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Executive Summary: 

My Capstone project is focused on the policy, technology and science embedded within California and 

Washington’s climate change legislation to achieve a certain percentage of emissions reductions by a 

specified future point in time as well as both states’ goal to become net-zero by 2045. My classwork and 

professional experiences have provided me with a strong foundation in understanding climate change 

from a scientific standpoint and the emerging technologies and supportive legislation that can help 

mitigate and potentially reverse climate change in the future. Technical knowledge of technologies like 

green hydrogen, carbon capture and sequestration along with more mature technologies like wind and 

solar are incredibly important while evaluating policy objectives for state clean energy plans and targets. 

Diving further into my professional experience, I have been able to observe and analyze the economics 

of certain clean energy technologies based on both market forces and policy intervention. Both mature 

and emerging clean energy technologies will continue to play a crucial role to grid reliability, 

affordability and provide opportunity to meet future energy demand growth. Although it may sound like 

a simple concept to adopt renewables and say goodbye to all fossil fuels to serve our future energy 

needs, it is indeed much more comprehensive and complex than that. That is where my classwork and 

professional experience allow me to study and evaluate the complexities that lie beneath the surface 

with reliability issues from extreme weather, affordability given generation, transmission, and 

distribution cost dynamics as well as capital costs of one type of energy project compared to another. 

California and Washington’s clean energy goals are arguably the most ambitious in the country which 

brings about its own set of challenges as both states are looking to leverage multiple ways to reduce 

each state’s emissions footprint while also keeping citizens safe and delivering affordable electricity. I 

have the knowledge and expertise to investigate integrated resource planning documents that utilities 

have prepared for local state commissions to determine how and when each state will look to ramp up 

its transition to cleaner energy. The key objective in this analysis is to determine the feasibility of 
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California and Washington’s clean energy timelines with the methods and technologies the state’s plan 

to incorporate to achieve these goals, and most importantly the challenges and roadblocks they may 

face in the process. 
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Introduction: 

What are the biggest challenges that prevent California and Washington from achieving both 

intermediary state emission reduction goals as well as net-zero status by 2045?  

The objective of this analysis is to present both states’ clean energy targets in the medium term around 

the 2030-2035 timeframe as well as the long term 2045 net-zero ambitions and identify by which means 

each state plans to achieve these goals. This analysis will highlight key obstacles associated with each 

state’s clean energy plan and reasoning behind why these setbacks could be detrimental to California 

and Washington’s clean energy motivations. It is important to evaluate both states’ clean energy goals 

because of California and Washington’s different policy approaches, energy sources, and overall load 

profiles. Yet, even with these differences, both states are considered leaders in this space relative to 

other US states. Although each state is different in energy sources as well as needs, if California and 

Washington can achieve its goals in the timeframe that was communicated and utilize the technologies 

and progressive policy implemented, these state plans can serve as a framework for not only other US 

states looking to decarbonize and achieve net-zero status, but globally can aid countries in working 

towards that same goal. It is imperative to outline the potential areas of weakness or setbacks these 

states’ plans may face so both California and Washington have the ability to pivot their objectives or 

integrate incremental methods and policy to keep their timelines on track.  
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Methods & Analysis: 

The methodology used in constructing this paper primarily focused on reading and analyzing the 

climate-related legislation proposed and enacted in California and Washington. These pieces of 

legislation outlined both the intermediate and net-zero goals aspired by each state. Through each state’s 

timeline, there are a variety of mechanisms used to promote further clean energy penetration as well as 

overall emission and energy usage reduction strategies. Each state outlined specific investment budgets 

to help commercialize and adopt clean energy technologies while also developing programs to advance 

energy efficiency, electrification and energy sourcing rules for the utilities that operate in both California 

and Washington.  

