e s si n g, c o n str u cti o n, a n d c h e mi c al s m a n uf a ct uri n g.
S o ur c e: C alif or ni a Air R e s o ur c e s B o ar d ( C A R B). C urr e nt C alif or ni a G H G E mi s si o n s I n v e nt or y D at a. G H G E mi s si o n s D at a f or E c o n o mi c S e ct or F ull I n v e nt or y. h p s: // w w 2. ar b.

c a. g o v / si t e s / d ef a ul t / fil e s / 2 0 2 5 1 1 / n c - g h g _i n v e nt or y _ s e ct or _ all _ 0 0 2 3. xl s x

Fi g u r e 3. E s ti m a t e d G r e e n h o u s e G a s E mi s si o n s f r o m C ali f o r ni a M a n u f a c t u ri n g F a cili ti e s b y P ri m a r y 
I n d u s t ri al S e c t o r, E x cl u di n g Mi ni n g, R e fi ni n g, a n d W a s t e S e c t o r s.
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e q ui p m e nt ( e. g., b oil er s, pr o c e s s h e at er s, et c.) 

wit h a d e q u at e d at a f or e sti m ati n g e mi s si o n s ( S e e 

A p p e n di x A f or m et h o d ol o g y a n d li mit ati o n s). T h e s e 

3, 4 0 0 f a ciliti e s pri m aril y r el y o n b ur ni n g m et h a n e 

g a s, w hi c h g e n er at e a n e sti m at e d 1 4 milli o n m etri c 

t o n s of c ar b o n di o xi d e e q ui v al e nt ( C O
2
e) a n n u all y. 1 0 

T h e l ar g e st e mi i n g s u b s e ct or s ar e: mi n er al s 

m a n uf a ct uri n g (tr a n sf or mi n g mi n e d or q u arri e d 

mi n er al s i nt o fi ni s h e d pr o d u ct s), f o o d pr o c e s si n g, 

w o o d pr o d u ct s, p ul p a n d p a p er, c h e mi c al s i n cl u di n g 

p h ar m a c e uti c al s a n d pl a sti c s, a n d f a bri c at e d 

m et al s. 11

D e s pit e si g ni fi c a nt c o n c e ntr ati o n s of e mi s si o n s 

fr o m s p e ci fi c l ar g e f a ciliti e s i n C alif or ni a, 

tr a n siti o ni n g t o z er o e mi s si o n s will r e q uir e m or e 

t h a n j u st t h e s e l ar g e e mi er s t o d e c ar b o ni z e. M aj or 

e mi i n g s o ur c e s, s u c h a s t h o s e e mi i n g o v er 

2 5, 0 0 0 milli o n m etri c t o n s of C O
2
e t h at ar e r e q uir e d 

t o r e p ort t o t h e E P A G H G R e p orti n g Pr o gr a m, 

a c c o u nt f or l e s s t h a n 1 p er c e nt of t h e f a ciliti e s i n 

C alif or ni a’ s m a n uf a ct uri n g s e ct or, m e a ni n g t h er e ar e 

o v er 3 0, 0 0 0 f a ciliti e s t h at c o ntri b ut e t o e mi s si o n s 

b ut f all i nt o a s m all er s o ur c e c at e g or y a n d m a y n ot 

b e i n cl u d e d i n s o m e e sti m at e r e p ort s. 1 2 I n ot h er 

w or d s, t e n s of t h o u s a n d s of f a ciliti e s —r e s p o n si bl e 

f or a m aj orit y of t h e st at e’ s m a n uf a ct uri n g j o b s 1 3—

m a y b e n e fit fr o m dir e ct el e ctri fi c ati o n w h e n 

i n d u str y tr a n sf or m ati o n i s vi e w e d t hr o u g h m or e 

t h a n j u st a t e c h n o - e c o n o mi c l e n s. Br o a d i n d u stri al 

d e c ar b o ni z ati o n i s i m p ort a nt w h e n c o n si d eri n g 

h e alt h i m p a ct s fr o m i n d u str y, p arti c ul arl y wit hi n 

e n vir o n m e nt al j u sti c e c o m m u niti e s. A n d a s t hi s 

p a p er will d e m o n str at e, t h er e ar e al s o c o n si d er a bl e 

p ot e nti al gri d b e n e fit s t o tr a n siti o ni n g i n d u str y a w a y 

fr o m f o s sil f u el c o m b u sti o n.

P u bli c H e al t h a n d W o r k e r S a f e t y

T h e p u bli c h e alt h b e n e fit s of tr a n siti o ni n g t o 

d e c ar b o ni z e d e n er g y s o ur c e s ar e r e d u c e d ri s k of 

p oll uti o n -r el at e d di s e a s e a n d l o w er h e alt h c o st s f or 

t w o gr o u p s: 1) i n d u stri al w or k er s a n d 2) h o u s e h ol d s 

n e ar i n d u stri al f a ciliti e s. Eli mi n ati n g e mi s si o n s 

fr o m f o s sil f u el - c o m b u sti o n e q ui p m e nt n e ar s u c h 

f a ciliti e s c a n l e a d t o a r e d u cti o n i n ill n e s s a n d 

m ort alit y, l e s s e n t h e str ai n o n t h e h e alt h s y st e m, 

a n d tr a n sf er s a vi n g s fr o m h e alt h e x p e n s e s t o 

e c o n o mi c d e v el o p m e nt. Utilit y pr o gr a m pl a n n er s, 

p oli c y m a k er s, a n d i n d u stri al c o m p a ni e s s h o ul d b e 

a w ar e a n d i nt e gr at e t h e s e c o - b e n e fit s t o a c c ur at el y 

a s s e s s t h e tr u e v al u e of el e ctri fi c ati o n. 1 4

T h e m aj orit y of C alif or ni a’ s 1 8, 5 0 0 i n d u stri al 

e q ui p m e nt u nit s fr o m o ur a n al y si s, i n cl u di n g b oil er s, 

pr o c e s s h e at er s, a n d ot h er e q ui p m e nt, r el y o n 

b ur ni n g f o s sil f u el s, r el e a si n g a mi x of p oll ut a nt s, 

i n cl u di n g C O
2
, c ar b o n m o n o xi d e ( C O), nitr o g e n 

o xi d e s ( N O
x
), p arti c ul at e m a er ( P M), a n d s ulf ur 

di o xi d e ( S O
2
), all of w hi c h d e gr a d e air q u alit y a n d 

h ar m h u m a n h e alt h. W hil e all air p oll ut a nt s h a v e 

h e alt h i m p a ct s, P M
2. 5

 a n d o z o n e ( O
3
) ar e p arti c ul arl y 

c o n c er ni n g. P M
2. 5

, or ultr a - fi n e p arti c ul at e m a er 

wit h a di a m et er of 2. 5 mi cr o n s, i s dir e ctl y li n k e d 

t o a d v er s e c ar di o v a s c ul ar di s e a s e, r e s pir at or y 

di s e a s e s, li k e a st h m a a n d l u n g c a n c er, a n d 

pr e m at ur e m ort alit y. 1 5 N O
x
 i s of hi g h c o n c er n a s it 

i s a pr e c ur s or t o O
3
, w hi c h i s c o m m o nl y k n o w n a s 

s m o g a n d i s a s s o ci at e d wit h s e v er al a d v er s e h e alt h 

o ut c o m e s, i n cl u di n g el e v at e d a st h m a r at e s.

A c c or di n g t o a r e c e nt r e p ort fr o m t h e A m eri c a n 

L u n g A s s o ci ati o n, eli mi n ati n g t h e P M
2. 5

 a n d O
3
 

e mi s si o n s fr o m i n d u stri al b oil er s i n C alif or ni a’ s 

m a n uf a ct uri n g s e ct or i s e sti m at e d t o pr e v e nt 3, 2 2 0 

pr e m at ur e d e at h s a n d 1. 8 7 milli o n a st h m a a a c k s 

t hr o u g h 2 0 5 0.1 6 Eli mi n ati n g t h e c o m b u sti o n of 

f u el s fr o m e q ui p m e nt li k e b oil er s a n d h e at er s i n t h e 

i n d u stri al s e ct or will yi el d s u b st a nti al b e n e fit s t o 

p u bli c h e alt h, e s p e ci all y si n c e i n d u stri al f a ciliti e s 

t e n d t o b e c o n c e ntr at e d n e ar e n vir o n m e nt al j u sti c e 

c o m m u niti e s. 1 7 T h e s e p u bli c h e alt h b e n e fit s ar e 

o e n u n d er e sti m at e d i n t e c h ni c al a n d e c o n o mi c 

e v al u ati o n s of el e ctri fi c ati o n i m pl e m e nt ati o n a n d 

ar e o n e of t h e m o st c o m p elli n g c o - b e n e fit s f or 

utiliti e s a n d p oli c y m a k er s t o a d o pt d e c ar b o ni z ati o n 

str at e gi e s a n d tr a n siti o n t o r e n e w a bl e e n er g y 

s o ur c e s. 1 8 A f o c u s o n h e alt h b e n e fit s o ff er s a n 

e q uit y l e n s f or i m pr o vi n g h e alt h o ut c o m e s f or 

hi st ori c all y u n d er s er v e d c o m m u niti e s. 1 9 

I n d e e d, i n d u stri al d e c ar b o ni z ati o n o ff er s 

criti c al h e alt h b e n e fit s f or e n vir o n m e nt al j u sti c e 

c o m m u niti e s, i n cl u di n g l o w -i n c o m e c o m m u niti e s 

of c ol or, w h o b e ar di s pr o p orti o n at e p oll uti o n 
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T h e m aj ori t y ( 6 6 %) of i n d u stri al pr o c e s s h e at u ni t s i n C alif or ni a ar e l o c at e d i n C al E n vir o S cr e e n d e si g n at e d di s a d v a nt a g e d 

c o m m u ni ti e s, e n vir o n m e nt al j u sti c e c o m m u ni ti e s r e c o g ni z e d a s ar e a s t h at e x p eri e n c e di s pr o p or ti o n at e i m p a ct s of e n vir o n m e nt al 

h ar m. 
S o ur c e: A n al y si s b y I n d u stri o u s L a b s u si n g d at a fr o m C oli n A. M c Mill a n et al., T h e F o u n d ati o n al I n d u stri al E n er g y D at a s et ( FI E D), N ati o n al R e n e w a bl e E n er g y L a b or at or y ( 2 0 2 4), 

a v ail a bl e at h p s: // . nr el. g o v / d o c s /f y 2 4 o sti / 9 0 4 4 2. p df; a n d O ffi c e of E n vir o n m e nt al H e al t h H a z ar d A s s e s s m e nt, C al E n vir o S cr e e n 4. 0., a v ail a bl e at  

h p s: // o e h h a. c a. g o v / c al e n vir o s cr e e n /r e p or t / c al e n vir o s cr e e n - 4 0 (l a st vi si t e d O ct. 3 1, 2 0 2 5)

Fi g u r e 4. M a p o f I n d u s t ri al M a n u f a c t u ri n g F a cili ti e s Wi t hi n 1 Mil e o f E n vi r o n m e n t al J u s ti c e 
C o m m u ni ti e s, D e fi n e d b y C al E n vi r o S c r e e n 4. 0 a s Di s a d v a n t a g e d C o m m u ni ti e s.
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b ur d e n s. U si n g C al E n vir o S cr e e n 4. 0 t o i d e ntif y 

e n vir o n m e nt al j u sti c e c o m m u niti e s i n C alif or ni a, 6 6 

p er c e nt, or 2 o ut of e v er y 3 i n d u stri al m a n uf a ct uri n g 

e q ui p m e nt u nit s of i n d u stri al m a n uf a ct uri n g 

u nit s ar e wit hi n o n e mil e of e n vir o n m e nt al j u sti c e 

c o m m u niti e s, a s d e pi ct e d i n Fi g ur e 4. 2 0  

Cl o s e pr o xi mit y t o t h e s e f a ciliti e s p ut s r e si d e nt s 

at hi g h er ri s k of e x p o s ur e t o h e alt h - h ar mi n g 

p oll uti o n. R e si d e nt s li vi n g i n e n vir o n m e nt al j u sti c e 

c o m m u niti e s wit h i n d u stri al f a ciliti e s ar e 6 0 % m or e 

li k el y t o r el y o n n utriti o n al a s si st a n c e pr o gr a m s a n d 

5 0 % m or e li k el y t o b e h o u si n g i n s e c ur e c o m p ar e d 

t o r e si d e nt s at l e a st a mil e a w a y fr o m e n vir o n m e nt al 

j u sti c e c o m m u niti e s wit h i n d u stri al f a ciliti e s. T h e y 

ar e al s o 1 7 % m or e li k el y t o h a v e a n i n c o m e b el o w 

t h e p o v ert y l e v el. 21  Gr o u p s p arti c ul arl y v ul n er a bl e t o 

t h e i m p a ct s of i n d u stri al p oll uti o n i n cl u d e c hil dr e n, 

ol d er a d ult s, a n d t h o s e wit h pr e e xi sti n g h e alt h 

c o n diti o n s.

I n p ort c o m m u niti e s li k e Wil mi n gt o n, hi st ori c all y 

u n d er s er v e d n ei g h b or h o o d s li k e S o ut h L o s A n g el e s, 

a n d a gri c ult ur al c o m m u niti e s i n t h e S a n J o a q ui n 

V all e y, 2 2  e mi s si o n s a s s o ci at e d wit h i n d u str y 

c o ntri b ut e t o a n e n d e mi c s m o g pr o bl e m a n d 

f or m n o xi o u s o d or s di s pr o p orti o n at el y a ff e cti n g 

m o stl y L ati n o, Bl a c k, a n d A si a n n ei g h b or h o o d s. 2 3  

P er si st e nt i n d u stri al e mi s si o n s al s o c o ntri b ut e t o 

l ar g e s w at h e s of C alif or ni a f alli n g w o ef ull y s h ort of 

f e d er al a n d st at e air q u alit y st a n d ar d s. C alif or ni a’ s 

S o ut h C o a st Air Q u alit y M a n a g e m e nt Di stri ct 

s p a n s L o s A n g el e s, Or a n g e, S a n B er n ar di n o, a n d 

Ri v er si d e C o u nti e s a n d c o nt ai n s o v er 1 7 milli o n 

r e si d e nt s. It s i n d u stri al h u b s c o ntri b ut e t o t h e Air 

Di stri ct’ s “ e xtr e m e” n o n a ai n m e nt of 2 01 5 a n d 

2 0 0 8 8 - h o ur a n d 1 - h o ur gr o u n d -l e v el o z o n e ( or 

“ s m o g ”) st a n d ar d s u n d er t h e Cl e a n Air A ct a n d 

“ s eri o u s ” n o n a ai n m e nt of t h e 2 01 2 P M
2. 5

 ( ultr a -

fi n e p arti c ul at e m a er or “ s o ot ”) st a n d ar d. 2 4  I n t h e 

Air Di stri ct’ s o w n w or d s, “[t] h e 1 7 milli o n r e si d e nt s 

of t h e gr e at er L o s A n g el e s ar e a h a v e s u ff er e d fr o m 

s o m e of t h e w or st air q u alit y i n t h e n ati o n.” 2 5

B e y o n d c o m m u nit y h e alt h b e n e fit s, i n d u stri al 

d e c ar b o ni z ati o n c a n d eli v er w or k pl a c e h e alt h 

a n d s af et y i m pr o v e m e nt s, s u c h a s r e d u c e d 

n oi s e p oll uti o n, l o w er e x p o s ur e t o h a z ar d o u s 

air p oll ut a nt s, a n d f e w er c o m b u sti o n -r el at e d 

s af et y ri s k s, i. e., e x pl o si o n s. T h e s e b e n e fit s ar e 

s u b st a nti al e n o u g h t h at t h e y c a n l o w er h e alt h 

i n s ur a n c e a n d li a bilit y c o st s f or w or k er s.2 6 T h e 

A m eri c a n L u n g A s s o ci ati o n’ s r e c e nt r e p ort, u si n g 

t h e E n vir o n m e nt al Pr ot e cti o n A g e n c y ( E P A) C O -

B e n e fit s Ri s k A s s e s s m e nt ( C O B R A) H e alt h I m p a ct s 

S cr e e ni n g a n d M a p pi n g T o ol e sti m at e s t h at 

eli mi n ati n g e mi s si o n s fr o m i n d u stri al m a n uf a ct uri n g 

b oil er s i n C alif or ni a c o ul d s a v e a n e sti m at e d 

$ 4 7. 5 billi o n i n h e alt h b e n e fit c o st s o v er a 2 0 -

y e ar p eri o d, pr e v e nt a n a n n u al e sti m at e d 1 6 2, 0 0 0 

w or k d a y s l o st a n d 8 0 0, 0 0 0 l o st s c h o ol d a y s. 2 7  

T h e el e ctri fi c ati o n of t h e m a n uf a ct uri n g s e ct or 

al s o cr e at e s a n o p p ort u nit y t o e st a bli s h s af er a n d 

h e alt hi er m a n uf a ct uri n g j o b s i n e n vir o n m e nt al 

j u sti c e c o m m u niti e s, i n cl u di n g r ur al c o m m u niti e s, 

w h er e r e si d e nt s r el y o n i n d u stri al f a ciliti e s f or 

e m pl o y m e nt. 2 8

El e ctrif yi n g C alif or ni a’ s i n d u stri al s e ct or o ff er s a 

tri pl e wi n f or cli m at e, j u sti c e, a n d t h e e c o n o m y. 

P ur s ui n g a d e c ar b o ni z e d f ut ur e c a n i m pr o v e 

all t h e s e ar e a s of p u bli c h e alt h w hil e u pli i n g 

hi st ori c all y u n d er s er v e d c o m m u niti e s. A n 

i n d u stri al e n er g y tr a n siti o n c a n al s o cr e at e s af er 

m a n uf a ct uri n g j o b s w hil e r e dir e cti n g h e alt h c ar e 

s a vi n g s t o w ar d e c o n o mi c gr o wt h, d e m o n str ati n g 

h o w cli m at e a cti o n c a n si m ult a n e o u sl y a d dr e s s 

hi st ori c al e n vir o n m e nt al i nj u sti c e s a n d b uil d a m or e 

r e sili e nt, i n cl u si v e e c o n o m y.

C u r r e n t E n e r g y S o u r c e s

T h e i n d u stri al s e ct or, l o n g c o n si d er e d “ h ar d t o 

a b at e,” n o w h a s s e v er al pr o mi si n g p at h w a y s 

t o w ar d d e c ar b o ni z ati o n. E v e n f or s u b s e ct or s wit h 

si g ni fi c a nt pr o c e s s e mi s si o n s, li k e c e m e nt a n d 

st e el, n e w t e c h ni q u e s a n d t e c h n ol o gi e s ar e m a ki n g 

f ull - s c al e tr a n sf or m ati o n of o ur m a n uf a ct uri n g 

s e ct or p o s si bl e. A n d o n e pr o mi si n g i nt er v e nti o n 

t h at a p pli e s a cr o s s s e v er al s u b s e ct or s i s t h e 

el e ctri fi c ati o n of h e ati n g e q ui p m e nt. R at h er 

t h a n b ur ni n g f o s sil f u el s o n sit e, m a n uf a ct ur er s 

c a n i n v e st i n n e w, o e n m u c h m or e e ffi ci e nt, 

e q ui p m e nt, s u c h a s i n d u stri al h e at p u m p s, t o gr e atl y 

r e d u c e t h eir e mi s si o n s.
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T hi s s e cti o n di s c u s s e s t h e c urr e nt f u el a n d 

e mi s si o n s pr o fil e of i n d u stri al pr o c e s s h e at, h o w 

b e n e fi ci al el e ctri fi c ati o n of t h e s e pr o c e s s e s m a y 

a ff e ct t h e gri d, alt er n ati v e s t o el e ctri fi c ati o n, a n d 

w h y i n d u stri al pr o c e s s h e at i s a n o pti m al n e ar -t er m 

t ar g et t o a d dr e s s i n d u stri al e mi s si o n s. 

Of t h e n o n -r e fi n er y f o s sil f u el c o m b u sti o n 

e mi s si o n s, 4 0 p er c e nt i s fr o m l o w a n d m e di u m 

t e m p er at ur e pr o c e s s e s ( < 4 0 0 ° C), w hi c h ar e ri p e 

f or el e ctri fi c ati o n. 2 9  I n d u str y’ s c urr e nt d e p e n d e n c e 

o n g a s f or h e ati n g a m pli fi e s it s e ff e ct s o n cli m at e 

c h a n g e. M et h a n e g a s e xtr a cti o n, tr a n s p ort ati o n, 

di stri b uti o n, a n d c o m b u sti o n h a v e b e e n s h o w n t o 

l e a d t o s u b st a nti al l e a k a g e (1 3 milli o n m etri c t o n s 

of C O
2
e a y e ar), a n d m et h a n e g a s i s a s h ort -li v e d 

cli m at e p oll ut a nt t h at h a s 8 0 ti m e s t h e w ar mi n g 

p ot e nti al of C O
2 
i n t h e fir st t w e nt y y e ar s a er it s 

r el e a s e. 3 0

Gi v e n t h e r eli a n c e o n f o s sil f u el c o m b u sti o n f or 

i n d u stri al pr o c e s s h e at, t h e a v ail a bilit y of el e ctri c 

alt er n ati v e s f or b oil er s a n d ot h er e q ui p m e nt 

pr e s e nt s a m aj or o p p ort u nit y t o d e c ar b o ni z e 

m a n uf a ct uri n g. T h e c o n s e n s u s i s t h at b y 2 0 5 0, a s 

t h e gri d c o nti n u e s t o d e c ar b o ni z e n ati o n wi d e, t h er e 

will b e si g ni fi c a nt a n n u al e mi s si o n s r e d u cti o n s fr o m 

el e ctrif yi n g i n d u stri al pr o c e s s h e at. I n C alif or ni a, 

w hi c h h a s o n e of t h e cl e a n e st gri d s i n t h e c o u ntr y, 31  

a r e c e nt st u d y f o u n d t h at t h e cli m at e b e n e fit s 

fr o m el e ctrif yi n g i n d u stri al pr o c e s s h e at e v e n 

t hr o u g h t h e u s e of c o n v e nti o n al el e ctri c b oil er s ( a s 

di sti n g ui s h e d fr o m h e at p u m p s) will b e i m m e di at e 

a n d s u b st a nti al. 3 2 A 2 0 21 r e p ort b y t h e L a wr e n c e 

B er k el e y N ati o n al L a b or at or y arri v e d at si mil ar 

r e s ult s, fi n di n g t h at b y r e pl a ci n g it s c o m b u sti o n 

b oil er s wit h c o n v e nti o n al el e ctri c u nit s s u c h a s 

el e ctri c r e si st a n c e or el e ctr o d e b oil er s, C alif or ni a 

c o ul d r e d u c e it s i n d u stri al s e ct or C O
2
 e mi s si o n s b y 

n e arl y 7 milli o n t o n s i n 2 0 3 0 r el ati v e t o b u si n e s s -

a s - u s u al. 3 3  T h e B er k el e y r e p ort al s o f o u n d t h at 

t h e n ati o n a s a w h ol e w o ul d a c hi e v e n et e mi s si o n 

r e d u cti o n s i n t h at y e ar of cl o s e t o 3 0 milli o n t o n s b y 

s hi i n g t o c o n v e nti o n al el e ctri c b oil er s ( alt h o u g h 

a mi n orit y of i n di vi d u al st at e s w o ul d still s e e n et 

C O
2
 i n cr e a s e s at t h at p oi nt b ef or e a c hi e vi n g n et 

d e cr e a s e s i n l at er y e ar s). 3 4 N ati o n all y, t h e L a wr e n c e 

B er k el e y N ati o n al L a b or at or y r e p ort fi n d s t h at b y 

2 0 5 0, t h e s e ct or w o ul d r el e a s e n e arl y 2 0 0 milli o n 

f e w er m etri c t o n s of C O
2
e e a c h y e ar. 3 5  W hil e t h e 

B er k el e y r e p ort fi n d s t h at n ati o n wi d e, i n d u stri al 

el e ctri fi c ati o n w o ul d l e a d t o a n e ar t er m i n cr e a s e 

i n e mi s si o n s b e c a u s e of t h e c o m p o siti o n of gri d 

e n er g y, el e ctri fi c ati o n i n c o u nti e s i n C alif or ni a 

s h o w e d i m m e di at e n et e mi s si o n s r e d u cti o n. 3 6  

R e pl a ci n g c o m b u sti o n b oil er s wit h h e at p u m p s —

w hi c h ar e s e v er al ti m e s m or e e ffi ci e nt t h a n eit h er 

f o s sil f u el - fir e d u nit s or c o n v e nti o n al el e ctri c 

h e at er s — w o ul d yi el d e v e n gr e at er e mi s si o n 

r e d u cti o n b e n e fit s. A 2 0 2 2 r e p ort fr o m E n er g y 

I n n o v ati o n s h o w s t h at r e pl a ci n g f o s sil f u el - fir e d 

i n d u stri al b oil er s wit h h e at p u m p s o nl y f or l o w -

t e m p er at ur e pr o c e s s e s ( d e fi n e d h er e a s t h o s e 

r e q uiri n g u p t o 1 6 5 d e gr e e s C el si u s) w o ul d yi el d 

n ati o n wi d e e mi s si o n r e d u cti o n s of 7 7 milli o n m etri c 

t o n s f e w er m etri c t o n s of C O
2
e e mi s si o n s i n 2 0 3 0 

a n d 2 8 4 milli o n f e w er m etri c t o n s of e mi s si o n s i n 

2 0 5 0. 3 7  

L o w - H a n gi n g F r ui t: L o w - a n d M e di u m -

T e m p e r a t u r e P r o c e s s H e a t 

I n C alif or ni a, l o w -t e m p er at ur e ( b el o w 2 0 0º C) 

pr o c e s s h e at al o n e a c c o u nt s f or 3 6 p er c e nt of 

i n d u stri al f o s sil f u el c o m b u sti o n, a s s h o w n i n 

Fi g ur e 5. U nli k e hi g h -t e m p er at ur e pr o c e s s h e at, 

w hi c h i s a s s o ci at e d wit h s el e ct i n d u stri e s ( e. g., 

pr o d u ci n g cli n k er i n c e m e nt kil n s; r e d u ci n g ir o n or e 

i n bl a st f ur n a c e s), l o w - a n d m e di u m - t e m p er at ur e 

h e at ( b el o w 4 0 0 ° C) i s u s e d a cr o s s m a n y di ff er e nt 

i n d u stri e s f or m a n y di ff er e nt pr o c e s s e s. C alif or ni a 

pr e s e nt s str o n g p ot e nti al t o r e d u c e e mi s si o n s 

t hr o u g h el e ctri fi c ati o n of l o w - a n d - m e di u m pr o c e s s 

h e at o p er ati o n s. A d diti o n all y, m o st of t hi s e n er g y i s 

u s e d i n f o s sil f u el - p o w er e d b oil er s a n d c o m bi n e d 

h e at a n d p o w er a p pli c ati o n s. 3 8

R e c e nt e ff ort s t o b e er q u a ntif y pr o c e s s h e at 

d e m a n d h a v e r e v e al e d h o w e xt e n si v el y l o w - a n d 

m e di u m -t e m p er at ur e pr o c e s s h e at i s u s e d. T ur ni n g 

fr o m e mi s si o n s c o n si d er ati o n s a n d l o o ki n g at 

e n er g y u s a g e, n ati o n all y, 5 5 p er c e nt 3 9  of pr o c e s s 

h e at e n er g y d e m a n d u s e s t e m p er at ur e s b el o w 
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2 0 0º C ( 3 9 2º C). M a n y of t h e d e m a n d s f or l o w a n d 

m e di u m t e m p er at ur e s ar e s er v e d b y h ot w at er 

or st e a m pr o d u c e d b y b oil er s a n d t h e m aj orit y of 

m a n uf a ct uri n g s e ct or s u s e s o m e a m o u nt of e n er g y 

fr o m b oil er s.4 0  

W h er e a s a m or e li mit e d ( b ut still a v ail a bl e) s et of 

n o n - c o m b u sti o n t e c h n ol o gi e s e xi st f or m o st hi g h -

t e m p er at ur e i n d u stri al pr o c e s s e s d e m a n d s, t h er e 

ar e c o m m er ci all y a v ail a bl e o pti o n s f or l o w - a n d 

m e di u m -t e m p er at ur e pr o c e s s n e e d s t h at c a n 

b e m et t hr o u g h a wi d er arr a y of n o n - c o m b u sti o n 

o pti o n s, i n cl u di n g v ari o u s el e ctri fi c ati o n 

t e c h n ol o gi e s b a s e d o n i n d u cti o n, r e si st a n c e, 

mi cr o w a v e, r a di o fr e q u e n c y, a n d i nfr ar e d h e ati n g. 41  

T h e a v ail a bilit y of c o m m er ci ali z e d t e c h n ol o gi e s i s 

criti c al f or r e d u ci n g e mi s si o n s fr o m i n d u str y, b ut 

t h e s e t e c h n ol o gi e s will still n e e d t o b e a d o pt e d 

a n d i m pl e m e nt e d b y c o m p a ni e s i n t h eir f a ciliti e s 

t o r e ali z e e mi s si o n s r e d u cti o n s. It i s t h er ef or e 

e q u all y criti c al t o a c c el er at e a d o pti o n of c ar b o n -

fr e e i n d u stri al pr o c e s s h e at e q ui p m e nt. Gi v e n 

t h at i n d u stri al b oil er s l a st o n a v er a g e 2 0 y e ar s,4 2  

C alif or ni a c a n n ot w ait s e v er al d e c a d e s u ntil e xi sti n g 

f o s sil c o m b u sti o n e q ui p m e nt r e a c h e s t h e e n d of 

it s u s ef ul lif eti m e a n d still m e et t h e st at e’ s cli m at e 

g o al s. 4 3  

I n d u s t ri al L o a d G r o w t h

I n d u stri al el e ctri cit y d e m a n d, s o m eti m e s r ef err e d 

t o a s “l ar g e c u st o m er l o a d ” or “i n d u stri al l o a d,” i s 

pr oj e ct e d t o gr o w d u e t o t w o f a ct or s: i n d u stri al 

el e ctri fi c ati o n a n d t h e c o n str u cti o n of n e w 

f a ciliti e s, l ar g el y d at a c e nt er s. W hil e t h er e i s m u c h 

l e giti m at e c o n c er n a b o ut t h e el e ctri cit y gri d’ s a bilit y 

t o h a n dl e i n cr e a s e d d e m a n d fr o m d at a c e nt er s, 

t h o s e c o n c er n s s h o ul d b e s e p ar at e d fr o m t h e 

m or e m a n a g e a bl e p h e n o m e n o n of n e w l o a d fr o m 

i n d u stri al el e ctri fi c ati o n.

Gri d pl a n n er s h a v e e v er y r e a s o n t o w orr y a b o ut 

d at a c e nt er gr o wt h dri vi n g u p el e ctri c r at e s a n d 

e mi s si o n s. D at a c e nt er e n er g y u s e h a s tri pl e d 

o v er t h e p a st d e c a d e, a n d L a wr e n c e B er k el e y 

N ati o n al L a b or at or y pr oj e ct s t h at e n er g y u s e will 

d o u bl e or tri pl e a g ai n b y 2 0 2 8. 4 4  B y 2 0 3 0, t h e 

4 . 4 9 M
( 6 0 % )

2 , 4 5 6 k ( 9 1 % )

2 4 6 k ( 9 % )

1 , 3 9 6 k ( 7 0 % )

1 , 6 1 9 k ( 1 0 0 % )

2 9 9 k ( 1 5 % )

2 9 8 k ( 1 5 % )

2 . 6 8 M
( 3 6 % )

Hi g h t e m p ( > 4 0 0˚ C)

T o t al
7 . 4 8 M

Gl a s s
0 . 5 1 M

F o o d & B e v e r a g e
1 . 6 2 M

C h e mi c al s
1 . 9 9 M

C e m e n t
2 . 7 0 M

M e d t e m p ( 2 0 0 4 0 0˚ C) L o w t e m p ( < 2 0 0˚ C)

4 8 8 k
( 9 6 % )

0 . 3 1 M
( 4 % )

0 . 5 1 M
P ul p & P a p e r

0 . 2 1 M
I r o n & S t e el

0 . 0 3 M
Al u mi n u m

A b o u t 4 0 % of C alif or ni a’ s c o m b u sti o n r el at e d C O ₂ e mi s si o n s fr o m t h e i n d u stri al s e ct or ar e l o w a n d m e di u m t e m p er at ur e pr o c e s s e s 

( b el o w 4 0 0˚ C), l ar g el y i n t h e f o o d a n d b e v er a g e s e ct or, p ul p a n d p a p er, a n d c h e mi c al s s e ct or s. 
S o ur c e: C e nt er f or A p pli e d E n vir o n m e nt al L a w a n d P oli c y ( C A E L P), H E A T s et: U. S. i n d u stri al s e ct or h e at e mi s si o n s a n d t e m p er at ur e d at a s et ( 2 0 2 5), a v ail a bl e at  

h p s: // . c a el p. or g / h e at s et. N ot e t h at H E A T s et d o e s n ot a p p or ti o n pr o c e s s h e at d e m a n d s fr o m c o m bi n e d h e at a n d p o w er o p er ati o n s.

Fi g u r e 5. E s ti m a t e d C o m b u s ti o n - R el a t e d C O₂ E mi s si o n s ( 2 0 2 2; M e t ri c T o n s) f r o m C ali f o r ni a I n d u s t ri al 
S e c t o r s b y T e m p e r a t u r e R a n g e s, E x cl u di n g R e fi ni n g S e c t o r.
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gl o b al d at a c e nt er i n d u str y c o ul d pr o d u c e n e arl y 

4 0 p er c e nt of t o d a y’ s a n n u al U. S. e mi s si o n s. 4 5  

A r e p ort b y t h e I n stit ut e f or E n er g y E c o n o mi c s 

a n d Fi n a n ci al A n al y si s s h o w s t h at d at a c e nt er 

gr o wt h a n d pr oj e ct e d d e m a n d i s dri vi n g pl a n s i n 

t h e S o ut h e a st er n U. S. t o b uil d o ut u p t o 3, 0 0 0 

G W of g a s pl a nt s ( a n d pi p eli n e s t o s u p p ort t h o s e 

pl a nt s) b y 2 0 4 0. 4 6  I n t h e s e st at e s, d at a c e nt er s ar e 

r e s p o n si bl e f or 6 5 t o 8 5 p er c e nt of pr oj e ct e d l o a d 

gr o wt h. 4 7  

I n C alif or ni a, r e si d e nt s of S a nt a Cl ar a ar e alr e a d y 

s e ei n g hi g h er bill s d u e t o d at a c e nt er gr o wt h. I n 

J a n u ar y 2 0 2 5, t h e cit y’ s m u ni ci p al utilit y a n n o u n c e d 

a 5 p er c e nt i n cr e a s e i n r at e s f or c u st o m er s i n or d er 

t o f u n d i nfr a str u ct ur e t o s u p p ort t h e cit y’ s m or e 

t h a n 5 0 d at a c e nt er s.4 8  A r e c e nt st u d y c o n cl u d e s 

t h at “[t] h e t ot al p u bli c h e alt h b ur d e n of U S d at a 

c e nt er s i n 2 0 3 0 i s v al u e d at u p t o m or e t h a n $ 2 0 

billi o n p er y e ar, . . . c o m p ar a bl e t o t h at of o n -r o a d 

e mi s si o n s of C alif or ni a.” 4 9  T h at st u d y f o u n d t h at 

t h e p er - h o u s e h ol d h e alt h b ur d e n i n di s a d v a nt a g e d 

c o m m u niti e s c o ul d b e 2 0 0 ti m e s m or e t h a n i n l e s s 

i m p a ct e d c o m m u niti e s. 

O n t h e ot h er h a n d, d e m a n d gr o wt h fr o m i n d u stri al 

el e ctri fi c ati o n of e xi sti n g f a ciliti e s i s f ar m or e 

r e a s o n a bl y p a c e d. A l o o k at pr oj e cti o n s of n ati o n al 

el e ctri cit y d e m a n d gr o wt h fr o m d at a c e nt er s v er s u s 

i n d u stri al d e c ar b o ni z ati o n r e v e al s t w o di ff er e nt 

tr aj e ct ori e s. U n d er n ati o n wi d e d e c ar b o ni z ati o n 

s c e n ari o s, w h er e i n d u stri al pr o c e s s h e at a n d  

ot h er i n d u stri al pr o c e s s e s ar e el e ctri fi e d, i n d u stri al 

el e ctri cit y d e m a n d i s pr oj e ct e d t o gr o w 1 2 p er c e nt 

b y 2 0 3 0 a n d 41 p er c e nt b y 2 0 5 0. 5 0  A hi g h  

el e ctri fi c ati o n s c e n ari o w o ul d l e a d t o l o a d gr o wt h, 
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B u si n e s s 
a s U s u al

Hi g h E sti m at e L o w E sti m at e

4 1 2  T W h

1 2 % i n c r e a s e
4 1 % i n c r e a s e

2 0 5 % 

i n c r e a s e

7 1 % 

i n c r e a s e

E sti m at e d d at a c e nt er el e ctri ci t y d e m a n d a nti ci p at e d t o i n cr e a s e b et w e e n 1 3 5 T W h ( 7 1 %) t o 3 9 0 T W h ( 2 0 5 %) fr o m 2 0 2 3 t o 2 0 2 8. 

T h e e sti m at e d i n cr e a s e i n e n er g y d e m a n d b et w e e n B A U a n d u si n g el e ctri c h e at p u m p s i n 2 0 3 0 i s a b o u t 1 1 3 T W h, a n 1 2 % i n cr e a s e 

fr o m 2 0 2 3, a n d i n 2 0 5 0 i s 41 2 T W h, a b o u t 41 % i n cr e a s e fr o m 2 0 2 3. 
S o ur c e: L a wr e n c e B er k el e y N ati o n al L a b or at or y, 2 0 2 4 U ni t e d S t at e s D at a C e nt er E n er g y U s a g e R e p or t ( 2 0 2 4), a v ail a bl e at h p s: // e s c h ol ar s hi p. or g / u c /i t e m / 3 2 d 6 m 0 d 1;  

E n er g y I n n o v ati o n P oli c y & T e c h n ol o g y L L C, D e c ar b o ni zi n g L o w - T e m p er at ur e I n d u stri al H e at i n t h e U S ( 2 0 2 2), a v ail a bl e at  

h p s: // e n er g yi n n o v ati o n. or g / w p - c o nt e nt / u pl o a d s / 2 0 2 2 / 1 0 / D e c ar b o ni zi n g - L o w - T e m p er at ur e -I n d u stri al - H e at -I n - T h e - U. S. - R e p or t - 2. p df.

Fi g u r e 6. N a ti o n al E s ti m a t e d P r oj e c ti o n o f E n e r g y D e m a n d f o r I n d u s t ri al El e c t ri fi c a ti o n o f E xi s ti n g 
F a cili ti e s C o m p a r e d t o D a t a C e n t e r E n e r g y P r oj e c ti o n s. 
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b ut n ot hi n g u n pr e c e d e nt e d 51  a n d c ert ai nl y 

n ot c o m p ar a bl e t o t h e p a c e of pr oj e ct e d d at a 

c e nt er l o a d gr o wt h. L a wr e n c e B er k el e y N ati o n al 

L a b or at or y pr oj e ct s d at a c e nt er l o a d will gr o w 

a p pr o xi m at el y 1 5 0 t o 3 0 0 p er c e nt, fr o m c o n s u mi n g 

4. 4 p er c e nt of t ot al U. S. el e ctri cit y i n 2 0 2 3 t o 

b et w e e n 6. 7 p er c e nt a n d 1 2 p er c e nt of el e ctri cit y b y 

2 0 2 8. 5 2  B y c o m p ari s o n, i n d u stri al d e c ar b o ni z ati o n 

of all e n er g y a n d f e e d st o c k w o ul d i n cr e a s e U. S. 

el e ctri cit y d e m a n d b y 2. 4 p er c e nt a n n u all y u ntil 

2 0 5 5. 5 3  T h at gr o wt h r at e di p s t o 1. 7 p er c e nt 

wit h e n er g y e ffi ci e n c y a n d m at eri al e ffi ci e n c y 

i m pr o v e m e nt s.5 4  W hil e o ut si d e t h e s c o p e of t hi s 

p a p er, t h at l o w er gr o wt h r at e i s e ntir el y pl a u si bl e, 

a s i n d u stri al f a ciliti e s h a v e r e al e c o n o mi c i n c e nti v e s 

t o i m pl e m e nt e ffi ci e n c y i m pr o v e m e nt s. A n d a 1. 7 

p er c e nt l o a d gr o wt h r at e f or t h e e ntir e U. S. w o ul d 

r e pr e s e nt a l o w er gr o wt h r at e t h a n all b ut si x y e ar s 

fr o m 1 9 5 0 2 0 0 0. 5 5  F urt h er m or e, a n d a s e x pl ai n e d 

i n P art II, S e cti o n V of t hi s p a p er, all l o a d i s n ot 

cr e at e d e q u al. N e w l o a d t h at d o e s n ot r e q uir e 

s u b st a nti al i nfr a str u ct ur e b uil d o ut a n d t h at d o e s n ot 

c o ntri b ut e m e a ni n gf ull y t o p e a k d e m a n d c o ul d dri v e 

d o w n el e ctri c s y st e m c o st s. N e w l o a d t h at fl a e n s 

o v er all d e m a n d s u c h t h at c o st s ar e s pr e a d o ut m or e 

e v e nl y o v er t h e y e ar a n d o v er t h e h o ur s of t h e d a y 

s h o ul d al s o p ut d o w n w ar d pr e s s ur e o n r at e s f or all 

c u st o m er s, i n cl u di n g r e si d e nti al. 

R a t e D e si g n: L o w - a n d M e di u m - T e m p e r a t u r e 

P r o c e s s H e a t El e c t ri fi c a ti o n N e a ri n g a Fi n a n ci al 

Ti p pi n g P oi n t

A ff or d a bilit y, b ot h i n t er m s of t h e u pfr o nt c o st of 

el e ctri c i n d u stri al pr o c e s s h e at e q ui p m e nt it s elf 

a n d t h e o n g oi n g c o st of r u n ni n g it, i s a m aj or dri v er 

of tr a n siti o ni n g fr o m i n c u m b e nt t e c h n ol o gi e s t o 

n e w er o n e s. T hi s r e p ort f o c u s e s o n o n e f a ct or 

t h at c a n l e a d t o t h e wi d e s pr e a d pr olif er ati o n 

of el e ctri c alt er n ati v e s t o p oll uti n g i n d u stri al 

b oil er s a n d pr o c e s s h e at er s: a c c e s s t o a ff or d a bl e 

el e ctri cit y. G e i n g r at e s ali g n e d wit h i n d u stri al 

el e ctri fi c ati o n a n d d e c ar b o ni z ati o n g o al s will h el p 

g et t h e t e c h n ol o gi e s di s c u s s e d a b o v e t o a “ti p pi n g 

p oi nt,” w h er ei n d e pl o y m e nt of el e ctri c alt er n ati v e s 

b e c o m e s o n tr a c k t o di s pl a c e c o n v e nti o n al f o s sil 

f u el - b ur ni n g b oil er s a n d pr o c e s s h e at er s. 5 6  I n 

C alif or ni a, i n p arti c ul ar, 5 7  el e ctri cit y i s e x p e n si v e 

c o m p ar e d t o t h e c o st of g a s, m e a ni n g t h at 

el e ctri cit y r at e d e si g n t h at i n c e nti vi z e s i n d u stri al 

el e ctri fi c ati o n s h o ul d n u d g e i n d u stri al h e at p u m p s, 

t h er m al b a eri e s, a n d ot h er s u c h t e c h n ol o gi e s 

i nt o t h e m ai n str e a m. P art II, S e cti o n II. C of t hi s 

r e p ort f o c u s e s o n t h e r at e d e si g n o pti o n s a n d ot h er 

s u p p orti n g p oli c y m e c h a ni s m s t h at w o ul d l e a d t o 

wi d e s pr e a d i n d u stri al el e ctri fi c ati o n i n C alif or ni a.

C o m m er ci al a v ail a bilit y of t h e t e c h n ol o gi e s 

t h at m a n uf a ct ur er s w o ul d n e e d t o a d o pt i n 

or d er t o e n d t h eir r eli a n c e o n f o s sil f u el - b ur ni n g 

b oil er s a n d pr o c e s s h e ati n g e q ui p m e nt i s al s o 

k e y t o m a ki n g s u c h a tr a n siti o n a ff or d a bl e. 5 8  

F ort u n at el y, a s d e s cri b e d i n gr e at er d et ail l at er i n 

P art I, S e cti o n II. B, m a n y of t h e s e t e c h n ol o gi e s ar e 

alr e a d y c o m m er ci all y a v ail a bl e or will b e i n t h e n e ar 

f ut ur e. F or e x a m pl e, i n d u stri al h e at p u m p s f or l o w - 

a n d m e di u m -t e m p er at ur e pr o c e s s e s ar e alr e a d y 

i n pl a c e or b ei n g d e pl o y e d i n o v er t w o d o z e n 

pr oj e ct s a cr o s s t h e c o u ntr y. 5 9  P u bli c i n c e nti v e s 

f or d e v el o pi n g, d e pl o yi n g, a n d m a n uf a ct uri n g 

t h e s e t e c h n ol o gi e s ar e e s s e nti al t o m a ki n g t h e m 

a c c e s si bl e. 

Ot h er a ff or d a bilit y c o n si d er ati o n s, li k e r e d u c e d 

i n st all ati o n a n d m ai nt e n a n c e c o st s, c o m p etiti v e 

pri c e s f or el e ctri fi e d e q ui p m e nt, a n d a c c e s si bl e 

tr ai ni n g pr o gr a m s f or o p er at or s s p e a k s t o t h e 

i m p ort a n c e of a h oli sti c a p pr o a c h t o i n d u stri al 

d e c ar b o ni z ati o n t hr o u g h el e ctri fi c ati o n. 

P ri o ri ti z a ti o n / S e q u e n ci n g f o r El e c t ri fi c a ti o n:  

W h o I s El e c t ri fi e d W h e n 

A s s h o w n i n P art I, S e cti o n II. A, t h e mi n er al s 

m a n uf a ct uri n g, f o o d pr o c e s si n g, w o o d pr o d u ct s, 

a n d p ul p a n d p a p er s e ct or s st a n d o ut f or t h eir 

c o ntri b uti o n s t o G H G e mi s si o n s fr o m C alif or ni a’ s 

i n d u stri e s. T h e s e i d e nti fi e d s e ct or s ar e c o n si st e nt 

wit h pr e vi o u s a n al y si s of C alif or ni a’ s i n d u stri al 

el e ctri fi c ati o n p ot e nti al t h at f o u n d l ar g e p ot e nti al 

f or G H G e mi s si o n s r e d u cti o n s fr o m t h e c o nt ai n er 

gl a s s, b e er, a n d p ul p a n d p a p er i n d u stri e s. 6 0  

Alt h o u g h it r e q uir e s hi g h t e m p er at ur e s, t h e 

c o nt ai n er gl a s s i n d u str y h a s c o m m er ci all y a v ail a bl e 

t e c h n ol o gi e s f or el e ctrif yi n g it s m elti n g, f or mi n g, 

a n d fi ni s hi n g pr o c e s s e s. 61  P ul p a n d p a p er a n d t h e 
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b e v er a g e s i n d u str y, a s w ell a s f o o d m a n uf a ct uri n g 

m or e g e n er all y, h a v e m a n y l o w a n d m e di u m 

t e m p er at ur e pr o c e s s e s 6 2  t h at ar e pri m e c a n di d at e s 

f or el e ctri fi c ati o n, wit h t e c h n ol o gi e s t h at ar e alr e a d y 

c o m m er ci all y a v ail a bl e. 

T h er m al pr o c e s s e s t h at ar e c o m m o n a cr o s s 

m u c h of i n d u str y, s u c h a s t h e m a n y l o w - a n d 

m e di u m -t e m p er at ur e d e m a n d s, c a n b e a n e ntr y 

p oi nt f or i n d u stri al el e ctri fi c ati o n. 6 3  A n i m p ort a nt 

f u n cti o n of i m pl e m e nti n g el e ctri fi c ati o n a cr o s s 

a wi d e r a n g e of i n d u stri e s i s t o g ai n e x p eri e n c e 

a n d s h ar e k n o wl e d g e a cr o s s a p pli c ati o n s, 

w hi c h ar e i m p ort a nt s o ci al pr o c e s s e s f or 

i n n o v ati o n a n d m or e wi d e s pr e a d i m pl e m e nt ati o n 

of t e c h n ol o gi e s. F o st eri n g n e w n et w or k s of 

e q ui p m e nt m a n uf a ct ur er s a n d c o m p a ni e s e x pl ori n g 

el e ctri fi c ati o n c o ul d b e e s p e ci all y criti c al, gi v e n t h at 

f a cilit y - b y -f a cilit y c o n diti o n s m a y d et er mi n e t h e 

o pti m al alt er n ati v e pr o c e s s h e ati n g t e c h n ol o g y. 6 4  

Gi v e n r e s e ar c h o n t h e c e ntr al r ol e of u s er s f or 

s u c c e s sf ul i n n o v ati o n a n d a d o pti o n of r e si d e nti al 

h e at p u m p s, 6 5  t h e s e l e ar ni n g pr o c e s s e s m a y b e 

p arti c ul arl y i m p ort a nt f or i n d u stri al h e at p u m p s a n d 

ot h er t e c h n ol o gi e s t h at r e q uir e pr o c e s s i nt e gr ati o n 

a n al y si s t h at c h ar a ct eri z e s pr o c e s s h e at s u p pli e s 

a n d u s e s 6 6  t o o pti mi z e t h eir o p er ati o n.

I n d u s t ri al D e c a r b o ni z a ti o n S t r a t e gi e s

T h er e i s a n e m er gi n g s uit e of str at e gi e s t o t a c kl e 

i n d u stri al pr o c e s s h e ati n g e mi s si o n s. T h e s e 

str at e gi e s h a v e v ar yi n g utilit y a n d f e a si bilit y 

d e p e n di n g o n e n d u s e. S o m e, li k e gr e e n h y dr o g e n, 

m a y d eli v er gr e e n h o u s e g a s r e d u cti o n s b ut pr e s e nt 

si g ni fi c a nt c o st b arri er s a n d a d v er s e c o n s e q u e n c e s 

f or l o c al p oll uti o n. Ot h er s, li k e el e ctri c i n d u stri al 

h e at p u m p s a n d t h er m al b a eri e s, pr e s e nt ri p e 

o p p ort u niti e s f or n o -r e gr et s d e c ar b o ni z ati o n. T hi s 

s e cti o n s ur v e y s di ff er e nt o pti o n s f or d e c ar b o ni zi n g 

i n d u stri al pr o c e s s h e at a n d i n d u stri al pr o c e s s e s. 

I n d u s t ri al H e a t P u m p s

B a c k g r o u n d.  I n d u stri al h e at p u m p s ar e w ell - s uit e d 

t o r e pl a c e m et h a n e -f u el e d i n d u stri al pr o c e s s h e at 

e q ui p m e nt t h at o nl y r e q uir e l o w er t e m p er at ur e s 

( < 2 0 0 ° C). T h e y c a n d eli v er e ffi ci e nt a n d r eli a bl e 

h e at a n d a v oi d t h e c o m pli c ati o n s t h at c o m e wit h 

alt er n ati v e c o m b u sti bl e f u el s t h at h a v e c o n str ai n e d 

s u p pl y, li k e h y dr o g e n. 6 7  

W hil e h e at p u m p s ar e n o w wi d el y r e c o g ni z e d f or 

t h eir a p pli c ati o n i n t h e r e si d e nti al s e ct or w h er e t h e y 

ar e a hi g hl y e ffi ci e nt el e ctri c r e pl a c e m e nt f or b ot h 

g a s f ur n a c e s a n d air c o n diti o n er s, m a n uf a ct ur er s 

c a n al s o i n st all i n d u stri al h e at p u m p s t o r e d u c e t h e 

n e e d f or, or e v e n c o m pl et el y r e pl a c e, c ert ai n g a s -

fir e d pr o c e s s h e ati n g e q ui p m e nt. I n d u stri al h e at 

p u m p s di ff er fr o m t h eir r e si d e nti al c o u nt er p art s 

pri m aril y i n t h at t h e y c a n r e a c h hi g h er t e m p er at ur e s 

a n d m e et gr e at er d e m a n d s f or e n er g y. Li k e t h eir 

r e si d e nti al c o u nt er p art s, i n d u stri al h e at p u m p s 

e xtr a ct h e at fr o m a s o ur c e, eit h er t h e s urr o u n di n g 

air, t h e gr o u n d ( g e ot h er m al), w at er, or w a st e h e at, 

a n d t h e n m o v e t h e h e at t o a n ot h er s u b st a n c e w h er e 

h e ati n g i s n e e d e d. 6 8  T h e l o w er t h e t e m p er at ur e 

“li ” r e q uir e d fr o m s o ur c e t o t ar g et h e at, t h e 

m or e e ffi ci e ntl y t h e h e at p u m p c a n r u n —l o c ati n g 

s o ur c e s of i n d u stri al w a st e h e at t h at mi ni mi z e 

t h e t e m p er at ur e li  r e q uir e d c a n gr e atl y i m pr o v e 

t h e r el ati v e e ffi ci e n c y of h e at p u m p o p er ati o n, 

s o m eti m e s r e a c hi n g t hr e e t o fi v e ti m e s e ffi ci e n c y 

i m pr o v e m e nt s c o m p ar e d t o f o s sil f u el - p o w er e d 

e q ui p m e nt. I n s o m e o pti mi z e d s y st e m s, e v e n hi g h er 

p erf or m a n c e i s p o s si bl e. F or e x a m pl e, S k y v e n 

T e c h n ol o gi e s h a s r e p ort e d a c hi e vi n g e ff e cti v e 

c o e ffi ci e nt s of p erf or m a n c e ( C O P s) e x c e e di n g 7 

a n d u p t o t e nf ol d e ffi ci e n c y i n d eli v er e d u s ef ul h e at 

c o m p ar e d t o c o n v e nti o n al m et h a n e g a s b oil er s at 

i n d u stri al f a ciliti e s s u c h a s t h eir N e w Y or k pr oj e ct.6 9

T h er e ar e m ulti pl e t y p e s of i n d u stri al h e at p u m p s 

a n d di ff er e nt t y p e s of h e at p u m p s m a y s uit di ff er e nt 

i n d u stri al u s er s’ n e e d s.7 0  

O p e r a ti o n al C o n si d e r a ti o n s. I n d u stri al h e at p u m p s’ 

hi g h e ffi ci e n ci e s m e a n t h e y c a n yi el d c o st s a vi n g s 

w hil e r e u si n g w a st e h e at i n si d e f a ct ori e s. T h e y 

al s o r e d u c e c o m b u sti o n s o ur c e s i n si d e f a ct ori e s, 

m a ki n g w or ki n g c o n diti o n s s af er. El e ctri c h e at 

p u m p s ar e p arti c ul arl y e ffi ci e nt at a n d w ell - s uit e d 

f or l o w t e m p er at ur e s, wit h m a n y c o m m er ci all y 

a v ail a bl e m o d el s t o d a y a bl e t o e ffi ci e ntl y o p er at e 

at u p t o 1 6 0 ° C.  71 D e v el o p m e nt i s u n d er w a y t o 

r ai s e t h e e ffi ci e nt o p er ati o n of h e at p u m p s b e y o n d 
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2 6 0 ° C f or i n d u stri al pr o c e s s e s. T hi s m a k e s el e ctri c 

h e at p u m p s a g o o d fit f or m a n y pr o c e s s e s i n t h e 

f o o d a n d b e v er a g e, p a p er a n d p ul p, a n d c h e mi c al s 

s e ct or s. 7 2  F or e x a m pl e, i n t h e f o o d a n d b e v er a g e 

m a n uf a ct uri n g s e ct or, a n e sti m at e d 9 7 p er c e nt of 

h e ati n g d e m a n d i s f or l o w -t e m p er at ur e h e ati n g 

( <1 7 0 ° C).7 3

A s t h e A m eri c a n C o u n cil f or a n E n er g y - E ffi ci e nt 

E c o n o m y ( A C E E E) h a s r e p ort e d, i n d u stri al h e at 

p u m p s “ c a n c ut t h e e n er g y u s e a s s o ci at e d wit h 

i n d u stri al pr o c e s s h e at b y u p t o o n e -t hir d a n d 

e n a bl e C O
2
 s a vi n g s of b et w e e n 3 0 4 3 milli o n t o n s 

p er y e ar,” 7 4  m a ki n g t h e m a n i m p ort a nt t e c h n ol o g y 

f or d e c ar b o ni zi n g m a n y m a n uf a ct uri n g s u b s e ct or s. 

A s n ot e d a b o v e, i n d u stri al h e at p u m p s ar e c urr e ntl y 

o nl y c o m m er ci all y a v ail a bl e f or l o w er t e m p er at ur e 

i n d u stri al pr o c e s s h e at a p pli c ati o n s, wit h hi g h er 

t e m p er at ur e a p pli c ati o n s u n d er d e v el o p m e nt.  

S u c c e s sf ul c a s e s of h e at p u m p d e pl o y m e nt c a n 

b e f o u n d i n s u b s e ct or s i n cl u di n g p h ar m a c e uti c al s, 

f o o d pr o c e s si n g, a n d p ul p a n d p a p er. 7 5  

C o s t C o n si d e r a ti o n s.  Alt h o u g h i n d u stri al h e at 

p u m p s c arr y r el ati v el y hi g h u pfr o nt c o st s c o m p ar e d 

t o f o s sil f u el b oil er s, t h e y c a n b e p arti c ul arl y c o st -

e ff e cti v e i n st at e s w h er e t h e c o st of el e ctri cit y i s 

c o m p etiti v e wit h m et h a n e g a s. T hi s i s b e c a u s e 

e v e n wit h c o stli er el e ctri cit y, t h e hi g h c o m p ar ati v e 

e ffi ci e n c y of h e at p u m p s m a k e s t h e m a n 

e c o n o mi c al o pti o n, e s p e ci all y if t h er e ar e w a y s 

t o o ff s et i niti al hi g h er c a pit al c o st s. 7 6  I n a d diti o n, 

h e at p u m p s c a n b e c o m e gri d -i nt er a cti v e a s s et s 

w h e n p air e d wit h ot h er o n sit e h e at s o ur c e s s u c h 

a s t h er m al e n er g y st or a g e or el e ctri c b oil er s 

( b ot h z er o e mi s si o n s o pti o n s) or e v e n e xi sti n g 

c o m b u sti o n b oil er s. S u c h h y bri d c o n fi g ur ati o n s 

c a n pr o vi d e fl e xi bilit y t o s hi  el e ctri c d e m a n d 

i n r e s p o n s e t o gri d c o n diti o n s w hil e m ai nt ai ni n g 

c o n si st e nt pr o c e s s h e at a v ail a bilit y. T h e p a y b a c k 

p eri o d f or el e ctri c h e at p u m p s d e p e n d s pri m aril y 

S o ur c e / C ol d Si d e Si n k / H ot Si d e

C O M P R E S S O R

C O N D E N S O R

E V A P O R A T O R

I n d u st ri al H e at P u m p

E X P A N SI O N V A L V E

H e at p u m p s e ffi ci e ntl y pr o vi d e b ot h h e ati n g a n d c o oli n g b y u si n g el e ctri ci t y t o cir c ul at e a r efri g er a nt t hr o u g h a c y cl e t h at a b s or b s 

h e at fr o m o n e l o c ati o n a n d r el e a s e s i t t o a n ot h er vi a a n e v a p or at or, c o m pr e s s or, c o n d e n s er, a n d e x p a n si o n v al v e s y st e m.
S o ur c e: Atl a s C o p c o., H o w H e at P u m p s W or k, a v ail a bl e at h p s: // . atl a s c o p c o. c o m / e n -r s / c o m pr e s s or s / wi ki / c o m pr e s s e d - air - ar ti cl e s / h o w - h e at - p u m p - w or k s (l a st vi si t e d 

O ct. 3 1, 2 0 2 5).

Fi g u r e 7. Di a g r a m o f a n I n d u s t ri al H e a t P u m p.
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o n t h e a p pli c ati o n a n d t h e c o st of b ot h m et h a n e 

g a s a n d el e ctri cit y. 7 7  A 2 0 2 2 st u d y f o u n d a wi d e 

r a n g e of h e at p u m p c o st s d e p e n di n g o n t h e e x a ct 

t e c h n ol o g y, wit h t h e l o w e st c o st b ei n g $1 5 0 /

k W a n d t h e hi g h e st c o st b ei n g $1, 8 7 5 / k W, wit h 

p a y b a c k p eri o d s r a n gi n g fr o m 1. 9 y e ar s t o 4. 5 y e ar s 

a s s u mi n g $ 6. 5 0 / M M Bt u f or g a s a n d 6 c e nt s /

k W h f or el e ctri cit y. 7 8  N ot a bl y, t h e a s s u m e d g a s a n d 

el e ctri cit y pri c e s i n t hi s st u d y d o n ot r e fl e ct r e alit y 

i n C alif or ni a. W hil e t h e e sti m at e d g a s pri c e ( $ 6. 5 0 /

M M Bt u) i s r el ati v el y o n p ar wit h c urr e nt C alif or ni a 

i n d u stri al g a s r at e s, el e ctri cit y pri c e s ar e q uit e a 

bit hi g h er t h a n t h e a s s u m e d el e ctri cit y pri c e, a s 

pr e vi o u sl y di s c u s s e d. I n ar e a s w h er e el e ctri cit y i s 

l o w er c o st, g a s pri c e s al s o t e n d t o b e l o w er. Fi n all y, 

it i s w ort h n oti n g t h at t h er e ar e s o m e m o d el s 

w h er e t h er e ar e n o c a pit al c o st s f or m a n uf a ct ur er s: 

S k y v e n, a c o m p a n y t h at m a k e s i n d u stri al h e at 

p u m p s, h a s a n “ e n er g y - a s - a - s er vi c e” m o d el t h at 

r e q uir e s t h e m a n uf a ct ur er t o o nl y c o v er o p er ati o n al 

c o st s. 7 9  O n e s u c h arr a n g e m e nt i s alr e a d y u n d er w a y 

i n C alif or ni a at C alif or ni a D airi e s, I n c.8 0  

Fr o m a s o ci et al p er s p e cti v e, c o n si d eri n g t h e 

cli m at e a n d p u bli c h e alt h b e n e fit s fr o m tr a n siti o ni n g 

fr o m g a s - b ur ni n g b oil er s a n d pr o c e s s h e at er s 

t o el e ctri c i n d u stri al h e at p u m p s i s cl e arl y c o st -

b e n e fi ci al. 81  N e v ert h el e s s, p oli c y i nt er v e nti o n s ar e 

still n e c e s s ar y t o i m pr o v e t h e a ff or d a bilit y of t hi s 

t e c h n ol o g y a n d r e d u c e p a y b a c k p eri o d s. 8 2  

El e c t ri c R e si s t a n c e B oil e r s 

B a c k g r o u n d. El e ctri c r e si st a n c e b oil er s ar e a 

pr o mi si n g alt er n ati v e t o m et h a n e g a s b oil er s 

f or i n d u stri al pr o c e s s e s t h at r e q uir e h e ati n g 

li q ui d s. B oil er s ar e c o m m o nl y u s e d i n i n d u stri al 

pr o c e s s e s t o pr o d u c e st e a m a n d h ot w at er. 8 3  A s 

S o ur c e: C e nt er f or A p pli e d E n vir o n m e nt al L a w a n d P oli c y ( C A E L P), H E A T s et: U. S. i n d u stri al s e ct or h e at e mi s si o n s a n d t e m p er at ur e d at a s et ( 2 0 2 5), a v ail a bl e at  

h p s: // . c a el p. or g / h e at s et. N ot e t h at H E A T s et d o e s n ot a p p or ti o n pr o c e s s h e at d e m a n d s fr o m c o m bi n e d h e at a n d p o w er o p er ati o n s.