In addition to studying the legislation for each state, this paper has leveraged reputable white papers 

from both the private and public sector concerning energy, technology, and investments needs of 

California and Washington to achieve their clean energy targets by 2045. The analysis done throughout 

these sources provides compelling forecasts on what types of technologies will be available to fill each 

state’s renewable energy needs. Beyond considering the future technology solutions, the current 

challenges with California and Washington’s energy mix imbalance, lack of grid reliability and 

redundancy, infrastructure gaps, curtailment power losses, and project development delays. The themes 

highlighted throughout these sources served as a foundation from this paper to analyze and make a 

determination whether California and Washington have the appropriate legislation, energy technology 

availability, and grid infrastructure to achieve each state’s outlined clean energy target by 2045.  
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Results: 

Renewable Energy Development 

California’s clean energy goals correlate with several different pieces of legislation passed through state 

government bodies. Assembly Bill No. 1279 codifies the state’s goal to achieve net-zero carbon 

emissions by 2045, with 85% of overall emissions reductions to be eliminated and the remaining 15% 

has more flexibility through offsets. In other words, 15% of emissions can be offset using nature-based 

solutions such as tree planting and direct air capture technologies. However, direct air capture has yet 

to prove its technological strength and cost effectiveness, leaving doubts about widespread adoption of 

this technology on the forefront. Nature-based solutions primarily have concerns with additionality, 

meaning GHG reductions are valid if they would not occur in the absence of a market for offset credits. 

If the reductions would have happened anyway, without any prospect for project owners to sell carbon 

offset credits, then they are not additional. A great example of this is California’s Landfill Methane 

Regulation, which requires solid waste landfills to reduce methane and other pollutants through 

monitoring and capturing any fugitive methane. Since the capturing methane from landfills is a law, 

there is no concept of additionality tying carbon credits to the prevention of such leakage. In other 

words, landfill owners are required to capture fugitive emissions anyway, so the additionality criteria for 

carbon credits falls short under this scenario. 
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Pivoting to a slightly different time horizon, Senate Bill No. 1270 presents California’s path to 90% 

renewable energy and zero-carbon electricity by the end of 2035 and 95% renewable penetration by the 

end of 2040. These intermediary goals are important to highlight as they are viewed as the necessary 

steppingstones for California to achieve its goal of net-zero carbon emissions by 2045. Figure 1 helps to 

illustrate existing renewable energy resource versus 2045 targets to achieve the state’s net-zero goals.  

Given these timelines and emissions reduction targets, it is estimated that mature technologies like solar 

and wind development must triple to achieve these clean energy milestones. Utility scale and customer 

solar made up about 20.5 GW of California’s clean energy resources in 2019. Wind accounted for 6 GW. 

By 2030, onshore wind and utility scale and customer solar is targeted to be 37.6 GW. By 2045, this 

number balloons to 110.2 GW with an additional 10 GW coming from offshore wind. Battery storage 

development is another main area of focus for California to achieve its state targets. It is estimated 

battery storage must increase nearly eightfold. As of 2019, battery storage accounted for a mere 0.2 

GW, but by 2030 that number is expected to climb to 9.5 GW. By 2045, combined battery and long-

duration storage equals 52.2 GW of total resource capacity (Gill, 2021, p.10).  

Like California, Washington has used legislation to support its clean energy transformation. The most 

impactful comes under the Clean Energy Transformation Act (CETA), part of Senate Bill 5116, which 

Figure 1 
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requires electric utilities to source 100% of their electricity from renewable or non-carbon emitting 

sources by 2045. There are also intermediary targets outlined such as eliminating the use of fossil fuels 

by 2025 and transitioning to greenhouse gas-neutral supply of electricity by 2030. Within these 

guidelines, utilities may use battery storage or similar technologies to manage supply and demand while 

also being tasked with accurately counting how much renewable energy they are providing at any given 

point in time.  

Throughout Washington’s ventures into clean energy sources, they have primarily focused on 

hydropower, and they have the highest hydropower usage in the United States with 66% of 

Washington’s current energy mix being hydropower-based. Moreover, according to the State of 

Washington’s Department of Ecology, “Washington typically contributes between one-fifth and one-

third of all conventional hydroelectric generation in the nation annually, and 9 of the state's 10 largest 

power plants by capacity and 8 of the 10 largest by generation are hydroelectric facilities.” 

Unfortunately, as Washington experiences significantly less rainfall than in previous years, they are 

having trouble achieving similar levels of hydropower production. This is especially true in the months 

with extreme temperatures, according to the Department of Ecology:   

“summertime hydropower production is likely to decline by 9 to 11 percent by the 2020s. 
Meanwhile, summer demand for energy will increase significantly due to higher electricity 
needs from air conditioning as well as population growth. During the winter, when most 
of the precipitation occurs, snow accumulates in upper elevations and forms a ‘natural 
reservoir’ that stores water during times when demands are relatively low … Snow is 
melting earlier, and peak runoff occurs from one to four weeks earlier across much of the 
Western U.S. than in the 1950s.” (Dept. of Ecology, State of Washington, n.d.) 