Fi g u r e 8. K e y I n d u s t ri al S e c t o r s i n C ali f o r ni a a n d P o t e n ti al E mi s si o n s R e d u c ti o n.
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of 2 0 21, t h er e ar e a n e sti m at e d 3 8, 5 0 0 i n di vi d u al 

b oil er s o p er ati n g i n t h e U nit e d St at e s wit h a 

c u m ul ati v e c a p a cit y of 4 6 0 G W i n p ut. 8 4  T h e 

m aj orit y of i n d u stri al b oil er c a p a cit y — 7 5 p er c e nt —i s 

c o n c e ntr at e d i n fi v e i n d u stri e s: c h e mi c al s, p a p er, 

f o o d a n d b e v er a g e, p etr ol e u m r e fi ni n g, a n d pri m ar y 

m et al s. 8 5

W hil e g a s b oil er s c urr e ntl y d o mi n at e t h e m ar k et, 

el e ctri c b oil er s ar e a m at ur e t e c h n ol o g y wit h 

e q ui p m e nt c o st s t h at c a n b e u p t o 4 0 p er c e nt l o w er 

t h a n t h eir g a s c o u nt er p art s. 8 6  T h e s e b oil er s t y pi c all y 

u s e el e ctri c p o w er e d r e si sti v e h e ati n g el e m e nt s t o 

c o n v ert el e ctri cit y i nt o h e at, 8 7  a n d t h e y h a v e v er y 

hi g h t h er m al e ffi ci e n c y ( u p w ar d s of 9 9 p er c e nt), 

c a n r a m p u p a n d d o w n q ui c kl y, a n d d o n ot r e q uir e 

p oll uti o n c o ntr ol s or c o m b u sti o n a c c e s s ori e s. 8 8  

M or e o v er, a st u d y fr o m L a wr e n c e B er k el e y N ati o n al 

L a b or at or y c al c ul at e d t h at t h e t e c h ni c al p ot e nti al of 

el e ctri c b oil er s i n U S i n d u stri al s e ct or s, e x c e pt f or 

t h e ir o n a n d st e el s e ct or a n d a s s u mi n g 1 0 0 p er c e nt 

a d o pti o n r at e, c a n r e s ult i n o v er 1 9 5 Mt C O
2
 p er y e ar 

r e d u cti o n i n C O
2
 e mi s si o n s i n 2 0 5 0.8 9  

El e ctri fi c ati o n of b oil er s c a n f urt h er m e a ni n gf ull y 

r e d u c e b oil er e n er g y d e m a n d t hr o u g h e ffi ci e n c y 

g ai n s. L a wr e n c e B er k el e y N ati o n al L a b or at or y 

e sti m at e s t h at “[ a] p pr o xi m at el y 4 4 5 PJ of 

a n n u al o n sit e e n er g y d e m a n d i n t h e o v er all 

U. S. m a n uf a ct uri n g c a n b e s a v e d if t h e e xi sti n g 

f o s sil f u el - fir e d b oil er c a p a cit y i s el e ctri fi e d[,] ” 

r e d u ci n g t ot al e n er g y d e m a n d fr o m U. S. i n d u stri al 

c o m b u sti o n b oil er s b y 21 p er c e nt. 9 0

O p e r a ti o n al C o n si d e r a ti o n s. El e ctri c r e si st a n c e 

b oil er s, u nli k e m a n y h e at p u m p s, d o n ot r e q uir e 

w a st e h e at fr o m ot h er pr o c e s s e s, 91  b ut al s o 

g e n er all y h a v e l o w er e ffi ci e n ci e s t h a n i n d u stri al 

h e at p u m p s d u e t o t hi s f a ct. B e c a u s e el e ctri c 

b oil er s d o n ot h a v e a c o m b u sti o n pr o c e s s, t h e y 

t y pi c all y r e q uir e l e s s m ai nt e n a n c e. F urt h er, l a c k of 

c o m b u sti o n e q ui p m e nt al s o m e a n s t h at t h e y d o n ot 

r e q uir e “ o n sit e p oll uti o n a b at e m e nt, c o m b u sti o n 

a c c e s s ori e s, s u c h a s t a n k s, f u el li n k s, a n d e x h a u st 

fl u e s, or e x p e n si v e c o m b u sti o n i n s p e cti o n.” 9 2

C o s t C o n si d e r a ti o n s. T h e pri c e of el e ctri cit y i s a n 

i m p ort a nt f a ct or w h e n e v al u ati n g t h e e c o n o mi c s 

of a n el e ctri c r e si st a n c e b oil er c o m p ar e d t o a 

g a s alt er n ati v e. 9 3  El e ctri c r e si st a n c e b oil er s o nl y 

h a v e a n a p pr o xi m at el y 1 5 p er c e nt e ffi ci e n c y 

a d v a nt a g e o v er g a s b oil er s. 9 4  A s a r e s ult, t h e l o w 

c o st of m et h a n e g a s c a n e a sil y o ff s et a n y e ffi ci e n c y 

g ai n s. A c c or di n g t o t h e U. S. E n er g y I nf or m ati o n 

A d mi ni str ati o n, t h e a v er a g e r et ail pri c e of el e ctri cit y 

w a s al m o st t hr e e ti m e s t h at of m et h a n e g a s f or 

i n d u stri al c u st o m er s i n 2 0 2 2 — a n d g a s pri c e s w er e 

n ot a bl y hi g h t h at y e ar. 9 5  I n C alif or ni a, t h e di ff er e n c e 

b et w e e n el e ctri c a n d g a s r at e s i s e v e n m or e s e v er e. 

C alif or ni a’ s “ s p ar k g a p,” t h e t er m of art a p pli e d t o 

t h e m ulti pli er b et w e e n el e ctri c a n d g a s r at e s, i s 

n e arl y fi v e i n C alif or ni a. 

Fi n a n ci al b arri er s ar e t h e bi g g e st h ur dl e t o br o a d er 

a d o pti o n of el e ctri c r e si st a n c e b oil er s. C urr e ntl y, 

el e ctri c b oil er s m a k e u p o nl y a s m all m ar k et s h ar e 

i n b ot h t h e U. S. a n d gl o b al i n d u stri al s e ct or s. F or 

i n st a n c e, a s of 2 01 8, el e ctri c b oil er s a c c o u nt e d 

f or o nl y 2 p er c e nt of U. S. st e a m g e n er ati o n i n 

m a n uf a ct uri n g. 9 6  A n al y s e s h a v e c o n cl u d e d t h at f or 

el e ctri c r e si st a n c e b oil er s t o e c o n o mi c all y c o m p et e 

wit h t h eir f o s sil f u el c o u nt er p art s, b ot h t h e pri c e of 

el e ctri cit y w o ul d n e e d t o d e cr e a s e a n d t h e pri c e of 

m et h a n e g a s i n cr e a s e. 9 7

T h e r m al B a e ri e s 

B a c k g r o u n d. I n r e c e nt y e ar s, c o m p a ni e s s u c h 

a s A nt or a, Br e n mill er E n er g y, El e ctri fi e d T h er m al 

S ol uti o n s, a n d R o n d o h a v e d e v el o p e d “t h er m al 

b a eri e s,” u p d at e s t o tr a diti o n al t h er m al st or a g e 

t e c h n ol o gi e s t h at all o w e n er g y t o b e st or e d a s h e at 

a n d di s c h ar g e d o n - d e m a n d a s eit h er h e at or i n 

s o m e c a s e s, el e ctri cit y. 

L ar g e s c al e t h er m al b a er y a d o pti o n m a y o ff er 

cli m at e a n d e c o n o mi c b e n e fit s t o i n di vi d u al 

b u si n e s s e s, a n d t h e gri d a s a w h ol e 9 8  b y utili zi n g 

c h e a p, a b u n d a nt r e n e w a bl e e n er g y t o c h ar g e 

d uri n g p eri o d s w h e n r e n e w a bl e s u p pl y e x c e e d s 

d e m a n d a n d di s c h ar gi n g d uri n g ti m e s of gri d str e s s. 

T h er m al b a eri e s c o n v ert el e ctri cit y i nt o h e at a n d 

st or e t h at h e at f or e xt e n d e d p eri o d s —r a n gi n g fr o m 
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s e v er al h o ur s t o s e v er al d a y s — d e p e n di n g o n t h e 

d e si g n. M o st s y st e m s u s e i n s ul at e d e n cl o s ur e s 

c o nt ai ni n g m at eri al s wit h hi g h s p e ci fi c h e at 

c a p a cit y, s u c h a s gr a p hit e or sili c o n di o xi d e ( Fi g ur e 

1 0). T h e s p e ci fi c m et h o d of c h ar gi n g a n d h e at 

tr a n sf er v ari e s: s o m e s y st e m s u s e h e at r e si sti v e 

el e m e nt s dir e ctl y e m b e d d e d i n t h e st or a g e m e di u m, 

w hil e ot h er s r el y o n e xt er n al h e at er s, cir c ul ati n g 

g a s e s, or ot h er m e c h a ni s m s t o d eli v er t h er m al 

e n er g y. W h e n h e at i s n e e d e d, air, st e a m, or ot h er 

w or ki n g fl ui d s ar e p a s s e d t hr o u g h a n d ar o u n d t h e 

st or a g e m e di u m t o r e c o v er a n d d eli v er t h e st or e d 

h e at t o i n d u stri al pr o c e s s e s. T h er m al b a eri e s h a v e 

t h e p ot e nti al t o n ot o nl y r e pl a c e l o w -t e m p er at ur e 

pr o c e s s e s b ut al s o m e di u m a n d hi g h -t e m p er at ur e 

pr o c e s s e s, wit h d e m o n str ati o n s a n d pr oj e ct s 

o c c urri n g i n t h e U nit e d St at e s a n d ot h er p art s 

of t h e w orl d. 9 9  T h er m al b a er y m o d el s ar e al s o 

u n d er d e v el o p m e nt t o s u p p ort t e m p er at ur e s of u p 

t o 1 5 0 0 ° C, a t hr e s h ol d t h at c o v er s a p pr o xi m at el y 

7 5 p er c e nt of i n d u stri al pr o c e s s h e at n e e d s i n t h e 

U nit e d St at e s. 1 0 0 

T h er m al b a eri e s c a n b e s u p pli e d wit h el e ctri cit y 

t hr o u g h t w o di ff er e nt m et h o d s: t h e s e el e ctri fi c ati o n 

m et h o d s ar e n ot m ut u all y e x cl u si v e a n d c a n b e 

d o n e si m ult a n e o u sl y. 

T h e fir st m et h o d i s r ef err e d t o a s “ pri c e - h u nti n g,” 

w h er e a b a er y i s c o n n e ct e d t o a n d r e c ei v e s 

el e ctri cit y fr o m t h e gri d. 1 01 B e c a u s e el e ctri cit y pri c e s 

fr o m utiliti e s v ar y t hr o u g h o ut t h e d a y d e p e n di n g 

o n d e m a n d, s u p pl y, c o n g e sti o n, a n d ot h er f a ct or s, 

b u si n e s s e s c a n u s e t h er m al b a eri e s t o p arti ci p at e 

i n pri c e ar bitr a g e, c a pt uri n g h e at i n t h e b a er y 

d uri n g p eri o d s of t h e d a y w h e n el e ctri cit y pri c e s ar e 

l o w a n d t h e n r el e a si n g t h e h e at w h e n it i s n e e d e d 

b ut el e ctri cit y pri c e s m a y b e hi g h. Alt h o u g h t hi s 

c a n al s o b e a c c o m pli s h e d wit h tr a diti o n al lit hi u m -

i o n b a eri e s, t h er m al b a eri e s h a v e b e e n s h o w n 

t o h a v e si g ni fi c a ntl y l o w er c a pit al c o st s, a n d ar e 

t h er ef or e a p pr o pri at e f or i n d u stri e s w h er e c h e mi c al 

b a eri e s ar e n ot a g o o d c h oi c e fi n a n ci all y. 1 0 2 T hi s i s 

p arti c ul arl y v al u a bl e i n C alif or ni a, w h er e c urt ail e d 

p o w er i s i n cr e a si n g at a n e v e n gr e at er r at e t h a n 

utilit y - s c al e e n er g y d e m a n d s 1 0 3 a n d s ol ar i s b ei n g 

a d d e d t o t h e gri d. 1 0 4

T h e s e c o n d m et h o d i s c all e d “ g e n er ati o n -f oll o wi n g,” 

w h er e t h e b a er y i s h e at e d b y r e n e w a bl e e n er g y 

a n d t h e n r eli e d u p o n f or h e ati n g at ti m e s of t h e d a y 

w h e n r e n e w a bl e e n er g y i s u n a v ail a bl e. 1 0 5 U nli k e 

b a eri e s t h at ar e o p er at e d u si n g t h e pri c e - h u nti n g 

m et h o d, b a eri e s t h at ar e s u p pli e d el e ctri cit y 

t hr o u g h t hi s m et h o d ar e t y pi c all y c o n n e ct e d dir e ctl y 

t o r e n e w a bl e e n er g y s o ur c e s s u c h a s s ol ar p a n el s 

a n d h y dr o el e ctri c d a m s a n d m a y b e sil o e d fr o m 

t h e gri d. T hi s m et h o d c a n r e d u c e el e ctri cit y c o st s 

f or u s er s b y all o wi n g t h e m t o a v oi d p a yi n g f or t h e 

utiliti e s’ el e ctri cit y tr a n s mi s si o n i nfr a str u ct ur e.

T h er e ar e m a n y o pti o n s f or b u si n e s s e s t o c o m bi n e 

t h e pri c e - h u nti n g a n d g e n er ati o n -f oll o wi n g t h er m al 

b a er y el e ctri fi c ati o n m et h o d s, all o wi n g fl e xi bl e 

i n st all ati o n p o s si biliti e s f or t h er m al b a eri e s. 1 0 6 

O p e r a ti o n al C o n si d e r a ti o n s. D e s pit e t h eir 

b e n e fit s, t h er e ar e s e v er al p ot e nti al o b st a cl e s t o 

t h e l ar g e - s c al e a d o pti o n of t h er m al b a eri e s i n 

i n d u str y. T h e s e i n cl u d e t h e v ari o u s r at e str u ct ur e s 

a n d r et ail arr a n g e m e nt s t h at e xi st i n p art s of t h e 

U nit e d St at e s t h at i n hi bit i n d u stri al c u st o m er s fr o m 

m o r e e ffi ci e n t  

o n a v e r a g e

t h a n si mil ar f o s sil f u el - b ur ni n g pr o c e s s 
h e ati n g e q ui p m e nt.

El e ctri c i n d u stri al h e at p u m p s ar e 
p arti c ul arl y w ell s uit e d f or l o w t e m p er at ur e 
pr o c e s s e s, wit h d e v el o p m e nt u n d er w a y t o 
r ai s e t h e e ffi ci e nt o p er ati o n of h e at p u m p s 
b e y o n d 2 6 0˚ C.

3 x - 5 x  

S o ur c e: Ri g ht or, et al., I n d u stri al H e at P u m p s: El e ctrif yi n g I n d u str y’ s Pr o c e s s 

H e at S u p pl y, A C E E E ( 2 0 2 2),  h p s: // . a c e e e. or g /r e s e ar c h -r e p or t /i e 2 2 0 1; 

I nt er n ati o n al E n er g y A g e n c y (I E A), T h e F u t ur e of H e at P u m p s: H o w a H e at P u m p 

W or k s ( 2 0 2 2), h p s: // .i e a. or g /r e p or t s / t h e -f u t ur e - of - h e at - p u m p s / h o w - a -

h e at - p u m p - w or k s; D ol a n, et al., E m br a ci n g Cl e a n H e at: O p p or t u ni ti e s f or Z er o -

E mi s si o n I n d u stri al B oil er s, Si err a Cl u b a n d E v er gr e e n C oll a b or ati v e ( 2 0 2 5), h p s: //

. si err a cl u b. or g / si t e s / d ef a ul t / fil e s / 2 0 2 5 0 5 / e m br a ci n g - cl e a n - h e at -r e p or t. p df

Fi g u r e 9. I n d u s t ri al H e a t P u m p s a s a Hi g hl y 
E ffi ci e n t Al t e r n a ti v e.
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a c c e s si n g w h ol e s al e el e ctri cit y (i. e., el e ctri cit y 

s u p pli e d dir e ctl y fr o m a n o n - utilit y e n er g y s er vi c e 

pr o vi d er) a n d e nt eri n g i nt o bil at er al c o ntr a ct s wit h 

r e n e w a bl e e n er g y s u p pli er s.1 0 7 R at e r ef or m s a n d /

or t ar g et e d c h a n g e s t o t h e F e d er al P o w er A ct 

a d dr e s si n g t h er m al b a eri e s c o ul d a d dr e s s t hi s 

i s s u e. H o w e v er, at pr e s e nt, a c c e s s t o w h ol e s al e 

el e ctri cit y m ar k et s i s a c o m pli c at e d pl et h or a of 

v ar yi n g st at e r e q uir e m e nt s. N ot a bl y, a n d pr e s e nti n g 

a p ot e nti al b arri er f or i n d u stri al d e c ar b o ni z ati o n, 

t h er e ar e m a n y st at e s w h er e i n d u stri al c u st o m er s 

c a n a c c e s s w h ol e s al e g a s c o ntr a ct s — wit h 

c o m m e n s ur at e l o w er pri c e s a n d miti g at e d pri c e 

v ol atilit y — b ut n ot w h ol e s al e el e ctri cit y c o ntr a ct s. 1 0 8

C o s t C o n si d e r a ti o n s.  I n s o m e s c e n ari o s, t h er m al 

b a eri e s h a v e b e e n s h o w n t o o ff er b u si n e s s e s 

l o w er h e ati n g pri c e s t h a n c o n v e nti o n al b a er y 

t e c h n ol o g y a n d m u c h l o w er pri c e s t h a n h y dr o g e n. 

F or e x a m pl e, w hil e lit hi u m -i o n b a eri e s c o st s 

a v er a g e d ar o u n d $11 5 / k W h f or e n er g y st or a g e i n 

2 0 2 4, 1 0 9 t h er m al b a eri e s ar e e sti m at e d t o c o st 

ar o u n d $ 2 7 / k W h f or e n er g y st or a g e o v er t h e l o n g 

t er m —i n t er m s of l e v eli z e d c o st of el e ctri cit y.11 0 A s 

s h o w n i n Fi g ur e 11, r e c e nt t ari ff s h a v e si g ni fi c a ntl y 

dri v e n u p t h e c o st of lit hi u m -i o n b a eri e s t o o v er 

$ 3 5 0 / k W h i n 2 0 2 5. F urt h er m or e, t h er m al b a eri e s 

t h at h a v e a c c e s s t o v ari a bl e r at e s e n a bl e pri c e 

h u nti n g a n d c a n h el p u s er s r e ali z e l o w er c o st s t h a n 

t h e y mi g ht ot h er wi s e: a m o d el fr o m 2 0 2 0 u si n g 

El e ctri cit y fr o m
s ol ar a n d wi n d

El e ctri cit y fr o m
t h e el e ctri cit y gri d

E L E C T RI C 
R E SI S T A N C E H E A T E R

I N S U L A T E D 
O U T E R C A SI N G

T H E R M A L S T O R A G E M E DI U M

( e. g. gr a p hit e bl o c k s, sili c o n 
di o xi d e s a n d, et c.

P U M P E D H O T G A S

O R O R

H ot g a s u s e d i n 
i n d u stri al pr o c e s s 
or h e at e x c h a n g er

H e at E xtr a ct e d 
b y o p e ni n g 
s h u er s t o l et o ut 
vi si bl e & i nfr ar e d 
li g ht

I n d u st ri al T h e r m al B a e r y

T h er m al b a eri e s all o w u s er s t o c o n v er t el e ctri ci t y t o h e at a n d st or e t h at h e at f or pr ol o n g e d p eri o d s of ti m e. T h e b a eri e s st or e h e at 

u tili zi n g i n s ul at e d s h ell s fill e d wi t h m at eri al s wi t h hi g h s p e ci fi c h e at c a p a ci t y, s u c h a s gr a p hi t e or sili c o n di o xi d e. W h e n el e ctri ci t y 

r u n s t hr o u g h t h e s h ell s, t h e i nt eri or of t h e b a er y i n cr e a s e s i n t e m p er at ur e a n d r et ai n s t h e h e at. U s er s t h e n a c c e s s t h at h e at b y 

p u m pi n g air or st e a m t hr o u g h t h e b a er y a n d i nt o f a cili ti e s f or a v ari et y of i n d u stri al pr o c e s s e s. 
S o ur c e: E n er g y I n n o v ati o n P oli c y a n d T e c h n ol o g y L L C, I n d u stri al T h er m al B a eri e s: D e c ar b o ni zi n g U. S. I n d u str y W hil e S u p p or ti n g a Hi g h - R e n e w a bl e s Gri d ( 2 0 2 3), a v ail a bl e at 

h p s: // e n er g yi n n o v ati o n. or g / w p - c o nt e nt / u pl o a d s / 2 0 2 3 0 7 1 3 -I n d u stri al - T h er m al - B a eri e s - R e p or t - v 1 3 3 2. p df.

Fi g u r e 1 0. Di a g r a m o f a n I n d u s t ri al T h e r m al B a e r y.
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T e x a s d at a f o u n d t h at f a ciliti e s t h at u s e t h er m al 

b a eri e s c o ul d o bt ai n h e at at l e s s t h a n h alf t h e 

c o st of f a ciliti e s t h at pr o d u c e h e at b y p ur c h a si n g 

w h ol e s al e el e ctri cit y. 111

I n a d diti o n t o o ff eri n g l o w er pri c e s f or h e ati n g, 

t h er m al b a eri e s c a n p ot e nti all y r e d u c e t h e 

fi n a n ci al u n c ert ai nt y of h e ati n g pri c e s c a u s e d b y 

g e o p oliti c s. F or e x a m pl e, b et w e e n 2 01 9 2 0 21 a n d 

R u s si a’ s i n v a si o n of U kr ai n e i n 2 0 2 2, m et h a n e g a s 

pri c e s r o s e fr o m $ 2 – $ 3. 9 0 / M M Bt u t o $ 6. 5 0 –

$ 8. 8 0 / M M Bt u, 11 2 h a m p eri n g b u si n e s s e s’ a bilit y 

t o pr e di ct f ut ur e s p e n di n g o n e n er g y. B e c a u s e 

t h er m al b a eri e s c a n c o n n e ct t o o ff - gri d s o ur c e s 

s u c h a s s ol ar a n d wi n d, t h e y h a v e t h e p o s si bilit y t o 

miti g at e t h e v ol atilit y of b u si n e s s e s’ e n er g y pri c e s, 

C alif or ni a w o ul d n e e d t o e n a ct p oli c y c h a n g e s t o 

t a k e a d v a nt a g e of t hi s c a p a cit y.

G r e e n H y d r o g e n

B a c k g r o u n d. Gr e e n h y dr o g e n i s o e n pr o m ot e d 

a s a k e y s ol uti o n f or i n d u stri al d e c ar b o ni z ati o n, 

p arti c ul arl y, b ut n ot e x cl u si v el y, i n pr o c e s s e s 

w h er e dir e ct el e ctri fi c ati o n i s n ot y et t e c h ni c all y 

or e c o n o mi c all y vi a bl e. A s a z er o - c ar b o n f u el 

a n d f e e d st o c k, it o ff er s p ot e nti al f or s o m e hi g h -

t e m p er at ur e pr o c e s s e s.11 3 H o w e v er, s e v er al 

c h all e n g e s c o n str ai n it s br o a d er u s e a cr o s s 

i n d u str y a n d li mit it s pr a cti c alit y f or m a n y i n d u stri al 

a p pli c ati o n s i n C alif or ni a. T h e s e li mit ati o n s ar e 

p arti c ul arl y a c ut e f or l o w a n d m e di u m -t e m p er at ur e 

i n d u stri al pr o c e s s h e at e q ui p m e nt t h at c a n b e 

el e ctri fi e d.

C alif or ni a’ s i n d u stri al e mi s si o n s pr o fil e a n d t h e 

a v ail a bilit y of m or e e a sil y a c c e s si bl e el e ctri fi c ati o n 

t e c h n ol o gi e s li mit t h e r el e v a n c e of h y dr o g e n a s a 
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( A pril 1 0)

Pr e - Tr u m p 
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1 2 5 % t ari ff 
( A pril 9)

1 0 4 % t ari ff 
( A pril 9)

5 4 % t ari ff 
( A pril 2)

S o ur c e: Bl o o m b er g N E F

Fi g u r e 1 1. C o s t O u tl o o k f o r U S F o u r - H o u r T u r n k e y B a e r y E n e r g y S t o r a g e S y s t e m s b y T a ri ff o n C hi n e s e 
I m p o r t s. 
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d e c ar b o ni z ati o n str at e g y f or m o st of C alif or ni a’ s 

i n d u stri al s e ct or. R e s e ar c h er s h a v e i d e nti fi e d a 

n arr o w s et of i n d u stri al a p pli c ati o n s, i. e., pr o c e s s e s, 

w h er e gr e e n h y dr o g e n i s g e n ui n el y n e e d e d a n d 

di ffi c ult t o s u b stit ut e: r e pl a ci n g f o s sil - d eri v e d 

h y dr o g e n i n oil r e fi ni n g a n d a m m o ni a pr o d u cti o n, 

e n a bli n g gr e e n st e el pr o d u cti o n vi a dir e ct r e d u c e d 

ir o n ( D RI), a n d s er vi n g a s a f e e d st o c k i n s el e ct 

c h e mi c al pr o c e s s e s. 11 4 I n t h e s e c o nt e xt s, h y dr o g e n 

s er v e s n ot o nl y a s a f u el b ut al s o a s a criti c al 

c h e mi c al c o m p o n e nt wit h f e w vi a bl e alt er n ati v e s. 

H o w e v er, C alif or ni a’ s i n d u stri al pr o fil e di ff er s 

s u b st a nti all y fr o m t h e r e st of t h e c o u ntr y, li miti n g 

t h e a p pli c ati o n of h y dr o g e n h er e i n t h e G ol d e n 

St at e. A l ar g e s e g m e nt of t h e st at e’ s e mi s si o n s 

ar e i n s u b s e ct or s s u c h a s f o o d a n d b e v er a g e 

pr o c e s si n g a n d li g ht m a n uf a ct uri n g — i n d u stri e s 

t h at r el y pri m aril y o n l o w - a n d m e di u m -t e m p er at ur e 

h e at a n d t h at ar e w ell - s uit e d t o dir e ct el e ctri fi c ati o n 

u si n g c o m m er ci all y a v ail a bl e i n d u stri al pr o c e s s 

h e at t e c h n ol o gi e s. 11 5 A n d w hil e oil r e fi ni n g r e m ai n s a 

si g ni fi c a nt s o ur c e of e mi s si o n s, t h e st at e a n d ot h er 

st a k e h ol d er s ar e p ur s ui n g s e p ar at e p oli c y p at h w a y s 

t o a d dr e s s t h e tr a n siti o n of oil r e fi ni n g, i n cl u di n g a 

r e d u cti o n i n oil u s e. 

O p e r a ti o n al C o n si d e r a ti o n s. T h er e ar e ot h er 

t hr e s h ol d i s s u e s wit h h y dr o g e n t h at li mit it s 

utilit y f or i n d u stri al d e c ar b o ni z ati o n. F or o n e, it s 

d e c ar b o ni z ati o n p ot e nti al i s c urr e ntl y t h e or eti c al. 

Pr o d u ci n g gr e e n h y dr o g e n t hr o u g h el e ctr ol y si s 

r e q uir e s si g ni fi c a nt a m o u nt s of el e ctri cit y, a n d if 

n ot c ar ef ull y m a n a g e d, t hi s a d diti o n al l o a d c a n 

it s elf str ai n t h e gri d a n d i n cr e a s e gr e e n h o u s e 

g a s e mi s si o n s. 11 6 If h y dr o g e n i s pr o d u c e d u si n g 

p o w er dir e ctl y fr o m t h e gri d, wit h o ut m e eti n g t h e 

st a n d ar d s of a d diti o n alit y, r e gi o n alit y, a n d t e m p or al 

m at c hi n g, ( pri n ci pl e s d e si g n e d t o e n s ur e t h at gr e e n 

h y dr o g e n i s tr ul y p o w er e d b y n e w, cl e a n e n er g y 

r at h er t h a n di v ert e d fr o m e xi sti n g s u p pl y), it c a n 

l e a d t o gr e at er r eli a n c e o n f o s sil -f u el e d g e n er ati o n 

a n d e v e n dr a m ati c all y i n cr e a s e gr e e n h o u s e g a s 

e mi s si o n s. 11 7 F or e x a m pl e, if h y dr o g e n i s pr o d u c e d 

wit h s ol ar e n er g y t h at w o ul d h a v e b e e n st or e d a n d 

di s p at c h e d d uri n g h o ur s of p e a k d e m a n d, t h at gri d 

di s pl a c e m e nt of r e n e w a bl e r e s o ur c e s w o ul d r e s ult 

i n hi g h er r at e s a n d hi g h er e mi s si o n s d u e t o t h e 

i n cr e a s e d n e e d t o r u n g a s p e a k er pl a nt s t o s er v e 

u n m et d e m a n d.

C o m p o u n di n g t hi s gri d c o n c er n i s h y dr o g e n’ s 

i n e ffi ci e n c y a s a n e n er g y c arri er: c o n v erti n g 

el e ctri cit y i nt o h y dr o g e n a n d t h e n b a c k i nt o h e at 

or p o w er e nt ail s si g ni fi c a nt e n er g y l o s s e s at e a c h 

st e p. A r e p ort fr o m E art hj u sti c e n ot e s, “it will al w a y s 

b e m or e e ffi ci e nt t o r el y fir st o n t h e dir e ct u s e of 

r e n e w a bl e el e ctri cit y w h er e v er it i s p o s si bl e t o d o 

s o, r at h er t h a n c o n v ert t h at el e ctri cit y i nt o h y dr o g e n 

b ef or e u si n g it a s a n e n er g y s o ur c e.” 11 8 Dir e ct 

el e ctri fi c ati o n, b y c o ntr a st, i s f ar m or e e ffi ci e nt 

b e c a u s e v er y li l e e n er g y i s l o st d uri n g el e ctri c 

d eli v er y a s o p p o s e d t o c o m b u sti o n. A cr o s s di ff er e nt 

a p pli c ati o n s, el e ctri fi c ati o n u s e s t w o t o t e n ti m e s 

l e s s el e ctri cit y t h a n h y dr o g e n.11 9 E n er g y I n n o v ati o n 

n ot e s t h at “ m e eti n g i n d u stri al h e at d e m a n d b y 

f or mi n g a n d b ur ni n g gr e e n h y dr o g e n w o ul d 

i n cr e a s e el e ctri cit y d e m a n d b y 7. 8 P W h, al m o st 

t wi c e a s m u c h a s i n t h e s c e n ari o r el yi n g h e a vil y o n 

dir e ct el e ctri fi c ati o n, e q ui v al e nt t o a 3. 7 p er c e nt 

a n n u al gr o wt h r at e o v er 3 0 y e ar s.” 1 2 0 

I n C alif or ni a, w h er e r e n e w a bl e b uil d o ut m u st 

alr e a d y a c c el er at e dr a m ati c all y t o m e et b ot h 

S B 1 0 0 g o al s a n d d e m a n d fr o m b uil di n g a n d 

tr a n s p ort ati o n el e ctri fi c ati o n, l ar g e - s c al e h y dr o g e n 

pr o d u cti o n ri s k s c o m p eti n g f or li mit e d cl e a n e n er g y 

r e s o ur c e s, r ai si n g q u e sti o n s a b o ut o p p ort u nit y 

c o st s, e mi s si o n s i m p a ct s, a n d l o n g -t er m gri d 

r eli a bilit y. All t hi s c all s f or pri oriti zi n g dir e ct 

el e ctri fi c ati o n w h er e v er f e a si bl e a n d r el yi n g o n 

gr e e n h y dr o g e n a s a f u el of l a st r e s ort f or i n d u str y.

E v e n if gr e e n h y dr o g e n w er e d e pl o y e d s el e cti v el y, 

s c ali n g u p h y dr o g e n i nfr a str u ct ur e r e m ai n s a 

si g ni fi c a nt b arri er t o a c hi e vi n g a m e a ni n gf ul i m p a ct 

i n C alif or ni a. O n e e sti m at e, citi n g t h e C alif or ni a 

Air R e s o ur c e s B o ar d’ s ( C A R B) 2 0 2 2 S c o pi n g 

Pl a n, s u g g e st s t h at t h e st at e w o ul d n e e d t o gr o w 

it s h y dr o g e n s u p pl y b y 1, 7 0 0 -f ol d t o m e et f ut ur e 

d e m a n d i n s e ct or s of t h e e c o n o m y e x cl u di n g 

p o w er. 1 21 R e a c hi n g t h at s c al e w o ul d r e q uir e n ot 

o nl y m a s si v e i n v e st m e nt s i n el e ctr ol y z er s b ut al s o 

a p ar all el e x p a n si o n of cl e a n el e ctri cit y g e n er ati o n, 
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w at er a c c e s s, st or a g e i nfr a str u ct ur e, a n d 

tr a n s mi s si o n c a p a cit y. A s of t h e ti m e of writi n g, t h e 

c urr e nt Tr u m p A d mi ni str ati o n h a s a n n o u n c e d t h at 

it i s c a n c eli n g t h e pr e vi o u sl y a p pr o v e d h y dr o g e n 

h u b i n C alif or ni a, w hi c h, if fi n ali z e d, w o ul d f urt h er 

d e cr e a s e t h e f e a si bilit y of h y dr o g e n a s a pri m ar y 

cli m at e miti g ati o n str at e g y. 1 2 2 T h e s e c o n str ai nt s 

f urt h er r ei nf or c e t h e c a s e f or tr e ati n g h y dr o g e n 

a s a s c ar c e a n d str at e gi c r e s o ur c e, n ot a br o a dl y 

a p pli c a bl e i n d u stri al f u el.

S a f e t y. P ur e h y dr o g e n c a n’t b e s af el y tr a n s p ort e d 

t hr o u g h e xi sti n g m et al g a s pi p eli n e s b e c a u s e 

it d e gr a d e s a n d e m bri l e s t h e st e el, m a ki n g it 

m or e pr o n e t o l e a k s. T o e n a bl e pi p eli n e tr a n s p ort, 

h y dr o g e n i s c o m m o nl y bl e n d e d wit h g a s. A c c or di n g 

t o a 2 0 2 2 st u d y b y t h e C alif or ni a P u bli c Utilit y 

C o m mi s si o n, o nl y bl e n d s of n o m or e t h a n 5 

p er c e nt h y dr o g e n ar e s af e, a s bl e n di n g b e c o m e s 

c o n c er ni n g a s h y dr o g e n a p pr o a c h e s 5 % b y v ol u m e, 

w hi c h m e a n s t h at n e arl y all e xi sti n g m et h a n e g a s 

will c o nti n u e t o fl o w if C alif or ni a u s e d h y dr o g e n 

t o sli g htl y r e d u c e t h e c ar b o n i nt e n sit y of pi p eli n e 

g a s. 1 2 3 W h e n c o m b u st e d, h y dr o g e n pr o d u c e s 

h e alt h - h ar mi n g nitr o g e n o xi d e s, w hi c h c a n d a m a g e 

r e s pir at or y air w a y s a n d ar e alr e a d y a h e alt h h a z ar d, 

di s pr o p orti o n at el y i n c o m m u niti e s of c ol or. 1 2 4 Fi n all y, 

st u di e s s h o w t h at c o m b u sti n g e v e n gr e e n h y dr o g e n 

c a n l e a d t o hi g h er N O x e mi s si o n s c o m p ar e d t o 

m et h a n e g a s, w hi c h w o ul d f ail t o r e ali z e t h e p u bli c 

h e alt h a n d e q uit y c o - b e n e fit s ot h er wi s e a c hi e v e d 

b y d e c ar b o ni z ati o n t hr o u g h el e ctri fi c ati o n. 1 2 5,1 2 6 

C o s t C o n si d e r a ti o n s. Gr e e n h y dr o g e n i s e x p e n si v e 

t o pr o d u c e, m o stl y b e c a u s e el e ctr ol y si s i s a v er y 

e n er g y -i nt e n si v e pr o c e s s. J u st t o r e pl a c e t h e 

c urr e nt u s e of gr a y (i. e. pr o d u c e d wit h c ar b o n 

i nt e n si v e s o ur c e s) h y dr o g e n wit h gr e e n w o ul d t a k e 

m or e t h a n fi v e ti m e s t h e a m o u nt of wi n d, s ol ar, a n d 

g e ot h er m al p o w er t h at t h e U nit e d St at e s pr o d u c e d 

all l a st y e ar. El e ctr ol yti c h y dr o g e n i s s o e x p e n si v e 

t h at t h e Cl e a n Air T a s k F or c e f o u n d i n 2 0 2 4 t h at it s 

l e v eli z e d c o st of st or a g e w a s n e arl y t hr e e ti m e s t h e 

l e v eli z e d c o st of st or a g e f or b a er y st or a g e. 1 2 7 

N o n e of t hi s i s t o s u g g e st t h at gr e e n h y dr o g e n h a s 

n o r ol e t o pl a y i n C alif or ni a. I n c ert ai n i n d u stri al 

pr o c e s s e s t h at r e q uir e hi g h -t e m p er at ur e h e at 

a n d c a n n ot b e el e ctri fi e d — w hi c h ar e b e c o mi n g 

f e w er wit h t h e a v ail a bilit y of hi g h -t e m p er at ur e 

h e at t e c h n ol o gi e s li k e el e ctri c ar c s a n d pl a s m a 

t or c h e s — or w h er e h y dr o g e n s er v e s a s a n 

irr e pl a c e a bl e c h e mi c al i n p ut, t h e f u el m a y pr o v e t o 

b e t h e b e st d e c ar b o ni z ati o n p at h w a y. H o w e v er, t h e 

st at e’ s u ni q u e i n d u stri al pr o fil e, li mit e d r e n e w a bl e 

c a p a cit y, a n d t h e ri s k s a s s o ci at e d wit h i n cr e a s e d 

f o s sil f u el g e n er ati o n u n d er s c or e t h e n e e d f or a 

hi g hl y s el e cti v e a n d t ar g et e d a p pr o a c h t o h y dr o g e n 

d e pl o y m e nt — o n e gr o u n d e d i n e ffi ci e n c y, e q uit y, 

a n d e mi s si o n s i m p a ct. 

U ni q u e O p p o r t u ni t y f o r I n d u s t ri al 
El e c t ri fi c a ti o n
Pil o t P r oj e c t s

A s of 2 0 2 2, o nl y a b o ut fi v e p er c e nt of i n d u stri al 

pr o c e s s h e at w a s p o w er e d b y el e ctri cit y 

n ati o n wi d e. 1 2 8 O v er t h e l a st c o u pl e of y e ar s, 

h o w e v er, t h er e h a v e b e e n a n u m b er of pil ot a n d 

d e m o n str ati o n pr oj e ct s ai m e d at d e c ar b o ni zi n g 

i n d u stri al pr o c e s s h e at o p er ati o n s, m a n y of w hi c h 

h a v e b e e n m a d e p o s si bl e b y p u bli c i n v e st m e nt s 

li k e t h e N e w Y or k St at e E n er g y R e s e ar c h & 

D e v el o p m e nt A ut h orit y’ s C o m m er ci al & I n d u stri al 

C ar b o n C h all e n g e a n d t h e C alif or ni a E n er g y 

C o m mi s si o n’ s I n d u stri al D e c ar b o ni z ati o n a n d 

I m pr o v e m e nt of Gri d O p er ati o n s Pr o gr a m.1 2 9 

A C E E E’ s el e ctri c h e at t e c h n ol o gi e s i n st all ati o n s 

m a p, fir st p u bli s h e d i n F e br u ar y 2 0 2 5, s h o w s 

o v er a d o z e n of t h e s e pr oj e ct s alr e a d y i n pl a c e, 

wit h a n ot h er t w o d o z e n or s o pl a n n e d a cr o s s t h e 

U. S. 1 3 0 I n C alif or ni a, t h er e ar e f o ur a cti v e i n d u stri al 

h e at p u m p pr oj e ct s f or t h e d air y i n d u str y, a s 

w ell a s t w o a cti v e t h er m al b a er y pr oj e ct s f or a 

v ari et y of i n d u stri e s. A cr o s s t h e c o u ntr y, s e v er al 

i n d u stri al h e at p u m p pr oj e ct s w er e pl a n n e d f or 

f o o d pr o c e s si n g, s u c h a s i c e cr e a m a n d ot h er d air y 

m a n uf a ct uri n g, a n d ot h er s e ct or s. 1 31 H o w e v er, it i s 

u n cl e ar w h et h er t h e pl a n n e d pr oj e ct s will c o nti n u e 

d u e t o o n g oi n g I n fl ati o n R e d u cti o n A ct (I R A) f u n di n g 

c ut s.
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I n s h ort, w hil e t h er e ar e c o m m er ci all y a v ail a bl e, 

e ffi ci e nt, a n d e ff e cti v e alt er n ati v e s t o f o s sil f u el -

fir e d b oil er s a n d pr o c e s s h e at er s, u pt a k e of t h e s e 

t e c h n ol o gi e s r e m ai n s sl o w.1 3 2 F or e x a m pl e, t h e 

I nt er n ati o n al E n er g y A g e n c y i d e nti fi e s a n u m b er 

of b arri er s t o h e at p u m p a d o pti o n, i n cl u di n g 

u pfr o nt c a pit al a n d i n st all ati o n c o st s, d e s pit e 

t h eir c o m p etiti v e lif eti m e o p er ati n g c o st s i n s o m e 

j uri s di cti o n s.1 3 3 I n a d diti o n, gi v e n t h e s u b si di e s 

r e c ei v e d b y t h e g a s i n d u str y, g a s pri c e s ar e 

o e n c h e a p er t h a n el e ctri cit y pri c e s, m a ki n g 

i niti al o p er ati n g c o st s hi g h er f or m a n uf a ct ur er s 

w h o el e ctrif y e arl y. 1 3 4 P oli ci e s t h at e n c o ur a g e 

el e ctri fi c ati o n ar e e s s e nti al t o wi d e s pr e a d 

d e pl o y m e nt of i n d u stri al h e at p u m p s, t h er m al 

b a eri e s, a n d ot h er t e c h n ol o gi e s t h at will all o w t h e 

i n d u stri al s e ct or t o si g ni fi c a ntl y r e d u c e gr e e n h o u s e 

g a s e mi s si o n s a s w ell a s h e alt h - h ar mi n g air 

p oll ut a nt s. 

D e m a n d R e s p o n s e P o t e n ti al 

T h e p ot e nti al t o n ot o nl y el e ctrif y i n d u stri al 

pr o c e s s e s b ut al s o m o v e t h e m i nt o m or e fl e xi bl e 

m o d el s of o p er ati o n i s k e y t o e x p a n di n g a n d 

o pti mi zi n g g e n er ati o n fr o m v ari a bl e r e n e w a bl e 

e n er g y s o ur c e s a n d e n a bli n g a j u st tr a n sf or m ati o n 

S t a t u s I n s t alli n g C o m p a n y L o c a ti o n T y p e o f F a cili t y T e c h n ol o g y

I n Pl a c e Str a u s F a mil y Cr e a m er y  R o h n ert P ar k, C A  F o o d pr o c e s si n g: D air y I n d u stri al h e at p u m p

I n Pl a c e
H ol m e s W e st er n Oil 

C or p.
K er n C o u nt y, C A  E n h a n c e d oil r e c o v er y  H e at B a er y

I n Pl a c e L e pri n o L e m o or e, C A F o o d pr o c e s si n g: D air y I n d u stri al h e at p u m p

I n Pl a c e L e pri n o Tr a c y, C A F o o d pr o c e s si n g: D air y I n d u stri al h e at p u m p

I n Pl a c e
C al gr e n R e n e w a bl e 

F u el s 
Pi xl e y, C A R e fi ni n g / c h e mi c al s  H e at B a er y

Pl a n n e d
N eil J o n e s F o o d 

C o m p a n y
Fir e b a u g h, C A F o o d pr o c e s si n g

I n d u stri al h e at p u m p 

( M V R)

Pl a n n e d P a ci fi c C o a st Pr o d u c er s  W o o dl a n d, C A F o o d pr o c e s si n g
I n d u stri al h e at p u m p 

( M V R)

Pl a n n e d
Hil m ar C h e e s e 

C o m p a n y
Hil m ar, C A F o o d pr o c e s si n g: D air y I n d u stri al h e at p u m p

Pl a n n e d A e m eti s I n c M o d e st o, C A Et h a n ol pr o d u cti o n
I n d u stri al h e at p u m p 

( M V R)

T a bl e 1. C ali f o r ni a P r oj e c t s a t I n d u s t ri al M a n u f a c t u ri n g F a cili ti e s wi t h E xi s ti n g El e c t ri c H e a t 

T e c h n ol o gi e s o r Pl a n s f o r I n s t all a ti o n.

I n C alif or ni a, t h er e ar e f o ur a cti v e i n d u stri al h e at p u m p pr oj e ct s f or t h e d air y i n d u str y, a s w ell a s t w o a cti v e t h er m al b a er y pr oj e ct s 

f or a v ari et y of i n d u stri e s. A n ot h er f o ur i n t h e f o o d pr o c e s si n g a n d c h e mi c al s s e ct or s ar e e x p e ct e d t o i n st all i n d u stri al h e at p u m p s.
S o ur c e: A C E E E. ( n. d.). I n d u stri al El e ctri fi c ati o n A cr o s s t h e U ni t e d S t at e s. h p s: // . a c e e e. or g /i n d u stri al - el e ctri fi c ati o n - a cr o s s - u ni t e d - st at e s
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of t h e e n er g y s y st e m. 1 3 5 A s t h e C P U C h a s 

r e c o g ni z e d, m e eti n g a n d fl a e ni n g p e a k d e m a n d 

w hil e t a ki n g a d v a nt a g e of l o w c o st b ut i nt er mi e nt 

r e n e w a bl e e n er g y r e s o ur c e s i s a c h all e n g e t h at 

c a n b e s ol v e d wit h d e m a n d - si d e m a n a g e m e nt. 1 3 6 

T hi s i n cl u d e s d e m a n d fl e xi bl e r at e d e si g n b ut al s o 

d e m a n d r e s p o n s e ( D R) pr o gr a m s t h at ar e ri p e f or 

i n d u stri al a p pli c ati o n.

T h e L a wr e n c e B er k el e y N ati o n al L a b or at or y h a s 

d e v el o p e d a f o ur - p art fr a m e w or k f or d e m a n d 

r e s p o n s e k n o w n a s S h a p e, S hi , S h e d, a n d 

S hi m m y:

• S h a p e r ef er s t o d e m a n d r e s p o n s e t h at r e s h a p e s 

c u st o m er l o a d pr o fil e s t hr o u g h r at e d e si g n, u si n g 

pri c e si g n al s t o a c hi e v e c u st o m er r e s p o n s e;

• S hi  o c c ur s w h e n e n er g y c o n s u m er s m o v e 

w h e n e n er g y i s c o n s u m e d t o m or e gri d - b e n e fi ci al 

ti m e s of d a y, s u c h a s w h e n t h er e i s a s ur pl u s of 

r e n e w a bl e g e n er ati o n;

• S h e d i n v ol v e s c urt ail e d e n er g y c o n s u m pti o n at 

hi g h gri d - str e s s p eri o d s; a n d

• S hi m m y  i n v ol v e s d y n a mi c all y a dj u sti n g d e m a n d 

t o a v oi d s h ort -t er m gri d str e s s, s u c h a s s h ort -r u n 

r a m p s.1 3 7 

I n d u stri al el e ctri fi c ati o n i s w ell s uit e d f or all f or m s 

of D R a s d e s cri b e d b y B er k el e y, p arti c ul arl y 

“ s hi  D R ” a n d e s p e ci all y if st or a g e t e c h n ol o gi e s 

( e. g., t h er m al b a eri e s or t h er m al st or a g e t a n k s) 

ar e i n c or p or at e d i nt o el e ctri fi c ati o n pr oj e ct s. 1 3 8 

F or e x a m pl e, i n d u stri al c u st o m er s m a y s hi  t h e 

ti mi n g of i n d u stri al pr o c e s s e s t o c orr e s p o n d t o 

ti m e s of s ol ar p h ot o v olt ai c c urt ail m e nt,1 3 9 h el pi n g 

t o e n s ur e t h at i n d u stri al el e ctri fi c ati o n d o e s n ot 

a d d a d diti o n al d e m a n d d uri n g s y st e m p e a k s. T hi s 

w o ul d al s o a d dr e s s r at e a ff or d a bilit y c o n c er n s 

b y s pr e a di n g el e ctri c s y st e m c o st s o v er m or e 

h o ur s, cr e ati n g d o w n w ar d pr e s s ur e o n r at e s a n d 

r e d u ci n g r a m pi n g c o st s, i. e. t h e c o st s of st art u p a n d 

s h ut d o w n of di s p at c h a bl e r e s o ur c e s t o m e et p e a k 

d e m a n d. A d diti o n all y, L a wr e n c e B er k el e y N ati o n al 

L a b or at or y e sti m at e d t h at i n d u stri al pr o c e s s e s h a v e 

t h e l o w e st m e di a n c o st t o i n st all a n d i m pl e m e nt 

s hi - e n a bli n g t e c h n ol o gi e s. 1 4 0 F or t h at r e a s o n, 

i n d u stri al l o a d s ar e c o n si d er e d t o b e a m o n g t h e 

l o w - h a n gi n g fr uit of s hi  r e s o ur c e s.1 41 

A 2 0 0 8 st u d y i d e nti fi e d t h e t o p i n d u stri e s f or D R 

p ot e nti al i n C alif or ni a t o i n cl u d e s a w mill s, p ul p a n d 

p a p er, b a si c c h e mi c al m a n uf a ct uri n g, a n d s e v er al 

t y p e s of f o o d a n d b e v er a g e m a n uf a ct uri n g,1 4 2 w hi c h 

ar e all str o n g c a n di d at e s f or dir e ct el e ctri fi c ati o n 

t o d e c ar b o ni z e. Wit hi n t h e s e i n d u stri e s, pr o c e s s e s 

t h at ar e alr e a d y el e ctri fi e d, s u c h a s m at eri al 

h a n dli n g ( e. g., c o n v e y or s a n d p u m pi n g), cr u s hi n g, 

mi xi n g, a n d m ol di n g w er e i d e nti fi e d a s t o p 

pr o d u cti o n pr o c e s s e s wit h s hi  D R p ot e nti al. 

T h e s e i n d u stri e s a n d pr o c e s s e s ar e li k e t h o s e 

f o u n d i n a l at er st u d y o n t h e p ot e nti al f or i n d u stri al 

D R c o n d u ct e d f or t h e W e st er n I nt er c o n n e ct. 1 4 3 

T a bl e 2 pr e s e nt s a s y nt h e si s of t h e s e t w o st u di e s 

a n d i d e nti fi e s D R -r el e v a nt i n d u stri e s a n d t h eir 

pr o d u cti o n pr o c e s s e s t h at h a v e alr e a d y b e e n 

el e ctri fi e d. 

M a n uf a ct uri n g f a ciliti e s, a s w ell a s w a st e w at er 

tr e at m e nt f a ciliti e s a n d a gri c ult ur al p u m pi n g, 

ar e alr e a d y pr o vi di n g gri d s er vi c e s t hr o u g h 

t h eir p arti ci p ati o n i n e xi sti n g d e m a n d r e s p o n s e 

pr o gr a m s. R e c e nt e sti m at e s f or s hi i n g e xi sti n g 

i n d u stri al l o a d i d e nti fi e d a p ot e nti al of a b o ut 3 

G W h t h at c o ul d b e a c hi e v e d at a c o st e q ui v al e nt t o 

b e hi n d -t h e - m et er b a eri e s i n e a c h of t h e S o ut h er n 

C alif or ni a E di s o n a n d P a ci fi c G a s & El e ctri c s er vi c e 

t errit ori e s b y 2 0 3 0.1 4 4 A b o ut h alf of t hi s p ot e nti al 

i s b eli e v e d t o b e i n t h e f o o d a n d b e v er a g e a n d 

“ ot h er m a n uf a ct uri n g ” s e ct or s a n d d o e s n ot r e fl e ct 

i n cr e a s e d l o a d - s hi i n g p ot e nti al fr o m i n d u stri al 

el e ctri fi c ati o n. 1 4 5 

S till, s hi i n g i n d u stri al pr o c e s s e s t o s u p p ort 

i n cr e a si n g v ari a bl e r e n e w a bl e g e n er ati o n o n 

t h e gri d i s a f u n d a m e nt all y n e w a p pr o a c h t o D R. 

B e y o n d r e q uiri n g n e w t e c h n ol o gi e s a n d p oli ci e s t o 

a c hi e v e t h e e sti m at e d s hi  D R p ot e nti al, cr e ati n g 

t hi s s ort of i n d u stri al fl e xi bilit y m a y r e q uir e a d e e p er 

u n d er st a n di n g of t h e r h yt h m s a n d s c h e d ul e s of 

i n d u stri al o p er ati o n s.1 4 6 T h e p a er n s of i n d u stri al 

o p er ati o n s ar e n ot st ati c a n d m a y c h a n g e i n 

r e s p o n s e t o el e ctri fi c ati o n of c or e pr o c e s s e s, 

a s w ell a s i n r e s p o n s e t o br o a d er c h a n g e s i n 

t h e m a k e u p of a ct or s a n d t h eir n et w or k s i n t h e 

i n d u stri al s e ct or a n d o v er all e c o n o m y. R e ali zi n g 

s hi  D R p ot e nti al will i n v ol v e a d dr e s si n g n ot o nl y 
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t e c h n ol o gi c al, e c o n o mi c, a n d r e g ul at or y b arri er s, 

b ut al s o or g a ni z ati o n al, b e h a vi or al, a n d c o m p et e n c e 

b arri er s. 1 4 7 

D y n a mi c R a t e P o t e n ti al

D y n a mi c ( al s o k n o w n a s r e al -ti m e or d e m a n d 

fl e xi bl e) r at e s pr e s e nt a u ni q u e o p p ort u nit y 

f or C alif or ni a’ s i n d u stri al s e ct or t o pr o vi d e gri d 

b e n e fit s. D y n a mi c r at e s a e m pt t o pri c e t h e c o st of 

g e n er ati o n, tr a n s mi s si o n, a n d / or di stri b uti o n m or e 

gr a n ul arl y b a s e d o n c h ar a ct eri sti c s of t h e gri d at 

s p e ci fi c ti m e s or u n d er s p e ci fi c c o n diti o n s, s o t h at 

u s er s wit h r e s p o n si v e t e c h n ol o g y m a y r e s p o n d 

t o ti m e s of gri d str e s s b y r e d u ci n g t h eir l o a d a n d 

i n v er s el y r e s p o n d t o ti m e s of l o w gri d c o st s b y 

i n cr e a si n g l o a d.1 4 8 D y n a mi c r at e s g o b e y o n d p e a k 

r at e s b y tr a c ki n g t h e pri c e of el e ctri cit y i n r e al ti m e 

( or cl o s e t o). A s d y n a mi c r at e s d e v el o p, h o w t o 

i n c or p or at e l o c ati o n al m ar gi n al pri ci n g at t h e n o d e, 

w h ol e s al e tr a n s mi s si o n c o st s, a n d ot h er i s s u e s will 

n e e d t o b e a d dr e s s e d. S o m e i n d u stri al c u st o m er s 

ar e u ni q u el y p o siti o n e d t hr o u g h el e ctri fi c ati o n 

a n d d y n a mi c r at e s t o b ot h s a v e m o n e y o n e n er g y 

bill s w hil e al s o pr o vi di n g s u b st a nti al gri d b e n e fit s. 

P art II will di s c u s s i n d e pt h r e c o m m e n d ati o n s 

f or r at e str u ct ur e s t h at pr o vi d e gri d b e n e fit s 

e ff e cti v el y a n d e ffi ci e ntl y w hil e e n a bli n g i n d u stri al 

el e ctri fi c ati o n.

C alif or ni a h a s alr e a d y s e e n s o m e s u c c e s s i n 

l ar g e c o m m er ci al p arti ci p ati o n i n d y n a mi c r at e s. 

P a ci fi c G a s & El e ctri c’ s V all e y Cl e a n E n er g y pil ot, 

w hi c h w a s r e c e ntl y o p e n e d u p t o all c o m m er ci al 

a n d i n d u stri al c u st o m er s, o ff er s i n c e nti v e s t o 

a gri c ult ur al c u st o m er s f or s hi i n g l o a d s li k e 

irri g ati o n a n d p u m pi n g t o o ff - p e a k ti m e s.1 4 9 

S o ut h er n C alif or ni a E di s o n’ s d y n a mi c r at e pil ot, 

r e c e ntl y o p e n e d u p t o all b u n dl e d c u st o m er s, 

si mil arl y o ff er e d i n c e nti v e s t o pri c e -r e s p o n si v e 

e n d u s e s li k e v e hi cl e c h ar gi n g, b a eri e s, a n d 

ot h er c o ntr oll a bl e l o a d s. 1 5 0 B ot h pil ot s h a v e 

alr e a d y h a d d e m o n str a bl e s u c c e s s: i n e a c h pil ot, 

p arti ci p a nt s r e d u c e d p e a k - p eri o d e n er g y u s a g e 

b y a b o ut 5 0 p er c e nt. 1 51 I n t h e C P U C’ s d e m a n d 

I n d u s t r y D e m a n d R e s p o n si v e P r o c e s s

S a w mill s S a wi n g, pl a n ni n g

P a p e r C hi p pi n g, d e w at eri n g

F o o d a n d b e v e r a g e P a c k a gi n g

B a si c c h e mi c al m a n u f a c t u ri n g P u m pi n g, mi xi n g

M a c hi n e r y m a n u f a c t u ri n g M et al c u i n g, fi n al a s s e m bl y

A e r o s p a c e p r o d u c t a n d p a r t s m a n u f a c t u ri n g M et al c u i n g, fi n al a s s e m bl y

T a bl e 2. S u m m a r y o f I n d u s t ri e s a n d P r o c e s s e s R el e v a n t f o r D e m a n d R e s p o n s e.

I n d u stri al s e ct or s wi t h el e ctri fi e d pr o c e s s e s t h at c a n c o ntri b u t e t o d e m a n d r e s p o n s e
S o ur c e: M c K a n e, A., et al. ( n. d.). O p p or t u ni ti e s, B arri er s a n d A cti o n s f or I n d u stri al D e m a n d R e s p o n s e i n C alif or ni a. [ F ur t h er p u bli c ati o n d et ail s n e e d e d f or f ull ci t ati o n]; a n d S t ar k e, 

A., Al k a di, A., & M a, Z. ( n. d.). A s s e s s m e nt of I n d u stri al L o a d f or D e m a n d R e s p o n s e a cr o s s U. S. R e gi o n s of t h e W e st er n I nt er c o n n e ct. 
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fl e xi bilit y pr o c e e di n g, t h er e i s a pri m e o p p ort u nit y 

t o e x p a n d t h e s e pil ot s b e y o n d c a p s a n d e xi sti n g 

e n d u s e s. T h e C P U C c a n m arr y d e c ar b o ni z ati o n 

a n d l o a d - s hi i n g o bj e cti v e s b y o ff eri n g i nt elli g e ntl y 

d e si g n e d d y n a mi c r at e s t o i n d u stri al c u st o m er s 

w h o m a y t a k e a d v a nt a g e of t h e s e r e s p o n si v e r at e s 

a n d si m ult a n e o u sl y pr o vi d e gri d b e n e fit s t o all 

c u st o m er s t hr o u g h s hi i n g a n d fl a e ni n g l o a d. 

R a t e / T e c h n ol o g y B a r ri e r s f o r I n d u s t ri al 
El e c t ri fi c a ti o n 

Li k e s hi  D R, el e ctri fi c ati o n of i n d u stri al pr o c e s s 

h e at f a c e s a v ari et y of c h all e n g e s. H o w e v er, 

t e c h ni c al b arri er s ar e l o w f or m o st i n d u stri e s 

a n d a p pli c ati o n s, w hi c h m e a n s t h e r e m ai ni n g 

pri m ar y c h all e n g e s t o el e ctri fi c ati o n ar e r e g ul at or y, 

e c o n o mi c, a n d or g a ni z ati o n al i n n at ur e. 1 5 2 E c o n o mi c 

b arri er s ar e o e n m e nti o n e d b y i n d u str y. T h e c o st 

of el e ctri cit y r el ati v e t o m et h a n e g a s m a y r e s ult i n 

a si g ni fi c a nt i n cr e a s e i n o p er ati n g e x p e n s e s u n d er 

c urr e nt r at e s a n d r e pl a ci n g c o m b u sti o n e q ui p m e nt 

wit h a n el e ctri c alt er n ati v e o e n r e q uir e s a d diti o n al 

u pfr o nt c o st s f or pr o c e s s i nt e gr ati o n. 1 5 3 D e m a n d 

c h ar g e s i n e xi sti n g r at e d e si g n s t h at ar e n ot 

s u p p orti v e of i n d u stri al el e ctri fi c ati o n c a n l e a d t o 

a s u b st a nti al i n cr e a s e i n o p er ati n g e x p e n s e s f or a n 

el e ctri fi c ati o n pr oj e ct. 1 5 4 

I n st e a d of tr e ati n g t h e b arri er s t o el e ctri fi c ati o n a s 

di s cr et e, i n d e p e n d e nt c at e g ori e s, it i s ulti m at el y 

m or e u s ef ul f or e n a bli n g el e ctri fi c ati o n t o 

u n d er st a n d h o w t h e s e b arri er s ar e i nt ert wi n e d. 

F or e x a m pl e, e v e n t h o u g h m a n y el e ctri c h e ati n g 

t e c h n ol o gi e s h a v e b e e n c o m m er ci ali z e d, t h e y 

n e e d t o b e a d a pt e d a n d i nt e gr at e d i nt o i n d u stri al 

pr o c e s s e s t h at h a v e sit e - s p e ci fi c t e c h ni c al a n d 

or g a ni z ati o n al c h ar a ct eri sti c s. T hi s hi g hli g ht s t h e 

i m p ort a n c e of e q ui p m e nt m a n uf a ct ur er s w or ki n g 

cl o s el y wit h i n d u stri al c u st o m er s t o i d e ntif y a n d 

i n c or p or at e t h e s e u ni q u e c o n si d er ati o n s i nt o 

el e ctri fi c ati o n pr oj e ct s. 1 5 5 R e g ul at or s c a n h el p 

a c c el er at e i n d u stri al el e ctri fi c ati o n b y f a cilit ati n g 

i nt er a cti o n s b et w e e n e q ui p m e nt d e v el o p er s 

a n d i n d u stri al u s er s a n d d e v el o pi n g e q ui p m e nt 

st a n d ar d s a n d a n a p pr o pri at el y s kill e d w or kf or c e. 

F or e x a m pl e, i n 2 0 2 4, C A R B a n d t h e S o ut h C o a st 

Air Q u alit y M a n a g e m e nt Di stri ct h el d a j oi nt 

w or k s h o p o n i n d u stri al a n d c o m m er ci al z er o -

e mi s si o n s t e c h n ol o gi e s, w hi c h br o u g ht t o g et h er 

e q ui p m e nt m a n uf a ct ur er s, a c a d e mi c s, e n d - u s er s, 

a n d p oli c y m a k er s. 1 5 6
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P ar t II: I n d u stri al R at e D e si g n A n al y si s f or 
C alif or ni a
I N T R O D U C T I O N

C alif or ni a’ s a m biti o u s cli m at e g o al s r e q uir e t h e 

r a pi d a n d c o m pr e h e n si v e d e c ar b o ni z ati o n of all 

s e ct or s of t h e e c o n o m y, wit h i n d u stri al e mi s si o n s 

r e pr e s e nti n g a criti c al pi e c e of t h e p u z zl e. I n 2 0 2 2, 

ar o u n d 2 0 p er c e nt of t h e st at e’ s gr e e n h o u s e 

g a s e mi s si o n s c a m e fr o m t h e i n d u stri al s e ct or, 

pr e s e nti n g b ot h c h all e n g e s a n d o p p ort u niti e s 

f or t h e st at e’ s g o al t o a c hi e v e c ar b o n n e utr alit y 

b y 2 0 4 5. 1 5 7 W hil e s o m e i n d u stri al pr o c e s s e s t h at 

ar e m or e di ffi c ult t o el e ctrif y m a y r e q uir e c ar b o n 

c a pt ur e or alt er n ati v e f u el s s u c h a s h y dr o g e n t o 

f ull y d e c ar b o ni z e, el e ctri fi c ati o n h ol d s c o n si d er a bl e 

p ot e nti al f or r e d u ci n g e mi s si o n s fr o m i n d u stri al 

pr o c e s s h e at. A s di s c u s s e d i n P art I of t hi s r e p ort, 

a v ari et y of el e ctri c t e c h n ol o gi e s ar e c o m m er ci all y 

a v ail a bl e t o d a y a n d c a n m e et t h e n e e d s of m a n y 

e xi sti n g m a n uf a ct uri n g o p er ati o n s. 

D e s pit e t h e t e c h ni c al f e a si bilit y of i n d u stri al 

el e ctri fi c ati o n, a d o pti o n h a s b e e n li mit e d f or s e v er al 

r e a s o n s. T h e m o st si g ni fi c a nt li mit ati o n i s t h e hi g h 

c o st of el e ctri cit y c o m p ar e d t o w h ol e s al e m et h a n e 

g a s t hr o u g h o ut t h e U nit e d St at e s, w hi c h m a k e s 
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C alif or ni a’ s gr o wi n g s ol ar c a p a ci t y h a s i nt e n si fi e d t h e ‘ d u c k c ur v e,’ w h er e mi d d a y s ol ar g e n er ati o n cr e at e s a di p i n n et l o a d, f oll o w e d 

b y a st e e p e v e ni n g r a m p - u p a s s ol ar pr o d u cti o n dr o p s o ff. 
S o ur c e: I nt er n ati o n al E n er g y A g e n c y, I nt e gr ati n g S ol ar a n d Wi n d: Gl o b al e x p eri e n c e a n d e m er gi n g c h all e n g e s ( 2 0 2 4), a v ail a bl e at  

h p s: //i e a. bl o b. c or e. wi n d o w s. n et / a s s et s / 4 e 4 9 5 6 0 3 7 d 8 b - 4f 8 b - 8 b 6 0 8 9 6 a 5 9 3 6 a 3 1 d /I nt e gr ati n g S ol ar a n d Wi n d. p df.  

N ot e: C AI S O i s t h e C alif or ni a I n d e p e n d e nt S y st e m O p er at or.

Fi g u r e 1 2. G e n e r a ti o n P r o fil e f o r S el e c t e d T e c h n ol o gi e s i n C AI S O — A p ril 3 0, 2 0 2 4.
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t h e u s e of el e ctri cit y f or i n d u stri al pr o c e s s h e at 

e c o n o mi c all y u n a r a cti v e f or i n d u stri al c u st o m er s. 

W hil e t hi s i s a pr o bl e m t hr o u g h o ut t h e c o u ntr y, it i s 

p arti c ul arl y p erti n e nt i n C alif or ni a. El e ctri c r at e s i n 

t h e st at e ar e s o m e of t h e hi g h e st i n t h e c o u ntr y a n d, 

a s i n ot h er r e gi o n s, t h e i n a c c ur at e pri ci n g of g a s 

i m p a ct s t h e c o st c o m p ari s o n.

P art II of t hi s r e p ort e x a mi n e s h o w utilit y r at e 

d e si g n c a n s er v e a s a t o ol t o r e d u c e t h e c o st of 

el e ctri cit y f or i n d u stri al c u st o m er s a n d a c c el er at e 

i n d u stri al el e ctri fi c ati o n i n C alif or ni a, wit h a f o c u s 

o n l e v er a gi n g i n d u stri al c u st o m er s’ l ar g e l o a d s a n d 

o p er ati o n al fl e xi bilit y t o s u p p ort r e n e w a bl e e n er g y 

i nt e gr ati o n a n d t h e e ffi ci e nt u s e of t h e gri d. P art II 

( a) r e vi e w s e xi sti n g i n d u stri al r at e s o ff er e d b y t h e 

C alif or ni a utiliti e s, ( b) pr e s e nt s r e c o m m e n d ati o n s 

f or r at e d e si g n s t h at f a cilit at e f u el - s wit c hi n g a n d 

l o a d fl e xi bilit y, a n d ( c) e x pl or e s c o m pl e m e nt ar y 

p oli ci e s a n d pr o gr a m s t h at c a n w or k s y n er gi sti c all y 

wit h r at e d e si g n t o l o w er t h e c o st of el e ctri cit y 

f or i n d u stri al f a ciliti e s p ur s ui n g el e ctri fi c ati o n 

a n d r e d u c e o v er all s y st e m c o st s f or all el e ctri cit y 

c u st o m er s. T h e r e p ort al s o bri e fl y e x a mi n e s 

p ot e nti al t w e a k s t o t h e Dir e ct A c c e s s fr a m e w or k i n 

C alif or ni a, f or t h e m a n y i n d u stri al c u st o m er s w h o 

s e e k el e ctri cit y t hr o u g h c o ntr a ct e d g e n er ati o n 

r at h er t h a n t hr o u g h r et ail s al e s. Fi n all y, P art II 

e x a mi n e s t h e i n d u stri al s e ct or s i n C alif or ni a wit h t h e 

gr e at e st el e ctri fi c ati o n p ot e nti al a n d q u a nti fi e s t h e 

p ot e nti al e mi s si o n r e d u cti o n s a n d e n er g y s a vi n g s 

fr o m t h e el e ctri fi c ati o n of t h e s e i n d u stri e s.

I N D U S T R I A L R A T E D E S I G N T O 

F A C I L I T A T E F U E L S W I T C H I N G A N D 

L O A D F L E X I B I L I T Y

T h e R ol e o f R a t e D e si g n i n I n d u s t ri al 
El e c t ri fi c a ti o n

Utilit y r at e s c a n b e b ot h a b arri er t o a n d a n e n a bl er 

of i n d u stri al el e ctri fi c ati o n. I n C alif or ni a, t h e hi g h 

c o st of el e ctri cit y r el ati v e t o m et h a n e g a s m e a n s 

t h at t h e e c o n o mi c c a s e f or f u el - s wit c hi n g i s 

e x c e e di n gl y c h all e n gi n g f or i n d u stri al c u st o m er s. 

A er s u c c e s si v e r at e hi k e s i n r e c e nt y e ar s, t h e st at e 

n o w h a s s o m e of t h e hi g h e st el e ctri cit y pri c e s i n 

t h e c o u ntr y, wit h a n a v er a g e pri c e of 1 9. 8 4 c e nt s 

p er kil o w a  h o ur ( k W h) f or i n d u stri al c u st o m er s i n 

M ar c h 2 0 2 5. T hi s i s m or e t h a n d o u bl e t h e n ati o n al 

a v er a g e of 9. 0 6 c e nt s p er k W h. 1 5 8 C urr e nt r at e s 

ar e a r e s ult of dr a m ati c r at e i n cr e a s e s o v er t h e l a st 

s e v er al y e ar s: i n d u stri al el e ctri c r at e s i n C alif or ni a 

i n cr e a s e d b y a p pr o xi m at el y 9 0 p er c e nt b et w e e n 

2 01 0 a n d 2 0 2 3. 1 5 9 Wit h a d diti o n al i nfr a str u ct ur e 

i n v e st m e nt s a n d ri si n g wil d fir e miti g ati o n c o st s, 

r at e s ar e e x p e ct e d t o c o nti n u e t o ri s e i n t h e f ut ur e. 

E v e n wit h t h e i n cr e a s e d e ffi ci e n c y of i n d u stri al h e at 

p u m p s a n d ot h er el e ctri c t e c h n ol o gi e s c o m p ar e d 

t o g a s -f u el e d e q ui p m e nt, el e ctri cit y i s c urr e ntl y n ot 

c o st - c o m p etiti v e wit h m et h a n e g a s a s a f u el s o ur c e 

f or i n d u stri al pr o c e s s h e ati n g.

N e v ert h el e s s, t h e i n cr e a si n g p e n etr ati o n of 

r e n e w a bl e e n er g y i n t h e C alif or ni a gri d cr e at e s n e w 

s y n er gi sti c o p p ort u niti e s f or i n n o v ati v e r at e d e si g n 

t h at c a n s u p p ort b ot h i n d u stri al el e ctri fi c ati o n a n d 

r e n e w a bl e e n er g y i nt e gr ati o n o nt o t h e gri d. T h e 

st at e’ s gr o wi n g s ol ar c a p a cit y h a s i nt e n si fi e d t h e 

“ d u c k c ur v e” p h e n o m e n o n, w h er e mi d d a y s ol ar 

g e n er ati o n cr e at e s a di p i n n et l o a d ( s o m eti m e s 

e v e n s u p pl yi n g m or e p o w er t h a n t h e gri d d e m a n d s 

d uri n g mi d d a y h o ur s) f oll o w e d b y a st e e p i n cli n e 

i n t h e l at e a er n o o n a n d e arl y e v e ni n g w h e n s ol ar 

pr o d u cti o n dr o p s o ff. 1 6 0 A g ai n st t hi s b a c k dr o p, 

t h e a bilit y of i n d u stri al c u st o m er s t o r e s p o n d 

t o d y n a mi c pri c e si g n al s b e c o m e s i n cr e a si n gl y 

v al u a bl e f or b al a n ci n g gri d d e m a n d a n d a v oi di n g 

r e n e w a bl e c urt ail m e nt. 

I n d u stri al c u st o m er s c a n e n a bl e l o a d fl e xi bilit y at 

t h eir f a ciliti e s t hr o u g h a v ari et y of str at e gi e s. S o m e 

c u st o m er s c a n si m pl y s hi  o p er ati o n al s c h e d ul e s 

o ut si d e of p e a k p eri o d s, w hil e ot h er s m a y r e q uir e 

o n - sit e di stri b ut e d e n er g y r e s o ur c e s ( D E R) t o 

u nl o c k l o a d fl e xi bilit y. F or e x a m pl e, i n d u stri al 

h e at p u m p s c a n b e p air e d wit h b a er y st or a g e 

t h at c h ar g e d uri n g o ff - p e a k h o ur s a n d di s c h ar g e 

d uri n g p e a k p eri o d s t o o ff s et a sit e’ s p e a k l o a d. 

Alt er n ati v el y, e xi sti n g f a ciliti e s t h at a d o pt h e at 

p u m p s m a y m ai nt ai n t h eir m et h a n e g a s s er vi c e 

t o s er v e a s b a c k u p, e n a bli n g t h e f a cilit y t o u s e 

el e ctri cit y d uri n g l o w - c o st h o ur s a n d s wit c h t o 

m et h a n e g a s w h e n el e ctri cit y pri c e s ar e hi g h. 
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T h er m al e n er g y st or a g e s y st e m s s u c h a s t h er m al 

b a eri e s, w hi c h u s e el e ctri cit y t o g e n er at e h e at a n d 

st or e t h at h e at f or l at er u s e, c a n e n a bl e e v e n m or e 

d y n a mi c r e s p o n s e s t o pri c e si g n al s.

R at e d e si g n s t h at i n c e nti vi z e l o a d fl e xi bilit y c a n 

b ot h pr o vi d e i n d u stri al c u st o m er s wit h t h e a bilit y t o 

l o w er t h eir bill s, t h er e b y i m pr o vi n g t h e e c o n o mi c s 

of i n d u stri al el e ctri fi c ati o n pr oj e ct s, a n d al s o 

l e v er a g e n e w l o a d fr o m t h e s e c u st o m er s t o i m pr o v e 

s y st e m e ffi ci e n c y. If t hi s n e w l o a d i s i n c e nti vi z e d 

t o a v oi d p eri o d s of p e a k d e m a n d, t h e n i n d u stri al 

el e ctri fi c ati o n c a n h el p p ut d o w n w ar d pr e s s ur e o n 

r at e s f or all c u st o m er s b y e n a bli n g t h e s pr e a d of 

utilit y fi x e d c o st s a cr o s s a l ar g er v ol u m e of s al e s. 1 61

R a t e D e si g n P ri n ci pl e s f o r I n d u s t ri al 
El e c t ri fi c a ti o n

I n 2 0 2 3, t h e C alif or ni a P u bli c Utiliti e s C o m mi s si o n 

( C P U C) a d o pt e d a n e w s et of El e ctri c R at e D e si g n 

Pri n ci pl e s f or t h e a s s e s s m e nt of el e ctri c r at e s f or 

P a ci fi c G a s & El e ctri c ( P G & E), S o ut h er n C alif or ni a 

E di s o n ( S C E), a n d S a n Di e g o G a s & El e ctri c 

( S D G E).1 6 2 T h e r at e d e si g n r e c o m m e n d ati o n s i n t hi s 

r e p ort ar e c o n si st e nt wit h t h e C P U C’ s r at e d e si g n 

pri n ci pl e s a d o pt e d i n t h e d e m a n d fl e xi bilit y d o c k et 

R. 2 2 0 7 0 0 5:

1. R at e s s h o ul d b e b a s e d o n m ar gi n al c o st.

2. R at e s s h o ul d b e b a s e d o n c o st c a u s ati o n.

3. R at e s s h o ul d e n c o ur a g e e c o n o mi c all y e ffi ci e nt 

(i) u s e of e n er g y, (ii) r e d u cti o n of gr e e n h o u s e g a s 

e mi s si o n s, a n d (iii) el e ctri fi c ati o n.

4.  R at e s s h o ul d e n c o ur a g e c u st o m er b e h a vi or s 

t h at i m pr o v e el e ctri c s y st e m r eli a bilit y i n a n 

e c o n o mi c all y e ffi ci e nt m a n n er.

5. R at e s s h o ul d e n c o ur a g e c u st o m er b e h a vi or s t h at 

o pti mi z e t h e u s e of e xi sti n g gri d i nfr a str u ct ur e t o 

r e d u c e l o n g -t er m el e ctri c s y st e m c o st s.

6. R at e s s h o ul d a v oi d cr o s s - s u b si di e s t h at d o n ot 

tr a n s p ar e ntl y a n d a p pr o pri at el y s u p p ort e x pli cit 

st at e p oli c y g o al s.

B uil di n g o n t h e s e pri n ci pl e s, o ur r e c o m m e n d ati o n s 

ai m t o a d v a n c e p u bli c p oli c y g o al s: n a m el y r e d u ci n g 

c ar b o n e mi s si o n s vi a t h e el e ctri fi c ati o n of i n d u stri al 

pr o c e s s h e ati n g, w hil e a v oi di n g cr o s s - s u b si di e s 

a m o n g c u st o m er s — e s p e ci all y fr o m r e si d e nti al 

c u st o m er s, w h o al s o f a c e i n cr e a si n gl y hi g h el e ctri c 

r at e s i n C alif or ni a.

T h e a b o v e pri n ci pl e s h a v e s e v er al i m pli c ati o n s. 

Fir st, Pri n ci pl e s 1 a n d 2 m e a n t h at r at e s m u st 

r e c o v er at l e a st t h e m ar gi n al c o st of s er vi n g a 

c u st o m er’ s l o a d, a n d t h at c u st o m er s s h o ul d n ot b e 

a s si g n e d c o st s f or w hi c h t h e y ar e n ot r e s p o n si bl e. 

I n pr a cti c e, utilit y r at e s t e n d n ot t o b e v er y gr a n ul ar 

a n d o nl y r o u g hl y r e fl e ct s y st e m c o st s at a n y p oi nt i n 

ti m e. Utilit y r at e s c a n t h er ef or e r e s ult i n c u st o m er s 

b ei n g c h ar g e d t o o m u c h or t o o li l e f or u s a g e 

d uri n g l o w - c o st or hi g h - c o st h o ur s. I m pr o v e m e nt s 

t o c o st all o c ati o n pr a cti c e s a n d r at e d e si g n c o ul d 

r e s ult i n l o w er c u st o m er bill s f or c u st o m er s w h o ar e 

a bl e t o a v oi d hi g h - c o st h o ur s.

S e c o n d, Pri n ci pl e s 3 t hr o u g h 5 m e a n t h at 

r at e s s h o ul d pr o m ot e e ffi ci e nt b e h a vi or s u c h 

a s e n c o ur a gi n g c u st o m er s t o s hi  l o a d a w a y 

fr o m p e a k h o ur s, w hi c h c a n r e d u c e t h e n e e d f or 

a d diti o n al i nfr a str u ct ur e t o s er v e n e w d e m a n d 

a n d h el p l o w er r at e s f or all c u st o m er s. T o a c hi e v e 

t hi s, r at e s m u st a c c ur at el y r e fl e ct v ari ati o n s i n 

s y st e m c o st s a n d b e s u ffi ci e ntl y gr a n ul ar t o e n a bl e 

c u st o m er s t o s hi  u s a g e a w a y fr o m hi g h - c o st 

p eri o d s. F or s o p hi sti c at e d c u st o m er s, t hi s m a y 

i n cl u d e a c c e s s t o l o c ati o n al h o url y pri ci n g or si mil ar 

d y n a mi c pri ci n g str u ct ur e s t h at r e w ar d i n cr e a s e d 

c o n s u m pti o n d uri n g l o w - c o st p eri o d s wit h e x c e s s 

r e n e w a bl e g e n er ati o n or e n a bl e t h e u s e of t h er m al 

st or a g e d uri n g hi g h - c o st h o ur s. U nf ort u n at el y, 

m a n y utiliti e s d o n ot o ff er s u c h gr a n ul ar pri ci n g. 

T hi s o mi s si o n li mit s o p p ort u niti e s f or e n er g y pri c e 

ar bitr a g e t h at c o ul d m a k e it m or e a ff or d a bl e f or 

c u st o m er s t o el e ctrif y a n d s u p p ort t h e d e v el o p m e nt 

of t e c h n ol o gi e s t h at f a cilit at e l o a d - s hi i n g w hil e 

al s o h el pi n g t o i nt e gr at e r e n e w a bl e r e s o ur c e s. W e 

di s c u s s o p p ort u niti e s t o o ff er m or e gr a n ul ar r at e s i n 

t h e s e cti o n s t h at f oll o w.

Fi n all y, Pri n ci pl e 6, a d v a n ci n g p u bli c p oli c y 

o bj e cti v e s ( p arti c ul arl y e mi s si o n s r e d u cti o n s) 

i m pli e s t h at r e g ul at or s a n d utiliti e s s h o ul d t a k e 

a cr e ati v e a p pr o a c h t o r at e d e si g n t o e n a bl e 

el e ctri fi c ati o n, g oi n g b e y o n d st a n d ar d r at e 
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d e si g n a p pr o a c h e s. F or e x a m pl e, t h er e m a y b e 

o p p ort u niti e s t o pr o m ot e e mi s si o n s r e d u cti o n s 

a n d el e ctri fi c ati o n t hr o u g h t ar g et e d a n d t e m p or ar y 

di s c o u nt s, si mil ar t o r at e s d e si g n e d t o r et ai n l ar g e 

c u st o m er s o n t h e s y st e m or s u p p ort e c o n o mi c 

d e v el o p m e nt. T h e s e r at e s w o ul d b e d e si g n e d t o 

r e c o v er t h e m ar gi n al c o st of s er vi n g t h e a d diti o n al 

l o a d b ut w o ul d al s o pr o vi d e t e m p or ar y r eli ef fr o m 

e m b e d d e d c o st r e c o v er y o n n e wl y el e ctri fi e d l o a d.

I n d u s t ri al R a t e D e si g n O p ti o n s t o F a cili t a t e 
El e c t ri fi c a ti o n a n d L o a d Fl e xi bili t y

C o n si st e nt wit h t h e pri n ci pl e s d e s cri b e d a b o v e, t h e 

f oll o wi n g s e cti o n pr e s e nt s a m e n u of r at e o pti o n s 

t h at c a n h el p o v er c o m e t h e e c o n o mi c b arri er s t o 

i n d u stri al el e ctri fi c ati o n a n d r e fl e ct t h e gri d b e n e fit s 

t h at fl e xi bl e i n d u stri al l o a d s c a n pr o vi d e. T h e s e r at e 

o pti o n s i n cl u d e:

1. Ti m e - a n d l o c ati o n - di ff er e nti at e d r at e s i n cl u di n g 

ti m e - of - u s e r at e s, criti c al p e a k pri ci n g, r e al -ti m e 

pri ci n g, a n d l o c ati o n al pri ci n g;

2. Alt er n ati v e s t o n o n - c oi n ci d e nt d e m a n d c h ar g e s;

3. I nt err u pti bl e r at e s a n d d e m a n d r e s p o n s e 

pr o gr a m s; a n d

4.  Di s c o u nt r at e s f or el e ctri fi c ati o n l o a d.

W e e v al u at e d e a c h o pti o n b a s e d o n it s p ot e nti al t o 

i m pr o v e t h e e c o n o mi c s of el e ctri fi c ati o n pr oj e ct s 

a n d e n a bl e l o a d fl e xi bilit y, r e c o g ni zi n g t h at di ff er e nt 

a p pr o a c h e s m a y b e m or e s uit a bl e f or di ff er e nt 

i n d u stri al c u st o m er s a n d s e ct or s wit h t h eir o w n 

o p er ati o n al c h ar a ct eri sti c s a n d r e q uir e m e nt s.

Ti m e - a n d L o c a ti o n - Di ff e r e n ti a t e d R a t e s

T h e di stri b uti o n, tr a n s mi s si o n, a n d g e n er ati o n 

c o st s c a u s e d b y e a c h c u st o m er’ s c o n s u m pti o n v ar y 

t e m p or all y a n d g e o gr a p hi c all y. G e n er ati o n c o st s, 

f or e x a m pl e, v ar y b a s e d o n pri c e s i n t h e w h ol e s al e 

m ar k et, wit h hi g h er pri c e s d uri n g p eri o d s wit h hi g h 

d e m a n d a n d l o w er pri c e s d uri n g p eri o d s wit h l o w 

d e m a n d. P eri o d s of l o w d e m a n d al s o h a p p e n t o 

b e t h e s a m e ti m e s w h e n t h e gri d i s t h e cl e a n e st, 

e s p e ci all y i n t h e mi d dl e of t h e d a y w h e n t h er e i s 

a b u n d a nt s ol ar o n t h e gri d. P orti o n s of t h e c o st s t o 

b uil d o ut t h e di stri b uti o n a n d tr a n s mi s si o n s y st e m s 

ar e al s o a s s o ci at e d wit h e n s uri n g s u ffi ci e nt 

i nfr a str u ct ur e t o m e et p e a k d e m a n d, a n d u s a g e 

d uri n g ot h er h o ur s d o e s n ot c o ntri b ut e t o t h e s e 

c o st s. U n d er ti m e - di ff er e nti at e d r at e s, c u st o m er s 

ar e c h ar g e d di ff er e nt pri c e s d uri n g di ff er e nt h o ur s 

or p eri o d s of t h e d a y, r e fl e cti n g t hi s v ari a bilit y i n 

s y st e m c o st s. T h e s e r at e s pr o vi d e el e ctrif yi n g 

i n d u stri al f a ciliti e s wit h t h e o p p ort u nit y t o r e d u c e 

t h eir el e ctri cit y bill s b y s hi i n g l o a d or utili zi n g 

o n - sit e D E R s t o e n a bl e l o a d fl e xi bilit y . E x a m pl e s 

of ti m e - di ff er e nti at e d r at e s (li st e d i n or d er of 

c o m pl e xit y) i n cl u d e t h o s e li st e d b el o w. 

Ti m e - o f - u s e ( T O U) r a t e s:  T O U r at e s ar e a si m pl e 

a n d c o m m o n f or m of ti m e - di ff er e nti at e d r at e s. M o st 

T O U r at e s di ff er e nti at e e n er g y c h ar g e s b et w e e n 

t w o t o t hr e e p eri o d s of t h e d a y, i n cl u di n g a n o n -

p e a k p eri o d, o ff - p e a k p eri o d, a n d p ot e nti all y a 

s h o ul d er p eri o d. S o m e T O U r at e s al s o di ff er e nti at e 

d e m a n d c h ar g e s, w hi c h a p pl y t o t h e c u st o m er’ s 

hi g h e st c o n s u m pti o n d uri n g a s h ort i nt er v al ( e. g., 

1 5 mi n ut e s or o n e h o ur), b et w e e n o n - p e a k a n d 

o ff - p e a k p eri o d s or i n cl u d e d e m a n d c h ar g e s t h at 

o nl y a p pl y t o t h e c u st o m er s’ d e m a n d d uri n g o n -

p e a k h o ur s (i. e., t h e h o ur s i n w hi c h t h e c u st o m er’ s 

d e m a n d i s li k el y t o b e c oi n ci d e nt wit h s y st e m 

p e a k d e m a n d). T O U r at e s c a n a p pl y t o di stri b uti o n, 

tr a n s mi s si o n, a n d g e n er ati o n c o st s. C u st o m er s w h o 

pri m aril y u s e el e ctri cit y d uri n g o ff - p e a k p eri o d s or 
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Fi g u r e 1 3. Ti m e - o f - U s e R a t e s.
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w h o c a n c o n si st e ntl y s hi  l o a d t o o ff - p e a k p eri o d s 

(i n cl u di n g b y u si n g t h er m al b a eri e s, b a c k u p 

m et h a n e g a s s er vi c e, or o n - sit e D E R s) will li k el y 

b e n e fit fr o m T O U r at e s.

C ri ti c al p e a k p ri ci n g ( C P P): C P P i m p o s e s 

si g ni fi c a ntl y hi g h er e n er g y c h ar g e s d uri n g a s m all 

n u m b er of h o ur s e a c h y e ar ( C P P e v e nt s) w h e n 

e n er g y d e m a n d i s at t h e hi g h e st or t h er e i s a gri d 

e m er g e n c y, i n e x c h a n g e f or l o w er r at e s t h e r e st of 

t h e ti m e. C u st o m er s w h o c a n r e d u c e el e ctri cit y 

c o n s u m pti o n d uri n g di s cr et e p eri o d s of gri d 

c o n str ai nt will li k el y s e e l o w er bill s u n d er a C P P 

t ari ff. 

R e al - ti m e p ri ci n g ( R T P):  R T P i s t h e m o st gr a n ul ar 

t y p e of ti m e - di ff er e nti at e d r at e. R T P a p pli e s 

m o st c o m m o nl y t o g e n er ati o n c o st s b ut c a n al s o 

i n c or p or at e tr a n s mi s si o n a n d di stri b uti o n c o st s. 

U n d er R T P, e n er g y c h ar g e s fl u ct u at e t hr o u g h o ut 

t h e d a y ( e. g., h o url y or e v er y 1 5 mi n ut e s) t o r e fl e ct 

w h ol e s al e m ar k et pri c e s (f or st at e s wit h w h ol e s al e 

m ar k et s) or t h e h o url y r u n ni n g c o st of t h e utilit y’ s 

i n cr e m e nt al g e n er ati o n (f or st at e s wit h v erti c all y 

i nt e gr at e d utiliti e s). R T P m a y al s o r e fl e ct h o url y 

tr a n s mi s si o n a n d di stri b uti o n c o st s a s w ell a s 

r eli a bilit y c a p a cit y c o st s. R T P all o w s c u st o m er s 

wit h t h e a bilit y t o d y n a mi c all y a dj u st l o a d b a s e d o n 

h o url y pri c e si g n al s, s u c h a s t h o s e u si n g t h er m al 

b a eri e s or ot h er gri d - fl e xi bl e t e c h n ol o gi e s t o 

r e d u c e t h eir el e ctri cit y bill s. R T P c a n b e f urt h er 

di ff er e nti at e d b a s e d o n l o c ati o n. F or e x a m pl e, 

g e n er ati o n c o st s c a n b e b a s e d o n n o d al L o c ati o n al 

M ar gi n al Pri ci n g ( L M P), w hil e di stri b uti o n c o st s 

c a n b e pri c e d b a s e d o n m ar gi n al c o st s at e a c h 

s u b st ati o n.

B y ali g ni n g r at e s wit h t h e c o st of el e ctri cit y at 

di ff er e nt ti m e s of d a y, ti m e - di ff er e nti at e d r at e s 

al s o h a v e i m pli c ati o n s f or ot h er t e c h n ol o gi e s. F or 

e x a m pl e, ti m e - di ff er e nti at e d pri c e si g n al s c a n h el p 

e n s ur e t h at gr e e n h y dr o g e n el e ctr ol y z er s o p er at e 

d uri n g l o w - c o st p eri o d s a n d d o n ot str ai n t h e gri d 

d uri n g p e a k ti m e s. 
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Fi g u r e 1 5. R e al - Ti m e P ri ci n g.

Fi g u r e 1 4. C ri ti c al P e a k P ri ci n g ( o n E v e n t D a y).
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D e m a n d C h a r g e Al t e r n a ti v e s

E a c h c u st o m er’ s e n er g y c o n s u m pti o n (i n t er m s 

of k W h) a n d d e m a n d (i n t er m s of k W) i m p o s e 

di ff er e nt t y p e s of c o st s o n t h e gri d. E n er g y -r el at e d 

c o st s i n cl u d e f u el -r el at e d c o st s a n d ot h er v ari a bl e 

o p er ati n g c o st s. D e m a n d -r el at e d c o st s ar e t h o s e 

t h at v ar y wit h d e m a n d: g e n er ati o n c a p a cit y c o st s 

ar e l ar g el y dri v e n b y t h e s y st e m p e a k d e m a n d, 

w hil e di stri b uti o n c o st s ar e dri v e n b y a c o m bi n ati o n 

of t h e s y st e m p e a k d e m a n d a n d i n di vi d u al 

c u st o m er s’ p e a k d e m a n d. Utiliti e s m u st b uil d 

a d e q u at e g e n er ati o n c a p a cit y, tr a n s mi s si o n li n e s, 

a n d di stri b uti o n e q ui p m e nt t o h a n dl e t h o s e p e a k s, 

e v e n if m o st of t h e ti m e t h o s e a s s et s sit p arti all y 

i dl e. F or e x a m pl e, a s u b st ati o n or p o w er li n e b uilt t o 

s er v e air - c o n diti o ni n g l o a d s o n t h e h o e st s u m m er 

a er n o o n s mi g ht o p er at e at o nl y a fr a cti o n of it s 

c a p a cit y t h e r e st of t h e y e ar. 

El e ctri cit y r at e s d o n ot al w a y s a c c ur at el y r e fl e ct 

c o st c a u s ati o n. F or e x a m pl e, v ol u m etri c c h ar g e s  

( $ p er k W h) m a y r e c o v er c o st s c a u s e d b y 

c u st o m er s’ t ot al e n er g y c o n s u m pti o n a s w ell a s 

d e m a n d. Si mil arl y, d e m a n d c h ar g e s, w hi c h a p pl y t o 

a c u st o m er’ s m a xi m u m d e m a n d, m a y r e c o v er n ot 

o nl y c o st s c a u s e d b y c u st o m er s’ d e m a n d b ut al s o 

c o st s c a u s e d b y c u st o m er s’ e n er g y c o n s u m pti o n. 

T h e e xt e nt t o w hi c h r at e s r e fl e ct u n d erl yi n g c o st s 

d e p e n d s o n h o w t h e y ar e d e si g n e d. D e m a n d 

c h ar g e s c a n b e di ff er e nti at e d b et w e e n n o n -

c oi n ci d e nt d e m a n d c h ar g e s ( w hi c h a p pl y t o a 

c u st o m er’ s d e m a n d r e g ar dl e s s of w h e n t h at 

d e m a n d o c c ur s) a n d c oi n ci d e nt d e m a n d c h ar g e s 

( w hi c h a p pl y t o a c u st o m er’ s d e m a n d d uri n g s y st e m 

p e a k p eri o d s).

W h et h er a r at e s c h e d ul e r e c o v er s m or e c o st s 

t hr o u g h c oi n ci d e nt d e m a n d c h ar g e s, n o n -

c oi n ci d e nt d e m a n d c h ar g e s, or v ol u m etri c c h ar g e s 

h a s i m pli c ati o n s o n c u st o m er s’ a bilit y t o r e d u c e 

t h eir bill s t hr o u g h l o a d s hi i n g or b y a d o pti n g 

di stri b ut e d g e n er ati o n a n d st or a g e. S p e ci fi c all y, 

n o n - c oi n ci d e nt d e m a n d c h ar g e s c a n a ct a s a b arri er 

t o el e ctri fi c ati o n b y d e pri vi n g c u st o m er s of t h e 

o p p ort u nit y t o r e d u c e t h e c o st of el e ctri cit y t hr o u g h 

l o a d s hi i n g or di stri b ut e d e n er g y r e s o ur c e s. F or 

e x a m pl e, i n Fi g ur e 1 6, a c u st o m er h a s r el ati v el y 

fl at d e m a n d of a p pr o xi m at el y 5 5 0 k W. A d di n g 

s ol ar g e n er ati o n r e d u c e s t h e c u st o m er’ s d e m a n d 

b et w e e n 5 0 0 a m a n d 7 0 0 p m i n t h e s u m m er b ut 

d o e s n ot r e d u c e t h e c u st o m er’ s d e m a n d d uri n g 

ot h er h o ur s. T h u s, t h e c u st o m er’ s d e m a n d c h ar g e 

w o ul d n ot b e r e d u c e d u n d er a n o n - c oi n ci d e nt 

d e m a n d c h ar g e b ut c o ul d b e r e d u c e d u n d er a 

c oi n ci d e nt d e m a n d c h ar g e ( d e p e n di n g o n t h e 

d e fi niti o n of o n - p e a k h o ur s). 

A s s h o w n i n Fi g ur e 1 6, o n - sit e s ol ar s y st e m s o nl y 

g e n er at e el e ctri cit y a n d o n - sit e st or a g e s y st e m s 

o nl y di s c h ar g e el e ctri cit y f or a p orti o n of t h e d a y. 

F or a n i n d u stri al f a cilit y t h at o p er at e s ar o u n d -t h e -

cl o c k wit h e q u al e n er g y c o n s u m pti o n a n d d e m a n d 

d uri n g t h e ni g ht a n d d a y, if t h e f a cilit y t a k e s s er vi c e 

o n a r at e s c h e d ul e wit h hi g h n o n - c oi n ci d e nt 

d e m a n d c h ar g e s a n d l o w v ol u m etri c c h ar g e s, t h e 

o n - sit e s ol ar or st or a g e s y st e m will o nl y h el p t h e 

c u st o m er o ff s et t h e p orti o n of t h eir el e ctri c bill 

a s s o ci at e d wit h v ol u m etri c c h ar g e s. T hi s i s b e c a u s e 

t h e c u st o m er’ s n o n - c oi n ci d e nt bill e d d e m a n d 

c a n n ot b e r e d u c e d u si n g r e s o ur c e s t h at o p er at e 

o nl y f or p art of t h e d a y. T h e c u st o m er w o ul d still 

n e e d t o dr a w p o w er fr o m t h e gri d w h e n s hi i n g 

l o a d t o o ff - p e a k ti m e s or w h e n t h e o n - sit e st or a g e 

s y st e m i s c h ar gi n g. T h u s, t h e c u st o m er w o ul d 

still h a v e t o p a y t h e hi g h d e m a n d c h ar g e f or t h eir 

d e m a n d d uri n g s u c h ti m e s, e v e n if t h er e i s s ur pl u s 

c a p a cit y o n t h e gri d d uri n g t h e h o ur s w h e n t h e 

c u st o m er’ s m a xi m u m d e m a n d o c c ur s.

A d diti o n all y, c oll e cti n g s y st e m p e a k c o st s t hr o u g h 

n o n - c oi n ci d e nt d e m a n d c h ar g e s w e a k e n s t h e 

i n c e nti v e s f or c u st o m er s t o r e d u c e t h eir d e m a n d 

d uri n g h o ur s w h e n t h e s y st e m a s a w h ol e i s p e a ki n g 

( c oi n ci d e nt d e m a n d). N o n - c oi n ci d e nt d e m a n d 

c h ar g e s e n c o ur a g e c u st o m er s t o fl a e n t h eir l o a d 

a cr o s s all of t h e h o ur s of t h e d a y, e v e n if t hi s m e a n s 

s hi i n g l o a d t o p e a k d e m a n d h o ur s w h e n t h e 

s y st e m i s m o st c o n str ai n e d.

T h e u s e of c oi n ci d e nt d e m a n d c h ar g e s 

i n st e a d of n o n - c oi n ci d e nt d e m a n d c h ar g e s 

c a n si g ni fi c a ntl y i m pr o v e t h e f air n e s s of c o st 

all o c ati o n a n d t h e e c o n o mi c s of el e ctri fi c ati o n. 
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C oi n ci d e nt d e m a n d c h ar g e s o nl y a p pl y d uri n g 

p eri o d s w h e n p e a k d e m a n d o n t h e s y st e m i s 

li k el y t o o c c ur a n d ar e u s e d t o r e c o v er c o st s 

a s s o ci at e d wit h s h ar e d i nfr a str u ct ur e o n t h e gri d 

( g e n er ati o n, tr a n s mi s si o n, a n d s o m e di stri b uti o n 

i nfr a str u ct ur e).1 6 3 B e c a u s e c oi n ci d e nt d e m a n d 

c h ar g e s d o n ot a p pl y d uri n g all h o ur s, c u st o m er s 

c a n u s e st or a g e or s ol ar pl u s st or a g e t o r e d u c e t h eir 

d e m a n d d uri n g p e a k d e m a n d p eri o d s. I n c o ntr a st, 

n o n - c oi n ci d e nt d e m a n d c h ar g e s s h o ul d o nl y 

r e c o v er c o st s a s s o ci at e d wit h t h e c u st o m er’ s n o n -

c oi n ci d e nt d e m a n d ( e. g., if t h e c u st o m er i s s er v e d 

b y a d e di c at e d s u b st ati o n b e c a u s e of hi g h n o n -

c oi n ci d e nt d e m a n d). 

C o st s t h at v ar y b a s e d o n c u st o m er s’ e n er g y u s a g e 

a n d n ot d e m a n d s h o ul d b e r e c o v er e d t hr o u g h 

v ol u m etri c c h ar g e s, r at h er t h a n d e m a n d c h ar g e s. 

R at e s t h at r e c o v er m or e c o st s t hr o u g h v ol u m etri c 

c h ar g e s r at h er t h a n d e m a n d c h ar g e s m a y all o w 

c u st o m er s t o r e d u c e t h eir bill s t hr o u g h t h e u s e of 

b e hi n d -t h e - m et er g e n er ati o n, s u c h a s s ol ar.

T o e n s ur e t h at r at e s ar e r e v e n u e n e utr al, a r e d u cti o n 

i n o n e r at e c o m p o n e nt c a n b e o ff s et b y i n cr e a s e s i n 

ot h er r at e c o m p o n e nt s. F or e x a m pl e, a r at e d e si g n 

t h at r e pl a c e s a n o n - c oi n ci d e nt d e m a n d c h ar g e wit h 

a c oi n ci d e nt d e m a n d c h ar g e a n d / or T O U e n er g y 

c h ar g e s w o ul d b e n e fit i n d u stri al f a ciliti e s t h at c a n 

s hi  l o a d o ut of o n - p e a k p eri o d s. 

S e a s o n al R a t e s

A si d e fr o m ti m e of d a y, el e ctri c s y st e m c o st s ar e 

al s o dri v e n b y di ff er e nt u s a g e p a er n s i n di ff er e nt 

s e a s o n s. I n st at e s wit h s u m m er - p e a ki n g el e ctri c 

s y st e m s, w h er e t h e gri d a n d g e n er ati o n r e s o ur c e s 

ar e si z e d t o m e et t h e hi g h e st p e a k d e m a n d i n t h e 

s u m m er, el e ctri cit y c o n s u m pti o n i n t h e wi nt er 

c o ntri b ut e s l e s s t o s y st e m c o st s t h a n el e ctri cit y 

c o n s u m pti o n i n t h e s u m m er. T h u s, r at e s t h at ar e 

n ot s e a s o n all y - di ff er e nti at e d t e n d t o o v er c h ar g e 

c u st o m er s f or wi nt er u s a g e. T hi s hi n d er s t h e 

e c o n o mi c s of i n d u stri al h e at p u m p s, w hi c h t e n d t o 

c o n s u m e m or e el e ctri cit y i n t h e wi nt er d u e t o t h e 

n e e d t o dr a w h e at fr o m l o w er -t e m p er at ur e air or 
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S o ur c e: H y p ot h eti c al i n d u stri al l o a d a n d b e hi n d -t h e - m et er s ol ar g e n er ati o n pr o fil e. T h e s ol ar g e n er ati o n s h a p e i s b a s e d o n s a m pl e h o url y o u t p u t f or J u n e fr o m N R E L’ s P V W a s 

c al c ul at or ( A v ail a bl e at: h p s: // p v w a s. nr el. g o v /). D at a i s f or ill u str ati v e p ur p o s e s o nl y a n d d o n ot r e pr e s e nt a ct u al i n d u str y d at a. 

Fi g u r e 1 6. Ill u s t r a ti v e L o a d P r o fil e wi t h O n - Si t e S ol a r G e n e r a ti o n.
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w at er. I n c o ntr a st, r at e s t h at r e fl e ct hi g h er s y st e m 

c o st s i n t h e s u m m er a n d l o w er s y st e m c o st s i n t h e 

wi nt er will li k el y h el p r e d u c e a n n u al e n er g y c o st s f or 

c u st o m er s w h o el e ctrif y u si n g h e at p u m p s.

D e m a n d M a n a g e m e n t R a t e s a n d P r o g r a m s

Gi v e n t h at si g ni fi c a nt p orti o n s of el e ctri c r at e s ar e 

a s s o ci at e d wit h t h e c o st of m e eti n g p e a k d e m a n d, 

r at e s a n d pr o gr a m s t h at i n c e nti vi z e c u st o m er s t o 

r e d u c e c o n s u m pti o n d uri n g p eri o d s of p e a k d e m a n d 

or gri d c o n str ai nt s c a n b ot h e n a bl e m e a ni n gf ul bill 

r e d u cti o n s f or c u st o m er s w h o ar e a bl e t o d o s o a n d 

pr o vi d e s a vi n g s f or t h e e ntir e s y st e m. C u st o m er s 

w h o c a n d e p e n d a bl y r e d u c e l o a d d uri n g t h e s e 

p eri o d s will b e n e fit fr o m p arti ci p ati o n i n a d e m a n d 

m a n a g e m e nt r at e or pr o gr a m. E x a m pl e s i n cl u d e:

1. Criti c al p e a k pri ci n g ( di s c u s s e d a b o v e).

2. I nt err u pti bl e r at e s: T h e s e r at e s pr o vi d e a r at e 

di s c o u nt t o c u st o m er s w h o c a n r e d u c e l o a d or 

all o w t h e utilit y t o “i nt err u pt ” t h eir l o a d d uri n g 

p eri o d s of gri d c o n str ai nt s. U n d er a n i nt err u pti bl e 

t ari ff, c u st o m er s u s u all y d e si g n at e a n a m o u nt of 

i nt err u pti bl e d e m a n d a n d ar e r e q uir e d t o r e d u c e 

t h eir l o a d b y t h at a m o u nt d uri n g c urt ail m e nt 

e v e nt s. 

3. D e m a n d r e s p o n s e ( D R) pr o gr a m s: T h e s e 

pr o gr a m s pr o vi d e i n c e nti v e p a y m e nt s, i n cl u di n g 

i n t h e f or m of bill cr e dit s, f or c u st o m er s’ l o a d 

r e d u cti o n d uri n g p eri o d s of hi g h d e m a n d or 

gri d e m er g e n ci e s. D e p e n di n g o n t h e pr o gr a m, 

D R p a y m e nt s m a y b e b a s e d o n t h e d e m a n d 

( k W) or e n er g y ( k W h) r e d u c e d c o m p ar e d t o t h e 

c u st o m er’ s b a s eli n e u s a g e. 

R a t e Di s c o u n t s 

It i s c o m m o n pr a cti c e a cr o s s t h e c o u ntr y t o pr o vi d e 

t e m p or ar y r at e di s c o u nt s t o c ert ai n l ar g e i n d u stri al 

c u st o m er s f or t h e p ur p o s e of r et ai ni n g or a r a cti n g 

l o a d a s w ell a s pr o m oti n g e c o n o mi c d e v el o p m e nt. 

S u c h r at e di s c o u nt s h a v e b e e n pr o vi d e d b a s e d o n 

t h e ( p er c ei v e d) c o ntri b uti o n of t h e s e c u st o m er s 

t o t h e l o c al or r e gi o n al e c o n o m y or b e c a u s e t h e 

hi g h e n er g y u s a g e fr o m t h e s e c u st o m er s h el p s 

s pr e a d t h e fi x e d c o st s of t h e s y st e m a cr o s s gr e at er 

v ol u m e s of s al e s, t h er e b y r e d u ci n g r at e s f or ot h er 

c u st o m er s. T h e s a m e a p pr o a c h c a n b e a p pli e d t o 

el e ctri fi c ati o n l o a d, w hi c h al s o h el p s a c hi e v e c ar b o n 

e mi s si o n r e d u cti o n g o al s i n a d diti o n t o pr o vi di n g 

e c o n o mi c b e n e fit s. A s l o n g a s t h e di s c o u nt e d r at e s 

e x c e e d t h e m ar gi n al c o st t o s er v e t h e a d diti o n al 

l o a d, t h e n el e ctri fi c ati o n l o a d will h el p t o r e d u c e 

el e ctri cit y r at e s f or ot h er r at e p a y er s, i n cl u di n g 

r e si d e nti al a n d c o m m er ci al c u st o m er s.

El e ctri fi c ati o n - s p e ci fi c r at e di s c o u nt s c a n b e i n 

t h e f or m of a fl at p er c e nt a g e r e d u cti o n o n t h e 

c u st o m er’ s el e ctri c bill, si mil ar t o m o st e c o n o mi c 

d e v el o p m e nt r at e s. Alt er n ati v el y, t h er e c o ul d b e 

di s c o u nt s o n s p e ci fi c r at e c o m p o n e nt s t h at p o s e a 

n ot a bl e c h all e n g e t o el e ctri fi e d i n d u stri al l o a d, s u c h 

a s d e m a n d c h ar g e s. 

I n o p e ni n g u p e c o n o mi c d e v el o p m e nt di s c o u nt s 

t o i n d u stri al c u st o m er s t h at u s e el e ctri cit y i n st e a d 

of m et h a n e g a s, p oli c y m a k er s m u st b e c ar ef ul t o 

di sti n g ui s h b et w e e n pr o c e s s h e at a p pli c ati o n s a n d 

ot h er l ar g e c u st o m er e n er g y u s e t h at i s el e ctri c b y 

d ef a ult, s u c h a s n e w d at a c e nt er s. R at e di s c o u nt s 

s h o ul d b e li mit e d t o e xi sti n g i n d u stri al f a ciliti e s 

s wit c hi n g fr o m m et h a n e g a s t o el e ctri c, or n e w 

f a ciliti e s c h o o si n g b et w e e n g a s a n d el e ctri cit y if 

t h e y c a n d e m o n str at e or a e st t h at t h e di s c o u nt i s 

a d e ci di n g f a ct or f or t h e f a cilit y t o o pt f or el e ctri cit y. 

E N E R G Y A N D E M I S S I O N S 

B E N E F I T S F R O M I N D U S T R I A L 

E L E C T R I F I C A T I O N

I n d u s t ri e s wi t h Hi g h El e c t ri fi c a ti o n P o t e n ti al

T h e el e ctri fi c ati o n of i n d u stri al pr o c e s s h e at 

pr e s e nt s si g ni fi c a nt o p p ort u niti e s f or r e d u ci n g 

gr e e n h o u s e g a s e mi s si o n s a n d i nt e gr ati n g 

r e n e w a bl e e n er g y i nt o t h e gri d. H o w e v er, n ot 

all i n d u stri e s ar e e q u all y p o siti o n e d t o b e n e fit 

fr o m el e ctri fi c ati o n. S e v er al f a ct or s d et er mi n e a n 

i n d u str y’ s s uit a bilit y f or el e ctri fi c ati o n, i n cl u di n g t h e 

t e m p er at ur e s e g m e nt ati o n of h e at u s e, t h e i m p a ct 

of t h er m al s y st e m d e si g n o n e n er g y e ffi ci e n c y, 

a n d e n er g y c o n s u m pti o n p a er n s. D uri n g t h e e arl y 

st a g e s of i n d u stri al el e ctri fi c ati o n, it i s e s s e nti al t o 

str at e gi c all y t ar g et el e ctri fi c ati o n e ff ort s at s e ct or s 

i n w hi c h it i s c urr e ntl y t e c h ni c all y a n d e c o n o mi c all y 

f e a si bl e t o r e pl a c e f o s sil -f u el - b a s e d e q ui p m e nt 

wit h el e ctri c t e c h n ol o gi e s s u c h a s i n d u stri al h e at 
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p u m p s a n d el e ctri c b oil er s (i. e., s e ct or s wit h l o w er 

t e m p er at ur e r e q uir e m e nt s). 

W hil e t h e s uit a bilit y of di ff er e nt d e c ar b o ni z ati o n 

t e c h n ol o gi e s f or di ff er e nt t e m p er at ur e r a n g e s m a y 

c h a n g e a s t e c h n ol o gi e s e v ol v e, i n d u stri al pr o c e s s 

h e at c a n b e gr o u p e d i nt o l o w, m e di u m, a n d hi g h 

t e m p er at ur e r a n g e s, wit h g e n er all y c orr e s p o n di n g 

el e ctri c a n d ot h er d e c ar b o ni z ati o n t e c h n ol o gi e s. 

F or t h e p ur p o s e s of t hi s a n al y si s a n d t h e a v ail a bilit y 

of d at a b y t e m p er at ur e r a n g e, w e a n al y z e d e n er g y 

u s e wit hi n t h e f oll o wi n g t e m p er at ur e b a n d s f or t h e 

f oll o wi n g t e c h n ol o gi e s:

• < 1 6 0 ° C: I n d u stri al h e at p u m p s ( c o m m er ci all y 

a v ail a bl e t e c h n ol o gi e s).

• 1 6 0 2 0 0 ° C:  I n d u stri al h e at p u m p s ( e m er gi n g 

t e c h n ol o gi e s).1 6 4

• > 2 0 0 ° C:  T h er m al e n er g y st or a g e ( e. g., t h er m al 

b a eri e s), el e ctri c h e at ( e. g., el e ctri c b oil er s, 

r e si st a n c e h e ati n g, dir e ct ar c m elti n g, i n d u cti o n 

h e ati n g), or alt er n ati v e f u el s ( e. g., h y dr o g e n, 

r e n e w a bl e m et h a n e g a s, bi o di e s el, bi o m a s s). 

T h e s e w er e n ot m o d el e d i n t hi s a n al y si s.

I n d u stri e s wit h si g ni fi c a nt h e at u s e u n d er 

2 0 0 ° C, i n cl u di n g f o o d pr o c e s si n g, b e v er a g e 

a n d t o b a c c o pr o d u ct m a n uf a ct uri n g, a n d p a p er 

m a n uf a ct uri n g, ar e t h e pri m e c a n di d at e s f or n e ar -

t er m el e ctri fi c ati o n wit h i n d u stri al h e at p u m p s. 

B y c o ntr a st, t h e n o n m et alli c mi n er al s pr o d u ct 

m a n uf a ct uri n g, pri m ar y m et al s m a n uf a ct uri n g, 

f a bri c at e d m et al s pr o d u ct m a n uf a ct uri n g i n d u stri e s, 

a n d s o m e ot h er i n d u stri e s utili z e t e m p er at ur e s 

m u c h hi g h er t h a n 2 0 0 ° C f or t h eir t h er m al 

pr o c e s s e s. T h e s e hi g h t e m p er at ur e i n d u stri e s will 

r e q uir e ot h er t e c h n ol o gi e s t o e n a bl e el e ctri fi c ati o n, 

s u c h a s t h er m al e n er g y st or a g e ( e. g., t h er m al 

b a eri e s), el e ctri c h e ati n g t e c h n ol o gi e s ( e. g., 

el e ctri c b oil er s, r e si st a n c e h e ati n g, dir e ct ar c 

m elti n g, i n d u cti o n h e ati n g), or alt er n ati v e f u el s 

( e. g., h y dr o g e n, r e n e w a bl e m et h a n e g a s, bi o di e s el, 

bi o m a s s). I n d u stri al pr o c e s s h e at u s e b y t h e p a p er 

m a n uf a ct uri n g a n d c h e mi c al m a n uf a ct uri n g 

i n d u stri e s i n cl u d e s b ot h l o w a n d hi g h t e m p er at ur e s, 

s u g g e sti n g m o d er at e n e ar -t er m el e ctri fi c ati o n 

p ot e nti al wit h i n d u stri al h e at p u m p s. A p p e n di x B 

pr o vi d e s d at a r e g ar di n g i n d u stri al h e at t e m p er at ur e 

r e q uir e m e nt s f or v ari o u s i n d u stri e s.

A n i n d u stri al f a cilit y’ s l o a d s h a p e i s al s o a n 

i m p ort a nt f a ct or t o c o n si d er w h e n e v al u ati n g t h e 

e c o n o mi c s of i n d u stri al el e ctri fi c ati o n. T h e l o a d 

s h a p e h a s k n o c k - o n e ff e ct s f or gri d r eli a bilit y, 
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Fi g u r e 1 7. B oil e r L o a d S h a p e s f o r T a r g e t I n d u s t ri e s. 1 6 9
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i nfr a str u ct ur e, a n d el e ctri c s y st e m c o st s, w hi c h 

i n t ur n h a s i m pli c ati o n s f or utilit y r at e d e si g n. F or 

e x a m pl e, i n d u stri e s t h at o p er at e f or o nl y p art s of 

t h e d a y c a n p ot e nti all y s hi  l o a d t o o ff - p e a k h o ur s 

b y m a ki n g o p er ati o n al c h a n g e s or b y u si n g o n - sit e 

D E R s s u c h a s b a eri e s t h at c a n c h ar g e w h e n t h e 

f a cilit y i s n ot r u n ni n g a n d di s c h ar g e d uri n g t h e 

f a cilit y’ s o p er ati o n al h o ur s. O n t h e ot h er h a n d, it 

c a n b e di ffi c ult f or i n d u stri e s t h at r e q uir e p o w er 

2 4 h o ur s p er d a y t o u s e o n - sit e D E R s t o s hi  l o a d 

wit h o ut i n cr e a si n g t h e f a cilit y’ s n o n - c oi n ci d e nt 

d e m a n d, hi g hli g hti n g t h e c h all e n g e c a u s e d b y 

n o n - c oi n ci d e nt d e m a n d c h ar g e s f or el e ctrif yi n g 

i n d u stri al c u st o m er s. Fi g ur e 1 7 pr o vi d e s t h e 

e sti m at e d l o a d s h a p e s of i n d u stri al f a ciliti e s fr o m 

fi v e t ar g et i n d u stri e s .1 6 5

A s d e m o n str at e d b y Fi g ur e 1 7, i n d u stri al e q ui p m e nt 

i n t h e f o o d pr o c e s si n g, m et al s m a n uf a ct uri n g, a n d 

mi n er al s m a n uf a ct uri n g i n d u stri e s i s t y pi c all y r u n at 

or n e ar f ull c a p a cit y f or b et w e e n 1 2 a n d 1 6 h o ur s p er 

d a y, wit h f e w er o p er ati o n al h o ur s o n t h e w e e k e n d. 

C h e mi c al s m a n uf a ct uri n g a n d p ul p a n d p a p er 

e q ui p m e nt i s t y pi c all y r u n c o nti n u o u sl y f or 2 4 h o ur s 

e v er y d a y. 

E s ti m a t e d P o t e n ti al E mi s si o n s R e d u c ti o n s 
a n d E n e r g y S a vi n g s

T hi s s e cti o n pr e s e nt s t h e r e s ult s of S y n a p s e’ s 

a n al y si s of f a cilit y -l e v el e n er g y s a vi n g s a n d 

e mi s si o n s r e d u cti o n p ot e nti al a s s o ci at e d wit h t h e 

el e ctri fi c ati o n of i n d u stri al f a ciliti e s i n C alif or ni a 

u si n g i n d u stri al h e at p u m p s. T h e a n al y si s utili z e s 

v ari o u s p u bli cl y a v ail a bl e d at a s et s, al o n g wit h o ur 

i n - h o u s e el e ctri fi c ati o n a n al y si s t o ol, t o pr e s e nt 

t h e f a cilit y -l e v el t e c h ni c al a b at e m e nt p ot e nti al f or 

r e pl a ci n g f u el c o n s u m pti o n f or i n d u stri al pr o c e s s 

h e ati n g, b oil er s, a n d c o - g e n er ati o n wit h el e ctri c 

i n d u stri al h e at p u m p s. T h e a n al y si s t ar g et s h e at 

u s e s b el o w 2 0 0 ° C a n d q u a nti fi e s t h e n et e n er g y 

a n d e mi s si o n r e d u cti o n s, c o n si d eri n g i m p a ct s of 

i n cr e a s e d el e ctri cit y u s e. B e c a u s e t hi s a n al y si s 

d o e s n ot i n cl u d e el e ctri fi c ati o n u si n g t e c h n ol o gi e s 

ot h er t h a n i n d u stri al h e at p u m p s a n d h e at u s e 

a b o v e 2 0 0 ° C, a n d d u e t o c ert ai n d at a li mit ati o n s 

d e s cri b e d i n f urt h er d et ail i n A p p e n di x B, t h e r e s ult s 

r e pr e s e nt v er y l o w e sti m at e s of p ot e nti al e mi s si o n s 

r e d u cti o n s a n d d o e s n ot c a pt ur e t h e f ull i n d u stri al 

el e ctri fi c ati o n a n d e mi s si o n s r e d u cti o n p ot e nti al i n 

C alif or ni a. A d diti o n all y, t h e a n al y si s a s s u m e s t h at 

c urr e nt o p er ati o n al p a er n s c o nti n u e; h o w e v er, if 

r at e s i n c e nti vi z e i n d u stri al f a ciliti e s t o s hi  l o a d t o 

o ff - p e a k h o ur s or a d o pt b e hi n d -t h e - m et er s ol ar a n d 

st or a g e, t h e c ar b o n i nt e n sit y of el e ctri cit y u s e will 

b e l o w er, a n d e mi s si o n s r e d u cti o n s will b e gr e at er.

O ur a n al y si s i s bif ur c at e d b et w e e n l ar g e f a ciliti e s 

( w hi c h e mit m or e t h a n 2 5, 0 0 0 m etri c t o n s of C O 2 

e q ui v al e nt p er y e ar) a n d s m all f a ciliti e s ( w hi c h e mit 

l e s s t h a n 2 5, 0 0 0 m etri c t o n s of C O 2 e q ui v al e nt p er 

y e ar), wit h e a c h gr o u p r el yi n g o n di ff er e nt d at a s et s. 

T h e a n al y si s r e fl e ct s t w o el e ctri fi c ati o n s c e n ari o s: 

a “ C o n s er v ati v e” s c e n ari o a n d a n “ A m biti o u s ” 

s c e n ari o, pr o vi di n g a r a n g e of e mi s si o n s a b at e m e nt 

a n d e n er g y s a vi n g s p ot e nti al f or e a c h i n d u str y. I n 

t hi s a n al y si s, t h e o nl y di ff er e n c e b et w e e n s c e n ari o s 

i s o ur a s s u m pti o n f or t h e a v ail a bilit y of w a st e h e at 

i n e a c h i n d u str y, w hi c h a ff e ct s t h e c o e ffi ci e nt 

of p erf or m a n c e ( C O P) a n d e ffi ci e n c y of t h e h e at 

p u m p: f or t h e a m biti o u s s c e n ari o, w e a s s u m e 

gr e at er a v ail a bilit y of w a st e h e at, w hi c h all o w s f or 

hi g h er h e at p u m p e ffi ci e n c y.

T h e t ar g et i n d u stri e s a n al y z e d i n t hi s r e p ort, s ort e d 

b y t h eir d e si g n ati o n wit hi n t h e N ort h A m eri c a n 

I n d u str y Cl a s si fi c ati o n S y st e m, or N AI C S, ar e 

s u m m ari z e d i n T a bl e 3. 