 

This lack of resources creates a need for the state to find other energy sources like wind, solar, and 

battery storage. For example, in Washington, their State Energy Strategy recently sought to use 

renewable energy sources to reduce carbon emissions by electrifying the transportation and building 

portions of their economy, which greatly increases their need for electricity. According to the State 

Energy Strategy, “the modeling suggests that electricity demand in Washington could grow by 13-20% 
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over 2020 levels by 2030. Electricity demand then accelerates and by 2050 is up to 92% above the 2020 

level.” While Washington expects their energy demand to increase, especially during winter and 

summer months, their laws regarding clean energy require them to eliminate resources such as coal and 

natural gas due to their carbon emissions. Additionally, there are calls to remove dams that currently 

generate carbon-free electricity due to ecological concerns, specifically focused on salmon population 

recovery. While somewhat unreliable due their lack of predictability, these dams have proven critical to 

adding wind, solar, and other sporadic energy resources to Washington’s production of renewable 

energy (Washington Public Utility Districts Association, 2021). 

While Washington’s growth has stayed relatively stagnant since 2000, according to Forbes, their annual 

and peak electricity loads are predicted to increase approximately 5 or 6%. This strain on the energy grid 

is coupled with the looming threat of decommissioning four hydroelectric dams on the lower Snake 

River. Doing so would remove more than 8 billion kWh/year of reliable green energy. These dams could 

only be replaced by more than doubling the number of wind turbines in the state, building two new gas 

plants, or a nuclear one. While Washington is currently an exporter of electricity, these anticipated 

changes make some experts predict Washington to be a net importer by 2050. Since this energy would 

most likely come from Wyoming or Montana, Washington would need to make additional changes to its 

grid via new transmission lines constructed across its mountainous terrains. Every time such changes are 

proposed, the legislator and their constituents continuously refute them due to cost (Conca, 2021). 

On the infrastructure development side of things, Washington has passed Senate Bill 1812 which 

expands its Energy Facility Site Evaluation Council’s permitting abilities to incorporate renewable or 

sustainable projects such as biofuel refineries, renewable hydrogen plants, electric vehicles as well as EV 

parts manufacturing and charging stations. The hope is that streamlining such projects for faster and 

more efficient permit approvals can accelerate the energy transition within the state. Washington’s 

state energy strategy, in the scenario that costs the least and electrifies the most, relies on wind from 
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Wyoming and Montana to provide 36 percent of Washington’s clean electricity by 2050. Today, 

Washington derives just over 5 percent of its total electricity generation from wind power from any 

state. As noted in California, lack of infrastructure and renewable project development is a serious 

obstacle to achieve each state’s goals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.commerce.wa.gov/wp-content/uploads/2020/12/Appendix-A.-WA-SES-EER-DDP-Modeling-Final-Report-12-11-2020.pdf
https://www.commerce.wa.gov/growing-the-economy/energy/fuel-mix-disclosure/
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Financial and Supply Chain Challenges 

To achieve 100% clean electricity, total annual costs for California’s electricity system will increase by 

about 4.6 billion by 2045. Compared to prior iterations of California’s clean energy plans such as 60% 

clean electricity by end of 2030, the 4.6-billion-dollar amount equates to about 6% more total cost than 

the original 2030 goal. Within this financial undertaking, California will need to triple its currently grid 

capacity. This equates to the state building 6 GW of new renewable and storage resources annually. If 

history is any guide, the state has only built an average of 1 GW of utility solar and 300 MW of wind per 

year. The exponential growth needs are a major concern given the state’s past renewable capacity 

addition rates and competition with other regions for line capacity. From an emissions perspective, the 

state has identified transportation, commercial buildings, and industrial operations as the main areas for 

decarbonization in its economy. Currently, these sectors make up about 92% of the state’s carbon 

emissions. 

IEA’s assessments of clean energy technologies and their associated vulnerability, depicted in Figure 2, 

could be a major challenge for California and Washington as the technologies are the critical 

components to expanding both states’ clean energy production and usage. 