T h e N ort h A m eri c a n I n d u str y Cl a s si fi c ati o n S y st e m 

( N AI C S) i s a st a n d ar di z e d fr a m e w or k u s e d t o 

cl a s sif y b u si n e s s e st a bli s h m e nt s b a s e d o n t h e 

t y p e of e c o n o mi c a cti vit y i n w hi c h t h e y e n g a g e. It 

pr o vi d e s a c o n si st e nt w a y t o c oll e ct, a n al y z e, a n d 

p u bli s h st ati sti c al d at a r el at e d t o t h e e c o n o m y. T h e 

fr a m e w or k i s wi d el y u s e d b y g o v er n m e nt a g e n ci e s, 

r e s e ar c h er s, a n d b u si n e s s e s f or p oli c y m a ki n g, 

e c o n o mi c a n al y si s, a n d r e g ul at or y p ur p o s e s. T h e 

3 - di git N AI C S c o d e s r e pr e s e nt br o a d i n d u str y 

s e ct or s a n d pr o vi d e a hi g h -l e v el vi e w u s ef ul f or 

u n d er st a n di n g g e n er al e c o n o mi c tr e n d s a cr o s s 

l ar g e s e g m e nt s of t h e e c o n o m y. F or e x a m pl e, 

c o d e 311 r ef er s t o t h e F o o d Pr o c e s si n g s e ct or a s 
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a w h ol e. 6 - di git N AI C S c o d e s o ff er a m u c h m or e 

s p e ci fi c cl a s si fi c ati o n a n d i d e ntif y d et ail e d i n d u str y 

s u b c at e g ori e s wit hi n a s e ct or. F or i n st a n c e, c o d e 

311 51 3 r ef er s s p e ci fi c all y t o C h e e s e M a n uf a ct uri n g.

L a r g e F a cili ti e s

T a bl e 4 b el o w pr o vi d e s t h e e mi s si o n s a b at e m e nt 

a n d e n er g y s a vi n g s p ot e nti al b y i n d u str y at t h e 

3 - di git N AI C S c o d e l e v el f or l ar g e e mi i n g f a ciliti e s. 

M or e d et ail e d r e s ult s pr e s e nti n g t h e t y pi c al 

( m e di a n) e mi s si o n s a b at e m e nt a n d e n er g y s a vi n g s 

p ot e nti al at t h e 6 - di git N AI C S c o d e l e v el ar e 

pr e s e nt e d i n A p p e n di x B.

L ar g e f a ciliti e s i n t h e t ar g et i n d u stri e s t ot al b et w e e n 

1.1 a n d 1. 3 milli o n M T C O 2 / y e ar i n e mi s si o n s 

a b at e m e nt p ot e nti al a n d b et w e e n 21. 4 a n d 2 4. 0 

milli o n M M Bt u / y e ar i n e n er g y s a vi n g s p ot e nti al 

fr o m el e ctri fi c ati o n u si n g i n d u stri al h e at p u m p s. 

T h e i n d u stri e s wit h t h e m o st e mi s si o n s a b at e m e nt 

a n d e n er g y s a vi n g s p ot e nti al ( b y M T C O 2 e / y e ar a n d 

M M Bt u / y e ar, r e s p e cti v el y) ar e f o o d pr o c e s si n g, 

p a p er m a n uf a ct uri n g, c h e mi c al s m a n uf a ct uri n g, 

a n d b e v er a g e & t o b a c c o. W hil e c h e mi c al s 

m a n uf a ct uri n g h a s l o w er p ot e nti al b y p er c e nt a g e 

c o m p ar e d t o b e v er a g e & t o b a c c o, c h e mi c al s 

m a n uf a ct uri n g still h a s gr e at er t ot al e mi s si o n s 

a b at e m e nt a n d e n er g y s a vi n g s p ot e nti al gi v e n t h e 

i n d u str y’ s m u c h l ar g er si z e. R e m ai ni n g u n a b at e d 

e mi s si o n s i n cl u d e t h o s e r e s ulti n g fr o m pr o c e s s 

h e ati n g a b o v e 2 0 0 ° C ( w hi c h c urr e ntl y c a n n ot b e 

el e ctri fi e d u si n g i n d u stri al h e at p u m p s) a s w ell 

a s e mi s si o n s a s s o ci at e d wit h t h e c o n s u m pti o n of 

el e ctri cit y fr o m t h e gri d.

S m all F a cili ti e s

T a bl e 5 b el o w pr o vi d e s t h e e mi s si o n s a b at e m e nt 

a n d e n er g y s a vi n g s p ot e nti al b y i n d u str y at 

t h e 3 - di git N AI C S c o d e l e v el f or s m all e mi i n g 

f a ciliti e s. M or e d et ail e d r e s ult s pr e s e nti n g t h e 

t y pi c al ( m e di a n) e mi s si o n s a b at e m e nt a n d e n er g y 

s a vi n g s p ot e nti al at t h e 6 - di git N AI C S c o d e l e v el 

ar e pr e s e nt e d i n A p p e n di x B.

Si mil ar t o l ar g e f a ciliti e s, t h e a n al y si s of s m all 

f a ciliti e s al s o i d e nti fi e s f o o d pr o c e s si n g, c h e mi c al s 

m a n uf a ct uri n g, b e v er a g e & t o b a c c o, a n d p a p er 

m a n uf a ct uri n g a s i n d u stri e s wit h t h e m o st 

e mi s si o n s a b at e m e nt a n d e n er g y s a vi n g s p ot e nti al 

fr o m el e ctri fi c ati o n u si n g h e at p u m p s. T h er e i s li l e 

p ot e nti al a s s o ci at e d wit h t h e m et al s m a n uf a ct uri n g 

i n d u stri e s. I n a g gr e g at e, t h e s m all f a ciliti e s a n al y z e d 

t ot al a p pr o xi m at el y 2 0 0, 0 0 0 M T C O 2 e / y e ar i n 

e mi s si o n s a b at e m e nt p ot e nti al a n d b et w e e n 3. 8 

a n d 4. 3 milli o n M M Bt u / y e ar i n e n er g y s a vi n g s 

p ot e nti al.

S t a t e wi d e E mi s si o n s A b a t e m e n t P o t e n ti al

I n a d diti o n t o t h e a n al y si s of t h e a b o v e t ar g et 

i n d u stri e s, S y n a p s e al s o c al c ul at e d t h e a g gr e g at e 

e mi s si o n s a b at e m e nt p ot e nti al f or all f a ciliti e s 

a cr o s s all i n d u stri e s i n C alif or ni a ( s u bj e ct t o d at a 

li mit ati o n s a s di s c u s s e d i n A p p e n di x B). T h e r e s ult s 

of t hi s a n al y si s ar e pr o vi d e d i n T a bl e 6 b el o w.

I n d u s t r y N AI C S ( 3 - di gi t)

F o o d P r o c e s si n g 311 ( F o o d Pr o c e s si n g); 31 2 ( B e v er a g e a n d T o b a c c o Pr o d u ct M a n uf a ct uri n g)

P a p e r a n d P ul p 3 2 2 ( P a p er M a n uf a ct uri n g); 3 2 3 ( Pri nti n g a n d R el at e d S u p p ort A cti viti e s)

C h e mi c al s M a n u f a c t u ri n g 3 2 5 ( C h e mi c al M a n uf a ct uri n g)

Mi n e r al s M a n u f a c t u ri n g 3 2 7 ( N o n m et alli c Mi n er al Pr o d u ct M a n uf a ct uri n g)

M e t al s M a n u f a c t u ri n g 3 31 ( Pri m ar y M et al M a n uf a ct uri n g); 3 3 2 ( F a bri c at e d M et al Pr o d u ct M a n uf a ct uri n g)

T a bl e 3. T a r g e t I n d u s t ri e s a n d t h ei r 3 - di gi t N AI C S C o d e s.

S o ur c e: U. S. C e n s u s B ur e a u. N or t h A m eri c a n I n d u str y Cl a s si fi c ati o n S y st e m ( N AI C S). A v ail a bl e at h p s: // . c e n s u s. g o v / n ai c s /.
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I n d u s t r y a n d 

N AI C S C o d e

N AI C S  

D e s c ri p ti o n

E mi s si o n s a b a t e m e n t 

p o t e n ti al ( M T C O₂ e /

y e a r)

E mi s si o n s 

a b a t e m e n t 

p o t e n ti al ( %)

E n e r g y s a vi n g s 

 p o t e n ti al  

( M M B t u / y e a r)

E n e r g y  

s a vi n g s  

p o t e n ti al

311 F o o d Pr o c e s si n g 7 3 0, 9 5 8 – 8 4 7, 8 4 4  4 4 % – 51 % 1 4, 3 3 8, 6 8 8 – 1 6, 0 8 2, 4 8 4  4 6 % – 51 %

3 2 2
P a p er 

M a n uf a ct uri n g
1 9 4, 7 4 4 – 21 6, 41 2  31 % – 3 5 %  3, 4 3 9, 4 2 6 – 3, 7 6 2, 6 8 4  2 9 % – 3 2 %

3 2 5
C h e mi c al s 
M a n uf a ct uri n g

11 0, 2 5 5 – 1 31, 9 8 6  21 % – 2 5 %  2, 2 8 5, 9 7 6 – 2, 61 0,1 6 2  2 3 % – 2 6 %

31 2

B e v er a g e a n d 

T o b a c c o Pr o d u ct 

M a n uf a ct uri n g

2 8, 5 3 4 – 3 3, 4 6 4  4 3 % – 51 %  5 81,1 7 3 – 6 5 4, 7 2 6 4 7 % – 5 3 %

3 2 7
N o n m et alli c M et al s 

M a n uf a ct uri n g
1 3, 5 6 6 – 2 0, 3 4 6  2 % – 3 %  5 0 8, 6 4 2 – 6 0 9, 7 8 4 4 % – 5 %

3 31
Pri m ar y M et al s 

M a n uf a ct uri n g
9, 5 0 4 – 11, 3 01  4 % – 4 % 1 6 0, 0 6 0 – 1 8 6, 8 6 2 4 % – 4 %

3 3 2
F a bri c at e d M et al s 

M a n uf a ct uri n g
3, 4 3 5 – 3, 8 4 3  5 % – 6 %  5 5, 8 5 5 – 61 9, 3 3 4 % – 5 %

T O T A L
1, 0 9 0, 9 9 7 – 

1, 2 6 5,1 9 5
2 8 % – 3 3 %  2 1, 3 6 9, 8 1 9 – 2 3, 9 6 8, 6 3 6  2 9 % – 3 3 %

T a bl e 4. T o t al E mi s si o n s A b a t e m e n t a n d E n e r g y S a vi n g s P o t e n ti al f o r 2 0 2 5 b y 3 - Di gi t N AI C S C o d e f o r 
L a r g e E mi i n g F a cili ti e s i n C ali f o r ni a ( > 2 5, 0 0 0 M T C O₂ e / y e a r)

S o ur c e: R e s ul t s fr o m S y n a p s e a n al y si s wi t h i t s i n – h o u s e t o ol, b a s e d o n d at a fr o m: ( 1) “ M a n uf a ct uri n g T h er m al E n er g y U s e i n 2 0 1 4.” N R E L D at a C at al o g. G ol d e n, C O: N ati o n al 

R e n e w a bl e E n er g y L a b or at or y. L a st u p d at e d: J ul y 2 4, 2 0 2 4. D OI: 1 0 7 9 9 / 1 5 7 0 0 0 8. ( 2) U. S. E n er g y I nf or m ati o n A d mi ni str ati o n. 2 0 1 8. “ M a n uf a ct uri n g E n er g y C o n s u m pti o n S ur v e y 

( M E C S).” A v ail a bl e at: h p s: // . ei a. g o v / c o n s u m pti o n / m a n uf a ct uri n g /. a n d ( 3) U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y. 2 0 2 3. “ Gr e e n h o u s e G a s R e p or ti n g Pr o gr a m ( G H R P).” 

A v ail a bl e at: h p s: // . e p a. g o v / g h gr e p or ti n g.
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T o t al e mi s si o n s p r e -

el e c t ri fi c a ti o n ( M T C O₂ e / y e a r 

E mi s si o n s a b a t e m e n t p o t e n ti al 

( M T C O₂ e / y e a r)

E mi s si o n s a b a t e m e n t p o t e n ti al 

( %)

L a r g e F a cili ti e s 2 4, 3 3 3, 51 8 4, 8 7 3, 9 5 3 – 5, 3 4 2, 0 7 3  2 0 % – 2 2 %

S m all F a cili ti e s 6 61, 2 6 4 1 9 7, 2 0 3 – 2 2 9, 01 0 3 0 % – 3 5 %

T o t al 2 4, 9 9 4 7 8 2 5, 0 7 1,1 3 7 – 5, 5 7 1, 0 8 3  2 0 % – 2 2 %

T a bl e 6. T o t al E mi s si o n s A b a t e m e n t P o t e n ti al f o r 2 0 2 5 A c r o s s All I n d u s t ri e s i n C ali f o r ni a 

S o ur c e: F or l ar g e f a cili ti e s, S y n a p s e a n al y si s wi t h i n – h o u s e t o ol b a s e d o n d at a fr o m: N ati o n al R e n e w a bl e E n er g y L a b or at or y, U. S. EI A. M E C S, U. S. E P A G H G R P. F or s m all f a cili ti e s, 

S y n a p s e a n al y si s of I n d u stri o u s L a b s d at a s et b a s e d o n d at a fr o m C A R B, N R E L FI E D, a n d N EI.

N AI C S  

( 6 - di gi t)

N AI C S  

D e s c ri p ti o n

E mi s si o n s  

a b a t e m e n t p o t e n ti al  

( M T C O₂ e / y e a r)

E mi s si o n s 

a b a t e m e n t 

p o t e n ti al ( %)

E n e r g y s a vi n g s 

 p o t e n ti al  

( M M B t u / y e a r)

E n e r g y  

s a vi n g s  

p o t e n ti al ( %)

3 1 1 F o o d Pr o c e s si n g 1 5 2, 2 2 7 – 1 7 6, 6 8 3  4 0 % – 4 6 %  2, 9 9 0, 8 8 3 – 3, 3 5 5, 7 4 0  4 2 % – 4 7 %

3 2 5
C h e mi c al s 

M a n uf a ct uri n g
21, 5 2 4 – 2 5, 5 0 2  21 % – 2 4 %  41 8, 2 2 7 – 4 7 7, 5 7 7  2 2 % – 2 5 %

3 1 2
B e v er a g e & 

T o b a c c o
1 0, 8 0 8 – 1 2, 5 0 2  4 5 % – 5 2 %  2 01, 2 9 7 – 2 2 6, 5 8 3  4 7 % – 5 3 %

3 2 2
P a p er 

M a n uf a ct uri n g
7, 7 01 – 8, 7 5 4  31 % – 3 6 % 1 31, 0 7 0 – 1 4 6, 7 7 2  2 9 % – 3 2 %

3 3 1
Pri m ar y M et al s 

M a n uf a ct uri n g
2, 8 0 2 – 3, 2 2 4  4 % – 5 %  4 9, 8 0 3 – 5 6, 0 9 8 4 % – 4 %

3 2 7
N o n m et alli c M et al s 

M a n uf a ct uri n g
2 2 9 - 2 8 4 1 % – 1 %  5,1 3 3 – 5, 9 4 8 1 % – 1 %

T O T A L 1 9 5, 2 9 1 – 2 2 6, 9 5 0  3 1 % – 3 6 %  3, 7 9 6, 4 1 3 – 4, 2 6 8, 7 1 8  3 2 % – 3 7 %

T a bl e 5. T o t al E mi s si o n s A b a t e m e n t a n d E n e r g y S a vi n g s P o t e n ti al F o r 2 0 2 5 b y 3 - Di gi t N AI C S C o d e f o r 
S m all E mi i n g F a cili ti e s i n C ali f o r ni a ( < 2 5, 0 0 0 M T C O₂ e / y e a r)

S o ur c e: S y n a p s e a n al y si s of I n d u stri o u s L a b s d at a s et fr o m ( 1) C alif or ni a Air R e s o ur c e s B o ar d ( C A R B), ( 2) F o u n d ati o n al I n d u stri al E n er g y D at a s et ( FI E D), a n d ( 3) N ati o n al E mi s si o n s 

I n v e nt or y ( N EI).
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R E V I E W O F C U R R E N T C A L I F O R N I A 

U T I L I T Y R A T E S

E a c h of C alif or ni a’ s t hr e e m ai n i n v e st or - o w n e d 

utiliti e s — P a ci fi c G a s & El e ctri c ( P G & E), S o ut h er n 

C alif or ni a E di s o n ( S C E), a n d S a n Di e g o G a s & 

El e ctri c ( S D G E) — o ff er s a v ari et y of r at e str u ct ur e s 

a n d D R pr o gr a m s f or i n d u stri al c u st o m er s, i n cl u di n g 

b ot h d eli v er y ( di stri b uti o n a n d tr a n s mi s si o n) a n d 

s u p pl y ( g e n er ati o n) r at e s. T h e t hr e e utiliti e s f oll o w 

s o m e w h at di ff er e nt a p pr o a c h e s t o i n d u stri al r at e 

d e si g n, cr e ati n g a c o m pl e x p at c h w or k of o ff eri n g s 

t h at i m p a ct s t h e e c o n o mi c s of el e ctri fi c ati o n 

i n di ff er e nt w a y s i n e a c h s er vi c e t errit or y. 

U n d er st a n di n g t h e s e e xi sti n g r at e o ff eri n g s i s 

e s s e nti al f or i d e ntif yi n g g a p s i n c urr e nt t ari ff 

d e si g n a n d d e v el o pi n g a d diti o n al r at e o pti o n s 

t h at c o ul d b e er s u p p ort i n d u stri al el e ctri fi c ati o n 

g o al s a n d t h e C P U C’ s r at e d e si g n pri n ci pl e s. T h e 

f oll o wi n g s e cti o n s e x a mi n e t h e c urr e nt i n d u stri al 

r at e p or oli o s of e a c h utilit y, i d e ntif y g a p s i n e a c h 

utilit y’ s o ff eri n g s, a n d pr o vi d e r e c o m m e n d ati o n s t o 

pr o vi d e t h e pri ci n g si g n al s a n d e c o n o mi c i n c e nti v e s 

n e c e s s ar y t o e n c o ur a g e f u el - s wit c hi n g a n d l o a d 

fl e xi bilit y, c o n si st e nt wit h t h e di s c u s si o n i n P art II, 

S e cti o n II. C a b o v e. 

T a bl e s 7 t hr o u g h T a bl e 9 s u m m ari z e e a c h utilit y’ s 

c urr e nt i n d u stri al r at e o pti o n s, a s w ell a s t h e g a p s 

i n e a c h p or oli o. T h e t a bl e s i n cl u d e b ot h r at e s a n d 

d e m a n d r e s p o n s e pr o gr a m s, a n d c u st o m er s c a n b e 

e nr oll e d i n b ot h at t h e s a m e ti m e.

T h e r e vi e w of t h e t hr e e utiliti e s’ r at e o pti o n s r e v e al s 

s e v er al g a p s i n e a c h utilit y’ s r at e o ff eri n g s t h at 

t h e C o m mi s si o n s h o ul d a d dr e s s t o i m pr o v e t h e 

e c o n o mi c s of i n d u stri al el e ctri fi c ati o n pr oj e ct s i n 

C alif or ni a: 

1. Ti m e - di ff e r e n ti a t e d t r a n s mi s si o n r a t e s: W hil e 

e a c h utilit y’ s st a n d ar d i n d u stri al r at e o pti o n s 

alr e a d y i n cl u d e T O U el e m e nt s, tr a n s mi s si o n r at e s 

ar e still l ar g el y c oll e ct e d t hr o u g h n o n - c oi n ci d e nt 

d e m a n d c h ar g e s, wit h t h e o nl y e x c e pti o n b ei n g 

S D G E’ s A 6 - T O U t ari ff. H o w e v er, tr a n s mi s si o n 

c o st s ar e dri v e n, at l e a st i n p art, b y p e a k d e m a n d. 

C h ar gi n g hi g h er pri c e s d uri n g p e a k p eri o d s, 

i n cl u di n g t hr o u g h a c oi n ci d e nt d e m a n d c h ar g e 

a n d / or o n - p e a k e n er g y c h ar g e s, w o ul d t h er ef or e 

b e er ali g n tr a n s mi s si o n r at e s wit h t h e m ar gi n al 

c o st of tr a n s mi s si o n c a p a cit y. T hi s w o ul d 

e n c o ur a g e l ar g e c u st o m er s t o r e d u c e u s a g e 

at criti c al ti m e s, w hil e m a ki n g el e ctri cit y m or e 

a ff or d a bl e d uri n g h o ur s wit h a v ail a bl e c a p a cit y. 

2. R e al - ti m e a n d l o c a ti o n al r a t e s: R e al -ti m e 

( h o url y or m or e gr a n ul ar) pri ci n g, pr ef er a bl y wit h 

a l o c ati o n al c o m p o n e nt, s h o ul d b e a v ail a bl e f or 

i n d u stri al c u st o m er s i n all t hr e e utilit y s er vi c e 

t errit ori e s. C urr e ntl y, S C E i s t h e o nl y utilit y 

t o o ff er r e al -ti m e r at e s, w hi c h a p pl y o nl y t o 

g e n er ati o n. M or e d y n a mi c pri ci n g o pti o n s f or all 

t hr e e bill c o m p o n e nt s ( g e n er ati o n, tr a n s mi s si o n, 

a n d di stri b uti o n) w o ul d h el p u nl o c k a d diti o n al 

l o a d fl e xi bilit y fr o m i n d u stri al c u st o m er s a n d 

e n a bl e c u st o m er s t o l o w er el e ctri cit y c o st s 

b y o pti mi zi n g t h eir l o a d b a s e d o n gr a n ul ar 

pri c e si g n al s. T h e C P U C a d o pt e d a d e ci si o n i n 

A u g u st 2 0 2 5, r e q uiri n g P G & E, S C E, a n d S D G E 

t o o ff er R T P o pti o n s t h at r e fl e ct h o url y pri c e s 

f or m ar gi n al e n er g y c o st s, m ar gi n al g e n er ati o n 

c a p a cit y c o st s, m ar gi n al tr a n s mi s si o n c a p a cit y 

c o st s, a n d m ar gi n al di stri b uti o n c a p a cit y c o st s. 1 6 6 

S p e ci fi c all y, t h e d e ci si o n r e q uir e s m ar gi n al 

e n er g y c o st s a n d m ar gi n al di stri b uti o n c a p a cit y 

c o st s t o r e fl e ct l o c ati o n al di ff er e nti ati o n i n 

a d diti o n t o ti m e di ff er e nti ati o n.

3. S e a s o n all y di ff e r e n ti a t e d r a t e s ( S D G E o nl y): 

W hil e P G & E a n d S C E’ s i n d u stri al t ari ff s r e fl e ct 

s u b st a nti al di ff er e nti ati o n b et w e e n s u m m er a n d 

wi nt er r at e s, S D G E’ s r at e s i n cl u d e s n e gli gi bl e 

s e a s o n al di ff er e nti ati o n. M o dif yi n g S D G E’ s r at e s 

t o b e er r e fl e ct t h e di ff er e n c e i n s y st e m c o st s 

i n s u m m er v er s u s wi nt er w o ul d h el p r e d u c e bill s 

f or c u st o m er s wit h i n d u stri al h e at p u m p s, w hi c h 

t e n d t o c o n s u m e m or e el e ctri cit y i n t h e wi nt er.

4.  E n r oll m e n t li mi t s f o r D E R r a t e s:  All t hr e e utiliti e s’ 

r at e s f or c u st o m er s wit h D E R s — n a m el y P G & E’ s 

O pti o n R a n d O pti o n S, S D G E’ s D G - R, a n d 

S C E’ s O pti o n E — ar e li mit e d t o s m all er i n d u stri al 

c u st o m er s, s u bj e ct t o a p arti ci p ati o n c a p, or 

b ot h, wit h t h e e x c e pti o n of c u st o m er s wit h 

“ p er m a n e nt l o a d - s hi i n g ” u n d er S C E’ s O pti o n 
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T a bl e 7. P G & E’ s I n d u s t ri al R a t e O p ti o n s a n d G a p s i n R a t e O ff e ri n g s.

C a t e g o r y R a t e s / P r o g r a m Eli gi bili t y S t r u c t u r e G a p s

Ti m e - o f - U s e R a t e s

B -1 9
C u st o m er s wit h 

d e m a n d u p t o 9 9 9 k W

S e a s o n al T O U 

di stri b uti o n a n d 

g e n er ati o n c h ar g e s Tr a n s mi s si o n c h ar g e s 

ar e n ot ti m e -

di ff er e nti at e d
B - 2 0

C u st o m er s wit h 

d e m a n d 1 0 0 0 k W a n d 

u p

S e a s o n al T O U 

di stri b uti o n a n d 

g e n er ati o n c h ar g e s

C ri ti c al P e a k P ri ci n g P e a k D a y Pri ci n g
C u st o m er s wit h 

d e m a n d 2 0 k W a n d u p

C P P e n er g y c h ar g e s 

f or g e n er ati o n 

R e d u c e d s u m m er 

d e m a n d c h ar g e s

N o n e

R e al - Ti m e P ri ci n g N o a v ail a bl e t ari ff

D e m a n d C h a r g e 

Al t e r n a ti v e s

O pti o n R

C u st o m er s wit h 

o n - sit e st or a g e or 

r e n e w a bl e g e n er ati o n

Hi g h s e a s o n al T O U 

e n er g y c h ar g e s 

R e d u c e d c oi n ci d e nt 

d e m a n d c h ar g e s
P arti ci p ati o n i s 

c a p p e d

O pti o n S
C u st o m er s wit h o n -

sit e st or a g e

Hi g h s e a s o n al T O U 

e n er g y c h ar g e s 

R e d u c e d n o n -

c oi n ci d e nt d e m a n d 

c h ar g e s

D e m a n d R e s p o n s e

B a s e I nt err u pti bl e 

Pr o gr a m

C u st o m er s wit h 

d e m a n d 1 0 0 k W a n d 

u p

I n c e nti v e s f or d e m a n d 

r e d u c e d d uri n g 

D R e v e nt s, wit h 

p erf or m a n c e p e n alti e s

N o n eC a p a cit y Bi d di n g 

Pr o gr a m

All n o n -r e si d e nti al 

c u st o m er s

I n c e nti v e s f or d e m a n d 

a n d e n er g y r e d u c e d 

d uri n g D R e v e nt s, wit h 

p erf or m a n c e p e n alti e s

E m er g e n c y L o a d 

R e d u cti o n Pr o gr a m 

( Pil ot)

All c u st o m er s

I n c e nti v e s f or e n er g y 

r e d u c e d d uri n g D R 

e v e nt s

R a t e Di s c o u n t s
E c o n o mi c 

D e v el o p m e nt R at e

L o a d a r a cti o n, 

r et e nti o n, a n d 

e x p a n si o n 

S u bj e ct t o G O - Bi z 

a p pr o v al

1 2 2 0 p er c e nt r at e 

r e d u cti o n d e p e n di n g 

o n l o c ati o n

Li k el y n ot a p pli c a bl e  

t o el e ctri fi c ati o n 

pr oj e ct s

S o ur c e: S y n a p s e a n al y si s of P G & E t ari ff s.
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T a bl e 8. S C E’ s I n d u s t ri al R a t e O p ti o n s a n d G a p s i n R a t e O ff e ri n g s.

C a t e g o r y T a ri ff s Eli gi bili t y S t r u c t u r e G a p s

Ti m e - o f - U s e R a t e s

T O U G S - 3 

O pti o n D

C u st o m er s wit h 2 0 0 -

5 0 0 k W d e m a n d

Ti m e - di ff er e nti at e d d e m a n d 

c h ar g e f or di stri b uti o n 

Ti m e - di ff er e nti at e d e n er g y 

a n d d e m a n d c h ar g e s f or 

g e n er ati o n Tr a n s mi s si o n 

c h ar g e s ar e n ot 

ti m e - di ff er e nti at e d

T O U - 8  

O pti o n D

C u st o m er s wit h 2 0 0 -

5 0 0 k W d e m a n d

Ti m e - di ff er e nti at e d d e m a n d 

c h ar g e f or di stri b uti o n 

Ti m e - di ff er e nti at e d e n er g y 

a n d d e m a n d c h ar g e s f or 

g e n er ati o n

C ri ti c al P e a k 

P ri ci n g

T O U - G S - 3 / T O U - 8 

O pti o n D - C P P

C u st o m er s u n d er T O U -

G S - 3 or T O U - 8

C P P e n er g y c h ar g e s f or 

g e n er ati o n 

R e d u c e d s u m m er d e m a n d 

c h ar g e s

N o n e

R e al - Ti m e P ri ci n g

T O U - G S - 3 - R T P
C u st o m er s wit h 2 0 0 -

5 0 0 k W d e m a n d

Ti m e - di ff er e nti at e d d e m a n d 

c h ar g e f or di stri b uti o n 

H o url y pri ci n g f or g e n er ati o n Tr a n s mi s si o n 

c h ar g e s ar e n ot 

ti m e - di ff er e nti at e d

T O U - 8 - R T P
C u st o m er s wit h d e m a n d 

a b o v e 5 0 0 k W

Ti m e - di ff er e nti at e d d e m a n d 

c h ar g e f or di stri b uti o n 

H o url y pri ci n g f or g e n er ati o n

D e m a n d C h a r g e 

Al t e r n a ti v e s

T O U - G S - 3 / T O U - 8 

O pti o n E

C u st o m er s wit h l e s s 

t h a n 5 M W d e m a n d 

wit h o n - sit e st or a g e, 

r e n e w a bl e g e n er ati o n, or 

p er m a n e nt l o a d s hi i n g

Hi g h T O U e n er g y c h ar g e s 

L o w d e m a n d c h ar g e s

P arti ci p ati o n i s 

c a p p e d 

N ot a v ail a bl e t o 

c u st o m er s wit h 

d e m a n d gr e at er 

t h a n 5 M W

D e m a n d R e s p o n s e

B a s e I nt err u pti bl e 

Pr o gr a m

C u st o m er s wit h d e m a n d 

1 0 0 k W a n d u p

I n c e nti v e s f or d e m a n d 

r e d u c e d d uri n g D R e v e nt s, 

wit h p erf or m a n c e p e n alti e s

N o n eC a p a cit y Bi d di n g 

Pr o gr a m

All n o n -r e si d e nti al 

c u st o m er s

I n c e nti v e s f or d e m a n d a n d 

e n er g y r e d u c e d d uri n g D R 

e v e nt s, wit h p erf or m a n c e 

p e n alti e s

E m er g e n c y 

L o a d R e d u cti o n 

Pr o gr a m ( Pil ot)

All c u st o m er s
I n c e nti v e s f or e n er g y 

r e d u c e d d uri n g D R e v e nt s

R a t e Di s c o u n t s
E c o n o mi c 

D e v el o p m e nt R at e

L o a d a r a cti o n, 

r et e nti o n, a n d e x p a n si o n 

S u bj e ct t o G O - Bi z 

a p pr o v al

1 2 p er c e nt r at e r e d u cti o n

Li k el y n ot a p pli c a bl e 

t o el e ctri fi c ati o n 

pr oj e ct s

S o ur c e: S y n a p s e a n al y si s of S C E t ari ff s.
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T a bl e 9. S D G E’ s I n d u s t ri al R a t e O p ti o n s a n d G a p s i n R a t e O ff e ri n g s.

C a t e g o r y T a ri ff s Eli gi bili t y S t r u c t u r e G a p s

Ti m e - o f - U s e R a t e s

T O U G S - 3 

O pti o n D

C u st o m er s wit h 2 0 0 -

5 0 0 k W d e m a n d

S e a s o n al T O U di stri b uti o n 

a n d g e n er ati o n c h ar g e s Tr a n s mi s si o n 

c h ar g e s ar e n ot 

ti m e - di ff er e nti at e dT O U - 8 

O pti o n D

C u st o m er s wit h d e m a n d 

a b o v e 5 0 0 k W

S e a s o n al T O U di stri b uti o n 

a n d g e n er ati o n c h ar g e s

C ri ti c al P e a k 

P ri ci n g

T O U - G S - 3 / T O U - 8 

O pti o n D - C P P

C u st o m er s u n d er T O U -

G S - 3 or T O U - 8

C P P e n er g y c h ar g e s f or 

g e n er ati o n 

R e d u c e d s u m m er d e m a n d 

c h ar g e s

N o n e

R e al - Ti m e P ri ci n g

T O U - G S - 3 - R T P
C u st o m er s wit h 2 0 0 -

5 0 0 k W d e m a n d

S e a s o n al T O U di stri b uti o n 

d e m a n d c h ar g e s 

H o url y pri ci n g f or g e n er ati o n

Tr a n s mi s si o n 

c h ar g e s ar e n ot 

ti m e - di ff er e nti at e d

T O U - 8 - R T P
C u st o m er s wit h d e m a n d 

a b o v e 5 0 0 k W

S e a s o n al T O U di stri b uti o n 

d e m a n d c h ar g e s 

H o url y pri ci n g f or g e n er ati o n

Tr a n s mi s si o n 

c h ar g e s ar e n ot 

ti m e - di ff er e nti at e d

D e m a n d C h a r g e 

Al t e r n a ti v e s

T O U - G S - 3 / T O U - 8 

O pti o n E

C u st o m er s wit h l e s s 

t h a n 5 M W d e m a n d 

wit h o n - sit e st or a g e, 

r e n e w a bl e g e n er ati o n, or 

p er m a n e nt l o a d s hi i n g

Hi g h s e a s o n al T O U e n er g y 

c h ar g e s 

R e d u c e d d e m a n d c h ar g e s

P arti ci p ati o n i s 

c a p p e d 

N ot a v ail a bl e t o 

c u st o m er s wit h 

d e m a n d gr e at er 

t h a n 5 M W

D e m a n d R e s p o n s e

B a s e I nt err u pti bl e 

Pr o gr a m

C u st o m er s wit h d e m a n d 

1 0 0 k W a n d u p

I n c e nti v e s f or d e m a n d 

r e d u c e d d uri n g D R e v e nt s, 

wit h p erf or m a n c e p e n alti e s

N o n e
C a p a cit y Bi d di n g 

Pr o gr a m

All n o n -r e si d e nti al 

c u st o m er s

I n c e nti v e s f or d e m a n d a n d 

e n er g y r e d u c e d d uri n g D R 

e v e nt s, wit h p erf or m a n c e 

p e n alti e s

E m er g e n c y 

L o a d R e d u cti o n 

Pr o gr a m ( Pil ot)

All c u st o m er s
I n c e nti v e s f or e n er g y 

r e d u c e d d uri n g D R e v e nt s

R a t e Di s c o u n t s
E c o n o mi c 

D e v el o p m e nt R at e

L o a d a r a cti o n, 

r et e nti o n, a n d e x p a n si o n 

S u bj e ct t o G O - Bi z 

a p pr o v al

1 2 p er c e nt r at e r e d u cti o n

Li k el y n ot a p pli c a bl e 

t o el e ctri fi c ati o n 

pr oj e ct s

S o ur c e: S y n a p s e a n al y si s of S D G E t ari ff s.
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E. T h e C o m mi s si o n s h o ul d c o n si d er e a si n g t h e 

p arti ci p ati o n r e stri cti o n s f or t h e s e t ari ff s t o 

e n s ur e t h at m or e i n d u stri al f a ciliti e s p ur s ui n g 

el e ctri fi c ati o n, i n cl u di n g f a ciliti e s l ar g er t h a n 2 

M W or 5 M W, c a n e nr oll. 

5. Di s c o u n t e d r a t e s f o r el e c t ri fi e d l o a d:  It i s 

u n cl e ar w h et h er n e w l o a d r e s ulti n g fr o m 

i n d u stri al el e ctri fi c ati o n c a n q u alif y f or t h e 

e xi sti n g di s c o u nt s u n d er t h e utiliti e s’ E c o n o mi c 

D e v el o p m e nt R at e s. T h e C o m mi s si o n s h o ul d 

e x pl or e p ot e nti al r at e di s c o u nt s t o i n c e nti vi z e 

i n d u stri al el e ctri fi c ati o n. El e ctri fi c ati o n r at e 

di s c o u nt s w o ul d h el p a c hi e v e r e d u cti o n s i n air 

p oll uti o n a s w ell a s a d diti o n al s y st e m b e n e fit s 

b y h el pi n g t o a c hi e v e C alif or ni a’ s cli m at e g o al s 

a n d i m pr o vi n g t h e s y st e m l o a d f a ct or, p arti c ul arl y 

w h e n c o u pl e d wit h l o a d s hi i n g. S u c h i n c e nti v e 

r at e s c o ul d b e i n t h e f or m of a n e w t ari ff or c o ul d 

b e a c hi e v e d b y e n s uri n g t h at el e ctri fi c ati o n 

pr oj e ct s c a n q u alif y f or e a c h utilit y’ s E c o n o mi c 

D e v el o p m e nt R at e.

I M P A C T S O F R A T E D E S I G N A N D 

L O A D F L E X I B I L I T Y

I m p a c t s o n I n d u s t ri al F a cili ti e s

T o ill u str at e t h e i m p ort a n c e of r at e d e si g n a n d 

l o a d fl e xi bilit y f or i n d u stri al el e ctri fi c ati o n pr oj e ct s 

u si n g h e at p u m p s, S y n a p s e p erf or m e d a n a n al y si s 

c o m p ari n g t h e f oll o wi n g:

1. T h e c o st of u si n g m et h a n e g a s f or i n d u stri al 

pr o c e s s h e at, c o - g e n er ati o n (f o c u s e d o n t h e 

pr o vi si o n of h e at), a n d b oil er s pr e - el e ctri fi c ati o n

2. T h e c o st of el e ctri cit y a er el e ctrif yi n g i n d u stri al 

pr o c e s s h e at u n d er e a c h of t h e t hr e e I O U s’ 

st a n d ar d i n d u stri al r at e d e si g n s:

 » S c h e d ul e B - 2 0 f or P G & E

 » S c h e d ul e T O U - 8 O pti o n D f or S C E

 » S c h e d ul e A L- T O U, E E C C f or S D G E

3. T h e c o st of el e ctri cit y a er el e ctrif yi n g t h e s e 

s a m e l o a d s u n d er a m o di fi e d r at e t h at r e c o v er s 

d e m a n d -r el at e d c o st s t hr o u g h a c oi n ci d e nt 

d e m a n d c h ar g e i n st e a d of a n o n - c oi n ci d e nt 

0

$ 5 0 0 , 0 0 0

$ 1 , 0 0 0 , 0 0 0

$ 1 , 5 0 0 , 0 0 0

$ 2 , 0 0 0 , 0 0 0

$ 2 , 5 0 0 , 0 0 0

$ 3 , 0 0 0 , 0 0 0

$ 3 , 5 0 0 , 0 0 0

M o nt hl y N at ur al G a s Bill 

Pr e - El e ctri fi c ati o n

M o nt hl y El e ctri c Bill o n 

St a n d ar d R at e D e si g n

M o nt hl y El e ctri c Bill o n M o di fi e d 

R at e D e si g n wit h L o a d S hi i n g

F r ui t & V e g C a n ni n g 

( 311 4 21)

P a p e r b o a r d Mill s 

( 3 2 21 3 0)

P h a r m a c e u ti c al M f g 

( 3 2 5 41 2)

S o ur c e: S y n a p s e a n al y si s u si n g P G & E t ari ff s a n d o ur i n - h o u s e i n d u stri al el e ctri fi c ati o n t o ol.

Fi g u r e 1 8. M o n t hl y E n e r g y Bill s P r e - v s P o s t - El e c t ri fi c a ti o n, P G & E.
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0

$ 5 0 0 , 0 0 0

$ 1 , 0 0 0 , 0 0 0

$ 1 , 5 0 0 , 0 0 0

$ 2 , 0 0 0 , 0 0 0

$ 2 , 5 0 0 , 0 0 0

$ 3 , 0 0 0 , 0 0 0

$ 3 , 5 0 0 , 0 0 0

F r ui t & V e g C a n ni n g 

( 311 4 21)

P a p e r b o a r d Mill s 

( 3 2 21 3 0)

P h a r m a c e u ti c al M f g 

( 3 2 5 41 2)

M o nt hl y N at ur al G a s Bill 

Pr e - El e ctri fi c ati o n

M o nt hl y El e ctri c Bill o n 

St a n d ar d R at e D e si g n

M o nt hl y El e ctri c Bill o n M o di fi e d 

R at e D e si g n wit h L o a d S hi i n g

M o nt hl y N at ur al G a s Bill 

Pr e - El e ctri fi c ati o n

M o nt hl y El e ctri c Bill o n 

St a n d ar d R at e D e si g n

M o nt hl y El e ctri c Bill o n M o di fi e d 

R at e D e si g n wit h L o a d S hi i n g

0

$ 5 0 0 , 0 0 0

$ 1 , 0 0 0 , 0 0 0

$ 1 , 5 0 0 , 0 0 0

$ 2 , 0 0 0 , 0 0 0

$ 2 , 5 0 0 , 0 0 0

$ 3 , 0 0 0 , 0 0 0

$ 3 , 5 0 0 , 0 0 0

F r ui t & V e g C a n ni n g 

( 311 4 21)

P a p e r b o a r d Mill s 

( 3 2 21 3 0)

P h a r m a c e u ti c al M f g 

( 3 2 5 41 2)

S o ur c e: S y n a p s e a n al y si s u si n g S C E t ari ff s a n d o ur i n - h o u s e i n d u stri al el e ctri fi c ati o n t o ol.

S o ur c e: S y n a p s e a n al y si s u si n g S D G E t ari ff s a n d o ur i n - h o u s e i n d u stri al el e ctri fi c ati o n t o ol.

Fi g u r e 1 9. M o n t hl y E n e r g y Bill s P r e - v s P o s t - El e c t ri fi c a ti o n, S C E.

Fi g u r e 2 0. M o n t hl y E n e r g y Bill s P r e - v s P o s t - El e c t ri fi c a ti o n, S D G E.
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d e m a n d c h ar g e, a n d a s s u mi n g t h at t h e f a cilit y 

utili z e s t h er m al st or a g e or a n ot h er t e c h n ol o g y t o 

s hi  it s l o a d e ntir el y t o o ff - p e a k h o ur s1 6 7

O ur a n al y si s f o c u s e d o n pr o c e s s h e ati n g l o a d i n 

t hr e e i n d u stri al s u b s e ct or s: fr uit a n d v e g et a bl e 

c a n ni n g ( N AI C S 311 3 21), p a p er b o ar d mill s ( N AI C S 

3 2 21 3 0), a n d p h ar m a c e uti c al m a n uf a ct uri n g 

( N AI C S 3 2 5 41 2). F or e a c h s u b s e ct or, S y n a p s e 

e x a mi n e d t h e pr e - a n d p o st - el e ctri fi c ati o n m o nt hl y 

e n er g y c o st s a s s o ci at e d wit h b oil er s a n d pr o c e s s 

h e at er s f or a h y p ot h eti c al l ar g e - e mi i n g f a cilit y. 

T hi s f a cilit y’ s l o a d pr o fil e i s b a s e d o n t h e m e di a n 

l o a d pr o fil e f or all l ar g e - e mi i n g f a ciliti e s of t h at 

s u b s e ct or i n C alif or ni a. T h e el e ctri c l o a d pr o fil e 

i n cl u d e s b oil er s, c o - g e n er at e d h e at, a n d pr o c e s s 

h e ati n g l o a d b el o w 2 0 0 ° C. T h e g a s u s a g e e x a mi n e d 

i n t hi s a n al y si s al s o o nl y i n cl u d e s b oil er s, c o -

g e n er at e d h e at, a n d pr o c e s s h e ati n g l o a d b el o w 

2 0 0 ° C a n d d o e s n ot i n cl u d e g a s u s a g e a s s o ci at e d 

wit h b oil er s, c o - g e n er at e d h e at, a n d pr o c e s s 

h e ati n g l o a d a b o v e 2 0 0 ° C.

O ur a n al y si s f o u n d t h at all t hr e e s u b s e ct or s 

s e e s u b st a nti al i n cr e a s e s i n e n er g y c o st s p o st -

el e ctri fi c ati o n i n all t hr e e utilit y t errit ori e s. T h e s e 

i n cr e a s e s r a n g e b et w e e n 2 3 5 p er c e nt a n d 6 8 7 

p er c e nt, hi g hli g hti n g t h e u nf a v or a bl e e c o n o mi c s 

of i n d u stri al el e ctri fi c ati o n u n d er st a n d ar d r at e 

d e si g n a p pr o a c h e s. T a bl e 1 0 pr o vi d e s c o m p ari s o n s 

b et w e e n el e ctri cit y c o st s u n d er st a n d ar d r at e s 

a n d pr e - el e ctri fi c ati o n m et h a n e g a s c o st s f or e a c h 

s u b s e ct or i n e a c h utilit y t errit or y.

W e al s o f o u n d t h at t h e alt er n ati v e r at e d e si g n 

c o u pl e d wit h l o a d s hi i n g r e s ult s i n c o n si d er a bl y 

l o w er el e ctri cit y c o st s, m ai nl y d u e t o t h e f a ciliti e s’ 

a bilit y t o e ntir el y a v oi d c oi n ci d e nt d e m a n d c h ar g e s 

a n d o n - p e a k e n er g y c h ar g e s b y s hi i n g 1 0 0 

p er c e nt of l o a d o ut of t h e p e a k p eri o d, e v e n t h o u g h 

t h e s e r e d u cti o n s ar e still n ot s u ffi ci e nt t o bri d g e 

t h e g a p b et w e e n g a s a n d el e ctri cit y c o st s. W hil e 

t h e a n al y si s d o e s n ot a c c o u nt f or t h e i n v e st m e nt s 

n e c e s s ar y t o e n a bl e t hi s l o a d s hi i n g, t h e r e s ult s 

n e v ert h el e s s ill u str at e t h e r ol e of r at e d e si g n 

a n d l o a d fl e xi bilit y i n i m pr o vi n g t h e e c o n o mi c s 

of i n d u stri al el e ctri fi c ati o n. T a bl e 11 pr o vi d e s a 

c o m p ari s o n b et w e e n el e ctri cit y c o st s u n d er a 

m o di fi e d r at e d e si g n c o u pl e d wit h l o a d s hi i n g a n d 

el e ctri cit y c o st s u n d er st a n d ar d r at e s wit h o ut l o a d 

s hi i n g f or e a c h s u b s e ct or i n e a c h utilit y t errit or y.

It i s i m p ort a nt t o n ot e t h at t h e s e e sti m at e d 

bill s r e fl e ct t h e i m p a ct s of t w o i nt er v e nti o n s —

n a m el y, t h e r e m o v al of n o n - c oi n ci d e nt d e m a n d 

c h ar g e s a n d t h e s hi i n g of l o a d o ut of o n - p e a k 

p eri o d s. A d diti o n al r at e d e si g n c h a n g e s, s u c h a s 

ti m e - di ff er e nti ati n g tr a n s mi s si o n c h ar g e s a n d 

i m pl e m e nti n g r at e di s c o u nt s f or el e ctri fi c ati o n 

pr oj e ct s, a s w ell a s ot h er c o m pl e m e nt ar y p oli ci e s 

di s c u s s e d i n t hi s r e p ort, c a n f urt h er r e d u c e c o st s 

f or el e ctri fi c ati o n pr oj e ct s a n d m a k e el e ctri fi c ati o n 

m or e c o st - c o m p etiti v e wit h m et h a n e g a s. 

T a bl e 1 2 pr o vi d e s t h e a n n u al el e ctri c s a vi n g s t h at 

c a n b e a c hi e v e d wit h l o a d s hi i n g t e c h n ol o g y 

u n d er t h e m o di fi e d r at e d e si g n c o m p ar e d t o n o 

l o a d s hi i n g u n d er a st a n d ar d r at e d e si g n, wit h bill 

s a vi n g s r a n gi n g fr o m $ 5 2 5, 7 4 0 t o $1, 4 9 8, 4 5 0 p er 

y e ar p er f a cilit y. T h e s e fi g ur e s al s o s er v e a s t h e 

m a xi m u m a n n u ali z e d c o st s t h at f a ciliti e s c a n t a k e 

o n t o e n a bl e l o a d fl e xi bilit y.

I m p a c t s o n t h e G ri d

A s di s c u s s e d i n P art II, S e cti o n II. A, l o a d fl e xi bilit y 

al s o b e n e fit s t h e gri d b y l o w eri n g t h e s y st e m 

p e a k d e m a n d, w hi c h h el p s t o r e d u c e c a p a cit y 

r e q uir e m e nt s a n d s u p p ort r e n e w a bl e e n er g y 

i nt e gr ati o n. S y n a p s e e sti m at e d t h e p ot e nti al 

p e a k d e m a n d d uri n g s u m m er p e a k h o ur s ( 4 9 

p m) a s s o ci at e d wit h el e ctrif yi n g t hr e e i n d u stri al 

s e ct or s i n C alif or ni a: f o o d pr o c e s si n g ( N AI C S 311), 

p a p er m a n uf a ct uri n g ( N AI C S 3 2 2), a n d c h e mi c al 

m a n uf a ct uri n g ( N AI C S 3 2 5). W e t h e n a s s u m e d 

1 0 p er c e nt, 2 0 p er c e nt, a n d 5 0 p er c e nt a d o pti o n 

l e v el s of l o a d - s hi i n g t e c h n ol o gi e s f or e a c h s e ct or 

t o d et er mi n e t h e e xt e nt t o w hi c h t hi s s u m m er p e a k 

d e m a n d c o ul d b e r e d u c e d. 1 6 8 W e al s o c al c ul at e d t h e 

c orr e s p o n di n g a v oi d e d g e n er ati o n c a p a cit y c o st s 

u si n g A v oi d e d C o st C al c ul at or v al u e s f or 2 0 2 5.

O ur a n al y si s f o u n d t h at if 1 0 p er c e nt of t h e s e 

f a ciliti e s a d o pt l o a d - s hi i n g t e c h n ol o gi e s or 

str at e gi e s, t h e el e ctri fi c ati o n -i n d u c e d s u m m er 

p e a k d e m a n d c o ul d b e r e d u c e d b y m or e 

t h a n 2 G W, a v oi di n g $ 2 0 2 milli o n i n a n n u al 
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U tili t y F r ui t & V e g C a n ni n g P a p e r b o a r d Mill s P h a r m a c e u ti c al M f g

P G & E 4 5 7 % 2 7 6 % 5 0 9 %

S C E 3 7 2 % 2 3 5 % 41 4 %

S D G E 6 0 8 % 3 7 0 % 6 8 7 %

U tili t y F r ui t & V e g C a n ni n g P a p e r b o a r d Mill s P h a r m a c e u ti c al M f g

P G & E 4 6 % 5 5 % 4 5 %

S C E 5 2 % 6 2 % 51 %

S D G E 4 3 % 5 0 % 4 2 %

U tili t y F r ui t & V e g C a n ni n g P a p e r b o a r d Mill s P h a r m a c e u ti c al M f g

P G & E $ 7 6 8, 4 9 6 $1,1 2 5,1 3 0 $ 9 7 8, 5 7 6

S C E $ 5 2 5, 7 4 0 $ 7 5 5, 0 6 5 $ 6 6 9,1 9 6

S D G E $ 9 6 7, 3 7 5 $1, 4 9 8, 4 5 0 $1, 2 7 2, 51 7

T a bl e 1 0. El e c t ri ci t y C o s t s u n d e r S t a n d a r d R a t e D e si g n a s a P e r c e n t a g e o f P r e - El e c t ri fi c a ti o n M e t h a n e 
G a s C o s t s.

T a bl e 1 1. El e c t ri ci t y C o s t s u n d e r M o di fi e d R a t e D e si g n wi t h L o a d S hi i n g a s a P e r c e n t a g e o f 
El e c t ri ci t y C o s t s u n d e r S t a n d a r d R a t e D e si g n wi t h o u t L o a d S hi i n g.

T a bl e 1 2. A n n u al El e c t ri c Bill S a vi n g s u n d e r M o di fi e d R a t e D e si g n wi t h L o a d S hi i n g.

S o ur c e: S y n a p s e a n al y si s u si n g P G & E, S C E, a n d S D G E t ari ff s a n d o ur i n - h o u s e i n d u stri al el e ctri fi c ati o n t o ol.

S o ur c e: S y n a p s e a n al y si s u si n g P G & E, S C E, a n d S D G E t ari ff s a n d o ur i n - h o u s e i n d u stri al el e ctri fi c ati o n t o ol.

S o ur c e: S y n a p s e a n al y si s u si n g P G & E, S C E, a n d S D G E t ari ff s a n d o ur i n - h o u s e i n d u stri al el e ctri fi c ati o n t o ol.

S u m m e r C oi n ci d e n t 

D e m a n d

1 0 % P e a k D e m a n d 

R e d u c ti o n

2 0 % P e a k D e m a n d 

R e d u c ti o n

5 0 % P e a k D e m a n d 

R e d u c ti o n

M W 2 0, 9 6 5 2, 0 9 7 4,1 9 3 1 0, 4 8 3

A n n u al A v oi d e d G e n e r a ti o n 

C a p a ci t y C o s t s
- $ 2 0 2 M $ 4 0 4 M $1, 011 M

T a bl e 1 3. P e a k D e m a n d R e d u c ti o n P o t e n ti al a n d A v oi d e d G e n e r a ti o n C a p a ci t y C o s t s f o r F o o d 
P r o c e s si n g, P a p e r M a n u f a c t u ri n g, a n d C h e mi c al M a n u f a c t u ri n g.

S o ur c e: S y n a p s e a n al y si s u si n g o ur i n - h o u s e i n d u stri al el e ctri fi c ati o n t o ol a n d 2 0 2 5 a v oi d e d c o st v al u e s fr o m t h e C P U C’ s A v oi d e d C o st C al c ul at or.
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g e n er ati o n c a p a cit y c o st s ( u si n g 2 0 2 5 a v oi d e d 

c o st e sti m at e s). Si mil arl y, a 2 0 p er c e nt l e v el of 

l o a d s hi i n g c orr e s p o n d s t o o v er 4 G W of p e a k 

d e m a n d r e d u cti o n a n d $ 4 0 4 milli o n i n a v oi d e d 

g e n er ati o n c a p a cit y c o st s, a n d a 5 0 p er c e nt l e v el 

of l o a d s hi i n g c orr e s p o n d s t o o v er 1 0 G W of p e a k 

d e m a n d r e d u cti o n a n d o v er $1 billi o n i n a v oi d e d 

g e n er ati o n c a p a cit y c o st s. H o w e v er, wit h o ut l o a d 

s hi i n g, t h e p o st - el e ctri fi c ati o n c o m bi n e d d e m a n d 

d uri n g s y st e m p e a k h o ur s i n t h e s u m m er f or t h e s e 

t hr e e i n d u stri e s c o ul d r e a c h 21 G W. T h e s e r e s ult s 

hi g hli g ht t h e i m p ort a n c e of r at e d e si g n a n d ot h er 

str at e gi e s t o i n c e nti vi z e i n d u stri al c u st o m er s t o 

a d o pt l o a d fl e xi bilit y t e c h n ol o gi e s s u c h a s t h er m al 

b a eri e s.

A D D I T I O N A L P O L I C I E S A N D 

P R O G R A M S T O F A C I L I T A T E 

I N D U S T R I A L E L E C T R I F I C A T I O N

Gi v e n t h e s u b st a nti al c o st di ff er e n c e b et w e e n 

el e ctri cit y a n d m et h a n e g a s i n C alif or ni a, a n d t h e 

li k el y n e e d f or a d diti o n al c a pit al i n v e st m e nt s t o 

e n a bl e o p er ati o n al fl e xi bilit y, r at e d e si g n al o n e 

i s u nli k el y t o bri d g e t h e g a p b et w e e n t h e c o st of 

el e ctri cit y a n d m et h a n e g a s a s a f u el s o ur c e f or 

i n d u stri al pr o c e s s e s. I n st e a d, a m ulti - pr o n g e d 

a p pr o a c h t h at i n cl u d e s c o m pl e m e nt ar y n o n -r at e 

str at e gi e s i s n e c e s s ar y t o h el p l o w er t h e c o st of 

el e ctri cit y. F or e x a m pl e, alt er n ati v e el e ctri c s u p pl y 

c a n h el p i n d u stri al c u st o m er s a c c e s s l o w er c o st 

el e ctri cit y, w hil e i n c e nti v e s f or o n - sit e D E R s c a n 

f a cilit at e l o a d fl e xi bilit y a n d e n a bl e c u st o m er s t o 

m a n a g e el e ctri cit y c o st s. T h e f oll o wi n g s e cti o n 

bri e fl y di s c u s s e s k e y p oli ci e s a n d pr o gr a m s t h at 

c a n c o m pl e m e nt r at e d e si g n t o m a k e el e ctri fi c ati o n 

m or e e c o n o mi c all y vi a bl e a n d a r a cti v e f or 

i n d u stri al c u st o m er s.

Di r e c t A c c e s s

I n C alif or ni a, Dir e ct A c c e s s all o w s n o n -r e si d e nti al 

c u st o m er s t o r e c ei v e el e ctri c s u p pl y fr o m a n 

El e ctri c S er vi c e Pr o vi d er ( E S P) r at h er t h a n fr o m 

t h eir utilit y, wit h t h e utilit y c o nti n ui n g t o pr o vi d e 

tr a n s mi s si o n a n d di stri b uti o n s er vi c e s t o d eli v er 

p o w er t o t h e s e c u st o m er s. U n d er t hi s arr a n g e m e nt, 

c u st o m er s p a y t h e E S P i n st e a d of t h e utilit y f or 

t h eir el e ctri c s u p pl y b ut still p a y di stri b uti o n a n d 

tr a n s mi s si o n c h ar g e s t o t h eir utilit y. C u st o m er s 

e nr oll e d i n Dir e ct A c c e s s c a n p ot e nti all y o bt ai n 

l o w er c o st el e ctri cit y a n d m or e fl e xi bl e r at e 

str u ct ur e s fr o m a n E S P c o m p ar e d t o utilit y -

pr o vi d e d el e ctri c s u p pl y. L ar g e i n d u stri al c u st o m er s 

c a n o e n n e g oti at e c u st o m pri ci n g pl a n s wit h 

E S P s t o m e et t h e c u st o m er s’ s p e ci fi c n e e d s, t a ki n g 

i nt o a c c o u nt t h e c u st o m er s’ l o a d fl e xi bilit y, o n - sit e 

g e n er ati o n, r e n e w a bl e e n er g y r e q uir e m e nt s, or 

ot h er f a ct or s. 

H o w e v er, e nr oll m e nt i n Dir e ct A c c e s s i s li mit e d: t h e 

pr o gr a m i s s u bj e ct t o a t ot al p arti ci p ati o n c a p of 

a p pr o xi m at el y 2 8, 8 0 0 G W h ( wit h s p e ci fi c c a p s f or 

e a c h utilit y), w hi c h i s a p pr o xi m at el y 1 7 p er c e nt of 

t h e st at e wi d e el e ctri c l o a d.1 6 9 C urr e ntl y, 4 2 p er c e nt 

of i n d u stri al l o a d ( c u st o m er s wit h at l e a st 5 0 0 k W 

d e m a n d) i s e nr oll e d i n Dir e ct A c c e s s, si g nif yi n g 

t h e v al u e of t hi s pr o gr a m f or t h e i n d u stri al s e ct or.1 7 0 

E nr oll m e nt i s d o n e t hr o u g h a l o er y pr o c e s s. 1 71 

D uri n g a n e nr oll m e nt p eri o d e a c h y e ar, i nt er e st e d 

c u st o m er s m u st fil e a n oti c e of t h eir i nt e nt t o e nr oll 

i n Dir e ct A c c e s s, a n d utiliti e s will a s si g n e a c h 

c u st o m er a l o er y n u m b er. C u st o m er s t h e n fill 

a v ail a bl e l o a d wit hi n t h e c a p f or t h e f oll o wi n g y e ar 

i n t h e or d er of t h eir l o er y n u m b er s. I n t h e 2 0 2 3 

l o er y, utiliti e s a c c e pt e d 6 3 6 c u st o m er s f or Dir e ct 

A c c e s s e nr oll m e nt o ut of 1,1 5 3 c u st o m er s w h o 

s u b mi e d a n oti c e d uri n g t h e e nr oll m e nt p eri o d. 1 7 2 

Alt h o u g h Dir e ct A c c e s s c o ul d p ot e nti all y r e d u c e 

t h e c o st of el e ctri fi c ati o n f or i n d u stri al c u st o m er s, 

e x p a n si o n of t h e pr o gr a m f a c e s c h all e n g e s. 

Pr e vi o u s p arti ci p ati o n c a p i n cr e a s e s h a v e 

r e q uir e d l e gi sl ati v e a ut h ori z ati o n, a n d i n 2 0 21, t h e 

C P U C r e c o m m e n d e d a g ai n st f urt h er i n cr e a s e s. 

T hi s r e c o m m e n d ati o n w a s b a s e d o n t h e fi n di n g 

t h at e x p a n di n g Dir e ct A c c e s s w o ul d “ cr e at e 

u n a c c e pt a bl e ri s k s t o el e ctri c s y st e m r eli a bilit y ” a n d 

w o ul d b e i n c o n si st e nt wit h t h e st at e’ s gr e e n h o u s e 

g a s e mi s si o n r e d u cti o n g o al s, citi n g c h all e n g e s 

c a u s e d b y a fr a g m e nt e d r et ail m ar k et t o t h e st at e’ s 

r e s o ur c e pl a n ni n g pr o c e s s e s a s w ell a s E S P s’ p o or 

tr a c k r e c or d i n pr o c uri n g cl e a n e n er g y r e s o ur c e s.1 7 3 

Si n c e Dir e ct A c c e s s c a n b e a n i m p ort a nt t o ol f or 

i n d u stri al f a ciliti e s t o a c c e s s l o w er - c o st el e ctri cit y 
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a n d m a k e el e ctri fi c ati o n pr oj e ct s e c o n o mi c all y 

vi a bl e a n d a r a cti v e, w e r e c o m m e n d t h at t h e 

C o m mi s si o n c o n si d er pri oriti zi n g c u st o m er s w h o 

s e e k t o el e ctrif y t h eir l o a d i n t h e a n n u al Dir e ct 

A c c e s s l o er y. T hi s c h a n g e w o ul d e n s ur e t h at 

c u st o m er s w h o j oi n Dir e ct A c c e s s ar e c o ntri b uti n g 

dir e ctl y t o t h e st at e’ s gr e e n h o u s e g a s e mi s si o n 

r e d u cti o n a n d el e ctri fi c ati o n g o al s ( b y s wit c hi n g 

fr o m m et h a n e g a s t o el e ctri cit y) w hi c h m a y al s o 

a s s u a g e t h e C o m mi s si o n’ s c o n c er n s r e g ar di n g t h e 

i m p a ct s of Dir e ct A c c e s s o n t h e st at e’ s cli m at e 

g o al s.

Cl e a n Tr a n si ti o n T a ri ff s

Cl e a n tr a n siti o n t ari ff s ( C T T) ar e r at e str u ct ur e s 

t h at all o w l ar g e i n d u stri al c u st o m er s t o b e s u p pli e d 

b y a cl e a n e n er g y r e s o ur c e or a p or oli o of 

cl e a n e n er g y r e s o ur c e s t o m at c h t h e c u st o m er s’ 

e n er g y c o n s u m pti o n o n a n h o url y b a si s. U n d er a 

C T T, t h e utilit y w o ul d c o ntr a ct wit h a n e w cl e a n 

e n er g y r e s o ur c e o n b e h alf of t h e c u st o m er, a n d 

t h e c u st o m er w o ul d e nt er a l o n g -t er m c o ntr a ct t o 

p ur c h a s e p o w er fr o m t h e utilit y f or t h e e x p e ct e d lif e 

of t h e r e s o ur c e a n d p a y t h e utilit y a fi x e d pri c e t h at 

r e fl e ct s t h e c o st of t h e c o ntr a ct. C T T s n ot o nl y all o w 

i n d u stri al c u st o m er s t o a c c e s s cl e a n e n er g y t o m e et 

t h eir s u st ai n a bilit y g o al s b ut al s o e n a bl e s t h e m t o 

o bt ai n a fi x e d pri c e f or el e ctri cit y t h at pr ot e ct s t h e m 

fr o m p ot e nti al fl u ct u ati o n s i n w h ol e s al e e n er g y 

pri c e s. 

O n e pr o mi n e nt e x a m pl e of a C T T i s t h e t ari ff 

r e c e ntl y a p pr o v e d b y t h e P u bli c Utiliti e s 

C o m mi s si o n of N e v a d a f or N V E n er g y. 1 7 4 T h e 

t ari ff w a s d e v el o p e d i n p art n er s hi p wit h G o o gl e 

a n d will all o w N V E n er g y t o p o w er G o o gl e’ s d at a 

c e nt er s i n t h e utilit y’ s s er vi c e t errit or y wit h a 11 5 

M W g e ot h er m al e n er g y pr oj e ct, w hi c h i s f u n d e d b y 

G o o gl e u n d er a l o n g -t er m a gr e e m e nt. 1 7 5

C T T s c a n s er v e a s a n alt er n ati v e t o Dir e ct A c c e s s 

a n d h el p a d dr e s s t h e C o m mi s si o n’ s c o n c er n s 

wit h e x p a n di n g t h e l a er. Si n c e t h e utilit y pl a y s 

a k e y r ol e i n C T T s, r e g ul at or s h a v e o v er si g ht o v er 

c o ntr a ct t er m s b et w e e n t h e utilit y a n d t h e r e s o ur c e 

a s w ell a s b et w e e n t h e utilit y a n d t h e c u st o m er. 

T hi s o v er si g ht all o w s t h e C o m mi s si o n t o e n s ur e 

t h at C T T s ar e c o or di n at e d wit h t h e st at e’ s r e s o ur c e 

pl a n ni n g pr o c e s s e s a n d d o n ot n e g ati v el y i m p a ct 

t h e o v er all r eli a bilit y of t h e gri d. A d diti o n all y, C T T s 

c a n h el p a d v a n c e t h e st at e’ s cli m at e g o al s b y 

all o wi n g i n d u stri al c u st o m er s t o a c c e s s a n d fi n a n c e 

cl e a n e n er g y pr oj e ct s t h at m a y n ot b e d e pl o y e d 

ot h er wi s e.

Tr a n s mi s si o n A c c e s s C h a r g e s

Tr a n s mi s si o n A c c e s s C h ar g e s ( T A C s) ar e f e e s 

c h ar g e d t o utiliti e s b y C AI S O a n d p a s s e d o n 

t o c u st o m er s f or hi g h - v olt a g e tr a n s mi s si o n. I n 

C alif or ni a, C AI S O’ s T A C s ar e v ol u m etri c c h ar g e s 

a p pli e d t o e a c h c u st o m er’ s t ot al el e ctri cit y 

R T O /I S O Tr a n s mi s si o n C o s t All o c a ti o n M e t h o d

C AI S O V ol u m etri c c h ar g e s

E R C O T 4 C P

I S O - N E H o url y c oi n ci d e nt wit h m o nt hl y p e a k

MI S O Z o n al h o url y l o a d c oi n ci d e nt wit h m o nt hl y p e a k

N YI S O V ol u m etri c c h ar g e s

PJ M 5 C P

S P P H o url y c oi n ci d e nt wit h m o nt hl y p e a k

T a bl e 1 4. Tr a n s mi s si o n C o s t All o c a ti o n b y R T O /I S O.

S o ur c e: D at a pr o vi d e d b y T h e A d H o c Gr o u p f or R o n d o E n er g y. 

U nl o c ki n g I n d u s t ri al El e c t ri fi c a ti o n I n C ali f o r ni a  |  5 0



c o n s u m pti o n i n k W h e a c h m o nt h a n d t h u s d o 

n ot r e fl e ct w h et h er c u st o m er l o a d c o ntri b ut e s t o 

p e a k d e m a n d. T hi s m e a n s t h at a c u st o m er w h o 

c o n s u m e s all t h eir el e ctri cit y d uri n g o ff - p e a k h o ur s 

( or a Dir e ct A c c e s s c u st o m er w h o u s e s tr a n s mi s si o n 

d uri n g p eri o d s of l o w c o n g e sti o n) i s c h ar g e d t h e 

s a m e f or tr a n s mi s si o n a s a c u st o m er w h o u s e s all 

t h eir el e ctri cit y d uri n g p e a k h o ur s, e v e n t h o u g h 

tr a n s mi s si o n c o st s ar e p arti all y dri v e n b y p e a k 

d e m a n d.

I n c o ntr a st, m a n y ot h er R T O /I S O s c h ar g e f or 

tr a n s mi s si o n i n a m or e c o st -r e fl e cti v e f a s hi o n. 

F or e x a m pl e, E R C O T’ s T A C s a p pl y t o c u st o m er s’ 

c o ntri b uti o n t o t h e f o ur hi g h e st c oi n ci d e nt p e a k s, 

w h er e a s I S O - N E’ s T A C s a p pl y t o c u st o m er s’ l o a d 

d uri n g t h e hi g h e st m o nt hl y p e a k. T h e C o m mi s si o n 

s h o ul d e x pl or e o p p ort u niti e s t o a d v o c at e f or 

c h a n g e s t o t h e tr a n s mi s si o n c o st all o c ati o n m et h o d 

at C AI S O t o b e er r e fl e ct c o st c a u s ati o n.

P u bli c P u r p o s e C h a r g e s

I n C alif or ni a, b ot h el e ctri c a n d g a s c u st o m er s’ 

bill s i n cl u d e c h ar g e s f or v ari o u s “ p u bli c p ur p o s e 

pr o gr a m s.” S u c h pr o gr a m s c o n si st of e n er g y 

a s si st a n c e, e n er g y e ffi ci e n c y, a n d ot h er cli m at e -

r el at e d a cti viti e s, a n d el e ctri c c u st o m er s al s o p a y 

f or el e ctri c utiliti e s’ wil d fir e miti g ati o n e ff ort s.1 7 6 

H o w e v er, t h e s e c h ar g e s ar e m u c h hi g h er o n 

el e ctri c bill s c o m p ar e d t o m et h a n e g a s bill s, 

t h er e b y e x a c er b ati n g t h e pri c e di ff er e nti al b et w e e n 

el e ctri cit y a n d g a s a n d m a ki n g el e ctri fi c ati o n l e s s 

a ff or d a bl e. T a bl e 1 3 a n d T a bl e 1 4 b el o w pr o vi d e 

t h e 2 0 2 4 r e v e n u e r e q uir e m e nt s b y c o m p o n e nt 

R e v e n u e C o m p o n e n t P G & E S C E S D G & E

G e n e r a ti o n / E n e r g y P r o c u r e m e n t 5, 0 5 3, 9 5 4 5, 0 6 9, 51 2 1, 0 01, 2 2 7

P u r c h a s e d P o w e r 2, 3 5 8, 0 9 8 4, 0 4 8, 2 2 9 2 4 3, 41 7

U tili t y O w n e d G e n e r a ti o n F u el 5 9 2, 0 31 2 6 8,1 0 2 5 9 9, 9 8 3

G e n e r al R a t e C a s e 2,1 0 3, 8 2 5 7 5 3,1 8 2 1 5 7, 8 2 8

Di s t ri b u ti o n — G e n e r al R a t e C a s e 8, 7 41, 0 8 4 8, 9 3 7, 4 7 7 1, 7 2 2,1 8 7

Tr a n s mi s si o n 2, 6 6 3, 2 4 4 1,11 6, 0 9 3 6 8 5, 2 4 5

D e m a n d Si d e M a n a g e m e n t a n d P u bli c 

P u r p o s e P r o g r a m s
81 2, 9 5 4 1, 0 3 8, 4 3 6 6 0 8, 9 7 3

B o n d s a n d F e e s 7 5 2, 6 7 4 5 9 5, 3 51 8 4, 6 7 4

Wil d fi r e C o s t s 5, 4 0 4, 3 0 4 2, 9 3 0, 4 0 5 41 3, 8 7 3

T o t al 2 0 2 4 R e v e n u e R e q ui r e m e n t 2 0, 3 4 1, 2 3 6 1 7, 5 3 0, 0 6 6 4, 2 3 3, 0 7 2

T a bl e 1 5. 2 0 2 4 El e c t ri c R e v e n u e R e q ui r e m e n t s f o r C ali f o r ni a U tili ti e s ( $ 0 0 0).

S o ur c e: C alif or ni a P u bli c U tili ti e s C o m mi s si o n, 2 0 2 4 C alif or ni a El e ctri c a n d G a s U tili t y C o st s R e p or t at 2 6 ( 2 0 2 5), a v ail a bl e at  

h p s: // . c p u c. c a. g o v / - / m e di a / c p u c - w e b si t e / di vi si o n s / o ffi c e - of - g o v er n m e nt al - a ff air s - di vi si o n /r e p or t s / 2 0 2 5 / a b 6 7 _ p u c 9 1 3 _ 1 0 0 9 2 5. p df.
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f or C alif or ni a el e ctri c utiliti e s a n d g a s utiliti e s, 

r e s p e cti v el y.

T h e t a bl e s a b o v e s h o w t h at f or el e ctri cit y, p u bli c 

p ur p o s e pr o gr a m s a n d wil d fir e miti g ati o n c o st s 

a c c o u nt f or a b o ut 31 p er c e nt of P G & E’ s 2 0 2 4 

r e v e n u e r e q uir e m e nt, 2 3 p er c e nt of S C E’ s, a n d 2 4 

p er c e nt of S D G E’ s. O n t h e g a s si d e, p u bli c p ur p o s e 

pr o gr a m s a c c o u nt f or o nl y 6 p er c e nt of P G & E’ s 

2 0 2 4 r e v e n u e r e q uir e m e nt, 8 p er c e nt of S C E’ s, a n d 

6 p er c e nt of S D G E’ s. T hi s st ar k i m b al a n c e i m p e d e s 

t h e e c o n o mi c s of el e ctri fi c ati o n, a s i n d u stri al 

c u st o m er s w h o el e ctrif y m u st t a k e o n n ot o nl y 

t h e hi g h er c o st s of el e ctri cit y s u p pl y a n d d eli v er y 

b ut al s o t h e hi g h er c o st s of t h e s e p u bli c p ur p o s e 

pr o gr a m s. Wil d fir e miti g ati o n c o st s, i n p arti c ul ar, 

a c c o u nt f or a s u b st a nti al p orti o n of el e ctri c bill s, 

e v e n t h o u g h wil d fir e miti g ati o n b e n e fit s s o ci et y 

a s a w h ol e (i n cl u di n g g a s c u st o m er s). B al a n ci n g 

t h e s e p u bli c p ur p o s e c h ar g e s b et w e e n g a s a n d 

el e ctri c c u st o m er s, or p a yi n g f or t h e s e pr o gr a m s 

wit h t a x f u n di n g, w o ul d h el p miti g at e t h e di ff er e n c e 

b et w e e n el e ctri c a n d g a s c o st s a n d i m pr o v e t h e 

e c o n o mi c s of el e ctri fi c ati o n pr oj e ct s.

I n c e n ti v e s f o r O n - Si t e D E R s

I n c e nti v e s f or o n - sit e D E R s c a n c o m pl e m e nt r at e 

d e si g n t o i m pr o v e t h e e c o n o mi c s of i n d u stri al 

el e ctri fi c ati o n pr oj e ct s b y m a ki n g o n - sit e D E R s 

s u c h a s s ol ar a n d st or a g e m or e a ff or d a bl e. T hi s 

all o w s i n d u stri al c u st o m er s t o m a n a g e t h eir l o a d 

a er el e ctri fi c ati o n t o a v oi d o n - p e a k c h ar g e s 

(i n cl u di n g b ot h d e m a n d c h ar g e s a n d e n er g y 

c h ar g e s). I n C alif or ni a, t h e S elf - G e n er ati o n 

I n c e nti v e Pr o gr a m ( S GI P) o ff er s i n c e nti v e s f or 

b e hi n d -t h e - m et er D E R s, i n cl u di n g s ol ar a s w ell a s 

b ot h el e ctr o c h e mi c al ( e. g., lit hi u m -i o n) a n d t h er m al 

st or a g e. 

U n d er t h e S GI P, s ol ar i n st all ati o n s ar e eli gi bl e f or a 

b a s e i n c e nti v e l e v el of $ 2, 0 0 0 p er k W of c a p a cit y 

u p t o 1 M W, wit h a d diti o n al c a p a cit y u p t o 3 M W 

eli gi bl e f or r e d u c e d i n c e nti v e s. 1 7 7 S t or a g e s y st e m s 

c a n c urr e ntl y q u alif y f or a b a s e i n c e nti v e l e v el of 

$ 2 5 0 p er k W h of st or a g e c a p a cit y. 1 7 8 T hi s i n c e nti v e 

l e v el a p pli e s t o u p t o 2 M W h of st or a g e c a p a cit y, 

a n d a d diti o n al e n er g y c a p a cit y u p t o 6 M W h 

r e c ei v e s r e d u c e d i n c e nti v e s.1 7 9 S t or a g e s y st e m s 

wit h a d ur ati o n b et w e e n 4 h o ur s a n d 6 h o ur s 

a n d t h o s e wit h o ut b a c k u p c a p a bilit y al s o r e c ei v e 

r e d u c e d i n c e nti v e s.1 8 0 

S t or a g e i n c e nti v e s u n d er S GI P ar e di vi d e d 

i nt o u pfr o nt a n d p erf or m a n c e i n c e nti v e s. F or 

el e ctr o c h e mi c al e n er g y st or a g e s y st e m s, 5 0 

p er c e nt of t h e i n c e nti v e i s p ai d u pfr o nt, w hil e t h e 

r e m ai ni n g 5 0 p er c e nt i s p ai d o v er fi v e y e ar s b a s e d 

o n t h e k W h of el e ctri cit y di s c h ar g e d or o ff s et b y 

t h e st or a g e s y st e m e a c h y e ar. F or t h er m al e n er g y 

st or a g e s y st e m s, t h e i n c e nti v e s plit i s 3 0 p er c e nt 

u pfr o nt a n d 7 0 p er c e nt p erf or m a n c e - b a s e d. 1 81 

P G & E S C E S D G & E

C o r e P r o c u r e m e n t 1, 01 8, 0 4 6 1,1 8 6 4 3 9 1 6 9, 8 7 9

Tr a n s p o r t a ti o n 5,1 4 4, 8 21 5, 0 0 5, 7 8 8 7 4 4, 0 6 4

P u bli c P u r p o s e P r o g r a m s 3 9 9, 5 3 6 5 61, 5 7 4 6 0, 9 41

T o t al 6, 5 6 2, 4 0 3 6, 7 5 3, 8 01 9 7 4, 8 8 4

T a bl e 1 6. 2 0 2 4 G a s R e v e n u e R e q ui r e m e n t s f o r C ali f o r ni a U tili ti e s ( $ 0 0 0).

S o ur c e: C alif or ni a P u bli c U tili ti e s C o m mi s si o n. 2 0 2 5. 2 0 2 4 C alif or ni a El e ctri c a n d G a s U tili t y C o st s R e p or t, p. 8 6.
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A d diti o n all y, st or a g e s y st e m s r e c ei vi n g S GI P 

i n c e nti v e s ar e r e q uir e d t o r e d u c e gr e e n h o u s e g a s 

e mi s si o n s b y 5 k g C O
2
 p er k W h of st or a g e c a p a cit y 

a n n u all y b a s e d o n C AI S O m ar gi n al e mi s si o n s r at e s 

w h e n t h e st or a g e s y st e m s c h ar g e a n d di s c h ar g e, 

a n d a n y C O 2  e mi e d a b o v e t hi s l e v el r e d u c e s t h e 

i n c e nti v e s b y $1 p er k g C O2 .1 8 2

H o w e v er, S GI P i n c e nti v e s will li k el y b e d e pl et e d 

s o o n. Of t h e $ 81 3. 4 milli o n b u d g et, o nl y $ 9. 3 

milli o n f or l ar g e - s c al e st or a g e a n d $ 6 7. 6 milli o n f or 

g e n er ati o n r e m ai n, a n d t h e pr o gr a m i s c urr e ntl y o nl y 

a ut h ori z e d t hr o u g h J a n u ar y 1, 2 0 2 6. 1 8 3 S GI P w a s 

e st a bli s h e d a n d e x p a n d e d t hr o u g h l e gi sl ati o n, a n d 

it i s u n cl e ar w h et h er t h e pr o gr a m will b e e xt e n d e d 

b e y o n d t hi s d at e. 

If S GI P i s e xt e n d e d, t h e C P U C s h o ul d c o n si d er 

hi g h er i n c e nti v e s f or c u st o m er s p ur s ui n g a n 

el e ctri fi c ati o n pr oj e ct. T h e pr o gr a m alr e a d y 

pr o vi d e s i n cr e a s e d i n c e nti v e s f or c u st o m er s 

m e eti n g c ert ai n e q uit y a n d r e sili e n c y crit eri a, a n d 

el e ctri fi c ati o n pr oj e ct s w o ul d si mil arl y h el p a c hi e v e 

t h e st at e’ s p u bli c p oli c y g o al s.1 8 4 If S GI P i s n ot 

e xt e n d e d, t h e C P U C s h o ul d c o n si d er e st a bli s hi n g 

a n e w pr o gr a m t h at pr o vi d e s i n c e nti v e s f or b e hi n d -

t h e - m et er D E R s s u p p orti n g el e ctri fi c ati o n pr oj e ct s. 

C o s t - S h a ri n g o r I n c e n ti v e s f o r G ri d U p g r a d e s

El e ctri fi c ati o n pr oj e ct s m a y r e q uir e u p gr a d e s t o t h e 

di stri b uti o n gri d t o a c c o m m o d at e t h e a d diti o n al 

l o a d. U n d er t h e tr a diti o n al c o st all o c ati o n a p pr o a c h, 

t h e c u st o m er w h o tri g g er s gri d u p gr a d e s i s t y pi c all y 

r e s p o n si bl e f or t h e c o st of t h o s e u p gr a d e s, e v e n 

t h o u g h ot h er c u st o m er s m a y al s o b e n e fit fr o m 

t h e u p gr a d e d gri d c a p a cit y a er w ar d s. Al o n g 

wit h i n cr e a s e d o p er ati n g c o st s a er s wit c hi n g 

fr o m m et h a n e g a s t o el e ctri cit y, gri d u p gr a d e 
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c o st s c a n a d d t o t h e fi n a n ci al b arri er f or i n d u stri al 

el e ctri fi c ati o n pr oj e ct s b y i n cr e a si n g t h e r e q uir e d 

u pfr o nt c a pit al i n v e st m e nt s. T h er ef or e, p oli ci e s a n d 

pr o gr a m s t h at c a n l o w er t h e c o st s of gri d u p gr a d e s 

c a n h el p i m pr o v e t h e o v er all e c o n o mi c s of i n d u stri al 

el e ctri fi c ati o n pr oj e ct s. U p gr a d e c o st s f or i n di vi d u al 

pr oj e ct s c a n b e miti g at e d b y s h ari n g c o st s a m o n g 

s e v er al pr oj e ct s or b y s o ci ali zi n g c o st s a cr o s s all 

r at e p a y er s. 

C o st - s h ari n g m e c h a ni s m s h a v e b e e n a d o pt e d 

ar o u n d t h e c o u ntr y f or di stri b uti o n s y st e m u p gr a d e s 

t o s u p p ort D E R d e pl o y m e nt, a n d t h e y c a n al s o 

s u p p ort el e ctri fi c ati o n pr oj e ct s. I n C alif or ni a, D E R 

i nt er c o n n e cti o n a p pli c a nt s alr e a d y h a v e t h e o pti o n 

t o g o t hr o u g h a cl u st er st u d y, u n d er w hi c h t h e 

utilit y d et er mi n e s t h e n e c e s s ar y gri d u p gr a d e s t o 

s u p p ort s e v er al c u st o m er s l o o ki n g t o i nt er c o n n e ct 

D E R s t o t h e s a m e s e cti o n of t h e gri d si m ult a n e o u sl y 

a n d a s si g n s e a c h c u st o m er a p orti o n of t h e t ot al 

c o st s b a s e d o n t h eir c a p a cit y r e q uir e m e nt s. 1 8 5 T h e 

C o m mi s si o n s h o ul d a d o pt a si mil ar pr o c e s s f or 

i n d u stri al c u st o m er s a d di n g l o a d t o t h e gri d. 

A n ot h er c o m m o n c o st - s h ari n g a p pr o a c h i n v ol v e s 

t h e c u st o m er w h o tri g g er s t h e u p gr a d e s p a yi n g f or 

t h o s e u p gr a d e s u pfr o nt, t h e n g e i n g r ei m b ur s e d 

b y s u b s e q u e nt c u st o m er s w h o c o n n e ct t o t h e gri d 

a n d utili z e t h e u p gr a d e d c a p a cit y. H o w e v er, t hi s 

a p pr o a c h still r e q uir e s t h e fir st c u st o m er t o s h o ul d er 

t h e e ntir e u pfr o nt c o st a s w ell a s t h e ri s k of n ot 

r e c ei vi n g r ei m b ur s e m e nt s if n o n e w c u st o m er s 

c o n n e ct t o t h e s a m e gri d ar e a. Alt er n ati v el y, utiliti e s 

c a n r e c o v er t h e u p gr a d e c o st s fr o m r at e p a y er s 

u pfr o nt a n d r e q uir e all c u st o m er s w h o u s e t h e 

u p gr a d e d gri d c a p a cit y (i n cl u di n g t h e fir st pr oj e ct) 

t o p a y f or t h eir pr o p orti o n al s h ar e a s t h e y c o n n e ct 

t o t h e u p gr a d e d gri d s e g m e nt. 

F or i n d u stri al el e ctri fi c ati o n pr oj e ct s n ot l o c at e d 

a dj a c e nt t o ot h er p ot e nti al n e w l o a d a n d l ar g e 

pr oj e ct s r e q uiri n g d e di c at e d i nfr a str u ct ur e, 

s h ari n g gri d u p gr a d e c o st s wit h ot h er pr oj e ct s 

m a y n ot b e a n o pti o n. I n t h e s e c a s e s, i n c e nti v e s 

f or gri d u p gr a d e s m a y b e n e c e s s ar y t o i m pr o v e 

t h e e c o n o mi c vi a bilit y of el e ctri fi c ati o n pr oj e ct s. 

T h er e i s alr e a d y pr e c e d e nt f or t hi s a p pr o a c h i n 

C alif or ni a: i n 2 0 2 2, t h e C o m mi s si o n a p pr o v e d 

i n c e nti v e s f or gri d u p gr a d e c o st s f or r e si d e nti al 

c u st o m er s i n st alli n g h e at p u m p w at er h e at er s 

u n d er S GI P. 1 8 6 W h er e gri d u p gr a d e c o st s c a n n ot b e 

a v oi d e d or s h ar e d, t h e C o m mi s si o n s h o ul d c o n si d er 

a t e m p or ar y i n c e nti v e pr o gr a m f or i n d u stri al 

el e ctri fi c ati o n.
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C o n cl u si o n
C alif or ni a’ s cli m at e g o al s d e m a n d ur g e nt 

a cti o n t o r e d u c e e mi s si o n s fr o m t h e i n d u stri al 

s e ct or, a n d el e ctri fi c ati o n r e pr e s e nt s a cr u ci al 

i n d u stri al d e c ar b o ni z ati o n str at e g y. El e ctri fi c ati o n 

t e c h n ol o gi e s ar e t e c h ni c all y f e a si bl e f or m a n y 

i n d u stri al a p pli c ati o n s. S p e ci fi c all y, i n d u stri e s 

wit h si g ni fi c a nt h e at u s e u n d er 2 0 0
o
C s u c h a s 

f o o d pr o c e s si n g, b e v er a g e a n d t o b a c c o pr o d u ct 

m a n uf a ct uri n g, a n d p a p er m a n uf a ct uri n g ar e 

t h o s e wit h t h e hi g h e st n e ar -t er m p ot e nti al f or 

el e ctri fi c ati o n u si n g i n d u stri al h e at p u m p s. T h e 

el e ctri fi c ati o n of t h e s e i n d u stri e s c a n r e s ult i n 

s u b st a nti al e mi s si o n s a b at e m e nt a n d e n er g y 

s a vi n g s.

H o w e v er, C alif or ni a’ s hi g h el e ctri cit y pri c e s 

c o nti n u e t o p o s e a b arri er t o t h e fi n a n ci al vi a bilit y 

of el e ctri fi c ati o n pr oj e ct s. I n t hi s c o nt e xt, utilit y 

r at e d e si g n c a n s er v e a s a criti c al t o ol t o h el p l o w er 

t h e c o st of el e ctri cit y a n d i m pr o v e t h e e c o n o mi c s 

of i n d u stri al el e ctri fi c ati o n. T h e r at e d e si g n 

r e c o m m e n d ati o n s o utli n e d i n t hi s r e p ort —i n cl u di n g 

d y n a mi c r at e s, alt er n ati v e s t o n o n - c oi n ci d e nt 

d e m a n d c h ar g e s, di s c o u nt e d r at e s f or el e ctri fi c ati o n 

l o a d — ar e gr o u n d e d i n t h e C P U C’ s e st a bli s h e d r at e 

d e si g n pri n ci pl e s. T h e s e r at e d e si g n a p pr o a c h e s 

c a n h el p l e v er a g e i n d u stri al c u st o m er s’ l o a d 

fl e xi bilit y t o ali g n u s a g e wit h l o w - c o st ti m e s, 

t h er e b y n ot o nl y r e d u ci n g bill s f or t h o s e c u st o m er s 

b ut al s o b e n e fi i n g t h e gri d a s a w h ol e. O ur 

m o d eli n g d e m o n str at e s t h at m o di fi e d r at e d e si g n s 

c o u pl e d wit h l o a d s hi i n g c a n r e d u c e el e ctri c bill s 

b y 4 5 t o 5 2 p er c e nt c o m p ar e d t o st a n d ar d r at e s, 

wit h a n n u al s a vi n g s r a n gi n g fr o m a p pr o xi m at el y 

$ 5 2 5, 0 0 0 t o $1. 5 milli o n p er f a cilit y a cr o s s t h e 

s e ct or s a n al y z e d. At t h e s y st e m l e v el, e v e n m o d e st 

a d o pti o n r at e s of l o a d s hi i n g t e c h n ol o gi e s of 1 0 

t o 2 0 p er c e nt c o ul d r e d u c e s u m m er p e a k d e m a n d 

b y 2 4 G W a n d a v oi d $ 2 0 2 4 0 4 milli o n i n a n n u al 

g e n er ati o n c a p a cit y c o st s, b a s e d o n 2 0 2 5 a v oi d e d 

c o st e sti m at e s.

H o w e v er, r at e d e si g n al o n e c a n n ot bri d g e t h e 

s u b st a nti al g a p b et w e e n el e ctri cit y a n d m et h a n e 

g a s c o st s i n C alif or ni a. A c o m pr e h e n si v e, m ulti -

pr o n g e d a p pr o a c h i s e s s e nti al. C o m pl e m e nt ar y 

p oli ci e s i n cl u d e Dir e ct A c c e s s r ef or m s t o pri oriti z e 

el e ctrif yi n g c u st o m er s, cl e a n tr a n siti o n t ari ff s, 

m or e e q uit a bl e all o c ati o n of p u bli c p ur p o s e 

c h ar g e s b et w e e n el e ctri c a n d m et h a n e g a s 

c u st o m er s, i n c e nti v e s f or o n - sit e D E R s, a n d 

s u p p ort f or n e c e s s ar y gri d u p gr a d e s. T h e p at h 

f or w ar d r e q uir e s s u st ai n e d c oll a b or ati o n b et w e e n 

r e g ul at or s, utiliti e s, i n d u stri al c u st o m er s, a n d ot h er 

st a k e h ol d er s t o i m pl e m e nt t h e a p pr o pri at e mi x of 

r at e d e si g n a n d s u p p orti n g p oli ci e s t h at c a n u nl o c k 

i n d u stri al el e ctri fi c ati o n i n C alif or ni a a n d a d v a n c e 

t h e st at e t o w ar d s it s 2 0 4 5 c ar b o n n e utr alit y g o al.
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A p p e n di c e s
A P P E N D I X A : I N D U S T R I O U S 

L A B S A N A L Y S I S O F I N D U S T R I A L 

C O M B U S T I O N U N I T S I N 

C A L I F O R N I A 

U si n g 2 0 2 4 t h e N ati o n al R e n e w a bl e E n er g y 

L a b or at or y’ s ( N R E L) 2 01 7 FI E D d at a s et c o nt ai ni n g 

c o m b u sti o n - u nit -l e v el d at a o n i n d u stri al u nit s, 

I n d u stri o u s L a b s d et er mi n e d t h at t h er e ar e at 

l e a st 2 0, 7 4 5 u nit s at m a n uf a ct uri n g f a ciliti e s t h at 

w er e i n C alif or ni a. T h e s e u nit s i n cl u d e u nit s at 

f a ciliti e s c at e g ori z e d a s st ati o n ar y or f a cilit y t y p e. 

N AI C S c o d e s i n cl u d e d t h o s e i n t h e m a n uf a ct uri n g 

c at e g ori e s of c h e mi c al s, f o o d pr o c e s si n g, m et al s, 

mi ni n g, mi n er al s, p ul p a n d p a p er, a n d ot h er 

m a n uf a ct uri n g. 

D at a f or e mi s si o n s w er e dr a w n fr o m m ulti pl e 

s o ur c e s. T h e FI E D d at a s et i n cl u d e d G H G R P -

r e p ort e d e mi s si o n s, w hi c h o nl y c a pt ur e s e mi s si o n s 

d at a fr o m f a ciliti e s t h at r e p ort e mi i n g o v er 2 5 

M M T C O
2
 a n n u all y, a n d e sti m at e d N EI e mi s si o n s 

m o d el e d b y N R E L. W e al s o f ol d e d i n e mi s si o n s 

d at a fr o m t h e C alif or ni a Air R e s o ur c e s B o ar d’ s 

R e g ul ati o n f or M a n d at or y R e p orti n g of Gr e e n h o u s e 

G a s e s ( C A R B M R R), w hi c h i n cl u d e s f a ciliti e s 

e mi s si o n s d at a f or t h o s e e mi i n g o v er 1 0 M M T C O
2
 

a n n u all y. 

Of 2 0, 7 4 5 u nit s, 3 41 h a d G H G R P e mi s si o n s d at a. 

B e c a u s e t h e pr o vi d e d N EI e mi s si o n s e sti m at e s i n 

t h e F EI D h a d dr a m ati c r a n g e s, w e di d n ot i n cl u d e 

N EI e sti m at e s f or v al u e s t h at w er e st ati sti c all y 

d et er mi n e d t o b e o utli er v al u e s. T h e m e di a n v al u e 

of e sti m at e d N EI e mi s si o n s w a s u s e d f or 1 3, 3 3 5 

u nit s. C A R B pr o vi d e d 2 0 21 f a cilit y e mi s si o n s at 

1 3 7 f a ciliti e s wit h 1, 8 7 8 u nit s. A n a d diti o n al 2 2 4 

u nit s h a d s u ffi ci e nt e n er g y c a p a cit y a n d f u el t y p e 

d at a. G H G R P e mi s si o n s f a ct or v al u e s w er e u s e d t o 

e sti m at e gr e e n h o u s e g a s e mi s si o n s, a s s u mi n g t h e 

u nit s r a n at f ull c a p a cit y all d a y. 

T h er e ar e 3, 7 0 4 f a ciliti e s o p er ati n g o v er 2 0, 0 0 0 

u nit s i n C alif or ni a. Of t h o s e, 1 5, 7 7 8 u nit s ( 7 6 

p er c e nt) h a d r e p ort e d e mi s si o n s d at a or s u ffi ci e nt 

d at a t o c al c ul at e a n d e sti m at e a n n u al C O
2
 

e mi s si o n s. A t o t al o f 1 4. 7 M M T e mi s si o n s w e r e 

r e p o r t e d o r e s ti m a t e d. A c c or di n g t o C A R B’ s 2 0 2 2 

e mi s si o n s b y s c o pi n g pl a n e mi s si o n s s u m m ar y 

d at a f or 2 0 2 2 gr e e n h o u s e g a s e mi s si o n s d at a, 

t h e t ot al e mi s si o n s fr o m n o n - m a n uf a ct uri n g a n d 

n o n -r e fi n er y a n d p etr ol e u m r el at e d e mi s si o n s w a s 

ar o u n d 2 9. 2 7 M M T.

A P P E N D I X B . M E T H O D O L O G Y F O R 

E N E R G Y S A V I N G S A N D E M I S S I O N S 

A B A T E M E N T P O T E N T I A L A N A L Y S I S
O v e r vi e w o f T a r g e t I n d u s t ri e s
T e m p e r a t u r e S e g m e n t a ti o n o f I n d u s t ri al P r o c e s s 

H e a t U s e

A p p - T a bl e 1 s u m m ari z e s i n d u stri al pr o c e s s h e at 

s e g m e nt e d b y t e m p er at ur e a cr o s s t hr e e e n d - u s e s: 

c o m bi n e d h e at a n d p o w er ( C H P), pr o c e s s h e ati n g, 

a n d c o n v e nti o n al b oil er u s e.

L o a d F a c t o r s

T h e l o a d f a ct or f or a gi v e n u nit of e q ui p m e nt i s a 

m e a s ur e of h o w o e n it i s utili z e d r el ati v e t o it s 

m a xi m u m c a p a cit y. T h e l o a d f a ct or i s t h er ef or e 

d e fi n e d a s t h e r ati o of a ct u al o ut p ut t o m a xi m u m 

r at e d o ut p ut. F or e x a m pl e, e q ui p m e nt t h at i s utili z e d 

t o it s m a xi m u m c a p a cit y at all ti m e s h a s a l o a d 

f a ct or of 1; e q ui p m e nt t h at i s utili z e d t o it s m a xi m u m 

c a p a cit y e x a ctl y h alf of t h e ti m e h a s a l o a d f a ct or 

of 0. 5; a n d e q ui p m e nt t h at i s n e v er t ur n e d o n at 

all h a s a l o a d f a ct or of 0. A p p - T a bl e 2 s u m m ari z e s 

t h e a v er a g e a n n u al l o a d f a ct or a cr o s s all pr o c e s s 

h e ati n g e q ui p m e nt a n d c o n v e nti o n al b oil er u s e f or 

e a c h 3 - di git N AI C S c o d e.

F u el a n d E q ui p m e n t T y p e s

T h e f u el u s e a n d a s s o ci at e d h e ati n g e q ui p m e nt 

f or e a c h t ar g et i n d u str y i n C alif or ni a i n 2 0 2 2 ar e 

s u m m ari z e d i n A p p - T a bl e 3 a n d A p p - T a bl e 4, 

r e s p e cti v el y. A p p - T a bl e 3 s h o w s t h e t ot al h e at fr o m 

f u el c o m b u sti o n al o n g wit h t h e u ni q u e f u el t y p e s 

u s e d f or t h e s e e n d - u s e s. A p p - T a bl e 4 s u m m ari z e s 

t h e t ot al n u m b er of f a ciliti e s, t ot al n u m b er of 

i n di vi d u al u nit s of h e ati n g e q ui p m e nt, a n d u ni q u e 

t y p e s of h e ati n g e q ui p m e nt f or e a c h t ar g et i n d u str y 

i n C alif or ni a i n 2 0 2 2. N ot e t h at t hi s f u el a n d 
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S o ur c e s: E S RI, T o m T o m, G ar mi n, F A O, N O A A, U S G S, © O p e n S tr e et M a p c o ntri b u t er s, a n d t h e GI S U s er C o m m u ni t y

A p p - Fi g u r e 1. C ali f o r ni a I n d u s t ri al M a n u f a c t u ri n g F a cili ti e s A n n u al E mi s si o n s.

I n d u s t ri o u s S e c t o r

C h e mi c al M a n uf a ct uri n g

F o o d Pr o c e s si n g

M et al M a n uf a ct uri n g

Mi n er al s M a n uf a ct uri n g

Ot h er M a n uf a ct uri n g

P ul p a n d P a p er

≤1 5 0 0 0

≤ 6 0 0 0 0

≤1 7 5 0 0 0

≤ 6 3 0 0 0 0

≤ 2 0 9 0 0 0 0

E s ti m a t e d C O₂ E
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I n d u s t r y a n d 

N AI C S C o d e

C H P a n d / o r C o g e n e r a ti o n P r o c e s s 

( M M B t u) P r o c e s s H e a ti n g ( M M B t u) C o n v e n ti o n al B oil e r U s e ( M M B t u)

< 1 6 0 C 1 6 0 2 0 0 C  > 2 0 0 C  < 1 6 0 C 1 6 0 2 0 0 C  > 2 0 0 C  < 1 6 0 C 1 6 0 2 0 0 C  > 2 0 0 C

F o o d 

P r o c e s si n g 

( 3 1 1)

6, 8 0 7, 6 4 7 - - 3, 7 4 6, 2 9 0 - 4 7, 0 6 6  6, 7 2 2, 3 3 0 - -

B e v e r a g e 

& T o b a c c o 

P r o d u c t M f g 

( 3 1 2)

21 0, 51 9 - - 2 6 5, 3 9 7 - - 3 9 7, 2 0 6 - -

P a p e r M f g 

( 3 2 2)
3, 0 3 7, 6 31 7 51, 8 4 2 - - - 2, 6 51, 0 7 7 1, 0 2 4, 7 61  2 5 3, 2 3 0 -

P ri n ti n g ( 3 2 3) N / A  N / A  N / A  N / A  N / A  N / A  N / A  N / A  N / A

C h e mi c al M f g 

( 3 2 5)
1, 61 2, 8 0 0 - 6, 91 0 1 9 2, 2 2 5 - 2, 7 51, 9 9 6  2, 3 5 2, 7 4 9 - 1 2, 5 5 5

N o n m e t alli c 

Mi n e r al s 

P r o d u c t M f g 

( 3 2 7)

- - - - 1, 4 61, 4 8 2 1 0, 6 3 6, 8 8 3 - - -

P ri m a r y M e t al s 

M f g ( 3 3 1)
- 1 2 9,1 0 3 - 8 4, 4 2 0 - 3,1 3 8, 2 3 9 - 1 21, 7 9 5 -

F a b ri c a t e d 

M e t al s P r o d u c t 

M f g ( 3 3 2)

- - - - - 7 7 9, 8 2 5 - - -

A p p - T a bl e 1. I n d u s t ri al P r o c e s s H e a t U s e S e g m e n t e d b y E n d - U s e a n d T e m p e r a t u r e f o r T a r g e t 
I n d u s t ri e s i n C ali f o r ni a i n 2 0 2 2.

S o ur c e: R e s ul t s fr o m S y n a p s e a n al y si s wi t h i n - h o u s e t o ol b a s e d o n d at a fr o m: ( 1) “ M a n uf a ct uri n g T h er m al E n er g y U s e i n 2 0 1 4.” N R E L D at a C at al o g. G ol d e n, C O: N ati o n al 

R e n e w a bl e E n er g y L a b or at or y. L a st u p d at e d: J ul y 2 4, 2 0 2 4. D OI: 1 0. 7 7 9 9 / 1 5 7 0 0 0 8. ( 2) U. S. E n er g y I nf or m ati o n A d mi ni str ati o n. 2 0 1 8. “ M a n uf a ct uri n g E n er g y C o n s u m pti o n S ur v e y 

( M E C S).” A v ail a bl e at: h p s: // . ei a. g o v / c o n s u m pti o n / m a n uf a ct uri n g /. a n d ( 3) U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y. 2 0 2 3. “ Gr e e n h o u s e G a s R e p or ti n g Pr o gr a m ( G H G R P).” 

A v ail a bl e at: h p s: // . e p a. g o v / g h gr e p or ti n g.

I n d u s t r y N AI C S ( 3 - di gi t)

A v e r a g e A n n u al L o a d F a c t o r ( P r o c e s s 

H e a t a n d C o n v e n ti o n al B oil e r U s e)

F o o d P r o c e s si n g 311 0. 6 9 6

B e v e r a g e / T o b a c c o 31 2 0. 6 9 3

P a p e r M a n u f a c t u ri n g 3 2 2 0. 7 9 2

P a p e r P ri n ti n g 3 2 3 N / A

C h e mi c al s M a n u f a c t u ri n g 3 2 5 0. 6 9 0

N o n m e t alli c Mi n e r al s M a n u f a c t u ri n g 3 2 7 0. 6 01

P ri m a r y M e t al s M a n u f a c t u ri n g 3 31 0. 7 01

F a b ri c a t e d M e t al s M a n u f a c t u ri n g 3 3 2 0. 5 7 7

A p p - T a bl e 2. A v e r a g e A n n u al L o a d F a c t o r f o r P r o c e s s H e a t E q ui p m e n t a n d C o n v e n ti o n al B oil e r U s e i n 
T a r g e t I n d u s t ri e s b y 3 - di gi t N AI C S C o d e s.

S o ur c e: R e s ul t s fr o m S y n a p s e pr o c e s si n g a n d a n al y si s of d at a fil e s ‘ all _l o a d _ s h a p e s _ pr o c e s s _ h e at. g zi p’ a n d ‘ all _l o a d _ s h a p e s _ b oil er - 2. g zi p’ “ M a n uf a ct uri n g T h er m al E n er g y U s e 

i n 2 0 1 4.” N R E L D at a C at al o g. G ol d e n, C O: N ati o n al R e n e w a bl e E n er g y L a b or at or y. L a st u p d at e d: J ul y 2 4, 2 0 2 4. D OI: 1 0. 7 7 9 9 / 1 5 7 0 0 0 8
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I n d u s t r y

N AI C S 

( 3 - di gi t)

F u el U s e 

( M M B t u)  U ni q u e F u el T y p e s

F o o d P r o c e s si n g 311 31, 2 5 9,1 7 7

N at ur al G a s ( > 9 9 % of all f u el u s e); <1 % of all f u el 

u s e wit h t h e f oll o wi n g: A nt hr a cit e; C o al C o k e; 

K er o s e n e; Ot h er Bi o m a s s G a s e s; Pr o p a n e; 

Pr o p a n e G a s; W o o d a n d W o o d R e si d u al s ( dr y 

b a si s)

B e v e r a g e / T o b a c c o 31 2 1, 2 41, 2 7 0
N at ur al G a s ( 8 9 % of all f u el u s e); Ot h er 

Bi o m a s s G a s e s (11 % of all f u el u s e)

P a p e r M a n u f a c t u ri n g 3 2 2 6,1 9 0, 0 0 0  N at ur al G a s (1 0 0 % of all f u el u s e)

P a p e r P ri n ti n g 3 2 3 0 N / A

C h e mi c al s M a n u f a c t u ri n g 3 2 5 9, 2 7 2, 61 9

N at ur al G a s ( > 9 9 % of all f u el u s e); <1 % of all 

f u el u s e wit h t h e f oll o wi n g: B ut a n e; Cr u d e Oil; 

Di still at e F u el Oil N o. 2; M ot or G a s oli n e; Ot h er 

Bi o m a s s G a s e s

N o n m e t alli c Mi n e r al s M a n u f a c t u ri n g 3 2 7 1 3, 0 2 3, 3 3 3

N at ur al G a s ( > 9 9 % of all f u el u s e); <1 % of all 

f u el u s e wit h t h e f oll o wi n g: Di still at e F u el Oil 

N o. 2; Li q u e fi e d p etr ol e u m g a s e s ( L P G); M ot or 

G a s oli n e; Pr o p a n e; Pr o p a n e G a s

P ri m a r y M e t al s M a n u f a c t u ri n g 3 31 4, 5 5 6, 0 4 2
N at ur al G a s ( 9 5 % of all f u el u s e); C o al C o k e 

( 5 % of all f u el u s e); Pr o p a n e ( <1 % of all f u el u s e)

F a b ri c a t e d M e t al s M a n u f a c t u ri n g 3 3 2 1, 2 7 0, 0 0 0  N at ur al G a s (1 0 0 % of all f u el u s e)

A p p - T a bl e 3. F u el U s e, U ni q u e F u el T y p e s, a n d S h a r e o f E a c h F u el f o r T a r g e t I n d u s t ri e s i n C ali f o r ni a 
i n 2 0 2 2.

S o ur c e: S y n a p s e pr o c e s si n g of d at a fr o m U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y. 2 0 2 2. “ G H G R P E mi s si o n s b y U ni t a n d F u el T y p e ” A v ail a bl e at:  

h p s: // . e p a. g o v / s y st e m / fil e s / ot h er - fil e s / 2 0 2 3 0 9 / e mi s si o n s _ b y _ u ni t _ a n d _f u el _t y p e _ c _ d _ a a _ 0 9 _ 2 0 2 3 _ 0. zi p.
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I n d u s t r y

N AI C S 

( 3 - di gi t)

F a cili t y 

C o u n t

H e a ti n g E q ui p m e n t 

C o u n t U ni q u e H e a ti n g E q ui p m e n t T y p e s

F o o d P r o c e s si n g 311 31 5 5

C C C T ( C C ( T ur bi n e, c o m bi n e d c y cl e)); C H 

( C o mf ort h e at er); H W H ( H e at er, h ot w at er); 

O B ( B oil er, ot h er); O C S ( Ot h er c o m b u sti o n 

s o ur c e); T O D F ( T h er m al o xi di z er, dir e ct fir e d, 

n o h e at r e c o v er y)

B e v e r a g e / T o b a c c o 31 2 2 2 O C S ( Ot h er c o m b u sti o n s o ur c e)

P a p e r M a n u f a c t u ri n g 3 2 2 3 1 0

C C C T ( C C ( T ur bi n e, c o m bi n e d c y cl e)); 

H W H ( H e at er, h ot w at er); O B ( B oil er, ot h er); 

O C S ( Ot h er c o m b u sti o n s o ur c e); S C C T ( C T 

( T ur bi n e, si m pl e c y cl e c o m b u sti o n))

P a p e r P ri n ti n g 3 2 3 0 0 N / A

C h e mi c al s 

M a n u f a c t u ri n g
3 2 5 9 2 2

C C C T ( C C ( T ur bi n e, c o m bi n e d c y cl e)); H W H 

( H e at er, h ot w at er); O C S ( Ot h er c o m b u sti o n 

s o ur c e); R C O ( R e g e n er ati v e c at al yti c 

o xi di z er); T O D F ( T h er m al o xi di z er, dir e ct fir e d, 

n o h e at r e c o v er y)

N o n m e t alli c Mi n e r al s 

M a n u f a c t u ri n g
3 2 7 2 0 3 5

C H ( C o mf ort h e at er); F ( F ur n a c e); F L R ( Fl ar e); 

N G L H ( H e at er, n at ur al g a s li n e); O B ( B oil er, 

ot h er); O C S ( Ot h er c o m b u sti o n s o ur c e); 

P C O ( P ul v eri z e d c o al, ot h er); P D ( Pr o d u ct or 

i nt er m e di at e pr o d u ct dr y er)

P ri m a r y M e t al s 

M a n u f a c t u ri n g
3 31 5 8

C H ( C o mf ort h e at er); O C S ( Ot h er c o m b u sti o n 

s o ur c e)

F a b ri c a t e d M e t al s 

M a n u f a c t u ri n g
3 3 2 3 9 O C S ( Ot h er c o m b u sti o n s o ur c e)

A p p - T a bl e 4. F a cili t y C o u n t, H e a ti n g E q ui p m e n t C o u n t, a n d U ni q u e H e a ti n g E q ui p m e n t T y p e s f o r 
T a r g e t I n d u s t ri e s i n C ali f o r ni a i n 2 0 2 2.

S o ur c e: S y n a p s e pr o c e s si n g of d at a fr o m U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y. 2 0 2 2. “ G H G R P O RI S P o w er Pl a nt Cr o s s w al k ” A v ail a bl e at:  

h p s: // . e p a. g o v / s y st e m / fil e s / d o c u m e nt s / 2 0 2 2 0 4 / g h gr p _ ori s _ p o w er _ pl a nt _ cr o s s w al k _ 1 2 _ 1 3 _ 2 1. xl s x.

U nl o c ki n g I n d u s t ri al El e c t ri fi c a ti o n I n C ali f o r ni a  |  6 0



e q ui p m e nt d at a c o m e fr o m t h e U. S. E n vir o n m e nt al 

Pr ot e cti o n A g e n c y’ s Gr e e n h o u s e G a s R e p orti n g 

Pr o gr a m ( E P A G H G R P), w hi c h i n cl u d e s all n ati o n al 

f a ciliti e s t h at pr o d u c e gr e e n h o u s e g a s e mi s si o n s 

a b o v e t h e r e p orti n g t hr e s h ol d of 2 5, 0 0 0 m etri c 

t o n s of c ar b o n di o xi d e e q ui v al e nt ( mt C O 2 e) p er 

y e ar. C o n s e q u e ntl y, t h e d at a pr e s e nt e d i n A p p -

T a bl e 3 a n d A p p - T a bl e 4 o nl y r e pr e s e nt t h e l ar g e st 

i n di vi d u al e mi er s i n C alif or ni a i n 2 0 2 2.

W a s t e H e a t A v ail a bili t y

S y n a p s e’ s i n - h o u s e i n d u stri al el e ctri fi c ati o n t o ol 

c al c ul at e s t h e p ot e nti al e n er g y a n d e mi s si o n s 

s a vi n g s a s s o ci at e d wit h s wit c hi n g fr o m f o s sil -

fir e d pr o c e s s h e ati n g e q ui p m e nt t o i n d u stri al h e at 

p u m p s. D et er mi ni n g a n a c c ur at e c o e ffi ci e nt of 

p erf or m a n c e ( C O P) f or i n d u stri al h e at p u m p s i n 

e a c h i n d u stri al s e ct or i s a criti c al c o m p o n e nt of 

t hi s m o d eli n g e x er ci s e. A C O P v al u e r e pr e s e nt s t h e 

a m o u nt of h e at a h e at p u m p c a n pr o vi d e f or a si n gl e 

u nit of el e ctri cit y. H e at p u m p s h a v e C O P v al u e s 

gr e at er t h a n 1, w hi c h m e a n s t h e y pr o vi d e m or e 

e n er g y t h a n t h e y u s e; t hi s i s b e c a u s e t h e t e c h n ol o g y 

t a k e s h e at fr o m a n a m bi e nt or w a st e h e at s o ur c e 

i n st e a d of g e n er ati n g t h e h e at t hr o u g h c o m b u sti o n 

or el e ctri c al r e si st a n c e. C O P v ari e s b a s e d o n t h e li  

t e m p er at ur e, d e fi n e d a s t h e di ff er e n c e b et w e e n t h e 

hi g h e st a v ail a bl e w a st e ( or “ s o ur c e ”) t e m p er at ur e 

a n d t h e l o w e st d eli v er e d ( or “ si n k ”) t e m p er at ur e. 

T h e m a g nit u d e of t h e t e m p er at ur e li  c a n 

dr a sti c all y a ff e ct t h e e ffi ci e n c y of el e ctri c i n d u stri al 

h e at p u m p s. F urt h er m or e, t h e a v ail a bilit y of w a st e 

h e at a n d a s s o ci at e d t e m p er at ur e s di ff er a cr o s s 

i n d u stri e s, s o w e d e v el o p e d a r a n g e of a s s u m pti o n s 

wit hi n o ur i n - h o u s e el e ctri fi c ati o n m o d eli n g t o ol, 

s u m m ari z e d i n A p p - T a bl e 5. T h e s e v al u e s r e pr e s e nt 

+ / - 2 0 p er c e nt of t h e w ei g ht e d a v er a g e m e a n 

t e m p er at ur e of a v ail a bl e w a st e h e at a c c or di n g t o 

o ur s o ur c e s.

E n e r g y S a vi n g s a n d E mi s si o n s A b a t e m e n t 
P o t e n ti al

T hi s s e cti o n pr e s e nt s t h e r e s ult s of S y n a p s e’ s 

a n al y si s of f a cilit y -l e v el e n er g y s a vi n g s a n d 

e mi s si o n s r e d u cti o n p ot e nti al a s s o ci at e d wit h t h e 

el e ctri fi c ati o n of i n d u stri al f a ciliti e s i n C alif or ni a. 

T h e a n al y si s utili z e s v ari o u s p u bli cl y a v ail a bl e 

d at a s et s, al o n g wit h o ur i n - h o u s e el e ctri fi c ati o n 

a n al y si s t o ol, t o pr e s e nt t h e f a cilit y -l e v el t e c h ni c al 

a b at e m e nt p ot e nti al f or r e pl a ci n g f u el c o n s u m pti o n 

f or i n d u stri al pr o c e s s h e ati n g, b oil er s, a n d c o -

g e n er ati o n wit h el e ctri c i n d u stri al h e at p u m p s. 

T h e a n al y si s t ar g et s h e at u s e s b el o w 2 0 0 ° C a n d 

q u a nti fi e s t h e n et e n er g y a n d e mi s si o n r e d u cti o n s, 

c o n si d eri n g i m p a ct s of i n cr e a s e d el e ctri cit y u s e. 

L a r g e F a cili ti e s

T h e a n al y si s of l ar g e e mi i n g f a ciliti e s c o m e s fr o m 

S y n a p s e’ s i n - h o u s e d at a b a s e s a n d el e ctri fi c ati o n 

t o ol, w hi c h c oll e ct s, s y nt h e si z e s, a n d a n al y z e s 

s e v er al s o ur c e s of i nf or m ati o n r el e v a nt t o i n d u stri al 

e n er g y u s e a n d e mi s si o n s:

• G r e e n h o u s e G a s R e p o r ti n g P r o g r a m 

( G H G R P).1 8 7 T h e U. S. E n vir o n m e nt al Pr ot e cti o n 

A g e n c y ( E P A) a d mi ni st er s t h e G H G R P, w hi c h 

r e q uir e s f a ciliti e s t h at e mit l ar g e q u a ntiti e s of 

gr e e n h o u s e g a s e mi s si o n s t o r e p ort gr e e n h o u s e 

g a s d at a a n d ot h er r el e v a nt i nf or m ati o n.

• M a n u f a c t u ri n g E n e r g y C o n s u m p ti o n S u r v e y 

( M E C S).1 8 8 T hi s i s a n ati o n al s a m pl e s ur v e y 

I n d u s t r y C o n s e r v a ti v e W a s t e H e a t A s s u m p ti o n  A m bi ti o u s W a s t e H e a t A s s u m p ti o n

P ul p & P a p e r 4 5º C 7 0º C

O t h e r I n d u s t ri e s 2 5º C 4 0º C

A p p - T a bl e 5. W a s t e H e a t T e m p e r a t u r e s A v ail a bl e, b y I n d u s t r y

S o ur c e s: M ari n a, A, S, Si m o n, Z. H er b er t, A. W e m m er s 2 0 2 0, “I n d u stri al pr o c e s s a n d w a st e h e at d at a f or E U 2 8 ”, M e n d el e y D at a, V 1, d oi: 1 0.1 7 6 3 2 / g y xj m v z b x 8.1,  

h p s: // d at a. m e n d el e y. c o m / d at a s et s / g y xj m v z b x 8 / 1.  

Z u b eri, N., A. H a s a n b ei gi, W. M orr o w. 2 0 2 2. “ El e ctri fi c ati o n of U. S. M a n uf a ct uri n g wi t h I n d u stri al H e at P u m p s ” L a wr e n c e B er k el e y N ati o n al L a b or at or y,  

h p s: // et a - p u bli c ati o n s.l bl. g o v / si t e s / d ef a ul t / fil e s / u s _i n d u stri al _ h e at _ p u m p - fi n al. p df.
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t h at c oll e ct s i nf or m ati o n o n t h e st o c k of U. S. 

m a n uf a ct uri n g e st a bli s h m e nt s, t h eir e n er g y -

r el at e d b uil di n g c h ar a ct eri sti c s, a n d t h eir e n er g y 

c o n s u m pti o n a n d e x p e n dit ur e s.

• F a cili t y R e gi s t r y S e r vi c e ( F R S). 1 8 9 T h e U. S. 

E P A’ s F R S i s a c e ntr all y m a n a g e d d at a b a s e 

t h at i d e nti fi e s f a ciliti e s t h at ar e s u bj e ct t o 

e n vir o n m e nt al r e g ul ati o n s. T h e F R S d at a b a s e 

c o nt ai n s d at a o n t h e f a cilit y l e v el a n d t h e i n d u str y 

l e v el, cl a s si fi e d b y t w o di ff er e nt c o d e s: N AI C S or 

t h e St a n d ar d I n d u stri al Cl a s si fi c ati o n ( SI C).

• U. S. E n e r g y I n f o r m a ti o n A d mi ni s t r a ti o n ( EI A) 

F o r m EI A - 9 2 3. 1 9 0 T hi s U. S. EI A s ur v e y c oll e ct s 

d et ail e d el e ctri c p o w er d at a o n el e ctri cit y 

g e n er ati o n, f u el c o n s u m pti o n, f o s sil f u el st o c k s, 

a n d r e c ei pt s at t h e pl a nt l e v el, b ot h m o nt hl y a n d 

a n n u all y.

• M a n u f a c t u ri n g T h e r m al E n e r g y U s e. 1 91 T hi s 

d at a s et fr o m t h e U. S. N ati o n al R e n e w a bl e E n er g y 

L a b or at or y ( N R E L) c o nt ai n s r e pr e s e nt ati v e 

l o a d s h a p e s f or i n d u stri al pr o c e s s h e at a n d 

c o n v e nti o n al b oil er u s e s ort e d b y i n d u str y c o d e.

• N R E L C a m bi u m. 1 9 2 T h e U. S. N ati o n al R e n e w a bl e 

E n er g y L a b or at or y’ s C a m bi u m d at a s et s pr o vi d e 

m o d el e d pr oj e cti o n s of el e ctri cit y s e ct or 

o p er ati o n s a n d e mi s si o n s, o ff eri n g l o n g -t er m 

m ar gi n al e mi s si o n f a ct or s b y r e gi o n a n d s c e n ari o.

• G H G E mi s si o n s F a c t o r s H u b. 1 9 3 T h e U. S. E P A’ s 

c e ntr ali z e d G H G E mi s si o n s F a ct or s H u b c o m pil e s 

e mi s si o n f a ct or s f or v ari o u s f u el s a n d a cti viti e s, 

e n a bli n g c o n si st e nt e sti m ati o n of gr e e n h o u s e g a s 

e mi s si o n s a cr o s s s e ct or s.

S y n a p s e c o n str u ct e d a d et ail e d, f a cilit y -l e v el 

d at a b a s e t h at i nt e gr at e s d at a fr o m t h e a b o v e 

d at a s o ur c e s. T hi s cr o s s w al k c o m pil e s i nf or m ati o n 

o n f a cilit y l o c ati o n, i n d u stri al cl a s si fi c ati o n, f u el 

u s e, e mi s si o n s, a n d e q ui p m e nt c a p a citi e s. W e 

s e g m e nt e d e a c h f a cilit y’ s e n er g y u s e b y e n d 

u s e, f u el t y p e, a n d pr o c e s s t e m p er at ur e, w hi c h 

ar e criti c al f or d et er mi ni n g t h e s uit a bilit y a n d of 

el e ctri fi c ati o n t e c h n ol o gi e s s u c h a s i n d u stri al h e at 

p u m p s a n d el e ctri c b oil er s. W e c o n d u ct e d f a cilit y -

s p e ci fi c a n al y si s t o e sti m at e t h e t e c h ni c al p ot e nti al 

f or el e ctri fi c ati o n a n d a s s o ci at e d gr e e n h o u s e g a s 

e mi s si o n r e d u cti o n s, c o m p ari n g lif e c y cl e i m p a ct s 

u n d er a n el e ctri fi c ati o n a n d i n c u m b e nt s c e n ari o.

G H G R P d at a h a s l ar g e g a p s i n u nit -l e v el d et ail s. 

F or e x a m pl e, pri or v er si o n s of G H G R P all o c at e d 

a p pr o xi m at el y 5 8 % of e mi s si o n s i n t h e F o o d 

M a n uf a ct uri n g s e ct or t o “ Ot h er C o m b u sti o n 

S o ur c e s ”. 1 9 4 T o o v er c o m e l a c k of u nit -l e v el 

i nf or m ati o n, w e u s e d s e ct or -l e v el i nf or m ati o n o n 

h e ati n g d e m a n d b y t e m p er at ur e r a n g e t o e sti m at e 

e n er g y d e m a n d f or h e ati n g. 

T h e C alif or ni a i n d u stri e s wit h l ar g e f a ciliti e s 

m o st w ell - s uit e d t o n e ar -t er m el e ctri fi c ati o n wit h 

i n d u stri al h e at p u m p s ar e pr e s e nt e d i n T a bl e 4 

of t h e r e p ort. A p p - T a bl e 6 pr e s e nt s t h e m e di a n 

e mi s si o n s a b at e m e nt a n d e n er g y s a vi n g s p ot e nti al 

at t h e f a cilit y l e v el b y 6 - di git N AI C S c o d e f or l ar g e 

e mi i n g f a ciliti e s. N ot e t h at t h e m e di a n v al u e s 

ar e n ot r e pr e s e nt ati v e of a n y s p e ci fi c i n di vi d u al 

f a cilit y. W e c al c ul at e d t h e e mi s si o n s a b at e m e nt 

p ot e nti al ( p er c e nt of f a cilit y dir e ct e mi s si o n s) f or 

e a c h f a cilit y i n di vi d u all y a s t h e e mi s si o n s s a v e d d u e 

t o s wit c hi n g f o s sil - fir e d h e ati n g s o ur c e s t o el e ctri c 

h e at p u m p s, di vi d e d b y t h e t ot al f a cilit y e mi s si o n s 

b ef or e el e ctri fi c ati o n. W e t h e n f o u n d t h e m e di a n 

a b at e m e nt p ot e nti al ( p er c e nt of f a cilit y dir e ct 

e mi s si o n s) a n d t h e m e di a n t ot al pl a nt e mi s si o n s 

b ef or e el e ctri fi c ati o n ( M T C O 2 e p er y e ar) f or e a c h 

6 - di git N AI C S c o d e. Fi n all y, w e c al c ul at e d t h e 

m e di a n a b at e m e nt p ot e nti al i n a b s ol ut e t er m s 

( M T C O 2 e p er y e ar) f or e a c h N AI C S c o d e a s t h e 

pr o d u ct of t h e s e t w o v al u e s. W e f oll o w e d t h e s a m e 

m et h o d t o c al c ul at e t h e m e di a n e n er g y s a vi n g s 

p ot e nti al f or e a c h N AI C S c o d e. 