 

For example, the absorbent amount of growth in utility scale solar needed to hit the California’s clean 

energy targets is a glaring concern given the major components of resource extraction, material 

production and manufacturing looking into future years. As for solar panels themselves, geopolitics play 

a critical role in the near to midterm. China is a major player in supplying base metals used in solar panel 

Figure 2 
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production, and the World Bank expects that will remain the case through 2025. That could be a 

problem if solar demand continues, and China’s polysilicon manufacturers aren’t willing or able to 

sufficiently increase production. In addition to polysilicon, Figure 3 presents a detailed breakdown of 

minerals needed to produce solar panels from the World Bank under IEA’s two-degree scenario through 

2050 (Hund, La Porta, Fabregas, Laing, Dexhage, 2022, p.40).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 
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Grid Reliability 

California is continuing to look at the role natural gas will play in the future such as heating and cooling 

as well as a fuel source for power plants. California’s current in-state electricity generation is about half 

from natural gas with the rest coming from non-fossil fuel source, which includes nuclear. In fact, the 

California government provided PG&E, a local utility serving almost half the state, with $1.4 billion in 

funds to keep its aging Diablo Canyon nuclear plant open for an additional five years, now closing in 

2030 as opposed to the original 2025 timeline. This specific nuclear plant is responsible for 8.5% of the 

electricity generated in the state. It provides enough power to supply about 900,000 homes in 

California. The state’s financial lifeline suggests it will need the support of nuclear power to further 

decarbonize its generation mix before the full build out of more solar, wind, and battery resources can 

be available to support the generation needs of California.  

Jan Berman, Director of Energy Strategy, and Innovation at PG&E anticipates that decarbonized gas-

fueled generation resources will be required in the long run to ensure peaking capability. The retirement 

of California’s fossil generation fleet will most likely be replaced with a combination of hydrogen, 

renewable natural gas and possible fossil fuels combined with carbon capture and storage. These 

technologies are not clearly defined as needle movers to get California to zero-carbon by 2045, but Jeff 

DeTuri, policy and strategy manager at SDG&E believes they should. Mr. DeTuri has pointed out that 

new grid constructs will require more frequent assessments and re-calibrations, noting that “regulators 

need to include reliability assessments in the modeling around California’s clean electricity goal and 

conduct such modeling more frequently than every four years” (Balaraman, 2022).  

Updated reliability assessments become even more crucial as renewable development and penetration 

increase grid capacity. This requires an increase in reserves needed, peaking capacity optionality and 

more high-voltage transmission interconnections put in place. California is building microgrids to protect 

against mass outages caused by wildfires but have seen continued recent occurrences of having excess 
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solar power being produced hours before the demand for it is realized. A case study analyzing 

September 6th, 2022, shows that by mid-morning CAISO began rejecting hundreds of megawatts of solar 

energy produced, as they were unable to use it given a congested power grid, solar production not 

positioned strategically near existing transmission lines and lack of energy storage to save the power for 

later when consumer demand would inevitably peak. By 5pm that day, temperatures reached over 100 

degrees Fahrenheit in many parts of southern California, straining the grid’s ability to perform. 

Meanwhile, CAISO, in the process, had turned down more than 3,000 MW of solar power. The concept 

of refusing energy generation is called curtailment and California has been practicing this for some time. 

In 2020, CAISO curtailed some 1.5-million-megawatt hours, or 5% of its total solar output, according to 

the EIA; last year the percentage stood closer to 4.2% (Werner, 2022).  

 In its latest annual 10-year outlook, CAISO expects 2,700 MW/year of new power projects would be 

needed to meet growing electric power demand. However, this figure could jump to more than 4,000 

MW/year of new resources needed in the next plan, CAISO said. This reflects an “escalation in the need 

for new transmission,” according to CAISO, brought on by a “rapid acceleration” in the need for new 

generation due to a combination of fossil fuel plant closures and transmission infrastructure gaps 

(Lenton, 2022).  