T h e r a n g e of e mi s si o n s a b at e m e nt a n d e n er g y 

s a vi n g s p ot e nti al s r e pr e s e nt t h e l o w er a n d u p p er 

b o u n d s of o ur a n al y si s of t w o el e ctri fi c ati o n 

s c e n ari o s: a “ C o n s er v ati v e” s c e n ari o a n d a n 

“ A m biti o u s ” s c e n ari o. I n t hi s a n al y si s, t h e o nl y 

di ff er e n c e b et w e e n s c e n ari o s i s o ur a s s u m pti o n 

f or t h e a v ail a bilit y of w a st e h e at i n e a c h i n d u str y, 

w hi c h a ff e ct s t h e C O P a n d e ffi ci e n c y of t h e h e at 

p u m p, a n d t h er ef or e a ff e ct s t h e o v er all e n er g y 

a n d e mi s si o n s s a vi n g s a s s o ci at e d wit h r e pl a ci n g 
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A p p - T a bl e 6. M e di a n E mi s si o n s A b a t e m e n t a n d E n e r g y S a vi n g s P o t e n ti al b y 6 - Di gi t N AI C S C o d e f o r 
L a r g e E mi i n g F a cili ti e s i n C ali f o r ni a ( > 2 5, 0 0 0 M T C O₂ e / y e a r). 

N AI C S 

( 6 - di gi t)

N AI C S 

D e s c ri p ti o n

M e di a n e mi s si o n s 

a b a t e m e n t 

p o t e n ti al, 2 0 2 5 

( % o f pl a n t di r e c t 

e mi s si o n s)

M e di a n e mi s si o n s 

a b a t e m e n t p o t e n ti al, 

2 0 2 5 ( M T C O₂ e / y e a r)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( % o f pl a n t e n e r g y 

b e f o r e el e c t ri fi c a ti o n)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( M M B t u / y e a r)

3 1 1 3 1 3
B e et s u g ar 
m a n uf a ct uri n g

4 5 % – 51 %  3 0, 3 6 7 – 3 4, 7 2 6  4 2 % – 4 7 % 5 0 4, 3 8 6 – 5 6 9, 41 4

3 1 1 4 2 1
Fr uit a n d v e g et a bl e 
c a n ni n g

4 4 % – 51 %  2 3,11 6 – 2 6, 6 9 6  4 5 % – 51 % 4 4 9, 7 4 2 – 5 0 3,1 4 3

3 1 1 4 2 2 S p e ci alt y c a n ni n g  4 3 % – 5 0 %  2 31 – 2 6 9 4 5 % – 5 0 % 4, 51 9 – 5, 0 8 4

3 1 1 4 2 3
Dri e d a n d d e h y dr at e d 
f o o d m a n uf a ct uri n g

4 3 % – 5 0 %  2 0, 0 0 8 – 2 3, 2 8 6  4 5 % – 5 0 % 3 8 9, 3 9 7 – 4 3 8, 0 7 5

3 1 1 5 1 3 C h e e s e m a n uf a ct uri n g  4 5 % – 5 2 %  2 8, 9 8 5 – 3 3, 9 3 7  4 8 % – 5 4 % 5 8 6, 0 4 5 – 6 5 9, 8 4 4

3 1 1 5 1 4
Dr y, c o n d e n s e d, a n d 
e v a p or at e d d air y 
pr o d u ct m a n uf a ct uri n g

4 4 % – 51 %  2 0, 6 41 – 2 4, 21 6  4 7 % – 5 3 % 41 9, 6 7 9 – 4 7 3, 0 21

3 1 1 6 1 5 P o ultr y pr o c e s si n g  5 2 % – 5 7 %  2 6, 3 7 6 – 2 8, 8 7 4  51 % – 5 5 % 4 8 8,11 3 – 5 2 5, 3 7 5

3 1 1 9 1 9
Ot h er s n a c k f o o d 
m a n uf a ct uri n g

3 8 % – 4 5 % 11, 5 3 0 – 1 3, 5 6 2  41 % – 4 6 % 2 3 3, 2 3 8 – 2 6 3, 5 4 9

3 1 1 9 9 1
P eri s h a bl e pr e p ar e d 
f o o d m a n uf a ct uri n g

3 8 % – 4 5 % 11, 8 3 6 – 1 3, 9 2 2  41 % – 4 6 % 2 3 9, 4 3 0 – 2 7 0, 5 4 6

3 1 1 9 9 9
All ot h er 
mi s c ell a n e o u s f o o d 
m a n uf a ct uri n g

3 8 % – 4 5 %  4 4, 6 9 4 – 5 2, 5 6 9  41 % – 4 6 % 9 0 4, 0 5 6 – 1, 0 21, 5 4 5

3 1 2 1 2 0 Br e w eri e s 4 4 % – 5 2 % 1 7, 21 3 – 2 0,1 2 5  4 7 % – 5 3 % 3 4 8, 0 2 2 – 3 91, 4 61

3 1 2 1 3 0 Wi n eri e s 41 % – 4 8 % 11, 3 2 0 – 1 3, 3 3 8  4 5 % – 51 % 2 3 3,1 51 – 2 6 3, 2 6 3

3 2 2 1 2 1
P a p er ( e x c e pt 
n e w s pri nt) mill s

3 0 % – 3 3 %  8 8, 9 3 7 – 9 8, 6 51  2 8 % – 31 %
1, 5 7 4, 4 7 0 – 
1, 71 9, 3 9 0

3 2 2 1 3 0 P a p er b o ar d mill s  3 2 % – 3 5 %  5 2, 9 0 3 – 5 8, 8 8 0  3 0 % – 3 3 % 9 3 2, 4 7 8 – 1, 0 21, 6 4 6

3 2 5 1 2 0
I n d u stri al g a s 
m a n uf a ct uri n g

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 2 5 1 8 8
All ot h er b a si c 
i n or g a ni c c h e mi c al 
m a n uf a ct uri n g

1 8 % – 2 2 %  6, 611 – 7, 8 41 1 9 % – 2 2 % 1 3 0, 4 4 6 – 1 4 8, 7 9 4

3 2 5 1 9 3
Et h yl al c o h ol 
m a n uf a ct uri n g

2 2 % – 2 6 % 1 4, 9 9 6 – 1 8, 01 4  2 5 % – 2 8 % 3 2 0, 2 0 9 – 3 6 5, 2 4 9

S o ur c e: R e s ul t s fr o m S y n a p s e a n al y si s wi t h i n – h o u s e t o ol b a s e d o n d at a fr o m: ( 1) “ M a n uf a ct uri n g T h er m al E n er g y U s e i n 2 0 1 4.” N R E L D at a C at al o g. G ol d e n, C O: N ati o n al 

R e n e w a bl e E n er g y L a b or at or y. L a st u p d at e d: J ul y 2 4, 2 0 2 4. D OI: 1 0 7 9 9 / 1 5 7 0 0 0 8. ( 2) U. S. E n er g y I nf or m ati o n A d mi ni str ati o n. 2 0 1 8. “ M a n uf a ct uri n g E n er g y C o n s u m pti o n S ur v e y 

( M E C S).” A v ail a bl e at: h p s: // . ei a. g o v / c o n s u m pti o n / m a n uf a ct uri n g /. a n d ( 3) U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y. 2 0 2 3. “ Gr e e n h o u s e G a s R e p or ti n g Pr o gr a m ( G H G R P).” 

A v ail a bl e at: h p s: // . e p a. g o v / g h gr e p or ti n g.
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A p p - T a bl e 6 ( c o n t). M e di a n E mi s si o n s A b a t e m e n t a n d E n e r g y S a vi n g s P o t e n ti al b y 6 - Di gi t N AI C S 
C o d e f o r L a r g e E mi i n g F a cili ti e s i n C ali f o r ni a ( > 2 5, 0 0 0 M T C O₂ e / y e a r). 

N AI C S 

( 6 - di gi t)

N AI C S 

D e s c ri p ti o n

M e di a n e mi s si o n s 

a b a t e m e n t 

p o t e n ti al, 2 0 2 5 

( % o f pl a n t di r e c t 

e mi s si o n s)

M e di a n e mi s si o n s 

a b a t e m e n t p o t e n ti al, 

2 0 2 5 ( M T C O₂ e / y e a r)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( % o f pl a n t e n e r g y 

b e f o r e el e c t ri fi c a ti o n)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( M M B t u / y e a r)

3 2 5 1 9 9
All ot h er b a si c 
or g a ni c c h e mi c al 
m a n uf a ct uri n g

1 9 % – 2 3 %  2 6, 9 4 6 – 31, 9 8 2  2 0 % – 2 3 % 5 3 4, 0 0 7 – 6 0 9,11 9

3 2 5 3 1 1
Nitr o g e n o u s f ertili z er 
m a n uf a ct uri n g

2 % – 2 % 1 2 9 – 1 2 9 0 % – 0 % 0 – 0

3 2 5 4 1 2
P h ar m a c e uti c al 
pr e p ar ati o n 
m a n uf a ct uri n g

2 3 % – 2 9 % 1 2, 01 5 – 1 4, 7 6 2  2 9 % – 3 3 % 2 7 8, 2 2 2 – 31 9, 21 4

3 2 5 4 1 4
Bi ol o gi c al pr o d u ct 
( e x c e pt di a g n o sti c) 
m a n uf a ct uri n g

2 5 % – 31 % 7, 6 9 5 – 9, 3 5 3  3 0 % – 3 4 % 1 7 0, 2 3 0 – 1 9 4, 9 6 5

3 2 7 2 1 1
Fl at gl a s s 
m a n uf a ct uri n g

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 2 7 2 1 3
Gl a s s c o nt ai n er 
m a n uf a ct uri n g

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 2 7 3 1 0
C e m e nt 
m a n uf a ct uri n g

2 % – 3 % 11 – 1 5 3 % – 4 % 3 8 6 – 4 6 0

3 2 7 4 1 0 Li m e m a n uf a ct uri n g  0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 2 7 4 2 0
G y p s u m pr o d u ct 
m a n uf a ct uri n g

6 % – 9 % 2, 4 0 4 – 3, 6 0 8 1 2 % – 1 5 % 9 0, 2 4 5 – 1 0 8, 2 01

3 2 7 9 9 3
Mi n er al w o ol 
m a n uf a ct uri n g

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 3 1 2 2 1
R oll e d st e el s h a p e 
m a n uf a ct uri n g

2 % – 2 % 1, 7 6 0 – 2, 3 3 0  2 % – 3 % 4 3, 2 2 8 – 51, 71 0

3 3 1 3 1 4
S e c o n d ar y s m elti n g 
a n d all o yi n g of 
al u mi n u m

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 3 1 4 9 2

S e c o n d ar y s m elti n g, 
r e fi ni n g, a n d all o yi n g 
of n o nf err o u s m et al 
( e x c e pt c o p p er a n d 
al u mi n u m)

1 3 % – 1 5 % 2, 0 4 4 – 2, 3 0 9 1 3 % – 1 4 % 3 6, 2 9 5 – 4 0, 2 4 5

3 3 1 5 1 1 Ir o n f o u n dri e s 1 0 % – 11 % 3, 9 6 7 – 4, 3 6 2  8 % – 9 % 3 7, 3 3 9 – 4 3, 2 2 4

3 3 2 1 1 1 Ir o n a n d st e el f or gi n g  5 % – 5 % 9 7 3 – 1, 0 8 9 4 % – 4 % 1 5, 8 3 2 – 1 7, 5 5 5

3 3 2 1 1 2 N o nf err o u s f or gi n g  5 % – 5 % 1, 2 3 0 – 1, 3 7 6  4 % – 4 % 2 0, 011 – 2 2,1 8 8

S o ur c e: R e s ul t s fr o m S y n a p s e a n al y si s wi t h i n – h o u s e t o ol b a s e d o n d at a fr o m: ( 1) “ M a n uf a ct uri n g T h er m al E n er g y U s e i n 2 0 1 4.” N R E L D at a C at al o g. G ol d e n, C O: N ati o n al 

R e n e w a bl e E n er g y L a b or at or y. L a st u p d at e d: J ul y 2 4, 2 0 2 4. D OI: 1 0 7 9 9 / 1 5 7 0 0 0 8. ( 2) U. S. E n er g y I nf or m ati o n A d mi ni str ati o n. 2 0 1 8. “ M a n uf a ct uri n g E n er g y C o n s u m pti o n S ur v e y 

( M E C S).” A v ail a bl e at: h p s: // . ei a. g o v / c o n s u m pti o n / m a n uf a ct uri n g /. a n d ( 3) U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y. 2 0 2 3. “ Gr e e n h o u s e G a s R e p or ti n g Pr o gr a m ( G H G R P).” 

A v ail a bl e at: h p s: // . e p a. g o v / g h gr e p or ti n g.
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A p p - T a bl e 7. M e di a n E mi s si o n s A b a t e m e n t a n d E n e r g y S a vi n g s P o t e n ti al b y 6 - Di gi t N AI C S C o d e f o r 
S m all E mi i n g F a cili ti e s i n C ali f o r ni a ( < 2 5, 0 0 0 M T C O₂ e / y e a r). 

N AI C S 

( 6 - di gi t)

N AI C S 

D e s c ri p ti o n

M e di a n e mi s si o n s 

a b a t e m e n t 

p o t e n ti al, 2 0 2 5 

( % o f pl a n t di r e c t 

e mi s si o n s)

M e di a n e mi s si o n s 

a b a t e m e n t p o t e n ti al, 

2 0 2 5 ( M T C O₂ e / y e a r)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( % o f pl a n t e n e r g y 

b e f o r e el e c t ri fi c a ti o n)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( M M B t u / y e a r)

3 1 1 1 1 1
D o g a n d C at F o o d 
M a n uf a ct uri n g

3 8 % – 4 5 % 1 0 3 – 1 21 41 % – 4 6 % 2 0 8 8 – 2, 3 6 0

3 1 1 1 1 9
Ot h er A ni m al F o o d 
M a n uf a ct uri n g

41 % – 4 8 %  3 0 – 3 5 4 3 % – 4 9 % 5 8 6 – 6 6 0

3 1 1 2 1 1 Fl o ur Milli n g 4 6 % – 5 4 %  8 4 – 9 8 4 8 % – 5 4 % 1 2 2 3 – 1, 3 7 7

3 1 1 2 1 3 M alt M a n uf a ct uri n g  4 6 % – 5 3 %  2 9 5 – 3 4 5 4 8 % – 5 4 % 5 8 6 9 – 6, 6 0 7

3 1 1 2 2 5
F at s a n d Oil s R e fi ni n g 
a n d Bl e n di n g

4 7 % – 5 5 % 1 4 – 1 7 4 9 % – 5 5 % 2 2 6 – 2 5 4

3 1 1 3 1 3
B e et S u g ar 
M a n uf a ct uri n g

41 % – 4 8 %  5 6 0 – 6 5 3 4 2 % – 4 7 % 1 0, 7 2 3 – 1 2,11 3

3 1 1 3 5 2
S pi c e a n d E xtr a ct 
M a n uf a ct uri n g

2 9 % – 3 3 %  6 21 – 71 4 2 8 % – 3 2 % 11, 5 31 – 1 2, 9 2 5

3 1 1 4 1 1
Fr o z e n Fr uit, J ui c e, 
a n d V e g et a bl e 
M a n uf a ct uri n g

4 3 % – 5 0 %  3 8 2 – 4 4 4 4 5 % – 5 0 % 7, 4 6 6 – 8, 3 9 9

3 1 1 4 2 1
Fr uit a n d V e g et a bl e 
C a n ni n g

4 4 % – 51 %  8 8 – 1 0 2 4 5 % – 51 % 1, 7 2 3 – 1, 9 2 7

3 1 1 4 2 2 S p e ci alt y C a n ni n g  4 3 % – 5 0 %  2 5 6 – 2 9 8 4 5 % – 5 0 % 5, 01 5 – 5, 6 4 2

3 1 1 4 2 3
Dri e d a n d D e h y dr at e d 
F o o d M a n uf a ct uri n g

4 3 % – 5 0 % 1 5 8 – 1 8 4 4 5 % – 5 0 % 3,1 0 4 – 3, 4 9 2

3 1 1 5 1 1
Fl ui d Mil k 
M a n uf a ct uri n g

4 4 % – 5 2 % 1 91 – 2 2 4 4 7 % – 5 3 % 3, 8 6 7 – 4, 3 5 8

3 1 1 5 1 3 C h e e s e M a n uf a ct uri n g  4 5 % – 5 2 % 1 8 4 – 21 5 4 8 % – 5 4 % 3, 7 2 7 – 4,1 9 6

3 1 1 5 1 4

Dr y, C o n d e n s e d, 
a n d E v a p or at e d 
D air y Pr o d u ct 
M a n uf a ct uri n g

4 4 % – 51 %  8 2 – 9 7 4 7 % – 5 3 % 1, 6 8 3 – 1, 8 9 7

3 1 1 6 1 1
A ni m al ( e x c e pt 
P o ultr y) Sl a u g ht eri n g

4 7 % – 5 0 % 1 7 4 – 1 8 6 4 7 % – 5 0 % 3, 2 8 0 – 3, 4 6 9

3 1 1 6 1 2
M e at Pr o c e s s e d fr o m 
C ar c a s s e s

5 2 % – 5 7 %  5 0 5 – 5 5 3 51 % – 5 5 % 9, 3 4 8 – 1 0, 0 6 2

3 1 1 6 1 3
R e n d eri n g a n d M e at 
B y pr o d u ct Pr o c e s si n g

5 2 % – 5 7 %  6 9 6 – 7 6 2 51 % – 5 5 % 1 2, 8 8 7 – 1 3, 8 71

3 1 1 6 1 5 P o ultr y Pr o c e s si n g  5 2 % – 5 7 % 1 6 4 – 1 7 9 51 % – 5 5 % 3, 0 3 8 – 3, 2 7 0

S o ur c e: S y n a p s e a n al y si s of I n d u stri o u s L a b s d at a s et fr o m ( 1) C alif or ni a Air R e s o ur c e s B o ar d ( C A R B), ( 2) F o u n d ati o n al I n d u stri al E n er g y D at a s et ( FI E D), a n d ( 3) N ati o n al E mi s si o n s 

I n v e nt or y ( N EI).
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A p p - T a bl e 7 ( c o n t). M e di a n E mi s si o n s A b a t e m e n t a n d E n e r g y S a vi n g s P o t e n ti al b y 6 - Di gi t N AI C S 
C o d e f o r S m all E mi i n g F a cili ti e s i n C ali f o r ni a ( < 2 5, 0 0 0 M T C O₂ e / y e a r). 

N AI C S 

( 6 - di gi t)

N AI C S 

D e s c ri p ti o n

M e di a n e mi s si o n s 

a b a t e m e n t 

p o t e n ti al, 2 0 2 5 

( % o f pl a n t di r e c t 

e mi s si o n s)

M e di a n e mi s si o n s 

a b a t e m e n t p o t e n ti al, 

2 0 2 5 ( M T C O₂ e / y e a r)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( % o f pl a n t e n e r g y 

b e f o r e el e c t ri fi c a ti o n)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( M M B t u / y e a r)

3 1 1 8 2 1
C o o ki e a n d Cr a c k er 
M a n uf a ct uri n g

2 7 % – 3 3 % 1 3 6 – 1 6 7 3 2 % – 3 7 % 3, 0 4 9 – 3, 51 0

3 1 1 9 1 1
R o a st e d N ut s a n d 
P e a n ut B u er 
M a n uf a ct uri n g

3 8 % – 4 5 % 1, 0 81 – 1, 2 71 41 % – 4 6 % 21, 8 6 5 – 2 4, 7 0 7

3 1 1 9 1 9
Ot h er S n a c k F o o d 
M a n uf a ct uri n g

3 8 % – 4 5 % 1, 4 4 9 – 1, 7 0 4  41 % – 4 6 % 2 9, 31 2 – 3 3,1 21

3 1 1 9 2 0
C o ff e e a n d T e a 
M a n uf a ct uri n g

3 8 % – 4 5 %  2 6 – 3 0 41 % – 4 6 % 4 3 9 – 4 9 6

3 1 1 9 4 1
M a y o n n ai s e, Dr e s si n g, 
a n d Ot h er Pr e p ar e d 
S a u c e M a n uf a ct uri n g

3 8 % – 4 5 %  2 5 7 – 3 0 2 41 % – 4 6 % 5, 2 0 0 – 5, 8 7 6

3 1 1 9 4 2
S pi c e a n d E xtr a ct 
M a n uf a ct uri n g

41 % – 4 8 % 1 7 9 – 2 0 9 4 3 % – 4 8 % 3, 5 6 9 – 4, 01 8

3 1 1 9 9 9
All Ot h er 
Mi s c ell a n e o u s F o o d 
M a n uf a ct uri n g

3 8 % – 4 5 %  6 0 – 71 41 % – 4 6 % 1, 2 2 8 – 1, 3 8 8

3 1 2 1 2 0 Br e w eri e s 4 4 % – 5 2 % 1 2 7 – 1 4 8 4 7 % – 5 3 % 2, 5 61 – 2, 8 81

3 1 2 1 3 0 Wi n eri e s 5 3 % – 5 9 %  2 – 3 4 6 % – 5 2 % 3 2 – 3 6

3 1 2 1 4 0 Di still eri e s 4 9 % – 5 5 %  411 – 4 6 0 4 6 % – 51 % 4, 8 9 4 – 5, 4 9 9

3 2 2 1 2 1
P a p er ( e x c e pt 
N e w s pri nt) Mill s

3 0 % – 3 3 % 1 – 1 2 8 % – 31 % 2 8 – 3 0

3 2 2 1 3 0 P a p er b o ar d Mill s  3 0 % – 3 3 % 11 2 – 1 21 2 4 % – 2 6 % 1, 6 6 2 – 1, 81 6

3 2 2 2 1 9
Ot h er P a p er b o ar d 
C o nt ai n er 
M a n uf a ct uri n g

3 0 % – 3 5 % 1 3 0 – 1 4 9 2 8 % – 3 2 % 2, 3 0 3 – 2, 5 8 5

3 2 2 2 9 1
S a nit ar y 
P a p er Pr o d u ct 
M a n uf a ct uri n g

3 0 % – 3 5 % 1 6 – 1 8 2 8 % – 3 2 % 2 8 5 – 3 2 0

3 2 5 1 2 0
I n d u stri al G a s 
M a n uf a ct uri n g

1 3 % – 1 3 % 0 – 0 3 % – 4 % 2 – 2

3 2 5 1 9 3
Et h yl Al c o h ol 
M a n uf a ct uri n g

1 8 % – 2 2 %  2 8 4 – 3 3 6 1 9 % – 2 2 % 5, 5 9 9 – 6, 3 8 6

3 2 5 1 9 9
All Ot h er B a si c 
Or g a ni c C h e mi c al 
M a n uf a ct uri n g

1 9 % – 2 3 %  5 8 – 6 9 2 0 % – 2 3 % 1,1 5 7 – 1, 31 9

S o ur c e: S y n a p s e a n al y si s of I n d u stri o u s L a b s d at a s et fr o m ( 1) C alif or ni a Air R e s o ur c e s B o ar d ( C A R B), ( 2) F o u n d ati o n al I n d u stri al E n er g y D at a s et ( FI E D), a n d ( 3) N ati o n al E mi s si o n s 

I n v e nt or y ( N EI).
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A p p - T a bl e 7 ( c o n t). M e di a n E mi s si o n s A b a t e m e n t a n d E n e r g y S a vi n g s P o t e n ti al b y 6 - Di gi t N AI C S 
C o d e f o r S m all E mi i n g F a cili ti e s i n C ali f o r ni a ( < 2 5, 0 0 0 M T C O₂ e / y e a r). 

N AI C S 

( 6 - di gi t)

N AI C S 

D e s c ri p ti o n

M e di a n e mi s si o n s 

a b a t e m e n t 

p o t e n ti al, 2 0 2 5 

( % o f pl a n t di r e c t 

e mi s si o n s)

M e di a n e mi s si o n s 

a b a t e m e n t p o t e n ti al, 

2 0 2 5 ( M T C O₂ e / y e a r)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( % o f pl a n t e n e r g y 

b e f o r e el e c t ri fi c a ti o n)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( M M B t u / y e a r)

3 2 5 2 1 1
Pl a sti c s M at eri al a n d 
R e si n M a n uf a ct uri n g

1 6 % – 1 9 %  9 4 – 1 0 9 1 4 % – 1 6 % 1, 5 6 3 – 1, 7 91

3 2 5 2 1 2
S y nt h eti c R u b b er 
M a n uf a ct uri n g

7 5 % – 81 %  5 0 4 – 5 4 2 6 4 % – 71 % 5, 2 3 5 – 5, 8 0 3

3 2 5 3 1 1
Nitr o g e n o u s F ertili z er 
M a n uf a ct uri n g

2 % – 2 % 3 – 3 0 % – 0 % 0 – 0

3 2 5 3 1 2
P h o s p h ati c F ertili z er 
M a n uf a ct uri n g

4 8 % – 5 7 %  3 3 – 3 9 5 5 % – 6 2 % 71 7 – 8 0 8

3 2 5 3 2 0
P e sti ci d e a n d Ot h er 
A gri c ult ur al C h e mi c al 
M a n uf a ct uri n g

5 % – 5 % 1 – 1 0 % – 0 % 0 – 0

3 2 5 4 1 1
M e di ci n al 
a n d B ot a ni c al 
M a n uf a ct uri n g

2 5 % – 31 %  0 – 0 3 0 % – 3 4 % 6 – 6

3 2 5 4 1 2
P h ar m a c e uti c al 
Pr e p ar ati o n 
M a n uf a ct uri n g

3 6 % – 4 0 %  2 – 3 3 0 % – 3 4 % 31 – 3 5

3 2 5 4 1 4
Bi ol o gi c al Pr o d u ct 
( e x c e pt Di a g n o sti c) 
M a n uf a ct uri n g

3 9 % – 4 3 %  0 – 1 31 % – 3 6 % 1 0 – 11

3 2 5 5 1 0
P ai nt a n d C o ati n g 
M a n uf a ct uri n g

2 4 % – 2 8 %  2 – 2 2 5 % – 2 9 % 31 – 3 5

3 2 5 6 1 1
S o a p a n d Ot h er 
D et er g e nt 
M a n uf a ct uri n g

2 4 % – 2 8 %  5 5 – 6 5 2 5 % – 2 9 % 1,1 0 8 – 1, 2 5 8

3 2 5 6 1 2
P oli s h a n d Ot h er 
S a nit ati o n G o o d 
M a n uf a ct uri n g

2 7 % – 31 %  0 – 0 2 5 % – 2 8 % 7 – 8

3 2 5 9 2 0
E x pl o si v e s 
M a n uf a ct uri n g

3 2 % – 3 5 % 1 2 8 – 1 4 0 2 7 % – 3 0 % 1, 7 3 8 – 1, 9 3 6

3 2 5 9 9 2

P h ot o gr a p hi c Fil m, 
P a p er, Pl at e, C h e mi c al, 
a n d C o p y T o n er 
M a n uf a ct uri n g

4 0 % – 4 7 % 1 4 2 – 1 6 7 4 3 % – 4 9 % 2, 8 9 8 – 3, 2 7 3

3 2 5 9 9 8

All Ot h er 
Mi s c ell a n e o u s 
C h e mi c al Pr o d u ct 
a n d Pr e p ar ati o n 
M a n uf a ct uri n g

2 9 % – 3 2 %  0 – 0 2 3 % – 2 6 % 6 – 7

3 2 7 1 2 0
Cl a y B uil di n g M at eri al 
a n d R efr a ct ori e s 
M a n uf a ct uri n g

1 % – 1 % 2 – 2 1 % – 1 % 3 5 – 4 0

S o ur c e: S y n a p s e a n al y si s of I n d u stri o u s L a b s d at a s et fr o m ( 1) C alif or ni a Air R e s o ur c e s B o ar d ( C A R B), ( 2) F o u n d ati o n al I n d u stri al E n er g y D at a s et ( FI E D), a n d ( 3) N ati o n al E mi s si o n s 

I n v e nt or y ( N EI).
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A p p - T a bl e 7 ( c o n t). M e di a n E mi s si o n s A b a t e m e n t a n d E n e r g y S a vi n g s P o t e n ti al b y 6 - Di gi t N AI C S 
C o d e f o r S m all E mi i n g F a cili ti e s i n C ali f o r ni a ( < 2 5, 0 0 0 M T C O₂ e / y e a r). 

N AI C S 

( 6 - di gi t)

N AI C S 

D e s c ri p ti o n

M e di a n e mi s si o n s 

a b a t e m e n t 

p o t e n ti al, 2 0 2 5 

( % o f pl a n t di r e c t 

e mi s si o n s)

M e di a n e mi s si o n s 

a b a t e m e n t p o t e n ti al, 

2 0 2 5 ( M T C O₂ e / y e a r)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( % o f pl a n t e n e r g y 

b e f o r e el e c t ri fi c a ti o n)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( M M B t u / y e a r)

3 2 7 2 1 2

Ot h er Pr e s s e d 
a n d Bl o w n Gl a s s 
a n d Gl a s s w ar e 
M a n uf a ct uri n g

0 % – 1 % 0 – 0 1 % – 1 % 1 – 1

3 2 7 2 1 3
Gl a s s C o nt ai n er 
M a n uf a ct uri n g

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 2 7 2 1 5
Gl a s s Pr o d u ct 
M a n uf a ct uri n g M a d e 
of P ur c h a s e d Gl a s s

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 2 7 3 1 0
C e m e nt 
M a n uf a ct uri n g

2 % – 3 % 8 – 1 2 3 % – 4 % 2 6 8 – 31 9

3 2 7 3 9 0
Ot h er C o n cr et e 
Pr o d u ct 
M a n uf a ct uri n g

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 2 7 9 1 0
A br a si v e Pr o d u ct 
M a n uf a ct uri n g

1 % – 1 % 1 0 – 1 2 1 % – 1 % 1 9 7 – 2 2 3

3 2 7 9 9 2
Gr o u n d or Tr e at e d 
Mi n er al a n d E art h 
M a n uf a ct uri n g

1 % – 1 % 3 – 3 1 % – 1 % 5 4 – 61

3 2 7 9 9 3
Mi n er al W o ol 
M a n uf a ct uri n g

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 2 7 9 9 9

All Ot h er 
Mi s c ell a n e o u s 
N o n m et alli c 
Mi n er al Pr o d u ct 
M a n uf a ct uri n g

1 % – 1 % 0 – 1 1 % – 1 % 1 3 – 1 5

3 3 1 2 1 0

Ir o n a n d St e el 
Pi p e a n d T u b e 
M a n uf a ct uri n g fr o m 
P ur c h a s e d St e el

4 % – 4 % 3 2 – 3 7 2 % – 3 % 4 4 8 – 5 2 7

3 3 1 2 2 1
R oll e d St e el S h a p e 
M a n uf a ct uri n g

2 % – 2 % 0 – 0 2 % – 3 % 2 – 3

3 3 1 3 1 3
Al u mi n a R e fi ni n g a n d 
Pri m ar y Al u mi n u m 
Pr o d u cti o n

8 % – 1 0 % 2 3 – 2 7 9 % – 1 0 % 4 7 4 – 5 3 7

3 3 1 3 1 4
S e c o n d ar y S m elti n g 
a n d All o yi n g of 
Al u mi n u m

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

S o ur c e: S y n a p s e a n al y si s of I n d u stri o u s L a b s d at a s et fr o m ( 1) C alif or ni a Air R e s o ur c e s B o ar d ( C A R B), ( 2) F o u n d ati o n al I n d u stri al E n er g y D at a s et ( FI E D), a n d ( 3) N ati o n al E mi s si o n s 

I n v e nt or y ( N EI).
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A p p - T a bl e 7 ( c o n t). M e di a n E mi s si o n s A b a t e m e n t a n d E n e r g y S a vi n g s P o t e n ti al b y 6 - Di gi t N AI C S 
C o d e f o r S m all E mi i n g F a cili ti e s i n C ali f o r ni a ( < 2 5, 0 0 0 M T C O₂ e / y e a r). 

N AI C S 

( 6 - di gi t)

N AI C S 

D e s c ri p ti o n

M e di a n e mi s si o n s 

a b a t e m e n t 

p o t e n ti al, 2 0 2 5 

( % o f pl a n t di r e c t 

e mi s si o n s)

M e di a n e mi s si o n s 

a b a t e m e n t p o t e n ti al, 

2 0 2 5 ( M T C O₂ e / y e a r)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( % o f pl a n t e n e r g y 

b e f o r e el e c t ri fi c a ti o n)

M e di a n e n e r g y 

s a vi n g s p o t e n ti al  

( M M B t u / y e a r)

3 3 1 3 1 5
Al u mi n u m S h e et, 
Pl at e, a n d F oil 
M a n uf a ct uri n g

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 3 1 3 1 8
Ot h er Al u mi n u m 
R olli n g, Dr a wi n g, a n d 
E xtr u di n g

4 % – 5 % 211 – 2 4 3 4 % – 5 % 3, 6 5 0 – 4,1 2 5

3 3 1 4 9 1

N o nf err o u s M et al 
( e x c e pt C o p p er a n d 
Al u mi n u m) R olli n g, 
Dr a wi n g, a n d 
E xtr u di n g

1 3 % – 1 5 % 3 2 0 – 3 61 1 3 % – 1 4 % 5, 6 8 4 – 6, 3 0 3

3 3 1 4 9 2

S e c o n d ar y S m elti n g, 
R e fi ni n g, a n d All o yi n g 
of N o nf err o u s M et al 
( e x c e pt C o p p er a n d 
Al u mi n u m)

1 3 % – 1 5 % 7 – 8 1 3 % – 1 4 % 1 3 2 – 1 4 6

3 3 1 5 1 1 Ir o n F o u n dri e s 6 % – 8 % 1 7 – 2 0 7 % – 9 % 1 9 6 – 2 2 7

3 3 1 5 1 3
St e el F o u n dri e s 
( e x c e pt I n v e st m e nt)

1 % – 1 % 11 – 1 2 1 % – 1 % 1 8 0 – 2 0 0

3 3 1 5 2 3
N o nf err o u s M et al 
Di e – C a sti n g F o u n dri e s 
( e x c e pt Al u mi n u m)

1 % – 1 % 3 0 – 3 3 1 % – 1 % 4 8 8 – 5 41

3 3 1 5 2 4
Al u mi n u m F o u n dri e s 
( e x c e pt Di e – C a sti n g)

0 % – 0 % 0 – 0 0 % – 0 % 0 – 0

3 3 1 5 2 9

Ot h er N o nf err o u s 
M et al F o u n dri e s 
( e x cl u di n g Di e –
C a sti n g)

1 % – 1 % 1 6 – 1 8 1 % – 1 % 2 6 4 – 2 9 3

S o ur c e: S y n a p s e a n al y si s of I n d u stri o u s L a b s d at a s et fr o m ( 1) C alif or ni a Air R e s o ur c e s B o ar d ( C A R B), ( 2) F o u n d ati o n al I n d u stri al E n er g y D at a s et ( FI E D), a n d ( 3) N ati o n al E mi s si o n s 

I n v e nt or y ( N EI).
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f o s sil - fir e d h e at i n e a c h i n d u str y. T h e C o n s er v ati v e 

s c e n ari o a s s u m e s a l o w er t e m p er at ur e w a st e 

h e at s o ur c e t h at i s cl o s e t o a m bi e nt t e m p er at ur e, 

w hil e t h e A m biti o u s s c e n ari o a s s u m e s a hi g h er 

t e m p er at ur e w a st e h e at s o ur c e fr o m i m pr o v e d 

h e at e x c h a n g e c a p a biliti e s wit hi n a gi v e n i n d u stri al 

f a cilit y.

S m all F a cili ti e s

T h e a n al y si s of s m all e mi i n g f a ciliti e s i s b a s e d 

o n t h e s a m e i n - h o u s e el e ctri fi c ati o n t o ol w e u s e d 

i n t h e a n al y si s of l ar g e e mi i n g f a ciliti e s, wit h 

u p d at e s fr o m t h e f oll o wi n g d at a s et s r e c ei v e d fr o m 

I n d u stri o u s L a b s:

• C ali f o r ni a Ai r R e s o u r c e s B o a r d ( C A R B). 

C A R B pr o vi d e s d et ail e d f a cilit y -l e v el d at a o n 

gr e e n h o u s e g a s e mi s si o n s, crit eri a air p oll ut a nt s, 

a n d p er mi e d e mi s si o n s s o ur c e s i n C alif or ni a. 

T hi s d at a s et s u p p ort s r e fi n e d a n al y si s of i n d u stri al 

e mi s si o n s a n d d e c ar b o ni z ati o n p at h w a y s s p e ci fi c 

t o t h e st at e.

• F o u n d a ti o n al I n d u s t ri al E n e r g y D a t a s e t ( FI E D). 

D e v el o p e d b y N R E L, FI E D o ff er s o p e n - s o ur c e, 

f a cilit y -l e v el e sti m at e s of i n d u stri al e n er g y u s e 

a cr o s s t h e U nit e d St at e s. It e n a bl e s s p ati al a n d 

s e ct or al a n al y si s of i n d u stri al a cti vit y, s u p p orti n g 

t ar g et e d el e ctri fi c ati o n a n d d e c ar b o ni z ati o n 

str at e gi e s.

• N a ti o n al E mi s si o n s I n v e n t o r y ( N EI). M ai nt ai n e d 

b y t h e U. S. E P A, t h e N EI c o m pil e s c o m pr e h e n si v e 

e mi s si o n s d at a fr o m i n d u stri al f a ciliti e s a n d 

ot h er s o ur c e s. It i n cl u d e s crit eri a p oll ut a nt s a n d 

h a z ar d o u s air p oll ut a nt s, pr o vi di n g a n ati o n al 

p er s p e cti v e o n i n d u stri al e mi s si o n s pr o fil e s.

I n or d er t o utili z e t h e d at a s et s pr o vi d e d b y 

I n d u stri o u s L a b s a n d i n c or p or at e t h e m i nt o o ur 

e xi sti n g i n d u stri al el e ctri fi c ati o n t o ol, w e m a d e 

t h e f oll o wi n g a s s u m pti o n s. Fir st, w e filt er e d t h e 

f a cilit y -l e v el d at a t o e x cl u d e a n y f a ciliti e s wit h 

e mi s si o n s gr e at er t h a n 2 5, 0 0 0 M T C O 2 e b e c a u s e 

t h o s e f a ciliti e s ar e i n cl u d e d i n t h e E P A G H G R P 

d at a a n d w er e alr e a d y a n al y z e d a s p art of t h e 

a n al y si s of l ar g e f a ciliti e s. Of t h e 9, 51 7 t ot al u ni q u e 

f a cilit y / u nit c o m bi n ati o n s c o nt ai n e d i n t h e d at a s et, 

6, 4 6 3 of t h e m w er e u n d er t hi s G H G R P e mi s si o n s 

t hr e s h ol d. N e xt, w e filt er e d o ut a n y f a cilit y / u nit 

c o m bi n ati o n s t h at di d n ot h a v e b ot h f u el t y p e a n d 

e mi s si o n s d at a, si n c e t h e s e w er e n e c e s s ar y t o t h e 

e n er g y s a vi n g s a n d e mi s si o n s a b at e m e nt a n al y si s. 

Of t h e 6, 4 6 3 u ni q u e f a cilit y / u nit c o m bi n ati o n s t h at 

fit t h e fir st crit eri o n, 2, 4 8 8 of t h e m c o nt ai n e d b ot h 

f u el t y p e a n d e mi s si o n s d at a. T h u s, o nl y a b o ut 2 6 

p er c e nt of t h e t ot al f a cilit y / u nit c o m bi n ati o n s t h at 

w er e pr o vi d e d i n I n d u stri o u s L a b s’ d at a s et w er e 

a n al y z e d u si n g o ur i n d u stri al el e ctri fi c ati o n t o ol. T h e 

r e m ai ni n g 7 4 p er c e nt of e ntri e s w er e eit h er alr e a d y 

a n al y z e d a s p art of t h e a n al y si s of l ar g e f a ciliti e s or 

h a d i n s u ffi ci e nt d at a f or t hi s a n al y si s.

Fi n all y, gi v e n t h at e n er g y v al u e s w er e mi s si n g f or 

m a n y of t h e e ntri e s i n t h e d at a s et, a n d w er e gi v e n 

i n m ulti pl e u nit s t h at di d n ot al w a y s m at c h u p 

u p o n c o n v er si o n, w e c al c ul at e d t h e e n er g y u s e f or 

e a c h u nit b y u si n g t h e f u el t y p e a n d t h e e mi s si o n s 

pr o vi d e d i n t h e d at a s et. W e u s e d t h e f oll o wi n g 

e q u ati o n: ( E n er g y U s e, M M Bt u) = ( E mi s si o n s, 

M T C O 2 e) / ( F u el E mi s si o n F a ct or, M T C O 2 e /

M M Bt u). W e o bt ai n e d f u el e mi s si o n f a ct or s fr o m 

t h e U. S. E P A’ s G H G E mi s si o n F a ct or s H u b.1 9 5

T h e C alif or ni a i n d u stri e s wit h s m all f a ciliti e s 

m o st w ell - s uit e d t o n e ar -t er m el e ctri fi c ati o n wit h 

i n d u stri al h e at p u m p s ar e pr e s e nt e d i n T a bl e 5 

of t h e r e p ort. A p p - T a bl e 7 pr e s e nt s t h e m e di a n 

e mi s si o n s a b at e m e nt a n d e n er g y s a vi n g s p ot e nti al 

at t h e f a cilit y l e v el b y 6 - di git N AI C S c o d e f or l ar g e 

e mi i n g f a ciliti e s.

A P P E N D I X C : R E V I E W O F C U R R E N T 

R A T E O P T I O N S

P a ci fi c G a s & El e c t ri c

P G & E’ s t ari ff s a p pl y t o b ot h d eli v er y a n d s u p pl y. 

S c h e d ul e s B -1 0, B -1 9, a n d B - 2 0 c o m pri s e t h e 

st a n d ar d r at e s c h e d ul e s f or i n d u stri al c u st o m er s 

i n P G & E’ s s er vi c e t errit or y, d e p e n di n g o n t h e 

c u st o m er’ s p e a k d e m a n d. C u st o m er s u n d er t h e s e 

r at e s ar e al s o a ut o m ati c all y e nr oll e d i n P e a k D a y 

Pri ci n g ( P D P), w hi c h i s a C P P t ari ff t h at a p pli e s o n 

t o p of t h e c u st o m er’ s u n d erl yi n g r at e s. C u st o m er s 

wit h o n - sit e D E R s c a n al s o c h o o s e t o e nr oll i n 

t h e O pti o n R or O pti o n S t ari ff, w hi c h r e pl a c e t h e 

c u st o m er’ s u n d erl yi n g r at e s c h e d ul e ( B -1 0, B -1 9, or 
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B - 2 0) a n d r e c o v er m or e c o st s t hr o u g h v ol u m etri c 

r at e s r at h er t h a n d e m a n d c h ar g e s. A p p - T a bl e 8 

s u m m ari z e s e a c h of t h e s e r at e o pti o n s.

W hil e S c h e d ul e B -1 0 pr o vi d e s li l e i n c e nti v e 

f or l o a d fl e xi bilit y ( d u e t o t h e l a c k of a c oi n ci d e nt 

d e m a n d c h ar g e a n d ti m e - di ff er e nti at e d e n er g y 

c h ar g e s f or b ot h di stri b uti o n a n d tr a n s mi s si o n), 

i n d u stri al c u st o m er s i n P G & E s er vi c e t errit or y c a n 

a c c e s s T O U r at e s t h at all o w t h e m t o l o w er bill s 

b y r e d u ci n g l o a d d uri n g p e a k p eri o d s t hr o u g h 

S c h e d ul e B -1 9 a n d B - 2 0. A d diti o n all y, P e a k D a y 

Pri ci n g pr o vi d e s a C P P o pti o n f or c u st o m er s w h o 

c a n r e d u c e l o a d d uri n g p eri o d s of gri d c o n str ai nt, 

w hil e O pti o n R a n d O pti o n S c a n b e n e fit c u st o m er s 

wit h o n - sit e D E R s t h at e n a bl e t h e m t o r e d u c e 

t h e a m o u nt of el e ctri cit y dr a w n fr o m t h e gri d. 

H o w e v er, b ot h O pti o n R a n d O pti o n S ar e s u bj e ct t o 

e nr oll m e nt c a p s, a n d all c urr e nt r at e o pti o n s r e c o v er 

tr a n s mi s si o n c o st s t hr o u g h a n o n - c oi n ci d e nt 

d e m a n d c h ar g e, w hi c h d o e s n ot r e fl e ct t h e hi g h er 

c o st s d uri n g p e a k p eri o d s. P G & E al s o d o e s n ot 

o ff er a n y r e al -ti m e pri ci n g t ari ff s, w hi c h w o ul d 

all o w c u st o m er s wit h st or a g e t o c h ar g e d uri n g t h e 

a b s ol ut e l o w e st - c o st h o ur s ( w hi c h m a y h a v e pri c e s 

m u c h l o w er t h a n st a n d ar d “ o ff - p e a k ” r at e s).

D e m a n d R e s p o n s e P r o g r a m s

P G & E o ff er s t hr e e m ai n D R pr o gr a m s: t h e B a s e 

I nt err u pti bl e Pr o gr a m ( BI P), t h e C a p a cit y Bi d di n g 

Pr o gr a m, a n d t h e E m er g e n c y L o a d R e d u cti o n 

Pr o gr a m. A p p - T a bl e 9 s u m m ari z e s e a c h pr o gr a m’ s 

eli gi bilit y r e q uir e m e nt s a n d pr o gr a m str u ct ur e.

It i s u nli k el y t h at i n d u stri al f a ciliti e s wit h o ut fl e xi bl e 

l o a d w o ul d b e a bl e t o f ull y t a k e a d v a nt a g e of 

t h e s e D R pr o gr a m s, si n c e t h e y r e q uir e ( or o nl y 

c o m p e n s at e) l o a d r e d u cti o n s b el o w t h e c u st o m er’ s 

t y pi c al u s a g e. T hi s r e q uir e m e nt m e a n s t h at o n - sit e 

D E R s ( e. g., s ol ar a n d st or a g e or t h er m al b a eri e s) 

w o ul d h a v e t o r e d u c e m or e l o a d d uri n g BI P E v e nt s 

t h a n t h e n or m al o p er ati n g s c h e d ul e. If t h e c u st o m er 

i s alr e a d y m a xi mi zi n g t h e u s e of t h eir o n - sit e D E R s 

o n a d ail y b a si s t o o pti mi z e t h eir bill s ( e. g., t o a v oi d 

o n - p e a k d e m a n d c h ar g e s u n d er a T O U r at e), t h e n 

t h e D E R c o ul d n ot e n a bl e f urt h er l o a d r e d u cti o n s 

d uri n g D R e v e nt s. H o w e v er, c u st o m er s w h o h a v e 

fl e xi bilit y i n t h eir o p er ati o n al s c h e d ul e s ( e. g., c a n 

t e m p or aril y s h ut d o w n a pr o d u cti o n li n e), m a y b e 

a bl e t o b e n e fit fr o m t hi s pr o gr a m. 

R a t e Di s c o u n t s

P G & E o ff er s a n E c o n o mi c D e v el o p m e nt R at e 

( S c h e d ul e E D R) t o c u st o m er s l o c ati n g, e x p a n di n g, 

or r et ai ni n g l o a d o n P G & E’ s s y st e m. C u st o m er s 

m u st h a v e at l e a st 1 5 0 k W of a g gr e g at e l o a d a n d 

m u st si g n a n a ffi d a vit a e sti n g t h at wit h o ut t h e 

r at e t h e y w o ul d n ot h a v e r e m ai n e d i n or l o c at e d 

t h eir o p er ati o n s wit hi n P G & E’ s s er vi c e t errit or y. 

Eli gi bilit y f or t h e r at e m u st al s o b e a ut h ori z e d b y 

t h e C alif or ni a G o v er n or’ s O ffi c e of B u si n e s s a n d 

E c o n o mi c D e v el o p m e nt.

S c h e d ul e E D R o ff er s t hr e e ti er s of r at e r e d u cti o n 

o v er a p eri o d of fi v e y e ar s:

1. T h e St a n d ar d E D R o pti o n pr o vi d e s a r at e 

r e d u cti o n of 1 2 p er c e nt.

2. T h e Mi d - E n h a n c e d E D R o pti o n pr o vi d e s a r at e 

r e d u cti o n of 1 8 p er c e nt a n d i s a v ail a bl e o nl y 

t o c u st o m er s l o c ati n g i n eit h er ( a) a c o u nt y or 

cit y wit h a n u n e m pl o y m e nt r at e b et w e e n 1 3 0 

p er c e nt a n d 1 5 0 p er c e nt of t h e st at e’ s a v er a g e 

u n e m pl o y m e nt r at e, wit h t h e l o c al u n e m pl o y m e nt 

r at e still a b o v e 5 p er c e nt, or ( b) a c o u nt y or cit y 

h a s a n u n e m pl o y m e nt r at e a b o v e 5 p er c e nt, e v e n 

if t h e l o c al u n e m pl o y m e nt r at e i s l e s s t h a n 1 5 0 

p er c e nt of t h e st at e’ s u n e m pl o y m e nt r at e.

3. T h e E n h a n c e d E D R o pti o n pr o vi d e s a r at e 

r e d u cti o n of 2 0 p er c e nt a n d i s a v ail a bl e o nl y t o 

c u st o m er s l o c ati n g i n eit h er ( a) a c o u nt y or cit y 

wit h a n u n e m pl o y m e nt r at e gr e at er t h a n 1 5 0 

p er c e nt of t h e st at e’ s a v er a g e u n e m pl o y m e nt 

r at e, wit h t h e a ct u al u n e m pl o y m e nt r at e i s still 

a b o v e 5 p er c e nt, or ( b) a c o u nt y or cit y wit h a n 

u n e m pl o y m e nt r at e a b o v e 11 p er c e nt, e v e n if t h e 

l o c al u n e m pl o y m e nt r at e i s l e s s t h a n 1 5 0 p er c e nt 

of t h e st at e’ s u n e m pl o y m e nt r at e.

C u st o m er s pr oj e ct e d t o r e c ei v e o v er $1 0 0, 0 0 0 of 

a n n u al s a vi n g s fr o m S c h e d ul e E D R ar e s u bj e ct t o a n 

a n n u al a u dit t o e n s ur e t h at r e v e n u e s c oll e ct e d fr o m 

t h e c u st o m er ar e hi g h er t h a n t h eir c o st t o s er v e a s 

w ell a s t o v erif y i nf or m ati o n r el at e d t o j o b s cr e at e d, 
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A p p - T a bl e 8. P G & E Ti m e - Di ff e r e n ti a t e d R a t e s a n d V ol u m e t ri c R a t e s S u m m a r y.

T a ri ff Eli gi bili t y R a t e C o m p o n e n t s

Di s t ri b u ti o n Tr a n s mi s si o n G e n e r a ti o n

B -1 0 • A v ail a bl e t o c u st o m er s 

 < 5 0 0 k W

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• S e a s o n al e n er g y c h ar g e s

• N o n - c oi n ci d e nt 

d e m a n d c h ar g e

• S e a s o n al T O U 

e n er g y c h ar g e s

B -1 9 • M a n d at or y f or c u st o m er s 

5 0 0 9 9 9 k W

• O pti o n f or c u st o m er s  

< 5 0 0 k W

• S e a s o n al T O U d e m a n d 

c h ar g e s

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• N o n - c oi n ci d e nt 

d e m a n d c h ar g e

• S e a s o n al T O U 

d e m a n d c h ar g e s

• T O U, s e a s o n al 

e n er g y c h ar g e s

B - 2 0 • M a n d at or y f or c u st o m er s 

> 9 9 9 k W

• S e a s o n al T O U d e m a n d 

c h ar g e s

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• N o n - c oi n ci d e nt 

d e m a n d c h ar g e

• S e a s o n al T O U 

d e m a n d c h ar g e s

• S e a s o n al T O U 

e n er g y c h ar g e s

P e a k D a y  

P ri ci n g

• D ef a ult f or c u st o m er s 2 0 0 + 

k W ( c a n o pt o ut)

• A p pli e s o n t o p of u n d erl yi n g 

r at e str u ct ur e

• N / A • N / A • C P P e n er g y 

c h ar g e s

• R e d u c e d s u m m er 

o n - p e a k a n d p art -

p e a k d e m a n d 

c h ar g e s

O p ti o n R • A v ail a bl e t o c u st o m er s 

wit h o n - sit e st or a g e a n d / or 

r e n e w a bl e g e n er ati o n

• R e pl a c e s u n d erl yi n g r at e 

str u ct ur e

• C a p p e d at 6 0 0 M W of D E R 

c a p a cit y

• S e a s o n al T O U d e m a n d 

c h ar g e s (l o w)

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e s

• S u m m er T O U e n er g y 

c h ar g e s

• N o n - c oi n ci d e nt 

d e m a n d c h ar g e

• S e a s o n al T O U 

e n er g y c h ar g e s

O p ti o n S • A v ail a bl e t o c u st o m er s wit h 

o n - sit e st or a g e

• R e pl a c e s u n d erl yi n g r at e 

str u ct ur e

• C a p p e d at 5 0 M W of D E R 

c a p a cit y e a c h f or B -1 9 a n d 

B - 2 0

• S e a s o n al T O U d e m a n d 

c h ar g e s

• S u m m er T O U e n er g y 

c h ar g e s

• N o n - c oi n ci d e nt 

d e m a n d c h ar g e

• S e a s o n al T O U 

e n er g y c h ar g e s

N ot e: T O U d e m a n d c h ar g e s i n cl u d e t hr e e s e p ar at e d e m a n d c h ar g e s t h at a p pl y t o t h e o n - p e a k, p ar t - p e a k, a n d o ff - p e a k p eri o d s, 

r e s p e cti v el y. T h e o n - p e a k d e m a n d c h ar g e i s e q ui v al e nt t o a c oi n ci d e nt d e m a n d c h ar g e. 
S o ur c e: P G & E t ari ff
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w a g e s a n d b e n e fit s, a n d ot h er i n dir e ct e c o n o mi c 

b e n e fit s t o t h e c o m m u nit y.

It i s u n cl e ar w h et h er n e w el e ctri c l o a d r e s ulti n g 

fr o m t h e el e ctri fi c ati o n of i n d u stri al f a ciliti e s c a n 

q u alif y f or S c h e d ul e E D R. It m a y b e p o s si bl e f or 

i n d u stri al el e ctri fi c ati o n pr oj e ct s t o b e c o n si d er e d 

l o a d e x p a n si o n a n d q u alif y f or t h e pr o gr a m if 

t h e c u st o m er c a n d e m o n str at e or a e st t h at t h e 

el e ctri fi c ati o n of t h eir C alif or ni a f a cilit y w o ul d 

n ot h a p p e n wit h o ut t h e di s c o u nt. A d diti o n all y, 

t h e eli gi bilit y r e q uir e m e nt s f or t h e Mi d - E n h a n c e d 

a n d E n h a n c e d E D R o pti o n s ar e r el ati v el y stri ct: 

pr oj e ct s m u st b e l o c at e d i n c o m m u niti e s wit h 

hi g h u n e m pl o y m e nt r at e s t o q u alif y a n d m u st 

d e m o n str at e e c o n o mi c b e n e fit s t o t h e c o m m u nit y. 

Gi v e n t h at el e ctri fi c ati o n l o a d will b e a d d e d at a n 

e xi sti n g i n d u stri al f a cilit y, t h e s e pr oj e ct s m a y n ot b e 

a bl e t o m e et t h e s e r e q uir e m e nt s.

S o u t h e r n C ali f o r ni a E di s o n
Ti m e - Di ff e r e n ti a t e d R a t e s a n d V ol u m e t ri c R a t e s

S C E t ari ff s i n cl u d e b ot h d eli v er y a n d s u p pl y, wit h 

T O U - G S - 3 a n d T O U - 8 s er vi n g a s t h e st a n d ar d 

t ari ff s f or i n d u stri al c u st o m er s o v er 2 0 0 k W a n d 

5 0 0 k W of d e m a n d, r e s p e cti v el y. C u st o m er s u n d er 

t h e s e r at e s ar e a ut o m ati c all y e nr oll e d i n O pti o n 

D - C P P. T hi s r at e r e fl e ct s di stri b uti o n, tr a n s mi s si o n, 

a n d g e n er ati o n r at e s u n d er O pti o n D (t h e st a n d ar d 

r at e), pl u s a C P P c o m p o n e nt. C u st o m er s c a n o pt 

o ut of O pti o n D - C P P t o o nl y t a k e s er vi c e u n d er 

O pti o n D. Alt er n ati v el y, c u st o m er s wit h o n - sit e 

D E R s c a n j oi n O pti o n E, w hi c h r e pl a c e s O pti o n 

D / D - C P P. O pti o n E r e pl a c e s t h e c oi n ci d e nt d e m a n d 

c h ar g e wit h a hi g h er, s e a s o n al T O U e n er g y c h ar g e. 

T h e s e r at e o pti o n s ar e s u m m ari z e d i n A p p - T a bl e 1 0.

O pti o n D u n d er T O U - G S - 3 a n d T O U - 8 pr o vi d e s 

s o m e o p p ort u nit y f or c u st o m er s t o m a n a g e 

t h eir bill s wit h l o a d fl e xi bilit y, s u c h a s o pti mi zi n g 

c o n s u m pti o n t o a v oi d c oi n ci d e nt d e m a n d c h ar g e s 

a n d o n - p e a k e n er g y c h ar g e s f or t h e g e n er ati o n 

p orti o n. Si mil arl y t o P G & E a n d S D G E, S C E pr o vi d e s 

a C P P o pti o n, w hi c h c a n b e n e fit c u st o m er s w h o 

c a n c o n si st e ntl y r e d u c e l o a d d uri n g C P P e v e nt s, a s 

w ell a s a v ol u m etri c r at e o pti o n, w hi c h c a n b e n e fit 

c u st o m er s wit h o n - sit e D E R s. 

N ot a bl y, u nli k e P G & E a n d S D G E, S C E d o e s o ff er 

r e al -ti m e pri ci n g, al b eit o nl y f or t h e g e n er ati o n 

p orti o n, t hr o u g h T O U - G S - 3 - R T P a n d T O U - 8 -

R T P. T h e s e r e al -ti m e pri ci n g o pti o n s c a n pr o vi d e 

A p p - T a bl e 9. P G & E D e m a n d R e s p o n s e P r o g r a m s S u m m a r y.

P r o g r a m Eli gi bili t y P r o g r a m S t r u c t u r e

B a s e I n t e r r u p ti bl e  

P r o g r a m

• A v ail a bl e t o c u st o m er s wit h 

1 0 0 + k W c oi n ci d e nt d e m a n d 

1 0 0 + k W l o a d r e d u cti o n

• C u st o m er s c a n n ot u s e f o s sil 

f u el r e s o ur c e s t o r e d u c e l o a d

• P arti ci p a nt s d e si g n at e a Fir m S er vi c e L e v el ( F S L) i n k W a n d ar e 

r e q uir e d t o r e d u c e t h eir l o a d t o or b el o w t h e F S L d uri n g e v e nt s 

( wit h p e n alti e s f or n o n - c o m pli a n c e)

• P arti ci p a nt s r e c ei v e c a p a cit y i n c e nti v e s ( $ p er k W) b a s e d o n t h e 

di ff er e n c e b et w e e n t h eir a v er a g e m o nt hl y c oi n ci d e nt d e m a n d a n d 

t h eir F S L

C a p a ci t y Bi d di n g  

P r o g r a m

• A v ail a bl e t o a n y n o n -

r e si d e nti al c u st o m er s

• C u st o m er s c a n n ot u s e f o s sil 

f u el r e s o ur c e s t o r e d u c e l o a d

• P arti ci p a nt s n o mi n at e a m o nt hl y l o a d r e d u cti o n a m o u nt a n d ar e 

r e q uir e d t o r e d u c e l o a d b y t h e n o mi n at e d a m o u nt ( wit h p e n alti e s 

f or n o n - c o m pli a n c e)

• P arti ci p a nt s r e c ei v e c a p a cit y i n c e nti v e s ( $ p er k W) a n d e n er g y 

i n c e nti v e s ( $ p er k W h) b a s e d o n t h eir l o a d r e d u cti o n d uri n g e v e nt s 

c o m p ar e d t o t h eir b a s eli n e u s a g e

E m e r g e n c y L o a d  

R e d u c ti o n P r o g r a m ( Pil o t)

• A v ail a bl e t o a n y c u st o m er s • P arti ci p a nt s r e c ei v e i n c e nti v e s f or l o a d r e d u cti o n ( $ p er k W h) 

d uri n g e m er g e n c y e v e nt s c o m p ar e d t o t h eir b a s eli n e u s a g e

S o ur c e: P G & E t ari ff s
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A p p - T a bl e 1 0. S C E Ti m e - di ff e r e n ti a t e d R a t e s a n d V ol u m e t ri c R a t e s S u m m a r y.