Grid resiliency is on the forefront of all stakeholders in California ranging from the public utility 

commission to the utilities themselves and most importantly, end consumers. The grid operator has 

determined that the state is currently facing an estimated 1,700 MW capacity shortfall compared to 

meeting industry reliability standards. That figure could be as high as 5,000 MW if California experiences 

simultaneous extreme events, like regional heatwaves and large wildfires. And these challenges are 

occurring against the backdrop of several planned retirements, including the 2.2 GW Diablo Canyon 

nuclear plant and a suite of gas-fired plants in the coming years. With this capacity gap, California has 

proposed a 5,000 MW strategic electricity reliability reserve which Governor Gavin Newsom allocated 

https://www.utilitydive.com/news/analysts-differ-on-feasibility-need-to-extend-diablo-canyon-california-nuclear-plant/623214/
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5.2 billion of the state’s budget towards ensuring electric reliability at times when the grid is especially 

stressed. Although the reserve “could include existing generation capacity that was scheduled to retire, 

as well as new storage projects and diesel and natural gas back-up generation,” (Balaraman, 2022).  

The major problem with this reserve in relation to the state’s long term energy goals is that it could be 

primarily natural gas fired generation. If it is in fact majority driven by natural gas generation or other 

fossil fuel sources, there is a serious risk of billions of dollars in stranded assets as California works to 

eliminate fossil-based sources from its generation. According to regulators, this reserve will not lead to 

an erosion of California’s longer-term clean energy goals. For the most part, the agencies are looking at 

gas units that are operating today to keep the electric system reliable, Karen Douglas, senior energy 

advisor at the governor’s office, said. However, extreme weather events like wildfires and elongated 

heat waves are happening more frequently in California than in years past, which means this reserve 

may be called on more often than regulators anticipate which creates a significant obstacle toward its 

2045 zero-carbon goal (Balaraman, 2022). 

NERC’s Summer 2022 reliability assessment published in May 2022 determined that California 

would not be able to meet their reserve margin during peak demand times as depicted in Figure 4. That 

means the state would have to utilize energy imports in order to serve its load on the grid. A major 

problem with this strategy is that the electricity imported may not be coming from clean energy sources, 

which would result in California’s electricity generation having an associated carbon footprint with each 

Kw deployed. The lack of existing resources in California’s current generation portfolio as well as its 

current transmission infrastructure and capacity planning poses a material long term threat to its clean 

energy targets. As wildfire and heatwaves become more prevent throughout the state in future years, 

peak load will continue to increase and force the state to either import more energy from several 

different sources or even worse, suffer rolling blackouts throughout California because grid supply could 

not meet peak demand (North American Reliability Corporation, 2022, p.10).  
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It is worth noting that on April 30th, 2022, for about an hour, solar, wind, and other renewables 

provided enough electricity to meet the needs within California’s Independent System Operator, which 

supplies about 80% of the state. Figure 5 helps to illustrate this by presenting power demand and supply 

curves along with associated energy source inputs. In short, more power was being generated at the 

time than was needed, so some was sent to other states. However, during this hour, natural gas power 

plants were generating about 10% of the electricity on the California ISO's grid, including the power 

being exported out of state. That's because those power plants are still vital to keeping the lights on 

later in the day.  Typically to substitute for solar, the state uses hydropower, imports from other states 

and natural gas power plants. Most large natural gas plants aren't designed to turn on at a moment’s 

notice. It is common for plants to take 4 to 8 hours to switch on, so to use them at the end of the day 

when solar is no longer creating power, they must already be running during the day. So even when 

there is excess solar electricity generation on the grid during the height of the day, natural gas is still 

contributing to some part of the grid. Even more concerning, it is often when there’s too much power 

being produced onto the grid, solar farms are the first source instructed to turn off because its far less 

cumbersome for solar relative to natural gas to power off. To solve this problem, the state is working to 

store extra renewable energy generated during the day so it's available later in the evening. Large 

Figure 4 
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battery projects are popping up around the state and in the past two and half years alone, energy 

storage has grown 20-fold in California. However, material availability and overall supply chain 

disruptions continue to plague projects of this type given the current marketplace (Sommer, 2022).  