T a ri ff Eli gi bili t y R a t e C o m p o n e n t s

Di s t ri b u ti o n Tr a n s mi s si o n G e n e r a ti o n

T O U - G S - 3  

O p ti o n D

• A v ail a bl e t o c u st o m er s  

2 0 0 5 0 0 k W

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• S e a s o n al o n - p e a k d e m a n d 

c h ar g e

• Fl at e n er g y c h ar g e

• N o n - c oi n ci d e nt 

d e m a n d c h ar g e

• Fl at e n er g y c h ar g e

• S e a s o n al o n - p e a k 

d e m a n d c h ar g e

• S e a s o n al T O U 

e n er g y c h ar g e s

T O U - 8  

O p ti o n D

• A v ail a bl e t o c u st o m er s  

> 5 0 0 k W

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• S e a s o n al o n - p e a k d e m a n d 

c h ar g e

• Fl at e n er g y c h ar g e

• N o n - c oi n ci d e nt 

d e m a n d c h ar g e

• Fl at e n er g y c h ar g e

• S e a s o n al o n - p e a k 

d e m a n d c h ar g e

• S e a s o n al T O U 

e n er g y c h ar g e s

T O U - G S - 3 / T O U - 8 

O p ti o n D - C P P

• D ef a ult f or c u st o m er s u n d er 

T O U - G S - 3 O pti o n D a n d T O U -

8 O pti o n D

• A p pli e s o n t o p of u n d erl yi n g 

r at e str u ct ur e

• N / A • N / A • C P P e n er g y c h ar g e s

• R e d u c e d s u m m er 

o n - p e a k d e m a n d 

c h ar g e

T O U - G S - 3 / T O U - 8 

O p ti o n E

• A v ail a bl e t o (1) c u st o m er s 

< 5 M W wit h o n - sit e st or a g e 

a n d / or r e n e w a bl e g e n er ati o n, 

c a p p e d at 2 5 0 M W D E R 

c a p a cit y, or ( 2) c u st o m er s 

wit h p er m a n e nt l o a d - s hi i n g 

t e c h n ol o g y (i n cl. t h er m al 

b a eri e s)

• R e pl a c e s O pti o n D / D - C P P

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• S e a s o n al T O U e n er g y 

c h ar g e s ( hi g h)

• N o n - c oi n ci d e nt 

d e m a n d c h ar g e

• Fl at e n er g y c h ar g e

• S e a s o n al o n - p e a k 

d e m a n d c h ar g e 

(l o w)

• S e a s o n al T O U 

e n er g y c h ar g e s

T O U - G S - 3 - R T P • A v ail a bl e t o c u st o m er s  

2 0 0 5 0 0 k W

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• S e a s o n al o n - p e a k d e m a n d 

c h ar g e

• Fl at e n er g y c h ar g e

• N o n - c oi n ci d e nt 

d e m a n d c h ar g e

• Fl at e n er g y c h ar g e

• H o url y e n er g y 

c h ar g e s

T O U - 8 - R T P • A v ail a bl e t o c u st o m er s  

> 5 0 0 k W

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• S e a s o n al o n - p e a k d e m a n d 

c h ar g e

• Fl at e n er g y c h ar g e

• N o n - c oi n ci d e nt 

d e m a n d c h ar g e

• Fl at e n er g y c h ar g e

• H o url y e n er g y 

c h ar g e s

S o ur c e: S C E t ari ff s
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s u b st a nti al s a vi n g s f or c u st o m er s w h o c a n 

d y n a mi c all y r e s p o n d t o h o url y pri c e si g n al s, s u c h a s 

t h o s e wit h t h er m al b a eri e s. 

C u st o m er s wit h t h er m al b a eri e s c a n al s o b e n e fit 

fr o m u n c o n str ai n e d p arti ci p ati o n i n O pti o n E, 

w hi c h r e c o v er s c o st s m ai nl y t hr o u g h T O U e n er g y 

c h ar g e s r at h er t h a n d e m a n d c h ar g e s. H o w e v er, 

f or c u st o m er s wit h ot h er D E R s s u c h a s s ol ar a n d 

st or a g e, O pti o n E i s li mit e d t o c u st o m er s wit h 

l e s s t h a n 5 M W of d e m a n d a n d i s s u bj e ct t o a 

p arti ci p ati o n c a p. A d diti o n all y, tr a n s mi s si o n c o st s 

ar e still pri m aril y r e c o v er e d t hr o u g h n o n - c oi n ci d e nt 

d e m a n d c h ar g e s f or all t ari ff s. 

D e m a n d R e s p o n s e P r o g r a m s

S C E o ff er s t h e s a m e D R pr o gr a m s a s P G & E: t h e 

B a s e I nt err u pti bl e Pr o gr a m, t h e C a p a cit y Bi d di n g 

Pr o gr a m, a n d t h e E m er g e n c y L o a d R e d u cti o n 

Pr o gr a m. A p p - T a bl e 11 s u m m ari z e s e a c h pr o gr a m’ s 

eli gi bilit y r e q uir e m e nt a n d pr o gr a m str u ct ur e.

A s wit h P G & E a n d S D G & E’ s D R pr o gr a m s, 

c u st o m er s w h o c a n r e d u c e e n er g y c o n s u m pti o n 

at t h eir f a ciliti e s d uri n g D R e v e nt s wit h o ut r el yi n g 

o n o n - sit e D E R s will b e a bl e t o b e n e fit fr o m 

p arti ci p ati o n i n t h e s e pr o gr a m s. C u st o m er s r el yi n g 

o n o n - sit e D E R s t o e n a bl e l o a d fl e xi bilit y ar e b e er 

s er v e d u n d er criti c al p e a k pri ci n g.

R a t e Di s c o u n t s

S C E’ s E c o n o mi c D e v el o p m e nt R at e i s a v ail a bl e 

t o c u st o m er s t h at ar e l o c ati n g, e x p a n di n g, or 

r et ai ni n g l o a d i n S C E’ s s er vi c e t errit or y. C u st o m er s 

m u st h a v e at l e a st 1 5 0 k W of a g gr e g at e l o a d a n d 

m u st si g n a n a ffi d a vit a e sti n g t h at wit h o ut t h e 

r at e t h e y w o ul d n ot h a v e r e m ai n e d i n or l o c at e d 

t h eir o p er ati o n s wit hi n S C E’ s s er vi c e t errit or y. 

Eli gi bilit y f or t h e r at e m u st al s o b e a ut h ori z e d 

b y t h e C alif or ni a G o v er n or’ s O ffi c e of B u si n e s s 

a n d E c o n o mi c D e v el o p m e nt. T h e r at e pr o vi d e s 

a 1 2 p er c e nt di s c o u nt o v er a fi v e - y e ar t er m, wit h 

p arti ci p ati o n li mit e d t o 2 0 0 M W.

C o m p ar e d t o P G & E’ s a n d S D G E’ s e c o n o mi c 

d e v el o p m e nt r at e, S C E’ s r at e i n cl u d e s l e s s 

stri n g e nt r e q uir e m e nt s. W hil e t h e eli gi bilit y of 

A p p - T a bl e 1 1. S C E D e m a n d R e s p o n s e P r o g r a m s S u m m a r y.

P r o g r a m Eli gi bili t y P r o g r a m S t r u c t u r e

B a s e I n t e r r u p ti bl e  

P r o g r a m

• A v ail a bl e t o c u st o m er s wit h 

2 0 0 + k W of d e m a n d

• C u st o m er s c a n n ot u s e f o s sil 

f u el r e s o ur c e s t o r e d u c e l o a d

• P arti ci p a nt s d e si g n at e a Fir m S er vi c e L e v el ( F S L) i n k W a n d ar e 

r e q uir e d t o r e d u c e t h eir l o a d t o or b el o w t h e F S L d uri n g e v e nt s 

( wit h p e n alti e s f or n o n - c o m pli a n c e)

• P arti ci p a nt s r e c ei v e c a p a cit y i n c e nti v e s ( $ p er k W) b a s e d o n t h e 

di ff er e n c e b et w e e n t h eir a v er a g e m o nt hl y c oi n ci d e nt d e m a n d a n d 

t h eir F S L

C a p a ci t y Bi d di n g  

P r o g r a m - El e c t

• A v ail a bl e t o a n y n o n -

r e si d e nti al c u st o m er s

• C u st o m er s c a n n ot u s e f o s sil 

f u el r e s o ur c e s t o r e d u c e l o a d

• P arti ci p a nt s n o mi n at e a m o nt hl y l o a d r e d u cti o n a m o u nt a n d ar e 

r e q uir e d t o r e d u c e l o a d b y t h e n o mi n at e d a m o u nt ( wit h p e n alti e s 

f or n o n - c o m pli a n c e)

• P arti ci p a nt s r e c ei v e c a p a cit y i n c e nti v e s ( $ p er k W) a n d e n er g y 

i n c e nti v e s ( $ p er k W h) b a s e d o n t h eir l o a d r e d u cti o n d uri n g e v e nt s 

c o m p ar e d t o t h eir b a s eli n e u s a g e

E m e r g e n c y L o a d R e d u c ti o n 

P r o g r a m ( Pil o t)

• A v ail a bl e t o a n y c u st o m er s • P arti ci p a nt s r e c ei v e i n c e nti v e s f or l o a d r e d u cti o n (i n k W h) d uri n g 

e m er g e n c y e v e nt s c o m p ar e d t o t h eir b a s eli n e u s a g e

S o ur c e: S C E t ari ff s
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el e ctri fi c ati o n pr oj e ct s i s still u n c ert ai n, i n d u stri al 

f a ciliti e s p ur s ui n g el e ctri fi c ati o n m a y b e c o n si d er e d 

l o a d e x p a n si o n a n d q u alif y f or t h e pr o gr a m if 

t h e c u st o m er c a n d e m o n str at e or a e st f or t h e 

n e c e s sit y of t h e di s c o u nt f or t h e vi a bilit y of t h e 

el e ctri fi c ati o n pr oj e ct. 

S a n Di e g o G a s & El e c t ri c
Ti m e - Di ff e r e n ti a t e d R a t e s a n d V ol u m e t ri c R a t e s

S D G E h a s s e p ar at e t ari ff s f or d eli v er y ( di stri b uti o n 

a n d tr a n s mi s si o n) a n d s u p pl y ( g e n er ati o n). D eli v er y 

r at e s c h e d ul e s i n cl u d e A L- T O U, A L- T O U 2, A 6 - T O U, 

a n d D G - R. S u p pl y r at e s c h e d ul e s i n cl u d e E E C C a n d 

E E C C - C P P - D, w hi c h i s a C P P t ari ff. A p p - T a bl e 1 2 

s u m m ari z e s t h e s e r at e o pti o n s.

S D G E’ s s u p pl y t ari ff s, E E C C a n d E E C C - C P P - D, 

ar e b ot h T O U r at e s t h at i n c e nti vi z e l o a d - s hi i n g 

fr o m o n - p e a k p eri o d s t o o ff - p e a k p eri o d s, wit h 

S c h e d ul e E E C C - C P P - D l a y eri n g a C P P c h ar g e 

o n t o p of t h e T O U c h ar g e. T h e s e t ari ff s c o ul d b e 

u s ef ul f or c u st o m er s wit h fl e xi bl e l o a d s. O n t h e 

d eli v er y si d e, A L- T O U a n d A 6 - T O U b ot h pr o vi d e 

s o m e o p p ort u nit y f or c u st o m er s t o l e v er a g e l o a d 

fl e xi bilit y t o a v oi d t h e c oi n ci d e nt d e m a n d c h ar g e. 

S c h e d ul e A L- T O U 2, h o w e v er, h a s l e s s c o st s a vi n g 

p ot e nti al b e c a u s e it r e c o v er s a si g ni fi c a nt p orti o n 

of c o st s t hr o u g h a d e m a n d c h ar g e t h at a p pli e s t o all 

h o ur s of t h e d a y e x c e pt t h e s u p er o ff - p e a k p eri o d. 

F or c u st o m er s wit h o n - sit e D E R s, S c h e d ul e D G - R 

pr o vi d e s t h e gr e at e st i n c e nti v e s f or l o a d fl e xi bilit y 

wit h hi g h T O U e n er g y c h ar g e s a n d l o w er d e m a n d 

c h ar g e s. H o w e v er, t hi s t ari ff i s li mit e d t o c u st o m er s 

wit h l e s s t h a n 2 M W of d e m a n d, m e a ni n g t h at 

l ar g er i n d u stri al f a ciliti e s ar e n ot eli gi bl e a n d 

ar e e x cl u d e d fr o m t h e m u c h of t h e bill r e d u cti o n 

p ot e nti al of o n - sit e D E R s. Si mil ar t o P G & E, S D G E 

d o e s n ot o ff er a n y r e al -ti m e pri ci n g t ari ff s, a n d 

tr a n s mi s si o n c o st s ar e m ai nl y r e c o v er e d t hr o u g h 

n o n - c oi n ci d e nt d e m a n d c h ar g e s.

D e m a n d R e s p o n s e P r o g r a m s

S D G E o ff er s t w o m ai n D R pr o gr a m s: t h e C a p a cit y 

Bi d di n g Pr o gr a m a n d t h e E m er g e n c y L o a d 

R e d u cti o n Pr o gr a m, wit h si mil ar str u ct ur e s t o t h o s e 

o ff er e d b y P G & E. A p p - T a bl e 1 3 s u m m ari z e s e a c h 

pr o gr a m’ s eli gi bilit y r e q uir e m e nt s a n d pr o gr a m 

str u ct ur e.

Si mil ar t o P G & E’ s D R pr o gr a m s, o n - sit e D E R s al o n e 

ar e u nli k el y t o e n a bl e i n d u stri al f a ciliti e s t o t a k e 

a d v a nt a g e of S D G E’ s pr o gr a m s. I n st e a d, t h e s e D R 

pr o gr a m s will b e m or e b e n e fi ci al f or c u st o m er s w h o 

c a n a dj u st t h eir o p er ati o n s t o r e d u c e l o a d d uri n g D R 

e v e nt s. 

R a t e Di s c o u n t s

S D G E’ s S c h e d ul e E D R i s t h e utilit y’ s E c o n o mi c 

D e v el o p m e nt R at e a n d i s a v ail a bl e t o c u st o m er s 

l o c ati n g or r et ai ni n g l o a d o n S D G E’ s s y st e m. 

C u st o m er s m u st si g n a n a ffi d a vit a e sti n g t h at 

wit h o ut t h e r at e t h e y w o ul d n ot h a v e r e m ai n e d 

i n or l o c at e d t h eir o p er ati o n s wit hi n S D G E’ s 

s er vi c e t errit or y. F or c u st o m er s wit h o v er 1 5 0 k W 

of d e m a n d, eli gi bilit y f or t h e r at e m u st al s o b e 

a ut h ori z e d b y t h e C alif or ni a G o v er n or’ s O ffi c e of 

B u si n e s s a n d E c o n o mi c D e v el o p m e nt. E nr oll m e nt 

u n d er S c h e d ul e E D R i s li mit e d t o 1 0 M W f or 

c u st o m er s wit h d e m a n d u p t o 1 5 0 k W a n d 3 0 M W 

f or c u st o m er s wit h d e m a n d gr e at er t h a n 1 5 0 k W.

S c h e d ul e E D R pr o vi d e s a 1 2 p er c e nt r at e r e d u cti o n 

f or fi v e y e ar s. S D G E will c o n d u ct a c o ntri b uti o n -t o -

m ar gi n c al c ul ati o n a er 1 2 m o nt h s t o e n s ur e t h at 

r e v e n u e s c oll e ct e d fr o m t h e c u st o m er ar e gr e at er 

t h a n t h e m ar gi n al c o st t o s er v e t h at c u st o m er. E D R 

c o ntr a ct s wit h a n e g ati v e c o ntri b uti o n -t o - m ar gi n 

will b e t er mi n at e d.

It i s u nli k el y t h at n e w l o a d r e s ulti n g fr o m e xi sti n g 

i n d u stri al f a ciliti e s’ el e ctri fi c ati o n pr oj e ct s c a n 

q u alif y f or S c h e d ul e E D R wit h o ut C o m mi s si o n 

dir e cti o n, e s p e ci all y si n c e t hi s r at e i s f o c u s e d 

o n l o a d a r a cti o n a n d r et e nti o n b ut n ot l o a d 

e x p a n si o n. S u c h el e ctrif yi n g f a ciliti e s ar e alr e a d y 

l o c at e d i n S D G E t errit or y, a n d wit h o ut S c h e d ul e 

E D R, t h e s e f a ciliti e s w o ul d si m pl y c o nti n u e 

o p er ati o n s u si n g it s e xi sti n g m et h a n e g a s 

s er vi c e. T hi s w o ul d m a k e it u nli k el y f or t h e m t o b e 

c o n si d er e d l o a d a r a cti o n or r et e nti o n. A d diti o n all y, 

si n c e t h e c o ntri b uti o n -t o - m ar gi n c al c ul ati o n i s d o n e 

1 2 m o nt h s i nt o t h e E D R c o ntr a ct, t h er e i s a ri s k of 

t h e c o ntr a ct b ei n g t er mi n at e d e arli er t h a n e x p e ct e d 

gi v e n t h at it c a n b e di ffi c ult t o pr e di ct t h e r e s ult of 

t h e c al c ul ati o n i n a d v a n c e. 
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A p p - T a bl e 1 2. S D G E Ti m e - Di ff e r e n ti a t e d R a t e s a n d V ol u m e t ri c R a t e s S u m m a r y.

T a ri ff Eli gi bili t y R a t e C o m p o n e n t s

Di s t ri b u ti o n Tr a n s mi s si o n G e n e r a ti o n

A L - T O U • A v ail a bl e t o all n o n -

r e si d e nti al c u st o m er s

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• S e a s o n al o n - p e a k 

d e m a n d c h ar g e (l o w 

di ff er e nti ati o n)

• Fl at e n er g y c h ar g e (l o w)

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• N / A

A L - T O U 2 • A v ail a bl e t o all n o n -

r e si d e nti al c u st o m er s

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• S e a s o n al o n - p e a k 

d e m a n d c h ar g e (l o w)

• D e m a n d c h ar g e f or 

d e m a n d o ut si d e s u p er 

o ff - p e a k p eri o d ( hi g h)

• Fl at e n er g y c h ar g e (l o w)

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• O n - p e a k d e m a n d c h ar g e 

(l o w)

• N / A

A 6 - T O U • A v ail a bl e t o c u st o m er s  

5 0 0 + k W

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• S e a s o n al c h ar g e f or 

d e m a n d at ti m e of 

s y st e m p e a k

• Fl at e n er g y c h ar g e (l o w)

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• O n - p e a k d e m a n d c h ar g e

• N / A

E E C C • A v ail a bl e t o n o n -

r e si d e nti al c u st o m er s

• N / A • N / A • S u m m er o n - p e a k 

d e m a n d c h ar g e ( e x c e pt 

D G - R c u st o m er s)

• S e a s o n al T O U e n er g y 

c h ar g e s

E E C C - C P P - D • D ef a ult f or all 

c u st o m er s  

2 0 + k W ( c a n o pt o ut)

• N / A • N / A • S e a s o n al T O U e n er g y 

c h ar g e s

• C P P e n er g y c h ar g e

• C u st o m er s c a n p a y a 

c a p a cit y r e s er v ati o n 

c h ar g e t o e x e m pt a 

p orti o n of t h eir l o a d fr o m 

C P P e n er g y c h ar g e

D G - R • A v ail a bl e t o c u st o m er s 

< 2 M W wit h o n - sit e 

st or a g e or r e n e w a bl e 

g e n er ati o n

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• S e a s o n al o n - p e a k 

d e m a n d c h ar g e (l o w)

• S e a s o n al T O U e n er g y 

c h ar g e s ( hi g h)

• N o n - c oi n ci d e nt d e m a n d 

c h ar g e

• O n - p e a k d e m a n d c h ar g e 

(l o w)

• N / A

S o ur c e: S D G E t ari ff s
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A p p - T a bl e 1 3. S D G E D e m a n d R e s p o n s e P r o g r a m s S u m m a r y.

P r o g r a m Eli gi bili t y P r o g r a m S t r u c t u r e

C a p a ci t y Bi d di n g  

P r o g r a m

• A v ail a bl e t o a n y n o n -

r e si d e nti al c u st o m er s

• C u st o m er s c a n n ot u s e f o s sil 

f u el r e s o ur c e s t o r e d u c e l o a d

• P arti ci p a nt s n o mi n at e a m o nt hl y l o a d r e d u cti o n a m o u nt a n d ar e 

r e q uir e d t o r e d u c e l o a d b y t h e n o mi n at e d a m o u nt ( wit h p e n alti e s 

f or n o n - c o m pli a n c e)

• P arti ci p a nt s r e c ei v e c a p a cit y i n c e nti v e s ( $ p er k W) a n d e n er g y 

i n c e nti v e s ( $ p er k W h) b a s e d o n t h eir l o a d r e d u cti o n d uri n g e v e nt s 

c o m p ar e d t o t h eir b a s eli n e u s a g e

E m e r g e n c y L o a d  

R e d u c ti o n P r o g r a m ( Pil o t)

• A v ail a bl e t o a n y c u st o m er s • P arti ci p a nt s r e c ei v e i n c e nti v e s f or l o a d r e d u cti o n ( $ p er k W h) 

d uri n g e m er g e n c y e v e nt s c o m p ar e d t o t h eir b a s eli n e u s a g e

S o ur c e: S D G E t ari ff s
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A P P E N D I X D : B I L L I M P A C T 

A N A L Y S I S M E T H O D O L O G Y

C o s t o f M e t h a n e G a s P r e - El e c t ri fi c a ti o n
F a cili t y - L e v el M e t h a n e g a s U s a g e

E sti m at e s of pr e - el e ctri fi c ati o n m et h a n e g a s c o st s 

ar e b a s e d o n t h e el e ctri fi a bl e p orti o n of t h e f a cilit y’ s 

m et h a n e g a s u s a g e — s p e ci fi c all y, g a s u s a g e 

a s s o ci at e d wit h b oil er s a n d pr o c e s s h e ati n g u n d er 

2 0 0 C. M et h a n e g a s u s a g e f or b oil er s a n d pr o c e s s 

h e ati n g a b o v e 2 0 0 C, a s w ell a s t h at a s s o ci at e d 

wit h ot h er sit e l o a d s s u c h a s H V A C, i s n ot i n cl u d e d 

i n t hi s a n al y si s. T o c al c ul at e t h e a v er a g e f a cilit y -

l e v el m et h a n e g a s u s a g e, t h e el e ctri fi a bl e p orti o n 

of m et h a n e g a s u s a g e f or e a c h of t h e t hr e e s e ct or s 

(fr uit a n d v e g et a bl e c a n ni n g, p a p er b o ar d mill s, 

a n d p h ar m a c e uti c al m a n uf a ct uri n g) i s di vi d e d b y 

t h e n u m b er of f a ciliti e s of t h at s e ct or i n C alif or ni a. 

A d diti o n all y, t h e a n al y si s a s s u m e s t h at g a s u s a g e i s 

t h e s a m e f or e a c h m o nt h of t h e y e ar.

M e t h a n e G a s C o s t s

T h e a n al y si s a s s u m e s t h at t h e f a ciliti e s r e c ei v e 

m et h a n e g a s s er vi c e fr o m P G & E, S o ut h er n 

C alif or ni a G a s ( S o C al G a s), a n d S D G E a n d t a k e 

s er vi c e u n d er e a c h utilit y’ s i n d u stri al g a s t ari ff 

f or n o n c or e c u st o m er s at t h e tr a n s mi s si o n l e v el: 

P G & E’ s S c h e d ul e G - N T, S o ut h er n C alif or ni a G a s’ s 

( S o C al G a s) S c h e d ul e G T- T L S, or S D G E’ s S c h e d ul e 

T L S. P G & E’ s S c h e d ul e G - N T, S o ut h er n C alif or ni a 

G a s’ s ( S o C al G a s) S c h e d ul e G T- T L S, or S D G E’ s 

S c h e d ul e T L S. T h e c o st of g a s d eli v er y i s b a s e d 

o n t h e m o st r e c e nt tr a n s p ort ati o n /tr a n s mi s si o n 

c h ar g e s u n d er e a c h t ari ff. Pr o x y s u p pl y c o st s 

ar e d e v el o p e d b a s e d o n 3 - y e ar hi st ori c al utilit y 

pr o c ur e m e nt pri c e s — s p e ci fi c all y, t h e a v er a g e 

m o nt hl y pr o c ur e m e nt pri c e s fr o m O ct o b er 2 0 2 2 t o 

S e pt e m b er 2 0 2 5. T h e a n al y si s d o e s n ot a c c o u nt 

f or t h e i m p a ct s of c u st o m er c h ar g e s, si n c e 

f a ciliti e s m a y m ai nt ai n m et h a n e g a s s er vi c e a er 

el e ctri fi c ati o n t o s u p p ort n o n - el e ctri fi a bl e l o a d.
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P h ar m a c e uti c al M a n uf a ct uri n g P a p er b o ar d Mill sFr uit & V e g C a n ni n g

S o ur c e: S y n a p s e a n al y si s of N R E L M a n uf a ct uri n g T h er m al E n er g y U s e d at a s et u si n g o ur i n - h o u s e i n d u stri al el e ctri fi c ati o n t o ol ( U. S. N ati o n al R e n e w a bl e E n er g y L a b or at or y. 2 0 1 4. 

“ M a n uf a ct uri n g T h er m al E n er g y U s e i n 2 0 1 4.” A v ail a bl e at: h p s: // d at a. nr el. g o v / s u b mi s si o n s / 1 1 8).

A p p - Fi g u r e 2. A v e r a g e 2 4 - H o u r P o s t - El e c t ri fi c a ti o n H e a ti n g L o a d P r o fil e s b y I n d u s t r y.
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C o s t o f El e c t ri ci t y 
F a cili t y - L e v el El e c t ri c L o a d P r o fil e s

F or t hi s a n al y si s w e b uilt r e pr e s e nt ati v e 8 7 6 0 

h o url y l o a d c ur v e s f or i n d u stri al s e ct or s b y 

c o m bi ni n g N R E L l o a d f a ct or d at a wit h p o st -

el e ctri fi c ati o n el e ctri cit y d e m a n d e sti m at e s. W e 

b e g a n b y e xtr a cti n g s u b s e ct or d at a a n d filt eri n g 

b y N AI C S c o d e s a n d f a cilit y si z e a p pli c a bl e t o 

t h e st u d y. T h e m o d el d e fi n e s a r e pr e s e nt ati v e 

f a cilit y f or t h e a n al y si s u si n g t h e m e di a n el e ctri cit y 

d e m a n d a cr o s s pr o c e s s e s wit hi n e a c h 6 - di git 

N AI C S c o d e c at e g or y a n al y z e d. At t h e i n d u str y 

l e v el, w e a g gr e g at e d f a cilit y -l e v el d e m a n d s wit hi n 

e a c h 3 - di git N AI C S c o d e t o pr o d u c e st at e - a n d 

s e ct or - s p e ci fi c p o st - el e ctri fi c ati o n l o a d c ur v e s. F or 

e a c h r e pr e s e nt ati v e f a cilit y a n d i n d u str y, t h e m o d el 

all o c at e s c o m bi n e d h e at a n d p o w er ( C H P) l o a d s 

pr o p orti o n all y b a s e d o n t h e r el ati v e e n er g y u s e of 

pr o c e s s h e ati n g a n d b oil er s, w hi c h h a v e di sti n ct 

l o a d f a ct or s. T h e n, w e g e n er at e d h o url y l o a d 

c ur v e s b y a s si g ni n g e a c h h o ur of t h e y e ar t o N R E L’ s 

m o nt hl y w e e k d a y a n d w e e k e n d pr o fil e s, s c ali n g 

t h e m t o a n n u al el e ctri cit y u s e a n d n or m ali zi n g t h e m 

t o m at c h t ot al d e m a n d. A p p - Fi g ur e 2 s h o w s t h e 

a v er a g e 2 4 - h o ur l o a d pr o fil e p o st - el e ctri fi c ati o n, 

a g gr e g at e d a cr o s s f a ciliti e s wit hi n e a c h st u di e d 

i n d u str y.

El e c t ri ci t y C o s t s

El e ctri c bill e sti m at e s u n d er st a n d ar d r at e d e si g n s, 

f or b ot h s u p pl y a n d d eli v er y, ar e b a s e d o n e a c h 

utilit y’ s st a n d ar d i n d u stri al t ari ff: P G & E’ s S c h e d ul e 

B - 2 0, S C E’ s S c h e d ul e T O U - 8 - O pti o n D, or S D G E’ s 

S c h e d ul e A L- T O U – O pti o n E E C C. 

U n d er t h e m o di fi e d r at e d e si g n s, all c o st s r e c o v er e d 

t hr o u g h n o n - c oi n ci d e nt d e m a n d c h ar g e s u n d er t h e 

st a n d ar d t ari ff s ar e i n st e a d all o c at e d t o c oi n ci d e nt 

d e m a n d c h ar g e s. T hi s s c e n ari o al s o a s s u m e s t h at 

t h e f a cilit y u s e s st or a g e t e c h n ol o g y t o s hi  all 

el e ctri c l o a d o ut of t h e o n - p e a k p eri o d. Si n c e t h er e 

ar e n o n o n - c oi n ci d e nt d e m a n d c h ar g e s, a n d t h e 

f a ciliti e s a v oi d c oi n ci d e nt d e m a n d c h ar g e s a n d 

o n - p e a k e n er g y c h ar g e s e ntir el y, m o nt hl y bill s ar e 

c o m pri s e d of o nl y mi d - p e a k, o ff - p e a k, a n d s u p er 

o ff - p e a k e n er g y c h ar g e s. 

T h e a n al y si s d o e s n ot i n cl u d e t h e i m p a ct s of 

c u st o m er c h ar g e s or r o u n d -tri p e ffi ci e n ci e s of 

st or a g e t e c h n ol o g y.

A p p e n di x A R e f e r e n c e s:
C oli n A. M c Mill a n et al., T he Fo u n d atio n al I n d ustri al E nergy D at aset ( FI E D): O pe n- So urce D at a o n I n d ustri al Facilities,  
N atio n al Re ne w a ble E nergy L a bor atory ( 2 0 2 4), av ail a ble at  htt ps: / / d o cs. nr el. g o v / d o cs /f y 2 4 osti / 9 0 4 4 2. p df.

C alif or ni a Air R es o ur c es B o ar d, C A R B Poll utio n M a p pi ng Tool, av ail a ble at  
htt ps: / / w w 2. ar b. c a. g o v /r es o ur c es / c ar b- p oll uti o n- m a p pi n g-t o ol? k e y w or ds = 2 0 2 5  (l ast visit e d A pril 7, 2 0 2 5). 

C A R B,  2 0 2 2 G H G I nve ntory Sco pi ng Pl a n Re port a n d D at a, av ail a ble at  
htt ps: / / w w 2. ar b. c a. g o v / o ur- w or k / pr o gr a ms / a b- 3 2- cli m at e- c h a n g e-s c o pi n g- pl a n / 2 0 2 2-s c o pi n g- pl a n- d o c u m e nts   
(l ast visit e d A pril 7, 2 0 2 5).
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https://ww2.arb.ca.gov/resources/carb-pollution-mapping-tool?keywords=2025
https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents


E n d n o t e s

1. C alif or ni a Air R es o ur c es B o ar d ( C A R B), C alifor ni a Gree n ho use G as E missio ns fro m 2 0 0 0 to 2 0 2 2: Tre n ds of  E missio ns a n d Ot her I n dic ators  at 
1 0 ( 2 0 2 4), av ail a ble at  htt ps: / / w w 2. ar b. c a. g o v /sit es / d ef a ult / fil es / 2 0 2 4- 0 9 / n c- 2 0 0 0 _ 2 0 2 2 _ g h g _i n v e nt or y _tr e n ds. p df .

2. U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y ( E P A), D at a Hig hlig hts: I nve ntory of  U. S. Gree n ho use G as E missio ns a n d Si n ks: 1 9 9 0- 2 0 2 2 at  6 
( 2 0 2 4), av ail a ble at  htt ps: / / w w w. e p a. g o v /s yst e m / fil es / d o c u m e nts / 2 0 2 4- 0 4 / d at a- hi g hli g hts- 1 9 9 0- 2 0 2 2. p df .

3. U. S. D e p art m e nt of  E n er g y ( D O E),  I n d ustri al Dec ar bo ni z atio n Ro a d m a p Fact S heet ( 2 0 2 2), av ail a ble at  
htt ps: / / w w w. e n er g y. g o v /sit es / d ef a ult / fil es / 2 0 2 2- 0 9 /I n d ustri al % 2 0 D e c ar b o ni z ati o n % 2 0 R o a d m a p % 2 0 Fa ct % 2 0 S h e et. p df .

4.  H a fi z e N ur g ül D ur m uş Ş e n y a p ar, A Bi blio metric A n alysis o n Re ne w a ble E nergy’s P u blic He alt h Be ne fits , J o ur n al of  E n er g y S yst e ms, 7( 1): 1 3 2-
1 5 7 ( 2 0 2 3), av ail a ble at  htt ps: / / d er gi p ar k. or g.tr / e n / d o w nl o a d / arti cl e- fil e / 2 9 5 6 5 9 2 .

5. L arr y E. Eri c ks o n & M erris a Je n ni n gs, E nergy, Tr a ns port atio n, Air Q u ality, Cli m ate C h a nge, He alt h Ne x us: S ust ai n a ble E nergy is Goo d for O ur 
He alt h , AI M S P u b. H e alt h, 4( 1): 4 7- 6 1 ( 2 0 1 7), av ail a ble at  htt ps: / / p m c. n c bi. nl m. ni h. g o v / arti cl es / P M C 5 9 6 3 1 1 4 / .

6. A n dr e w H off m eist er et al., T he I n d ustri al He at P u m p O p port u nity Goes Beyo n d E nergy S avi ngs  at 1, A m eri c a n C o u n cil f or a n E n er g y-
Ef fi ci e nt E c o n o m y ( A C E E E) ( 2 0 2 4), av ail a ble at   
htt ps: / / w w w. a c e e e. or g /t o pi c- bri ef / 2 0 2 4 / 0 6 /i n d ustri al- h e at- p u m p- o p p ort u nit y- g o es- b e y o n d- e n er g y-s a vi n gs .

7.  U. S. E P A, Gree n ho use G as I nve ntory D at a E x plorer , av ail a ble at   
htt ps: / / cf p u b. e p a. g o v / g h g d at a /i n v e nt or y e x pl or er /i n d e x. ht ml  (l ast u p d at e d A u g. 1 8, 2 0 2 3).

8. I d.

9.  Tr e v or D ol a n, et al., E m br aci ng Cle a n He at: O p port u nities for Zero- E missio n I n d ustri al Boilers at 2 2 , Si err a Cl u b a n d E v er gr e e n C oll a b or ati v e 
( 2 0 2 5), av ail a ble at htt ps: / / w w w.si err a cl u b. or g /sit es / d ef a ult / fil es / 2 0 2 5- 0 5 / e m br a ci n g- cl e a n- h e at-r e p ort. p df .

1 0. A n al ysis b y I n d ustri o us L a bs usi n g d at a fr o m C oli n A. M c Mill a n et al.,  T he Fo u n d atio n al I n d ustri al E nergy D at aset ( FI E D):  
O pe n- So urce D at a o n I n d ustri al Facilities, N ati o n al R e n e w a bl e E n er g y L a b or at or y ( N R E L)  ( 2 0 2 4), av ail a ble at  
htt ps: / / w w w. nr el. g o v / d o cs /f y 2 4 osti / 9 0 4 4 2. p df  a n d C A R B P oll uti o n M a p pi n g t o ol, av ail a ble at  
htt ps: / / w w 2. ar b. c a. g o v /r es o ur c es / c ar b- p oll uti o n- m a p pi n g-t o ol , wit h d at a b as e d o n C A R B’s 2 0 2 2 G H G I n v e nt or y S c o pi n g Pl a n R e p ort a n d 
D at a.

11. I d. A n al ysis b y I n d ustri o us L a bs usi n g d at a c at e g ori z e d a c c or di n g t o M c Mill a n et al. ( 2 0 2 4) usi n g t h e N ort h A m eri c a n I n d ustr y 
Cl assi fi c ati o n S yst e m ( N AI C S).

1 2. U. S. C e ns us B ur e a u, Co u nty B usi ness Patter ns Ta bles ( 2 0 2 2) , av ail a ble at   
htt ps: / / w w w. c e ns us. g o v /li br ar y / vis u ali z ati o ns /i nt er a cti v e / c o u nt y- b usi n ess- p att er ns- b y-i n d ustr y- 2 0 2 2. ht ml  ( a c c or di n g t o t h e 2 0 2 2 C e ns us 
C o u nt y B usi n ess Patt er ns d at as et, t h er e w er e 3 5, 9 3 6 m a n uf a ct uri n g est a blis h m e nts i n C alif or ni a, w hi c h e m pl o y e d 1, 1 6 0, 8 5 6 e m pl o y e es; 
t h er e w er e 2 2 9 m a n uf a ct uri n g f a ciliti es t h at r e p ort e d u n d er t h e M a n d at or y R e p orti n g R ul e i n 2 0 2 2).

1 3. I d. ( 6 0 p er c e nt of  t h e C alif or ni a m a n uf a ct uri n g w or kf or c e is e m pl o y e d b y s m all or m e di u m si z e d b usi n ess es).

1 4. H off m eist er et al., s u pr a n ot e 6, at 1.

1 5. Ci ar a n L. G all a g h er & Tr a c e y H oll o w a y, I ntegr ati ng Air Q u ality a n d P u blic He alt h Be ne fits i n U. S. Dec ar bo ni z atio n Str ategies, Fr o nti ers i n P u b. 
H e alt h, V ol. 8: 5 6 3 3 5 8 ( 2 0 2 0), av ail a ble at   
htt ps: / / w w w.fr o nti ersi n. or g /j o ur n als / p u bli c- h e alt h / arti cl es / 1 0. 3 3 8 9 /f p u b h. 2 0 2 0. 5 6 3 3 5 8 /f ull .

1 6. A m eri c a n L u n g Ass o ci ati o n, Cle a n He at, Cle a n Air: He alt h Be ne fits of  Mo der n I n d ustri al Tec h nologies, av ail a ble at  
htt ps: / / w w w.l u n g. or g / cl e a n- air / cl e a n- h e at  (l ast visit e d O ct. 2 9, 2 0 2 5). 

1 7. U C B er k el e y P u bli c H e alt h, Ne w Met ho d for M a p pi ng Air Poll utio n Reve als Dis pro portio n ate B ur de n i n Dis a dv a nt age d Co m m u nities  ( U. C al., 
B er k el e y, S e pt. 1 1, 2 0 2 4), av ail a ble at   
htt ps: / / p u bli c h e alt h. b er k el e y. e d u / arti cl es /s p otli g ht /r es e ar c h / n e w- m et h o d-f or- m a p pi n g- air- p oll uti o n-r e v e als- dis pr o p orti o n at e- b ur d e n .

1 8. Ş e n y a p ar, s u pr a n ot e 4, at 1 3 4, 1 5 0.

1 9. H off m eist er et al., s u pr a n ot e 6, at 3- 4.

2 0.  S p ati al a n al ysis b y I n d ustri o us L a bs usi n g t h e C alif or ni a Of fi c e of  E n vir o n m e nt al H e alt h H a z ar d Ass ess m e nt’s C al E n vir o S cr e e n 4. 0 
Dis a d va nt a g e d C o m m u niti es b o u n d ari es, av ail a ble at htt ps: / / o e h h a. c a. g o v / c al e n vir os cr e e n /r e p ort / c al e n vir os cr e e n- 4 0  a n d a n al y z e d d at a s et 
fr o m E P A’s Gree n ho use G as I nve ntory D at a E x plorer , s u pr a n ot e 7.

21. A n al ysis b y I n d ustri o us L a bs usi n g h e alt h d at a fr o m C e nt ers f or Dis e as e C o ntr ol a n d Pr e v e nti o n,  P L A C E S: Loc al D at a for Better He alt h, 
av ail a ble at  htt ps: / / w w w. c d c. g o v / pl a c es /i n d e x. ht ml  (l ast visit e d S e pt. 8, 2 0 2 5) a n d d at a fr o m s u pr a n ot e 1 8. 

2 2. Br e n d a n B orr ell, I n C alifor ni a’s Fertile Valley, I n d ustry H a ngs He avy i n t he Air, U n d ar k ( D e c. 3, 2 0 1 8), av ail a ble at   
htt ps: / / u n d ar k. or g / 2 0 1 8 / 1 2 / 0 3 / air- p oll uti o n- c alif or ni a / . 

2 3. Pa bl o U n z u et a , I n t he S h a do ws of  I n d ustry: L A Co u nty’s Port Co m m u nities, C al M att ers ( Fe b. 1, 2 0 2 2), av ail a ble at   
htt ps: / / c al m att ers. or g / e n vir o n m e nt / 2 0 2 2 / 0 2 / e n vir o n m e nt al-j usti c e- p h ot o- ess a y-l a- c o u nt y- p ort- c o m m u niti es / . 

2 4.  S o ut h C o ast Air Q u alit y M a n a g e m e nt Distri ct ( S o ut h C o ast A Q M D), So ut h Co ast Air B asi n Att ai n me nt Pl a n for t he 2 0 1 2 A n n u al P M 2. 5 
St a n d ar d ( 2 0 2 4), av ail a ble at  
htt ps: / / w w w. a q m d. g o v / h o m e / air- q u alit y / air- q u alit y- m a n a g e m e nt- pl a ns / ot h er-st at e-i m pl e m e nt ati o n- pl a n-(si p)-r e visi o ns / 2 0 1 2- a n n u al- p m 2- 5- pl a n .

2 5. I d. at E S- 1.

2 6. H off m eist er et al., s u pr a n ot e 6, at 2.

2 7.  A m eri c a n L u n g Ass o ci ati o n,  s u pr a n ot e 1 6, at 1 1 .
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https://ww2.arb.ca.gov/sites/default/files/2024-09/nc-2000_2022_ghg_inventory_trends.pdf
https://www.epa.gov/system/files/documents/2024-04/data-highlights-1990-2022.pdf
https://www.energy.gov/sites/default/files/2022-09/Industrial%20Decarbonization%20Roadmap%20Fact%20Sheet.pdf
https://dergipark.org.tr/en/download/article-file/2956592
https://pmc.ncbi.nlm.nih.gov/articles/PMC5963114/
https://www.aceee.org/topic-brief/2024/06/industrial-heat-pump-opportunity-goes-beyond-energy-savings
https://www.nrel.gov/docs/fy24osti/90442.pdf
https://ww2.arb.ca.gov/resources/carb-pollution-mapping-tool?keywords=2025
https://www.census.gov/library/visualizations/interactive/county-business-patterns-by-industry-2022.html
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2020.563358/full
https://www.lung.org/clean-air/clean-heat
https://publichealth.berkeley.edu/articles/spotlight/research/new-method-for-mapping-air-pollution-reveals-disproportionate-burden
https://oehha.ca.gov/calenviroscreen/report/calenviroscreen-40
https://undark.org/2018/12/03/air-pollution-california/%20
https://calmatters.org/environment/2022/02/environmental-justice-photo-essay-la-county-port-communities/
https://www.aqmd.gov/home/air-quality/air-quality-management-plans/other-state-implementation-plan-(sip)-revisions/2012-annual-pm2-5-plan


2 8. H off m eist er et al., s u pr a n ot e 6, at 2.

2 9.  C e nt er f or A p pli e d E n vir o n m e nt al L a w & P oli c y ( C A E L P), U. S. I n d ustri al S e ct or H e at E missi o ns a n d Te m p er at ur e D at as et 
( H E A Ts et) at 3 ( 2 0 2 4), a vail a bl e at htt ps: / /st ati c 1.s q u ar es p a c e. c o m /st ati c / 5 a 1 a c a 6 1 c c c 5 c 5 ef 7 b 9 3 1 d a 7 /t / 6 7 2 2 8 ef 9 5 2 3 4 5 d 5 3 c b 4 9 0 8
8 b / 1 7 3 0 3 1 8 0 7 6 7 5 9 / H E A Ts et + O v er vi e w + a n d + M et h o d ol o g y. p df .  
N ot es: I n d ustri al e missi o ns c a n b e di vi d e d i nt o t w o br o a d c at e g ori es, 1) i n d ustri al pr o c ess e missi o ns, w h er e i n d ustri al pr o c ess es 
t h e ms el v es pr o d u c e e missi o ns as b y pr o d u cts, a n d 2) i n d ustri al pr o c ess h e at e missi o ns, w h er e f ossil f u els ar e c o m b ust e d i n or d er t o 
p o w er i n d ustri al pr o c ess es or pr o vi d e h e at f or t h os e pr o c ess es, pr o d u ci n g e missi o ns as a r es ult. I n d ustri al pr o c ess e missi o ns, li k e 
t h e tr a nsf or m ati o n of  li m est o n e i nt o cli n k er f or c e m e nt, ar e of  c o urs e a si g ni fi c a nt p er c e nt a g e of  i n d ustri al e missi o ns. T his r e p ort, 
h o w e v er, f o c us es o n t h e s e c o n d s o ur c e of  i n d ustri al e missi o ns: i n d ustri al pr o c ess h e at e missi o ns. Als o, n ot e t h at H E A Ts et d o es n ot 
a p p orti o n pr o c ess h e at d e m a n ds fr o m c o m bi n e d h e at a n d p o w er o p er ati o ns. F or ot h er esti m at es o n gr e e n h o us e g as e missi o ns fr o m 
m a n uf a ct uri n g i n C alif or ni a, s e e C A E L P, H E A Ts et, a vail a bl e at   htt ps: / / w w w. c a el p. or g / h e ats et  (l ast visit e d S e pt. 2 4, 2 0 2 5) (s e e Esti m at e d 
C o m b usti o n- R el at e d C O 2  E missi o ns i n F o c us S u bs e ct ors b y Te m p er at ur e & St at e f or C alif or ni a.

3 0.  E n vir o n m e nt al D ef e ns e F u n d, Met h a ne: A Cr uci al O p port u nity i n t he Cli m ate Fig ht , av ail a ble at   
htt ps: / / w w w. e df. or g / cli m at e / m et h a n e- cr u ci al- o p p ort u nit y- cli m at e- fi g ht  (l ast visit e d O ct 2 2, 2 0 2 5).

31. G all a g h er et al., s u pr a n ot e 1 5; Cl e a n E n er g y St at es Alli a n c e, 1 0 0 perce nt Cle a n E nergy Coll a bor ative , av ail a ble at   
htt ps: / / w w w. c es a. or g / pr oj e cts / 1 0 0- cl e a n- e n er g y- c oll a b or ati v e /  (l ast visit e d S e pt. 3, 2 0 2 5).

3 2. C arri e S c h o e n e b er g er et al.,  Electri fic atio n Pote nti al of  U. S. I n d ustri al Boilers a n d Assess me nt of  t he G H G E missio ns I m p act, A d va n c es i n 
A p pli e d E n er g y, V ol. 5: 1 0 0 0 8 9 ( 2 0 2 2), av ail a ble at htt ps: / / d oi. or g / 1 0. 1 0 1 6 /j. a d a p e n. 2 0 2 2. 1 0 0 0 8 9 .

3 3. M. Ji br a n S. Z u b eri et al., Electri fic atio n of  Boilers i n U. S. M a n uf act uri ng at 6 7, Ta bl e G- 2, L a wr e n c e B er k el e y N ati o n al L a b or at or y ( L B N L) 
( 2 0 2 1), av ail a ble at   
htt ps: / / et a- p u bli c ati o ns.l bl. g o v /sit es / d ef a ult / fil es /l b nl _ 2 0 0 1 4 3 6 _ b oil er _ fi n al. p df .

3 4.  I d.

3 5. I d. at III.

3 6. I d.; see also S c h o e n e b er g er et al., s u pr a n ot e 3 5, at 9.

3 7.  J effr e y Riss m a n, Dec ar bo ni zi ng Lo w- Te m per at ure I n d ustri al He at i n t he U. S.  at 1 2- 1 3, E n er g y I n n o vati o n P oli c y & Te c h. L L C ( 2 0 2 2), 
av ail a ble at  htt ps: / / e n er g yi n n o vati o n. or g / w p- c o nt e nt / u pl o a ds / D e c ar b o ni zi n g- L o w- Te m p er at ur e-I n d ustri al- H e at-I n- T h e- U. S.- Re p ort- 2. p df .

3 8. C oli n A. M c Mill a n, et al., O p port u nities for Sol ar I n d ustri al Process He at i n t he U nite d St ates  at 1 4, N at’l Re n e w a bl e E n er g y L a b. ( 2 0 2 1), 
av ail a ble at  htt ps: / / d oi. or g / 1 0. 2 1 7 2 / 1 7 6 2 4 4 0 . 

3 9.  D ol a n et al,  s u pr a n ot e 9, at 3 2. see also E d Ri g ht or et al., I n d ustri al He at P u m ps: Electrifyi ng I n d ustry’s Process He at S u p ply, A C E E E ( 2 0 2 2), 
av ail a ble at  htt ps: / / w w w. a c e e e. or g /r es e ar c h-r e p ort /i e 2 2 0 1 , at 2. 

4 0.  S c h o e n e b er g er et al., s u pr a n ot e 3 2. 

41.  Kir a n T hir u m ar a n et al., I n d ustri al Electri fic atio n Tec h nologies Boo klet at 2- 9, U. S. D O E ( 2 0 2 5), av ail a ble at  
htt ps: / / b ett er b uil di n gss ol uti o n c e nt er. e n er g y. g o v /sit es / d ef a ult / fil es / att a c h m e nts / FI N A L % 2 0I n d ustri al % 2 0 El e ctri fi c ati o n % 2 0 B o o kl et _ 0. p df .

4 2.  D ol a n et al., s u pr a n ot e 9, at 4 9.

4 3. H ell e n C h e n & A n dr e w H off m eist er, Net- Zero I n d ustry by 2 0 5 0: A Sce n ario A n alysis of  Boiler Re pl ace me nt wit h I n d ustri al He at P u m ps , 
A C E E E ( 2 0 2 4), av ail a ble at  htt ps: / / w w w. a c e e e. or g /sit es / d ef a ult / fil es / p dfs / n et- z er o _i n d ustr y _ b y _ 2 0 5 0 _- _ a _s c e n ari o _ a n al ysis _ of _ b oil er _
r e pl a c e m e nt _ wit h _i n d ustri al _ h e at _ p u m ps. p df.

4 4.  Ar m a n S h e h a bi et al., 2 0 2 4 U nite d St ates D at a Ce nter E nergy Us age Re port , L B N L ( 2 0 2 4), av ail a ble at   
htt ps: / / et a- p u bli c ati o ns.l bl. g o v /sit es / d ef a ult / fil es / 2 0 2 4- 1 2 /l b nl- 2 0 2 4- u nit e d-st at es- d at a- c e nt er- e n er g y- us a g e-r e p ort. p df .

4 5. R ef n a T h ar a yil, D at a Ce ntres Co ul d Drive 2. 5 b n To ns of  C O 2 E missio ns by 2 0 3 0, War ns Morg a n St a nley , Te c h M o nit or ( S e pt. 4, 2 0 2 4), 
av ail a ble at  htt ps: / / w w w.t e c h m o nit or. ai / h ar d w ar e / d at a- c e ntr es / d at a- c e ntr es- c o ul d- dri v e- 2- 5- billi o n-t o ns- of- c o 2- e missi o ns- b y- 2 0 3 0- war ns- m or g a n-
st a nl e y? cf- vi e w.

4 6. C at h y K u n k el, D at a Ce nters Drive B uil do ut of  G as Po wer Pl a nts a n d Pi peli nes i n t he So ut he ast , I nst. f or E n er g y E c o n. & Fi n. A n al ysis ( 2 0 2 5), 
av ail a ble at   
htt ps: / /i e ef a. or g /sit es / d ef a ult / fil es / 2 0 2 5- 0 1 / U P D A T E D- R E VI E W E D- S o ut h e ast % 2 0 G as % 2 0I nfr astr u ct ur e % 2 0 a n d % 2 0 D at a % 2 0 C e nt e. p df ;  
see also Di a n a Di G a n gi, Do mi nio n E nergy Projects A d di ng u p to 9 G W of  G as- Fire d C a p acity i n Virgi ni a to Bolster Reli a bility , Utilit y Di v e ( M a y 
4, 2 0 2 3), av ail a ble at   
htt ps: / / w w w. utilit y di v e. c o m / n e ws / d o mi ni o n- vir gi ni a-r es o ur c e- pl a n-r eli a bilit y- n at ur al- g as- c o al-r e n e wa bl es y o u n g ki n / 6 4 9 3 7 7 / .

4 7.  K u n k el, s u pr a n ot e 4 6, at 5.

4 8. K h ari J o h ns o n, Cr ac k do w n o n Po wer- G u z zli ng D at a Ce nters M ay Soo n Co me O nli ne i n C alifor ni a , C al M att ers ( Fe b. 1 8, 2 0 2 5), av ail a ble at  
htt ps: / / c al m att ers. or g / e c o n o m y /t e c h n ol o g y / 2 0 2 5 / 0 2 / d at a- c e nt er- cr a c k d o w n-t o- pr ot e ct- c alif or ni a- el e ctri cit y-r at es / .

4 9.  Y u eli n H a n et al., T he U n p ai d Toll: Q u a ntifyi ng t he P u blic He alt h I m p act of  AI  at 1 ( C or n ell U ni v., 2 0 2 4), av ail a ble at  
htt ps: / / ar xi v. or g / a bs / 2 4 1 2. 0 6 2 8 8 .

5 0.  Riss m a n, s u pr a n ot e 3 7, at 1 4- 1 5, Fi g ur e 6; see also S c h o e n e b er g er, s u pr a n ot e 3 2 ( el e ctri fi c ati o n n e arl y d o u bl es U. S. m a n uf a ct uri n g 
el e ctri cit y us e, t o 7 3 0 T W h / yr); see also Je n S n o o k, Po weri ng U nite d St ates Pri m ary Steel Dec ar bo ni z atio n  at 4, 1 3- 1 4, Cl e a n E n er g y B u y ers 
Ass o ci ati o n ( C E B A) ( 2 0 2 4), av ail a ble at  htt ps: / / c e b u y ers. or g / w p- c o nt e nt / u pl o a ds / 2 0 2 4 / 1 1 / C E B A _ P o w eri n g- U nit e d- St at es- Pri m ar y- St e el-
D e c ar b o ni z ati o n _ N o v e m b er- 2 0 2 4. p df  ( pri m ar y st e el d e c ar b o ni z ati o n will n e e d 1 7 4 t er a w att h o urs ( T W h) p er y e ar, w hi c h is a n i n cr e as e of  
1 5 9 T W h o v er b usi n ess- as- us u al b y 2 0 5 0).

51.  J effr e y Riss m a n & Ni k S a w e, T he I n d ustri al Zero E missio ns C alc ul ator , E n er g y I n n o vati o n P oli c y & Te c h. L L C ( 2 0 2 4), av ail a ble at  htt ps: / /
e n er g yi n n o vati o n. or g / w p- c o nt e nt / u pl o a ds /I n d ustri al- Z er o- E missi o ns- C al c ul at or- R e p ort- 2. p df .

5 2. S h e h a bi et al., s u pr a n ot e 4 4.

5 3. Riss m a n & S a w e, s u pr a n ot e 5 1, at 2 (f or c o nt e xt, t h e n ati o n al a v er a g e gr o wt h of  el e ctri cit y s al es t o i n d ustr y o v er t h e p ast 3 1 y e ars was 
0. 2 2 p er c e nt, s o t his r at e is a n or d er of  m a g nit u d e l ar g er ( see U. S. E n er g y I nf or m ati o n A d mi nistr ati o n ( EI A), Mo nt hly E nergy Revie w  d at a 
( 2 0 2 5), av ail a ble at htt ps: / / w w w. ei a. g o v /t ot al e n er g y / d at a / m o nt hl y / ).
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https://static1.squarespace.com/static/5a1aca61ccc5c5ef7b931da7/t/67228ef952345d53cb49088b/1730318076759/HEATset+Overview+and+Methodology.pdf
https://static1.squarespace.com/static/5a1aca61ccc5c5ef7b931da7/t/67228ef952345d53cb49088b/1730318076759/HEATset+Overview+and+Methodology.pdf
https://www.edf.org/climate/methane-crucial-opportunity-climate-fight
https://www.cesa.org/projects/100-clean-energy-collaborative/
https://www.zotero.org/google-docs/?MGJUfr
https://www.zotero.org/google-docs/?MGJUfr
https://www.zotero.org/google-docs/?MGJUfr
https://www.zotero.org/google-docs/?MGJUfr
https://doi.org/10.1016/j.adapen.2022.100089
https://eta-publications.lbl.gov/sites/default/files/lbnl_2001436_boiler_final.pdf
https://energyinnovation.org/wp-content/uploads/Decarbonizing-Low-Temperature-Industrial-Heat-In-The-U.S.-Report-2.pdf
https://doi.org/10.2172/1762440
https://www.aceee.org/research-report/ie2201
https://www.zotero.org/google-docs/?MGJUfr
https://www.zotero.org/google-docs/?MGJUfr
https://www.zotero.org/google-docs/?MGJUfr
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/FINAL%20Industrial%20Electrification%20Booklet.pdf
https://www.aceee.org/sites/default/files/pdfs/net-zero_industry_by_2050_-_a_scenario_analysis_of_boiler_replacement_with_industrial_heat_pumps.pdf
https://www.aceee.org/sites/default/files/pdfs/net-zero_industry_by_2050_-_a_scenario_analysis_of_boiler_replacement_with_industrial_heat_pumps.pdf
https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report.pdf
https://www.techmonitor.ai/hardware/data-centres/data-centres-could-drive-2-5-billion-tons-of-co2-emissions-by-2030-warns-morgan-stanley?cf-view
https://www.techmonitor.ai/hardware/data-centres/data-centres-could-drive-2-5-billion-tons-of-co2-emissions-by-2030-warns-morgan-stanley?cf-view
https://ieefa.org/sites/default/files/2025-01/UPDATED-REVIEWED-Southeast%20Gas%20Infrastructure%20and%20Data%20Cente.pdf
https://www.utilitydive.com/news/dominion-virginia-resource-plan-reliability-natural-gas-coal-renewablesyoungkin/649377/
https://calmatters.org/economy/technology/2025/02/data-center-crackdown-to-protect-california-electricity-rates/
https://arxiv.org/abs/2412.06288
https://energyinnovation.org/wp-content/uploads/2022/10/Decarbonizing-Low-Temperature-Industrial-Heat-In-The-U.S.-Report-2.pdf
https://www.sciencedirect.com/science/article/pii/S2666792422000075
https://www.sciencedirect.com/science/article/pii/S2666792422000075
https://www.sciencedirect.com/science/article/pii/S2666792422000075
https://cebuyers.org/wp-content/uploads/2024/11/CEBA_Powering-United-States-Primary-Steel-Decarbonization_November-2024.pdf
https://cebuyers.org/wp-content/uploads/2024/11/CEBA_Powering-United-States-Primary-Steel-Decarbonization_November-2024.pdf%20
https://cebuyers.org/wp-content/uploads/2024/11/CEBA_Powering-United-States-Primary-Steel-Decarbonization_November-2024.pdf%20
https://energyinnovation.org/wp-content/uploads/Industrial-Zero-Emissions-Calculator-Report-2.pdf
https://energyinnovation.org/wp-content/uploads/Industrial-Zero-Emissions-Calculator-Report-2.pdf
https://www.eia.gov/totalenergy/data/monthly/


5 4.  Riss m a n & S a w e, s u pr a n ot e 5 1, at 2.

5 5. Riss m a n & S a w e, s u pr a n ot e 5 1, at 2.

5 6. See  S yst e mi q, A Lig ht ni ng Mo me nt for I n d ustry: Ho w to Re ac h Positive Ti p pi ng Poi nts i n Electri fic atio n of  I n d ustri al He at at 2 ( 2 0 2 4), av ail a ble at  
htt ps: / / w w w.s yst e mi q. e art h / w p- c o nt e nt / u pl o a ds / 2 0 2 4 / 1 1 / D e c ar b o ni zi n g-l o w-t o- m e di u m-i n d ustri al- h e at. p df  ( n ot es t h at “l o w c ost el e ctri cit y; 
a s u p p orti v e gri d c ost str u ct ur e; ti m el y a c c ess t o gri d c a p a cit y ” ar e a m o n g t h e n e c ess ar y f a ct ors t o m a k e i n d ustri al el e ctri fi c ati o n 
m ai nstr e a m).

5 7.  EI A, s u pr a n ot e 5 2; see also EI A, To d ay i n E nergy: D aily Prices , f or J u n e 6, 2 0 2 5, av ail a ble at  htt ps: / / w w w. ei a. g o v /t o d a yi n e n er g y / pri c es. p h p  
(l ast visit e d S e pt. 9, 2 0 2 5) (s h o ws a S o ut h er n C alif or ni a s p ar k s pr e a d of  7. 9 8 a n d a N ort h er n C alif or ni a s p ar k s pr e a d of  8. 5 7).

5 8. S yst e mi q, s u pr a n ot e 5 6, at 2. 

5 9.  See  Part I, S e cti o n II. C. 1, dis c ussi n g pil ot a n d d e m o nstr ati o n pr oj e cts.

6 0.  Gl o b al Ef fi ci e n c y I nt elli g e n c e, R e n e w a bl e T h er m al C oll a b or ati v e ( R T C), & D a vi d G ar di n er & Ass o ci at es, I n d ustri al Electri fic atio n 
Facts heet: C alifor ni a  ( 2 0 2 3), av ail a ble at   
htt ps: / / w w w.r e n e w a bl et h er m al. or g / w p- c o nt e nt / u pl o a ds / 2 0 1 8 / 0 6 / C alif or ni a-I n d ustri al- El e ctri fi c ati o n- Fa cts h e et _ u p d at e d- 1. p df .

61. Ali H as a n b ei gi et al., Electrifyi ng U. S. I n d ustry: A Tec h nology- a n d Process- B ase d A p pro ac h to Dec ar bo ni z atio n at 3 0- 3 3, R T C ( 2 0 2 1), av ail a ble at  
htt ps: / / w w w. gl o b al ef fi ci e n c yi nt el. c o m /s / El e ctrif yi n g- U S-I n d ustr y- 2 1 2 1. p df .

6 2. C arri e A. S c h o e n e b er g er et al., Sol ar for I n d ustri al Process He at: A Revie w of  Tec h nologies, A n alysis A p pro ac hes, a n d Pote nti al A p plic atio ns i n t he 
U nite d St ates , E n er g y, V ol. 2 0 6: 1 1 8 0 8 3 ( 2 0 2 0) htt ps: / / d oi. or g / 1 0. 1 0 1 6 /j. e n er g y. 2 0 2 0. 1 1 8 0 8 3 .

6 3. Sil vi a M a d e d d u et al., T he C O 2  Re d uctio n Pote nti al for t he E uro pe a n I n d ustry vi a Direct Electri fic atio n of  He at S u p ply ( Po wer-to- He at), E n v’t Rs c h. 
L ett ers, V ol. 1 5, N o. 1 2: 1 2 4 0 0 4 ( 2 0 2 0),  av ail a ble at htt ps: / / d oi. or g / 1 0. 1 0 8 8 / 1 7 4 8- 9 3 2 6 / a b b d 0 2 .