 

 

Figure 5 
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Similarly, in Washington state and the broader Pacific Northwest, grid reliability and capacity constraints 

are some of the biggest challenges for renewable project development and delivering on net-zero 

targets. The Northwestern US transmission lines are largely owned and operated by the Bonneville 

Power Administration (BPA), a federal agency within the Department of Energy. Figure 6 is a GIS map 

exhibiting the vast territory BPA covers in the region: 

Like California, there have been assessments done regarding the capacity of the existing transmission 

lines and what accommodations BPA could make to allow new power onto the system without 

overloading it. In 2022, the BPA conducted the most thorough analysis of requests for transmission than 

ever before. The 144 capacity additions analyzed in their study combined generated over 11 Gigawatts 

(GW) of power, solar and wind mostly, which is four more gigawatts than the largest dam in the United 

States (Grand Coulee) generates. Despite their generative capacities, granting “long-term firm 

transmission rights” to these requests would require the BPA to make upgrades to its grid costing 

billions of dollars. Currently, the BPA could only grant “long-term firm transmission rights” to eleven of 

these requests, which would generate roughly 1 GW of power.  

While long-term firm transmission is ideal, the BPA’s newest product, “conditional firm service,” offers 

resource transmission rights but with an increased possibility of curtailment. The BPA extended this 

offer to 96 of the requests they received, but many solar and wind farms utilizing this service are barred 

Figure 6 
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by certain utilities from submitting in their requests for proposal. This could cause solar and wind 

projects to lose out on production tax credits if they must curtail for transmission constraints. Many 

utility commissions require long-term firm transmission rights because of the lack of long-term firm 

service available on the grid (Moore, 2022).  

 

 

 

 

 

 

 

 

 

 

 

Figure 7 
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Clean Methods of Transportation 

Clean power is crucial to California’s economy becoming carbon neutral by 2045. The increased 

adoption of electric vehicles (EVs) coupled with recently passed legislation (Executive Order N-79-20) to 

ban new sales of light-duty internal combustion engine (ICE) vehicles by 2035 show California’s 

aggressiveness toward achieving such goals. Figure 7 provides insight into historical growth of EV 

adoption in California. For example, EVs represented just over 16% of California's overall car sales in the 

first half of 2022, which is well above the national average in the 5%-6% range over that same period. A 

jump from 16% to 100% for light-duty electric vehicle market share is an ambitious goal, but certainly 

can help in accomplishing the state’s other clean energy milestone targets (Craft, 2022).   

The plan would be a huge challenge for an industry already facing production shortfalls, stressed supply 

chains and unforeseen cost challenges for electric vehicles. In fact, due to increased material prices, 

supply chain constraints and labor challenges, according to Edmunds, the average transaction prices of 

an EV in July 2022 were $62,893 which is 14.8% higher than a year earlier where the average sale price 

stood at $54,797. Even more eye-opening, the average transaction price for all types of vehicles in July 

2022 was $47,198, well below the cost of an EV even with the $7,500 dollar tax rebate. Electric vehicles 

have a higher price sensitivity than ICE vehicles, which carries more difficulty in realizing EV adoption 

among more price sensitive buyers. To put this in perspective, the 2021 median household income for 

Figure 8 
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California was $81,575 and $84,648 for Washington compared to the US average median household 

income of $70,784. Well over half of a US household’s annual pre-tax earnings would need to be spent 

in order to purchase an electric vehicle at current market prices (Semega, Kollar, 2021, p.40).  

Petroleum usage and refining have been identified as other areas of opportunity for the state to 

decarbonize.  The state anticipates a 91% reduction in petroleum use by 2045 from 2022 levels. In 

addition to usage, officials are looking to phase-down oil and gas production by 2045 to match the 

reduction of petroleum usage by consumers in California. All this to be said, California’s Air Resources 

Board estimates consumer usage dropping by 91% coupled with an 83% drop in petroleum refining from 

2020 levels would reduce roughly 85% of greenhouse gas emissions from the oil and gas sector. This 

equates to about 80 million tons of carbon dioxide removed from the atmosphere. Under this 

assumption, carbon capture technologies will be installed at most oil refineries by 2030 and all cement, 

clay, glass and stone facilities by 2045. However, the net capture rate on these facilities is much lower 

because the fuels needed to run operations for all these types of industrial facilities and equipment 

merely offset the emissions its captures. To provide an example of the setback in carbon capture 

technologies, look no further than the Petra Nova coal-fired power plant in Texas. In 2016, CCUS 

equipment was to capture emissions from one of the smokestacks. The results demonstrated that 92% 

of carbon dioxide was eliminated, amounting to about 33% of total emissions from that one smokestack. 

However, the natural gas used to run the CCUS technology negated these effects as the process 

ironically emitted carbon from natural gas while capturing it from the coal smokestack.  