6 4.  C oli n A. M c Mill a n & Li z Wa c hs, I n d ustri al Process He at Dec ar bo ni z atio n: A User- Ce ntric Pers pective, E n er g y Rs c h. & S o c. S ci., V ol. 1 1 2: 
1 0 3 5 0 5 ( 2 0 2 4), av ail a ble at  htt ps: / / d oi. or g / 1 0. 1 0 1 6 /j. erss. 2 0 2 4. 1 0 3 5 0 5 .

6 5. M ari M artis k ai n e n et al., User I n nov atio n, Nic he Co nstr uctio n a n d Regi me Dest a bili z atio n i n He at P u m p Tr a nsitio ns , E n v’t I n n o vati o n & S o ci et al 
Tr a nsiti o ns, V ol. 3 9: 1 1 9- 4 0 ( 2 0 2 1), av ail a ble at  htt ps: / / d oi. or g / 1 0. 1 0 1 6 /j. eist. 2 0 2 1. 0 3. 0 0 1 ; E va- K ari n H eis k a n e n et al., T he Role of  Users i n 
He ati ng Syste ms Tr a nsitio ns - T he C ase of  He at P u m ps i n Fi nl a n d  ( C h a pt er 8 of  T he Hig h w ays a n d By w ays to R a dic al I n nov atio ns , 1 7 1- 9 6) ( D esi g n 
S c h o ol K ol di n g & U ni v. S. D e n m ar k, 2 0 1 4), av ail a ble at htt p: / / w w w.r es e ar c h g at e. n et / p u bli c ati o n / 2 7 3 4 5 3 5 8 9 _ Hi g h wa y _ a n d _ B y w a ys _t o _
R a di c al _I n n o vati o n _- _ F ol d er ; Vill e L a utt a m ä ki & S a m ps a H y ys al o, E m piric al A p plic atio n of  t he M ulti- Level Pers pective: Tr aci ng t he History of  
Gro u n d- So urce He at P u m ps Syste ms i n Fi nl a n d , S ust ai n a bilit y: S ci., Pr a c. & P oli c y, V ol. 1 5, N o. 1: 8 2 – 1 0 3 ( 2 0 1 9), av ail a ble at  htt ps: / / d oi. or g /
1 0. 1 0 8 0 / 1 5 4 8 7 7 3 3. 2 0 1 9. 1 6 7 8 3 7 2 ; B er n a d ett Kiss et al., He at P u m ps: A Co m p ar ative Assess me nt of  I n nov atio n a n d Diff usio n Policies i n S we de n a n d 
S wit zerl a n d  ( C h a pt er 9 of  E nergy Tec h nology I n nov atio n: Le ar ni ng fro m Historic al S uccesses a n d Fail ures , 1 1 8- 3 2) ( C a m bri d g e U ni v. Pr ess, 2 0 1 3), 
av ail a ble at  htt ps: / / d oi. or g / 1 0. 1 0 1 7 / C B O 9 7 8 1 1 3 9 1 5 0 8 8 0. 0 1 3 .

6 6. Fl ori a n S c hl oss er et al., L arge- Sc ale He at P u m ps: A p plic atio ns, Perfor m a nce, Eco no mic Fe asi bility a n d I n d ustri al I ntegr atio n , R e n e w a bl e & 
S ust ai n a bl e E n er g y R e vi e ws, V ol. 1 3 3: 1 1 0 2 1 9 ( 2 0 2 0), av ail a ble at htt ps: / / d oi. or g / 1 0. 1 0 1 6 /j.rs er. 2 0 2 0. 1 1 0 2 1 9 .

6 7.  See, e.g. , S yst e mi q, s u pr a n ot e 5 6, at 3.

6 8. I nt er n ati o n al E n er g y A g e n c y (I E A), T he F ut ure of  He at P u m ps: Ho w a He at P u m p Wor ks  ( 2 0 2 2), av ail a ble at   
htt ps: / / w w w.i e a. or g /r e p orts /t h e-f ut ur e- of- h e at- p u m ps / h o w- a- h e at- p u m p- w or ks .

6 9.  S k y v e n Te c h n ol o gi es, Setti ng a Ne w St a n d ar d: First- Ever I n d ustri al Ste a m Ge ner ati ng He at P u m p to Be De ploye d i n t he U nite d St ates By S kyve n 
Tec h nologies , P R N e ws wir e ( S e pt. 2 5, 2 0 2 4), av ail a ble at htt ps: / / w w w. pr n e ws wir e. c o m / n e ws-r el e as es /s etti n g- a- n e w-st a n d ar d- first- e ver-i n d ustri al-
st e a m- g e n er ati n g- h e at- p u m p-t o- b e- d e pl o y e d-i n-t h e- u nit e d-st at es- b y-s k y v e n-t e c h n ol o gi es- 3 0 2 2 5 7 9 6 0. ht ml .

7 0.  D ol a n et al., s u pr a n ot e 9, at 3 3; see also Ri g ht or et al., s u pr a n ot e 4 1; see also U. S. D O E, I n d ustri al He at P u m ps for Ste a m a n d F uel S avi ngs 
( 2 0 0 3), av ail a ble at  htt ps: / / w w w. e n er g y. g o v /sit es / pr o d / fil es / 2 0 1 4 / 0 5 /f 1 5 / h e at p u m p. p df .

71. Ri g ht or et al.,  s u pr a n ot e 3 9, at 2.

7 2. See, e.g. , I E A ( 2 0 2 2), s u pr a n ot e 6 8, at 3 6.

7 3. R e n e w a bl e T h er m al C oll a b or ati v e, Pl ay boo k for Dec ar bo ni zi ng Process He at i n t he Foo d & Bever age Sector at Sli d e 6 ( 2 0 2 3), av ail a ble at   
htt ps: / / w w w.r e n e w a bl et h er m al. or g /f o o d- b e v- pl a y b o o k /  T his r ef er e n c e d e fi n e d l o w t e m p er at ur e h e at at < 1 7 0 ° C. 
T h e l o w-t e m p er at ur e h e ati n g r a n g e ( < 2 0 0 ° C), h o w e v er, a c c o u nts f or 5 5 p er c e nt of  i n d ustri al pr o c ess h e at n e e ds hi g hli g hti n g a n 
o p p ort u nit y t o e x p a n d i nst all ati o n w ell b e y o n d t h e f e w el e ctri c i n d ustri al h e at p u m ps i nst all e d t o- d at e

7 4.  A C E E E, I n d ustri al He at P u m ps, av ail a ble at  htt ps: / / w w w. a c e e e. or g /i n d ustri al- h e at- p u m ps  (l ast visit e d S e pt. 2 5, 2 0 2 5).

7 5. D ol a n et al., s u pr a n ot e 9, at 3 2- 3 3 & A p p. 2. 

7 6.  Ri g ht or et al., s u pr a n ot e 3 9, at vii. 

7 7.  Ri g ht or et al., s u pr a n ot e 3 9.

7 8. Ri g ht or et al., s u pr a n ot e 3 9, at 1 1, 2 1 (t his st u d y l o o k e d at t hr e e t o f o ur pr o c ess es e a c h f or t hr e e s u bs e ct ors: f o o d pr o c essi n g, p a p er 
a n d p ul p, a n d c h e mi c als). 

7 9.  J uli ett e Str ass er, E nergy- as- a- Service: E missio ns- Free Ste a m wit h No C a p E x , S k y v e n ( D e c. 1 2, 2 0 2 4), av ail a ble at   
htt ps: / /s k y v e n. c o / n e ws / e n er g y- as- a-s er vi c e- e missi o ns-fr e e-st e a m- wit h- n o- c a p e x / . 

8 0.  I d.

81. D ol a n et al., s u pr a n ot e 9, at 4 3. 

8 2. D ol a n et al., s u pr a n ot e 9,  at 3 4. 

8 3. E d w ar d Ri g ht or et al., Be ne fici al Electri fic atio n i n I n d ustry  at 1 7- 1 8, A C E E E ( 2 0 2 0), av ail a ble at   
htt ps: / / w w w. a c e e e. or g /sit es / d ef a ult / fil es / p dfs /i e 2 0 0 2. p df .

8 4.  Z u b eri et al., s u pr a n ot e 3 3, at 1 3.
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https://www.systemiq.earth/wp-content/uploads/2024/11/Decarbonizing-low-to-medium-industrial-heat.pdf
https://www.eia.gov/todayinenergy/prices.php
https://www.renewablethermal.org/wp-content/uploads/2018/06/California-Industrial-Electrification-Factsheet_updated-1.pdf
https://www.globalefficiencyintel.com/s/Electrifying-US-Industry-2121.pdf
https://www.zotero.org/google-docs/?AR0bMQ
https://doi.org/10.1016/j.energy.2020.118083
https://www.zotero.org/google-docs/?w0K7b9
https://www.zotero.org/google-docs/?w0K7b9
https://doi.org/10.1088/1748-9326/abbd02
https://www.zotero.org/google-docs/?CljfDA
https://www.zotero.org/google-docs/?CljfDA
https://www.zotero.org/google-docs/?CljfDA
https://doi.org/10.1016/j.erss.2024.103505
https://www.zotero.org/google-docs/?7WssbH
https://www.zotero.org/google-docs/?7WssbH
https://doi.org/10.1016/j.eist.2021.03.001
http://www.researchgate.net/publication/273453589_Highway_and_Byways_to_Radical_Innovation_-_Folder
http://www.researchgate.net/publication/273453589_Highway_and_Byways_to_Radical_Innovation_-_Folder
https://www.zotero.org/google-docs/?7WssbH
https://doi.org/10.1080/15487733.2019.1678372
https://doi.org/10.1080/15487733.2019.1678372
https://www.zotero.org/google-docs/?7WssbH
https://doi.org/10.1017/CBO9781139150880.013
https://www.zotero.org/google-docs/?0vUdpI
https://www.zotero.org/google-docs/?0vUdpI
https://doi.org/10.1016/j.rser.2020.110219
https://www.iea.org/reports/the-future-of-heat-pumps/how-a-heat-pump-works
https://www.prnewswire.com/news-releases/setting-a-new-standard-first-ever-industrial-steam-generating-heat-pump-to-be-deployed-in-the-united-states-by-skyven-technologies-302257960.html
https://www.prnewswire.com/news-releases/setting-a-new-standard-first-ever-industrial-steam-generating-heat-pump-to-be-deployed-in-the-united-states-by-skyven-technologies-302257960.html
https://www.energy.gov/sites/prod/files/2014/05/f15/heatpump.pdf
https://www.renewablethermal.org/food-bev-playbook/
https://www.aceee.org/industrial-heat-pumps
https://skyven.co/news/energy-as-a-service-emissions-free-steam-with-no-capex/
https://www.aceee.org/sites/default/files/pdfs/ie2002.pdf


8 5. Z u b eri et al., s u pr a n ot e 3 3, at 1 4.

8 6. Ri g ht or et al., s u pr a n ot e 3 9, at 1 7; H as a n b ei gi et al., s u pr a n ot e 6 1 at 7 2; see also D e va n Nil es h Pat el et al., A Novel Te m por al Mi xe d-I nteger 
M ar ket Pe netr atio n Mo del for Cost- Effective U p d ate of  Electric Boiler i n t he U K C he mic al I n d ustry , J o ur n al of  Cl e a n er Pr o d., V ol. 4 4 6: 1 4 1 1 5 6 at 
3 ( 2 0 2 4), av ail a ble at  htt ps: / / w w w.s ci e n c e dir e ct. c o m /s ci e n c e / arti cl e / pii / S 0 9 5 9 6 5 2 6 2 4 0 0 6 0 3 6  “ T h e t e c h n ol o gi c al r e a di n ess of  el e ctri c st e a m 
b oil ers h as b e e n w ell- esti m at e d, a c hi e vi n g a Te c h n ol o g y R e a di n ess L e v el ( T R L) of  9. ”

8 7.  H as a n b ei gi et al., s u pr a n ot e 6 1, at 6 5, 7 1- 7 2.

8 8. S c h o e n e b er g er et al., s u pr a n ot e 3 2, at 2.

8 9.  Z u b eri et al., s u pr a n ot e 3 3, at III.

9 0.  Z u b eri et al., s u pr a n ot e 3 3, at 1 7.

91. At m os Z er o B oil er 2. 0, av ail a ble at  htt ps: / / at m os z er o. e n er g y /t e c h n ol o g y /  (l ast visit e d S e pt. 1 1, 2 0 2 5) ( At m os Z er o’s h e at p u m p b oil ers ar e 
air s o ur c e d).

9 2. S c h o e n e b er g er et al., s u pr a n ot e 3 2, at 2.

9 3. S e a n S milli e et al., Dec ar bo ni zi ng I n d ustri al He at: Me as uri ng Eco no mic Pote nti al a n d Policy Mec h a nis ms at 2 1- 2 2, E n er g y & E n v’t E c o n.  
( 2 0 2 4), av ail a ble at  htt ps: / / w w w. et hr e e. c o m / w p- c o nt e nt / u pl o a ds / 2 0 2 4 / 1 0 / C A E L P- E 3-I n d ustri al- El e ctri fi c ati o n- Re p ort. p df ; Ri g ht or et al., s u pr a 
n ot e 3 9.

9 4.  I d, at 2 1- 2 2. S o m e s o ur c es s u g g est t h at t h e ef fi ci e n c y diff er e n c es b et w e e n el e ctri c a n d g as b oil ers m a y b e s m all er. A 2 0 1 7 st u d y of  t h e 
D ut c h c h e mi c al i n d ustr y, f or i nst a n c e, esti m at e d t h at el e ctri c b oil ers c a n r e a c h u p t o 9 9. 9 p er c e nt ef fi ci e n c y, w hil e g as b oil ers c a n r e a c h 
9 0 p er c e nt ef fi ci e n c y l e v els. See  Pat el et al., s u pr a n ot e 8 6, at 3. O n t h e ot h er h a n d, ot h ers esti m at e t h at f ossil f u el c o m b usti o n b oil ers 
ar e li mit e d t o a n ef fi ci e n c y l e v el of  b et w e e n 7 0 a n d 8 0 p er c e nt. See  Z u b eri et al., s u pr a n ot e 3 3, at 2.

9 5. U. S. EI A, St ate E nergy D at a Syste m ( S E D S), Ta ble E 5. I n d ustri al sector e nergy price esti m ates, 2 0 2 3  (r el e as e d J u n e 2 0 2 5), av ail a ble at   
htt ps: / / w w w. ei a. g o v /st at e /s e ds /s e ds- d at a- c o m pl et e. p h p # Pri c es E x p e n dit ur es .

9 6. Z u b eri et al., s u pr a n ot e 3 3, at III.

9 7.  Z u b eri et al., s u pr a n ot e 3 3, at 2 9.

9 8. J effr e y Riss m a n & Eri c Gi m o n, I n d ustri al T her m al B atteries, Dec ar bo ni zi ng U. S. I n d ustry W hile S u p porti ng a Hig h- Re ne w a bles Gri d at 3 1,  
E n er g y I n n o vati o n P oli c y & Te c h. L L C ( 2 0 2 3),  av ail a ble at  
htt ps: / / e n er g yi n n o vati o n. or g / w p- c o nt e nt / u pl o a ds / 2 0 2 3- 0 7- 1 3-I n d ustri al- T h er m al- B att eri es- Re p ort- v 1 3 3- 2. p df .

9 9.  J eff  St. J o h n, Ro n do’s He at B atteries Will Soo n be Cle a ni ng u p Factories i n U S, E uro pe , C a n ar y M e di a (J ul y 1 0, 2 0 2 4), av ail a ble at   
htt ps: / / w w w. c a n ar y m e di a. c o m / arti cl es / cl e a n-i n d ustr y /r o n d os- h e at- b att eri es- will-s o o n- b e- cl e a ni n g- u p-f a ct ori es-i n- us- e ur o p e .

1 0 0. K at hl e e n S p e es et al., T her m al B atteries: O p port u nities to Acceler ate Dec ar bo ni z atio n of  I n d ustri al He at  at 1 1, T h e Br attl e Gr o u p ( 2 0 2 3), 
av ail a ble at   
htt ps: / / w w w. br attl e. c o m / w p- c o nt e nt / u pl o a ds / 2 0 2 3 / 1 0 / T h er m al- B att eri es- O p p ort u niti es-t o- A c c el er at e- D e c ar b o ni z ati o n- of-I n d ustri al- H e at. p df . 

1 01. Riss m a n & Gi m o n, s u pr a n ot e 9 8, at 1 3.

1 0 2. Riss m a n & Gi m o n, s u pr a n ot e 9 8, at 1 4.

1 0 3. Di a n a Di G a n gi, C alifor ni a’s Sol ar, Wi n d C urt ail me nt Ju m pe d 2 9 perce nt i n 2 0 2 4: EI A , Utilit y Di v e ( M a y 3 0, 2 0 2 5), av ail a ble at  
htt ps: / / w w w. utilit y di v e. c o m / n e ws /s ol ar- wi n d- c urt ail m e nts-i n cr e asi n g- c alif or ni a- c ais o / 7 4 9 4 2 0 /

1 0 4. D a n M c C art h y, C h art: C alifor ni a is Wasti ng More a n d More Cle a n E nergy , C a n ar y M e di a (J u n e 6, 2 0 2 5), av ail a ble at   
htt ps: / / w w w. c a n ar y m e di a. c o m / arti cl es /s ol ar / c alif or ni a- w ast e- cl e a n- e n er g y- c urt ail m e nts .

1 0 5. Riss m a n & Gi m o n, s u pr a n ot e 9 8 at 1 1.

1 0 6. Riss m a n & Gi m o n, s u pr a n ot e 9 8, at 2 8. 

1  0 7. S p e es et al., s u pr a n ot e 1 0 4, at 2 9.

1 0 8. Jas mi n e C a p e n, Reg ul ate d vs. Dereg ul ate d E nergy M ar kets , Pri c e t o C o m p ar e ( 2 0 2 3), av ail a ble at   
htt ps: / / w w w. pri c et o c o m p ar e. c o m / bl o g /r e g ul at e d- vs- d er e g ul at e d- e n er g y- m ar k ets .

1 0 9. D a n M c C art h y, C h art: Lit hi u m-Io n B attery Prices Fall Yet Ag ai n , C a n ar y M e di a ( D e c. 1 3, 2 0 2 4), av ail a ble at   
htt ps: / / w w w. c a n ar y m e di a. c o m / arti cl es / b att eri es / c h art-lit hi u m-i o n- b att er y- pri c es-f all- y et- a g ai n .

11 0. Riss m a n & Gi m o n, s u pr a n ot e 9 8, at 1 4.

111. Riss m a n & Gi m o n, s u pr a n ot e 9 8, at 2 7.

11 2. S p e es et al., s u pr a n ot e 1 0 0, at 1 7.

11 3. N at h a n J o h ns o n et al., Re alistic Roles for Hydroge n i n t he F ut ure E nergy Tr a nsitio n , N at ur e Re vi e ws Cl e a n Te c h., V ol. 1: 3 5 1- 3 7 1 ( 2 0 2 5), 
av ail a ble at  htt ps: / / d oi. or g / 1 0. 1 0 3 8 /s 4 4 3 5 9- 0 2 5- 0 0 0 5 0- 4 .

11 4. I d.

11 5. C A R B, 2 0 2 2 Sco pi ng Pl a n for Ac hievi ng C ar bo n Ne utr ality  at 2 0 8 ( 2 0 2 2), av ail a ble at   
htt ps: / / w w 2. ar b. c a. g o v /sit es / d ef a ult / fil es / 2 0 2 2- 1 2 / 2 0 2 2-s p _ 1. p df .

11 6. U. S. D O E, Hy droge n Pro d uctio n: Electrolysis , av ail a ble at  htt ps: / / w w w. e n er g y. g o v / e er e /f u el c ells / h y dr o g e n- pr o d u cti o n- el e ctr ol ysis  (l ast visit e d 
S e pt. 3, 2 0 2 5).

11 7. B e n H al e y & Jer e m y H ar gr e a v es, 4 5 V Hy droge n Pro d uctio n Ta x Cre dits: T hree- Pill ars Acco u nti ng I m p act A n alysis , E v ol v e d E n er g y Rs c h. 
( 2 0 2 3), av ail a ble at  htt ps: / / w w w. e v ol v e d. e n er g y / p ost / 4 5 v-t hr e e- pill ars-i m p a ct- a n al ysis .

11 8. S as a n S a a d at & S ar a G ers e n, Recl ai mi ng Hy droge n for a Re ne w a ble F ut ure  at 3, E art hj usti c e Ri g ht t o Z er o ( 2 0 2 1), av ail a ble at   
htt ps: / / e art hj usti c e. or g / w p- c o nt e nt / u pl o a ds / h y dr o g e n _ e art hj usti c e _ 2 0 2 1. p df .
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https://www.sciencedirect.com/science/article/pii/S0959652624006036
https://atmoszero.energy/technology/
https://www.ethree.com/wp-content/uploads/2024/10/CAELP-E3-Industrial-Electrification-Report.pdf
https://www.eia.gov/state/seds/seds-data-complete.php%23PricesExpenditures
https://energyinnovation.org/wp-content/uploads/2023-07-13-Industrial-Thermal-Batteries-Report-v133-2.pdf
https://www.canarymedia.com/articles/clean-industry/rondos-heat-batteries-will-soon-be-cleaning-up-factories-in-us-europe
https://www.brattle.com/wp-content/uploads/2023/10/Thermal-Batteries-Opportunities-to-Accelerate-Decarbonization-of-Industrial-Heat.pdf
https://www.utilitydive.com/news/solar-wind-curtailments-increasing-california-caiso/749420/
https://www.canarymedia.com/articles/solar/california-waste-clean-energy-curtailments
https://www.pricetocompare.com/blog/regulated-vs-deregulated-energy-markets
https://www.canarymedia.com/articles/batteries/chart-lithium-ion-battery-prices-fall-yet-again
https://doi.org/10.1038/s44359-025-00050-4
https://ww2.arb.ca.gov/sites/default/files/2022-12/2022-sp_1.pdf
https://www.energy.gov/eere/fuelcells/hydrogen-production-electrolysis
https://www.evolved.energy/post/45v-three-pillars-impact-analysis
https://earthjustice.org/wp-content/uploads/hydrogen_earthjustice_2021.pdf


11 9. Fal k o U e c k er dt et al., Pote nti al a n d Ris ks of  Hy droge n- B ase d E- F uels i n Cli m ate C h a nge Mitigatio n , N at ur e Cli m at e C h a n g e, V ol. 1 1: 3 8 4- 3 9 3 
at 4 ( 2 0 2 1), av ail a ble at   
htt ps: / / w w w.r es e ar c h g at e. n et / p u bli c ati o n / 3 5 1 3 7 6 3 4 6 _ P ot e nti al _ a n d _ris ks _ of _ h y dr o g e n- b as e d _ e-f u els _i n _ cli m at e _ c h a n g e _ miti g ati o n .

1 2 0. Riss m a n & S a w e, s u pr a n ot e 5 1, at 2.

1 21. El e n a Kri e g er et al., Gree n Hy droge n Pro pos als Across C alifor ni a  at 1 7, P S E H e alt h y E n er g y ( 2 0 2 5), av ail a ble at   
htt ps: / / w w w. ps e h e alt h y e n er g y. or g / w p- c o nt e nt / u pl o a ds / 2 0 2 4 / 0 5 / Gr e e n- H y dr o g e n- Pr o p os als- A cr oss- C alif or ni a. p df .

1 2 2. Al e x a n d er C. K a uf m a n, Tr u m p’s C uts to Billio n- Doll ar Hy droge n H u bs R attle I n d ustry , C a n ar y M e di a ( O ct. 1 0, 2 0 2 5), av ail a ble at  
htt ps: / / w w w. c a n ar y m e di a. c o m / arti cl es / h y dr o g e n / h y dr o g e n- h u b- c uts-tr u m p- d o e-list .

1 2 3. Ar u n S K R aj u & Alfr e d o M arti n e z- M or al es, Hy droge n Ble n di ng I m p acts St u dy  at 1 0 7, C alif or ni a P u bli c Utiliti es C o m missi o n ( C P U C) 
( 2 0 2 2), av ail a ble at  htt ps: / / d o cs. c p u c. c a. g o v / P u blis h e d D o cs / E fil e / G 0 0 0 / M 4 9 3 / K 7 6 0 / 4 9 3 7 6 0 6 0 0. P D F . 

1 2 4. I d. at 8; see also A m a n d a M orris, Co m m u nities of  Color S uffer Dis pro portio n ately Hig her Poll utio n- Rel ate d De at hs , N ort h w est er n ( N o v. 7, 2 0 2 3), 
av ail a ble at  htt ps: / / n e ws. n ort h w est er n. e d u /st ori es / 2 0 2 3 / 1 1 / c o m m u niti es- of- c ol or-s uff er- dis pr o p orti o n at el y- hi g h er- p oll uti o n-r el at e d- d e at hs /   
( “[i] n pr e d o mi n a ntl y Bl a c k c e ns us tr a cts, f or e x a m pl e, pr e m at ur e d e at hs r el at e d t o nitr o g e n di o xi d e e x p os ur e ar e 4 7 % hi g h er t h a n t h e 
n ati o n al a v er a g e, t h e st u d y a ut h ors f o u n d. ”). 

1 2 5. N or m a n Z. S hilli n g, E missio ns a n d Perfor m a nce I m plic atio ns of  Hy droge n F uel i n He avy D uty G as T ur bi nes  at 2 1, Cl e a n Air Tas k F or c e ( 2 0 2 3), 
av ail a ble at   
htt ps: / / c d n. c atf. us / w p- c o nt e nt / u pl o a ds / 2 0 2 3 / 0 7 / 1 3 1 4 4 9 5 0 / e missi o ns- p erf or m a n c e-i m pli c ati o ns- h y dr o g e n-f u el- h e a v y- d ut y- g as-t ur bi n es. p df . 

1 2 6. L o w- C ar b o n R es o ur c es I niti ati v e, E xec utive S u m m ary: Hy droge n Co firi ng De mo nstr atio n at Ne w Yor k Po wer A ut hority’s Bre nt woo d Site: G E 
L M 6 0 0 0 G as T ur bi ne  at 2, L o w- C ar b o n R es. I niti ati v e ( 2 0 2 2), av ail a ble at  htt ps: / / w w w. e pri. c o m /r es e ar c h / pr o d u cts / 0 0 0 0 0 0 0 0 3 0 0 2 0 2 5 1 6 6 . 

1 2 7. G h ass a n Wa ki m & K as p ar as S p o k as, Hy droge n i n t he Po wer Sector: Li mite d Pros pects i n a Dec ar bo ni ze d Electric Gri d at 4, Cl e a n Air Tas k F or c e 
( 2 0 2 4), av ail a ble at  htt ps: / / c d n. c atf. us / w p- c o nt e nt / u pl o a ds / 2 0 2 4 / 0 5 / 1 7 1 3 2 2 5 2 / h y dr o g e n- p o w er-s e ct or. p df  ( “ T h e l e v eli z e d c ost of  st or a g e 
( L C O S) vi a el e ctr ol yti c h y dr o g e n pr o d u c e d fr o m s ur pl us cl e a n el e ctri cit y is esti m at e d t o b e i n t h e r a n g e of  U S D 3 5 0 – U S D 4 7 0 p er 
M W h e w hil e t h e l e v eli z e d c ost of  el e ctri cit y ( L C O E) fr o m a p o w er pl a nt o p er ati n g o n l o w c ar b o n h y dr o g e n fr o m a n a ut ot h er m al 
r ef or mi n g ( A T R) h y dr o g e n pl a nt is esti m at e d t o b e i n t h e r a n g e of  U S D 3 0 0 – U S D 4 0 0 p er M W h e. I n c o m p aris o n, b att er y st or a g e 
L C O S t o d a y is esti m at e d at U S D 1 5 0- 1 7 0 p er M W h e, t h o u g h c urr e nt b att er y st or a g e is l ar g el y li mit e d t o f o ur h o urs. Cl e a n fir m 
g e n er ati o n c osts t h at c o ul d mi ni mi z e t h e n e e d f or l o n g d ur ati o n e n er g y st or a g e a n d h y dr o g e n us e i n p o w er r a n g e fr o m U S D 7 0- 1 3 0 
p er M W h e. ”).

1 2 8. J o e Cr es k o, I n d ustri al Dec ar bo ni z atio n Ro a d m a p at x vii, U. S. D O E ( 2 0 2 2), av ail a ble at   
htt ps: / / w w w. osti. g o v /s er vl ets / p url / 1 9 6 1 3 9 3 / .

1 2 9. N Y S E R D A, Co m merci al & I n d ustri al ( C &I) C ar bo n C h alle nge , av ail a ble at htt ps: / / w w w. n ys er d a. n y. g o v / All- Pr o gr a ms / CI- C ar b o n- C h all e n g e  (l ast 
visit e d O ct. 2 9, 2 0 2 5); C alif or ni a E n er g y C o m missi o n, I n d ustri al Dec ar bo ni z atio n a n d I m prove me nt of  Gri d O per atio ns – I N DI G O, av ail a ble 
at  htt ps: / / w w w. e n er g y. c a. g o v / pr o gr a ms- a n d-t o pi cs / pr o gr a ms /i n d ustri al- d e c ar b o ni z ati o n- a n d-i m pr o v e m e nt- gri d- o p er ati o ns-i n di g o  (l ast visit e d 
S e pt. 1 1, 2 0 2 5).

1 3 0. H off m eist er et al., I n d ustri al Electri fic atio n Across t he U nite d St ates, A C E E E ( 2 0 2 5), av ail a ble at   
htt ps: / / w w w. a c e e e. or g /i n d ustri al- el e ctri fi c ati o n- a cr oss- u nit e d-st at es . 

1 31. I d.

1 3 2. I E A, Electri fic atio n  ( 2 0 2 5), av ail a ble at  htt ps: / / w w w.i e a. or g / e n er g y-s yst e m / el e ctri cit y / el e ctri fi c ati o n .

1 3 3. I E A ( 2 0 2 2), s u pr a n ot e 6 8, at 6 3.

1 3 4. I E A, Tr ac ki ng t he I m p act of  Gover n me nt S u p port,  Fossil F uel S u bsi dies  ( 2 0 2 3), av ail a ble at  htt ps: / / w w w.i e a. or g /t o pi cs /f ossil-f u el-s u bsi di es .

1 3 5. R a p h a el H effr o n et al., I n d ustri al De m a n d- Si de Fle xi bility: A Key Ele me nt of  a Just E nergy Tr a nsitio n a n d I n d ustri al Develo p me nt, A p pli e d 
E n er g y, V ol. 2 6 9: 1 1 5 0 2 6 at 1- 2 ( 2 0 2 0), av ail a ble at  htt ps: / / d oi. or g / 1 0. 1 0 1 6 /j. a p e n er g y. 2 0 2 0. 1 1 5 0 2 6 .

1 3 6. A c hi nt y a M a d d uri et al., A dv a nce d Str ategies for De m a n d Fle xi bility M a n age me nt a n d C usto mer D E R Co m pe ns atio n  at 2 8- 2 9, C P U C ( 2 0 2 2), 
av ail a ble at  htt ps: / / w w w. c p u c. c a. g o v /- / m e di a / c p u c- w e bsit e / di visi o ns / e n er g y- di visi o n / d o c u m e nts / d e m a n d-r es p o ns e / d e m a n d-r es p o ns e-
w or ks h o ps / a d va n c e d- d er--- d e m a n d- fi e xi bilit y- m a n a g e m e nt / e d- w hit e- p a p er--- a d va n c e d-str at e gi es-f or- d e m a n d- fi e xi bilit y- m a n a g e m e nt. p df .

1 3 7. Pet er Alst o n e et al., 2 0 2 5 C alifor ni a De m a n d Res po nse Pote nti al St u dy – C h arti ng C alifor ni a’s De m a n d Res po nse F ut ure: Fi n al Re port o n P h ase 2 
Res ults  at 1- 1 – 1- 2, L B N L ( 2 0 1 7), av ail a ble at  htt ps: / / et a- p u bli c ati o ns.l bl. g o v /sit es / d ef a ult / fil es /l b nl- 2 0 0 1 1 1 3. p df.

1 3 8. See, e.g. , Arct ur us: Le a di ng t he Way i n E missio ns- Free Ste a m , S k y v e n, av ail a ble at htt ps: / /s k y v e n. c o / ar ct ur us /  (l ast visit e d S e pt. 1 1, 2 0 2 5) 
( S k y v e n’s h e at p u m p t e c h n ol o g y c a n o p er at e i n c o nj u n cti o n wit h e xisti n g g as- fir e d b oil ers as a b a c k u p).

1 3 9. Alst o n e et al., s u pr a n ot e 1 3 7, at 3- 1 9.

1 4 0. Bri a n G er k e et al., T he C alifor ni a De m a n d Res po nse Pote nti al St u dy, P h ase 3: Fi n al Re port o n t he S hift Reso urce t hro ug h 2 0 3 0  at 6 7, L B N L ( 2 0 2 0), 
av ail a ble at  htt ps: / / et a- p u bli c ati o ns.l bl. g o v /sit es / d ef a ult / fil es / c a _ dr _ p ot e nti al _st u d y _- _ p h as e _ 3 _- _s hift _- _ fi n al _r e p ort. p df .

1 41. I d, at 6 7.

1 4 2. Ai m e e T. M c K a n e et al., O p port u nities, B arriers a n d Actio ns for I n d ustri al De m a n d Res po nse i n C alifor ni a at 2 4, D e m a n d Res p o ns e Rs c h. 
C e nt er ( 2 0 0 8), av ail a ble at  htt ps: / / d oi. or g / 1 0. 2 1 7 2 / 9 4 5 3 6 4 .

1 4 3. Mi c h a el St ar k e et al., Assess me nt of  I n d ustri al Lo a d for De m a n d Res po nse A cross U. S. Regio ns of  t he Wester n I nterco n nect at 1 4, 7 4- 7 6, O a k Ri d g e 
N at’l L a b’ y ( 2 0 1 3), av ail a ble at  htt ps: / / d oi. or g / 1 0. 2 1 7 2 / 1 3 3 6 5 5 1 .

1 4 4. G er k e et al., s u pr a n ot e 1 4 0 at 4 6, Fi g ur e 3- 6.

1 4 5. G er k e et al., s u pr a n ot e 1 4 0 at 4 6, Fi g ur e 3- 8.

1 4 6. St a nl e y Bl u e et al., Co nce pt u alisi ng Fle xi bility: C h alle ngi ng Re prese nt atio ns of  Ti me a n d Society i n t he E nergy Sector , Ti m e & S o ci et y, V ol. 2 9, N o. 
4: 9 2 3- 4 4 ( 2 0 2 0), av ail a ble at  htt ps: / / d oi. or g / 1 0. 1 1 7 7 / 0 9 6 1 4 6 3 X 2 0 9 0 5 4 7 9 .
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https://www.researchgate.net/publication/351376346_Potential_and_risks_of_hydrogen-based_e-fuels_in_climate_change_mitigation
https://www.psehealthyenergy.org/wp-content/uploads/2024/05/Green-Hydrogen-Proposals-Across-California.pdf
https://www.canarymedia.com/articles/hydrogen/hydrogen-hub-cuts-trump-doe-list
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M493/K760/493760600.PDF
https://news.northwestern.edu/stories/2023/11/communities-of-color-suffer-disproportionately-higher-pollution-related-deaths/
https://cdn.catf.us/wp-content/uploads/2023/07/13144950/emissions-performance-implications-hydrogen-fuel-heavy-duty-gas-turbines.pdf
https://www.epri.com/research/products/000000003002025166
https://cdn.catf.us/wp-content/uploads/2024/05/17132252/hydrogen-power-sector.pdf
https://www.nyserda.ny.gov/All-Programs/CI-Carbon-Challenge
https://www.energy.ca.gov/programs-and-topics/programs/industrial-decarbonization-and-improvement-grid-operations-indigo
https://www.aceee.org/industrial-electrification-across-united-states
https://www.iea.org/energy-system/electricity/electrification
https://www.iea.org/topics/fossil-fuel-subsidies
https://www.zotero.org/google-docs/?u3IavE
https://doi.org/10.1016/j.apenergy.2020.115026
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/demand-response/demand-response-workshops/advanced-der---demand-flexibility-management/ed-white-paper---advanced-strategies-for-demand-flexibility-management.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/demand-response/demand-response-workshops/advanced-der---demand-flexibility-management/ed-white-paper---advanced-strategies-for-demand-flexibility-management.pdf
https://eta-publications.lbl.gov/sites/default/files/lbnl-2001113.pdf
https://skyven.co/arcturus/
https://eta-publications.lbl.gov/sites/default/files/ca_dr_potential_study_-_phase_3_-_shift_-_final_report.pdf
https://doi.org/10.2172/945364
https://doi.org/10.2172/1336551
https://www.zotero.org/google-docs/?qMYwG8
https://doi.org/10.1177/0961463X20905479


1 4 7. C hristi n a L ei n a u er et al., O bst acles to De m a n d Res po nse: W hy I n d ustri al Co m p a nies Do Not A d a pt T heir Po wer Co ns u m ptio n to Vol atile Po wer 
Ge ner atio n , E n er g y P oli c y, V ol. 1 6 5: 1 1 2 8 7 6 ( 2 0 2 2), av ail a ble at htt ps: / / d oi. or g / 1 0. 1 0 1 6 /j. e n p ol. 2 0 2 2. 1 1 2 8 7 6 ; L e a n dr a S c h ar n h orst et al., 
B arriers to De m a n d Res po nse i n t he Co m merci al a n d I n d ustri al Sectors – A n E m piric al I nvestig atio n , R e n e w a bl e & S ust ai n a bl e E n er g y R e vi e ws, 
V ol. 1 9 0, Part B: 1 1 4 0 6 7 ( 2 0 2 4), av ail a ble at  htt ps: / / d oi. or g / 1 0. 1 0 1 6 /j.rs er. 2 0 2 3. 1 1 4 0 6 7 ; M ar k Olst h o or n et al., B arriers to Electricity Lo a d 
S hift i n Co m p a nies: A S urvey- B ase d E x plor atio n of  t he E n d- User Pers pective , E n er g y P oli c y, V ol. 7 6: 3 2- 4 2 ( 2 0 1 5), av ail a ble at  
htt ps: / / d oi. or g / 1 0. 1 0 1 6 /j. e n p ol. 2 0 1 4. 1 1. 0 1 5 .

1 4 8. A n dr e w J. Hi n c h b er g er et al., T he Ef ficie ncy of  Dy n a mic Electricity Prices  at 2, N at’l B ur e a u of  E c o n. Rs c h. ( 2 0 2 4), av ail a ble at  
htt ps: / / w w w. n b er. or g /s yst e m / fil es / w or ki n g _ p a p ers / w 3 2 9 9 5 / w 3 2 9 9 5. p df ; M a d d uri, s u pr a n ot e 1 3 6.

1 4 9. C P U C, E n er g y Di visi o n St aff, R. 2 2- 0 7- 0 0 5, Att ac h me nt A: St aff  Pro pos al o n E xisti ng Dy n a mic R ate Pilot E x p a nsio n at 1 ( 2 0 2 3), av ail a ble at  
htt ps: / / d o cs. c p u c. c a. g o v / P u blis h e d D o cs / E fil e / G 0 0 0 / M 5 1 7 / K 4 0 8 / 5 1 7 4 0 8 1 7 2. P D F ; C P U C, R. 2 2- 0 7- 0 0 5, D. 2 4- 0 1- 0 3 2, Decisio n to E x p a n d 
Syste m Reli a bility Pilots of  Paci fic G as a n d Electric Co m p a ny a n d So ut her n C alifor ni a E diso n Co m p a ny ( 2 0 2 4), av ail a ble at   
htt ps: / / d o cs. c p u c. c a. g o v / P u blis h e d D o cs / P u blis h e d / G 0 0 0 / M 5 2 4 / K 1 7 6 / 5 2 4 1 7 6 4 9 7. P D F .

1 5 0. C P U C, Att ac h me nt A, s u pr a n ot e 1 4 9.

1 51. C P U C, Att ac h me nt A, s u pr a n ot e 1 4 9, at 4.

1 5 2. Fr a u n h of er I SI, Direct Electri fic atio n of  I n d ustri al Process He at: A n Assess me nt of  Tec h nologies, Pote nti als a n d F ut ure Pros pects for t he E U  at 6 7, 
A g or a I n d ustr y ( 2 0 2 4), av ail a ble at   
htt ps: / / p u bli c a-r est.fr a u n h of er. d e /s er v er / a pi / c or e / bitstr e a ms / a 3 e 1 7 b 7f- 1 c 9 1- 4 4 4 e- 8 6 a 6- 7 b 4 8 8 0 c 0 bf 5 7 / c o nt e nt .

1 5 3. I d. at 6 8.

1 5 4. Fr a n c es c a L olli et al., Ho w I m port a nt Are Electricity De m a n d C h arges for Cost Esti m ates? A n I n d ustri al Electri fic atio n C ase St u dy , T h e El e ctri cit y 
J o ur n al, V ol. 3 4, N o. 8: 1 0 7 0 1 1 ( 2 0 2 1), av ail a ble at  htt ps: / / d oi. or g / 1 0. 1 0 1 6 /j.t ej. 2 0 2 1. 1 0 7 0 1 1 .

1 5 5. M c Mill a n & Wa c hs ( 2 0 2 4), s u pr a n ot e 6 4.

1 5 6. See  S o ut h C o ast A Q M D, 2 0 2 4 C alifor ni a Air Reso urces Bo ar d a n d So ut h Co ast A Q M D Joi nt Wor ks ho p o n I n d ustri al a n d Co m merci al Zero-
E missio n Tec h nologies , av ail a ble at  htt ps: / / w w w. a q m d. g o v / h o m e / pr o gr a ms / b usi n ess / b usi n ess- d et ail?titl e = 2 0 2 4- c ar b- a n d-s o ut h- c o ast- a q m d-j oi nt-
w or ks h o p- o n-i n d ustri al- a n d- c o m m er ci al- z er o- e missi o n-t e c h n ol o gi es  (l ast visit e d S e pt. 1 1, 2 0 2 5) ( n ot e t h at t his w or ks h o p w as h el d as p art of  
a s ettl e m e nt a gr e e m e nt).

1 5 7. C A R B, C urre nt C alifor ni a G H G E missio n I nve ntory D at a  ( 2 0 2 4), av ail a ble at  htt ps: / / w w 2. ar b. c a. g o v / g h g-i n v e nt or y- d at a .

1 5 8. EI A, Electric Po wer Mo nt hly , Ta ble 5. 6 A, Aver age Price of  Electricity to Ulti m ate C usto mers by E n d- Use Sector ( A u g. 2 0 2 5), av ail a ble at   
htt ps: / / w w w. ei a. g o v / el e ctri cit y / m o nt hl y / e p m _t a bl e _ gr a p h er. p h p?t = e p mt _ 5 _ 6 _ a  (l ast visit e d O ct. 3 1, 2 0 2 5).

1 5 9. E n er g y E q uit y Pr oj e ct, E n er g y E q uit y Fa cts h e et: C alif or ni a at 2 ( 2 0 2 5), a vail a bl e at  
htt ps: / / e n er g y e q uit y pr oj e ct. or g /r es o ur c es- 2 / ( C alif or ni a Fa cts h e et pr o vi d e d u n d er “ E n er g y E q uit y Fa ct S h e ets f or all 5 0 St at es ”).

1 6 0. U. S. EI A, As Sol ar C a p acity Gro ws, D uc k C urves are Getti ng Dee per i n C alifor ni a  ( 2 0 2 3), av ail a ble at  
htt ps: / / w w w. ei a. g o v /t o d a yi n e n er g y / d et ail. p h p?i d = 5 6 8 8 0 .

1 61. If  t h e r e v e n u es fr o m a d diti o n al l o a d ar e gr e at er t h a n t h e c osts, t h e n r at es will d e cli n e. See, for e x a m ple: Ri c h ar d K h o e, U n derst a n di ng 
Electri fic atio n a n d Do w n w ar d Press ure o n R ates , C al. P u bli c A d v o c at es Of fi c e (Ja n. 3 1. 2 0 2 5), av ail a ble at  
htt ps: / / w w w. p u bli c a d v o c at es. c p u c. c a. g o v / pr ess-r o o m / c o m m e nt ar y / 2 5 0 1 3 1- d o w n w ar d- pr ess ur e- o n-r at es .

1 6 2. C P U C, R. 2 2- 0 7- 0 0 5, D 2 3- 0 4- 0 4 0,  Decisio n A do pti ng Electric R ate Desig n Pri nci ples a n d De m a n d Fle xi bility Desig n Pri nci ples ( 2 0 2 3), av ail a ble at 
htt ps: / / d o cs. c p u c. c a. g o v / P u blis h e d D o cs / P u blis h e d / G 0 0 0 / M 5 0 7 / K 8 3 7 / 5 0 7 8 3 7 7 7 6. P D F .

1 6 3. T h er e ar e diff er e nt wa ys t o d esi g n c oi n ci d e nt d e m a n d c h ar g es. A tr u e c oi n ci d e nt d e m a n d c h ar g e a p pli es t o t h e hi g h est p e a k h o ur, 
w hi c h m a y b e m e as ur e d o n a n a n n u al b asis ( “ 1 C P ”), a m o nt hl y b asis ( “ 1 2 C P ”), or s o m et hi n g els e ( e. g., “ 5 C P ”). Ot h er c oi n ci d e nt 
d e m a n d c h ar g es si m pl y d e fi n e a s et of  h o urs i n w hi c h t h e p e a k is li k el y t o o c c ur, s u c h as s u m m er w e e k d a y e v e ni n gs fr o m 5 p m t o 8 
p m. R e g ar dl ess of  t h e m e as ur e us e d, c ar e s h o ul d b e t a k e n t o e ns ur e t h at t h e d e fi niti o n r e fi e cts t h e h o urs t h at ar e m ost r es p o nsi bl e 
f or dri vi n g c osts o n t h e s yst e m. F or e x a m pl e, a 1 2 C P d e fi niti o n w o ul d ass ess d e m a n d c h ar g es b as e d o n m o nt hl y p e a ks d uri n g s pri n g 
a n d f all, e v e n t h o u g h t h er e m a y b e e xc ess r e n e wa bl e g e n er ati o n o n t h e s yst e m at t h es e ti m es. T his pr o vi d es a p er v ers e i n c e nti v e f or 
c ust o m ers t o a v oi d c o ns u mi n g el e ctri cit y d uri n g t h es e h o urs, d es pit e e xc ess c a p a cit y a n d e n er g y o n t h e gri d.

1 6 4. S o m e i n d ustri al h e at p u m ps c a n r e a c h u p t o 2 1 5 ° C a n d t h e a vail a bl e t e m p er at ur e r a n g e is r a pi dl y i n cr e asi n g; h o w e v er, f or t h e p ur p os es 
of  t his a n al ysis of  n e ar-t er m a d o pti o n, w e ass u m e d i n d ustri al h e at p u m p a p pli c ati o ns f or h e ati n g b el o w a 2 0 0 ° C c ut off.

1 6 5. L o a d s h a p es f or n o n- b oil er pr o c ess h e ati n g e q ui p m e nt f oll o w a si mil ar p att er n. 

1 6 6. C P U C, R. 2 2- 0 7- 0 0 5, D. 2 5- 0 8- 0 4 9, Decisio n A do pti ng G ui deli nes for Paci fic G as a n d Electric Co m p a ny, So ut her n C alifor ni a E diso n Co m p a ny, a n d 
S a n Diego G as & Electric Co m p a ny o n De m a n d Fle xi bility R ate Desig n Pro pos als ( 2 0 2 5), av ail a ble at   
htt ps: / / d o cs. c p u c. c a. g o v / P u blis h e d D o cs / P u blis h e d / G 0 0 0 / M 5 7 8 / K 1 8 2 / 5 7 8 1 8 2 4 9 6. P D F . 

1 6 7. T his ass u m pti o n m e a ns t h at t h e f a cilit y c o m pl et el y a v oi ds t h e c oi n ci d e nt d e m a n d c h ar g e; it all o ws f or a n e val u ati o n of  t h e m a xi m u m 
s a vi n gs t h at a f a cilit y c o ul d a c hi e v e b y s hifti n g l o a d t o a v oi d d e m a n d c h ar g es.

1 6 8. F or m o d eli n g p ur p os es, w e ass u m e d t h at a d o pti o n r at es of  1 0 %, 2 0 %, a n d 5 0 % w o ul d tr a nsl at e t o c o m m e ns ur at e s e ct or al p e a k l o a d 
r e d u cti o ns.

1 6 9. C P U C, S u p ple me nt al Direct Access I m ple me nt atio n Activities Re port – St ate wi de S u m m ary  ( M ar. 2 0 2 5), av ail a ble at   
htt ps: / / w w w. c p u c. c a. g o v /- / m e di a / c p u c- w e bsit e / di visi o ns / e n er g y- di visi o n / d o c u m e nts / dir e ct- a c c ess-i m pl e m e nt ati o n- a cti vit y-r e p orts / 2 0 2 5 /t o d at e _
m ar c h _ 2 0 2 5 _ w e b. xls x .

1 7 0. I d.

1 71. C P U C, Direct Access , av ail a ble at  htt ps: / / w w w. c p u c. c a. g o v / c o ns u m er-s u p p ort / c o ns u m er- pr o gr a ms- a n d-s er vi c es / el e ctri c al- e n er g y- a n d- e n er g y-
ef fi ci e n c y / c o m m u nit y- c h oi c e- a g gr e g ati o n- a n d- dir e ct- a c c ess- / dir e ct- a c c ess (l ast visit e d O ct. 3 1, 2 0 2 5) . 

1 7 2. C P U C, 2 0 2 3 Direct Access Lottery E nroll me nt Re port  at 2- 3 ( 2 0 2 4), av ail a ble at  htt ps: / / w w w. c p u c. c a. g o v /- / m e di a / c p u c- w e bsit e / di visi o ns /
e n er g y- di visi o n / d o c u m e nts / dir e ct- a c c ess-i m pl e m e nt ati o n- a cti vit y-r e p orts / 2 0 2 4 / 2 0 2 3- d a-l ott er y-r e p ort. p df .
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https://doi.org/10.1016/j.enpol.2022.112876
https://www.zotero.org/google-docs/?dCCVHh
https://doi.org/10.1016/j.rser.2023.114067
https://www.zotero.org/google-docs/?dCCVHh
https://doi.org/10.1016/j.enpol.2014.11.015
https://www.nber.org/system/files/working_papers/w32995/w32995.pdf
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M517/K408/517408172.PDF
https://publica-rest.fraunhofer.de/server/api/core/bitstreams/a3e17b7f-1c91-444e-86a6-7b4880c0bf57/content
https://www.zotero.org/google-docs/?Yiody6
https://www.zotero.org/google-docs/?Yiody6
https://www.zotero.org/google-docs/?YClWpS
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https://www.zotero.org/google-docs/?YClWpS
https://www.zotero.org/google-docs/?YClWpS
https://doi.org/10.1016/j.tej.2021.107011
https://www.zotero.org/google-docs/?Mpg7Kw
https://www.aqmd.gov/home/programs/business/business-detail?title=2024-carb-and-south-coast-aqmd-joint-workshop-on-industrial-and-commercial-zero-emission-technologies
https://www.aqmd.gov/home/programs/business/business-detail?title=2024-carb-and-south-coast-aqmd-joint-workshop-on-industrial-and-commercial-zero-emission-technologies
https://ww2.arb.ca.gov/ghg-inventory-data
https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5_6_a
https://energyequityproject.org/resources-2/
https://www.eia.gov/todayinenergy/detail.php?id=56880
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M578/K182/578182496.PDF
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/direct-access-implementation-activity-reports/2025/todate_march_2025_web.xlsx
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/direct-access-implementation-activity-reports/2025/todate_march_2025_web.xlsx
https://www.cpuc.ca.gov/consumer-support/consumer-programs-and-services/electrical-energy-and-energy-efficiency/community-choice-aggregation-and-direct-access-/direct-access
https://www.cpuc.ca.gov/consumer-support/consumer-programs-and-services/electrical-energy-and-energy-efficiency/community-choice-aggregation-and-direct-access-/direct-access
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/direct-access-implementation-activity-reports/2024/2023-da-lottery-report.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/direct-access-implementation-activity-reports/2024/2023-da-lottery-report.pdf


1 7 3. C P U C,  R. 1 9- 0 3- 0 0 9, D. 2 1- 0 6- 0 3 3, Decisio n Reco m me n di ng Agai nst F urt her Direct Access E x p a nsio n  at 2 8- 2 9 ( 2 0 2 1), av ail a ble at  
htt ps: / / d o cs. c p u c. c a. g o v / P u blis h e d D o cs / P u blis h e d / G 0 0 0 / M 3 9 0 / K 2 1 5 / 3 9 0 2 1 5 6 7 3. P D F .

1 7 4. P u bli c Utiliti es C o m missi o n of  N e va d a, D o c k et N o. 2 4- 0 6 0 1 4, Or der  ( M a y 1 3, 2 0 2 5), av ail a ble at   
htt ps: / /r e g m e di a. c o. u k / 2 0 2 4 / 1 2 / 1 1 / g o o gl e- n v- p o w er- h e ari n g-s c h e d ul e. p df

1 7 5. Lis a M arti n e Je n ki ns, T he ‘ Cle a n Tr a nsitio n Tariff ’ Wo n A p prov al i n Nev a d a. W h at’s Ne xt for Fervo? , L atit u d e M e di a ( M a y 1 5, 2 0 2 5), av ail a ble 
at htt ps: / / w w w.l atit u d e m e di a. c o m / n e ws /t h e- cl e a n-tr a nsiti o n-t ariff- w o n- a p pr o val-i n- n e va d a- w h ats- n e xt-f or-f er v o / .

1 7 6. C P U C, 2 0 2 4 C alifor ni a Electric a n d G as Utility Costs Re port  ( 2 0 2 5), av ail a ble at   
htt ps: / / w w w. c p u c. c a. g o v /- / m e di a / c p u c- w e bsit e / di visi o ns / of fi c e- of- g o v er n m e nt al- aff airs- di visi o n /r e p orts / 2 0 2 5 / a b 6 7 _ p u c 9 1 3 _ 1 0 0 9 2 5. p df.

1 7 7. Self- Ge ner atio n I nce ntive Progr a m ( S GI P) H a n d boo k  at 3 6- 3 8 ( 2 0 2 5), av ail a ble at htt ps: / / w w w. c p u c. c a. g o v /- / m e di a / c p u c- w e bsit e / di visi o ns /
e n er g y- di visi o n / d o c u m e nts /s elf- g e n er ati o n-i n c e nti v e- pr o gr a m / 2 0 2 5-s gi p- h a n d b o o k- v 1. p df. 

1 7 8. S GI P Progr a m Metrics , av ail a ble at  htt ps: / / w w w.s elf g e n c a. c o m / h o m e / pr o gr a m _ m etri cs / .

1 7 9. 2 0 2 5 S GI P H a n d b o o k, s u pr a n ot e 1 7 7, at 3 7- 3 8.

1 8 0. 2 0 2 5 S GI P H a n d b o o k, s u pr a n ot e 1 7 7, at 3 7.

1 81. 2 0 2 5 S GI P H a n d b o o k, s u pr a n ot e 1 7 7, at 3 9.

1 8 2. 2 0 2 5 S GI P H a n d b o o k, s u pr a n ot e 1 7 7, at 3 9, 4 9.

1 8 3. 2 0 2 5 S GI P H a n d b o o k, s u pr a n ot e 1 7 7, at 1 0; C P U C, R es ol uti o n E- 5 3 7 3 at 3 ( 2 0 2 5), av ail a ble at   
htt ps: / / d o cs. c p u c. c a. g o v / P u blis h e d D o cs / P u blis h e d / G 0 0 0 / M 5 5 7 / K 9 3 0 / 5 5 7 9 3 0 1 1 7. P D F ; S GI P Pr o gr a m M etri cs, s u pr a n ot e 1 7 8.

1 8 4. C P U C, S GI P Progr a m Overvie w , av ail a ble at  htt ps: / / w w w. c p u c. c a. g o v /- / m e di a / c p u c- w e bsit e / fil es / u pl o a d e d fil es / c p u c w e bsit e / c o nt e nt / n e ws _
r o o m / n e ws u p d at es / 2 0 2 0 /s gi p-f a cts h e et- 1 2 4 0 2 0. p df.

1 8 5. Pa ci fi c G as & El e ctri c C o m p a n y,  Electric R ule No. 2 1: Ge ner ati ng Facility I nterco n nectio ns  at 1 0 2- 1 1 5 ( 2 0 2 5), av ail a ble at   
htt ps: / / w w w. p g e. c o m /t ariffs / ass ets / p df /t ariff b o o k / E L E C _ R U L E S _ 2 1. p df . 

1 8 6. C P U C, R. 2 0- 0 5- 0 1 2, D. 2 2- 0 4- 0 3 6,  Decisio n Est a blis hi ng He at P u m p Water He ater Progr a m Re q uire me nts ( 2 0 2 2), av ail a ble at   
htt ps: / / d o cs. c p u c. c a. g o v / P u blis h e d D o cs / P u blis h e d / G 0 0 0 / M 4 6 7 / K 5 8 1 / 4 6 7 5 8 1 2 8 8. P D F .

1 8 7. U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y. 2 0 2 3. “ Gr e e n h o us e G as Re p orti n g Pr o gr a m ( G H R P). ” A vail a bl e at:  
htt ps: / / w w w. e p a. g o v / g h gr e p orti n g . 

1 8 8. U. S. E n er g y I nf or m ati o n A d mi nistr ati o n. 2 0 2 1. “ M a n uf a ct uri n g E n er g y C o ns u m pti o n S ur v e y ( M E C S), 2 0 1 8 S ur v e y D at a. ”  
A vail a bl e at: htt ps: / / w w w. ei a. g o v / c o ns u m pti o n / m a n uf a ct uri n g / d at a / 2 0 1 8 / . 

1 8 9. U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y. “ Fa cilit y Re gistr y S er vi c e ( F R S). ” A vail a bl e at: htt ps: / / w w w. e p a. g o v /frs .

1 9 0. U. S. E n er g y I nf or m ati o n A d mi nistr ati o n. “ F or m EI A- 9 2 3. ” A vail a bl e at: htt ps: / / w w w. ei a. g o v / el e ctri cit y / d at a / ei a 9 2 3 / .

1 91. U. S. N ati o n al R e n e w a bl e E n er g y L a b or at or y. 2 0 1 4. “ M a n uf a ct uri n g T h er m al E n er g y Us e i n 2 0 1 4. ”  
A vail a bl e at: htt ps: / / d at a. nr el. g o v /s u b missi o ns / 1 1 8 .

1 9 2. U. S. N ati o n al R e n e w a bl e E n er g y L a b or at or y. 2 0 2 4. C a m bi u m. A vail a bl e at: htt ps: / / w w w. nr el. g o v / a n al ysis / c a m bi u m .

1 9 3. U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y. G H G E missi o ns Fa ct ors H u b. A vail a bl e at:  
htt ps: / / w w w. e p a. g o v / cli m at el e a d ers hi p / g h g- e missi o n-f a ct ors- h u b .

1 9 4. E n vir o n m e nt al D ef e ns e F u n d. 2 0 2 2. C o m m e nts o n Re visi o ns a n d C o n fi d e nti alit y D et er mi n ati o ns f or D at a El e m e nts u n d er t h e 
Gr e e n h o us e G as Re p orti n g R ul e. U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y D o c k et N o. E P A- H Q- O A R- 2 0 1 9- 0 4 2 4.  
htt ps: / / bl o gs. e df. or g / e n er g y e x c h a n g e / w p- c o nt e nt / bl o gs. dir / 3 8 / fil es / 2 0 2 2 / 1 0 / E D F- G H G R P- C o m m e nts- 1 0. 6. 2 0 2 2- Fi n al. p df

1 9 5. U. S. E n vir o n m e nt al Pr ot e cti o n A g e n c y, s u pr a n ot e 1 9 3.

U nl o c ki n g I n d u s t ri al El e c t ri fi c a ti o n I n C ali f o r ni a  |  8 7

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M390/K215/390215673.PDF
https://www.latitudemedia.com/news/the-clean-transition-tariff-won-approval-in-nevada-whats-next-for-fervo/
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/office-of-governmental-affairs-division/reports/2025/ab67_puc913_100925.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/self-generation-incentive-program/2025-sgip-handbook-v1.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/self-generation-incentive-program/2025-sgip-handbook-v1.pdf
https://www.selfgenca.com/home/program_metrics/
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M557/K930/557930117.PDF
https://www.cpuc.ca.gov/-/media/cpuc-website/files/uploadedfiles/cpucwebsite/content/news_room/newsupdates/2020/sgip-factsheet-124020.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/files/uploadedfiles/cpucwebsite/content/news_room/newsupdates/2020/sgip-factsheet-124020.pdf
https://www.pge.com/tariffs/assets/pdf/tariffbook/ELEC_RULES_21.pdf
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M467/K581/467581288.PDF


Contact Information: 
Rose Monahan, Sierra Club 
rose.monahan@sierraclub.org

Anna Johnson, ACEEE 
ajohnson@aceee.org

Teresa Cheng, Industrious Labs 
teresa@industriouslabs.org

Niki Wong, Industrious Labs 
niki@industriouslabs.org

Unlocking Industrial Electrification In California  |  88


	TESTIMONY OF TERESA CHENG
	I. Introduction and Purpose of Testimony
	Q: Please state your name and occupation.
	Q: Please describe Industrious Labs.
	Q: Please summarize your professional experience.
	Q: On whose behalf are you testifying in this case?
	Q: Have you testified previously before the California Public Utilities Commission?
	Q: What is the purpose of your testimony in this proceeding?
	Q: What do you rely upon for your analysis, findings, and observations?

	II. Findings and Recommendations
	Q: Please summarize your findings.
	Q: Please summarize your recommendations.

	III. Background and Context
	Q: Why are California’s climate and public health goals relevant to industrial rate design?
	Q: Please explain how industrial electrification can help California achieve its climate goals.
	Q: How does industrial rate design impact public health and workplace safety?
	Q: What has prevented transitioning the industrial sector away from polluting and health-harming processes?
	Q: What is the commercial availability of cleaner alternatives to polluting fossil fuel-based industrial equipment?
	Q: Describe the demonstrated impacts of rate design on industrial facilities.
	Q: How could effective rate design impact industrial customers in SCE’s utility territory?
	Q: What are the key take-aways from the report?
	Q: Please summarize your position on the key principles that are needed for effective rate design.

	IV. Rate Design Analysis
	Q: Please summarize your analysis of SCE’s Large Power Dynamic Rate.
	Q: What are your findings and recommendations for the transmission pricing component of SCE’s proposal?
	Q: What are your findings and recommendations regarding the distribution capacity marginal cost component?
	Q: Did you find any issues with the eligibility requirements for the rate?
	Q: Are there components of the standard dynamic rate that should also be considered for the Large Power Dynamic Rate?

	V. Conclusion
	Q: How should the Commission proceed?
	Q: Does this conclude your testimony?


	ATTACHMENTS