There is increasing concern from grid operators and utilities on the need for better visibility to 

understand and manage the increased load electric vehicle charging will have on the grid as electric 

vehicle market share continues to grow in the state. There are a few main problems when dealing with 

increased EV load and an outright ban on ICE vehicle sales. “Currently, most grid planning has little 

empirical basis for estimating variability in new demands for power—such as from electric vehicles 
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connected to the grid—because there is practically no operational experience and little relevant 

experimental research that can characterize how these new loads may behave” (Victor, Fedor, Buechler, 

2022).  

“The second is distribution in which utilities are going to have to install smart 
transformers in a lot of neighborhoods. If 60 percent of the cars in a neighborhood are 
electric and they all come home at 7 o’clock and hook up, the transformers can’t handle 
the surge in demand. You need a smart transformer that will be able to synchronize 
supply and demand and charge three of the cars between 7 and 10 p.m., then three more 
between 10 and 1 a.m., three more between 1 and 4 a.m., and the last batch between 4 
and 7 a.m.” (Powell, 2022). 

 

This type of grid control would require smart meters and app communication with customers to 

effectively manage load the way utilities would like. This would be an enormous undertaking for many 

utilities throughout California, from a technology, cost and operational standpoint. This type of flexibility 

for utilities may be extremely beneficial to managing load, but this also presents a new challenge in the 

customer reliability space. In other words, the utilities and grid operators must allow customers to select 

the time in which they wanted their car charged by.   

“Lastly, The technology that we really need to accelerate is less expensive and more 
effective battery technology. If a vehicle can get the same amount of power from a 
smaller battery as a larger one, it will save weight and space while improving the range of 
the vehicle. Battery manufacturing also emits a lot of carbon, so we should work to reduce 
those emissions. Third, batteries use a lot of nickel, cobalt, and lithium, minerals that are 
very dirty to mine — particularly the first two — and extremely dirty to process. There’s 
going to be pressure to develop batteries that use less nickel — or no nickel — or that 
don’t use cobalt. Maybe there’ll be pressure to recycle lithium instead of opening new 
mines. Improving battery technology should be a major focus for both the public and 
private sectors” (Powell, 2022).  

 

The impacts of mining and manufacturing precious metals for battery technology is an area that needs 

greener solutions and alternatives. The scarcity of certain metals also pose a challenge as prices and 

availability become an increasing concern given the amount of EV demand from all different customer 

segments. Prices have climbed, but demand for EVs and factoring widespread adoption in states’ clean 
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energy targets could be problematic if lingering supply chain issues exist. Companies like Tesla and 

Volkswagen have noted these problems earlier this year: 

“In May 2022, Tesla and Volkswagen warned that supply chain disruptions and higher raw 
material prices threatened the rollout of EVs, with demand threatening to exceed 
production capacity Companies are starting to scale back their EV production targets, 
while higher prices could also delay the achievement of cost parity with conventional 
internal combustion engine vehicles. Volkswagen sold out of EVs in the United States and 
Europe in the first three months of 2022 due to shortages of semiconductors and wiring 
harnesses made in Ukraine” (IEA, 2022, p.14).  

 

Washington is highly focused on its ability to create a cleaner transportation sector in its state.  The 

sector contributes the highest share (44.9%) of greenhouse gas emissions within the state. Senate Bill 

5974 was passed to fund investment in reducing carbon emissions through such diverse activities as 

transit support (including free transit for youth 18 and under), bike and pedestrian projects, 

electrification of ferries, high-speed rail projects, and more. However, the biggest room for opportunity 

is through EV penetration. The cost of EVs rising is front of mind for lawmakers. Jay Inslee, governor of 

Washington proposed a $100 million a year (on an ongoing basis) for a customer rebate that would 

reduce upfront buying costs and make EV prices comparable to those of internal combustion engine 

vehicles to persuade more consumers to purchase electric vehicles (EV) instead of gas-powered vehicles. 

Additionally, Inslee announced an executive order to fully electrify the fleet of vehicles owned by state 

agencies. The order requires agencies to transition to a 100% zero-emission light duty fleet by 2035, and 

transition to 100% zero-emission medium and heavy-duty state fleets by 2040. The governor’s budget 

provides funding for the state to develop implementation plans to transition state fleets to zero-

emission vehicles, build out electric vehicle charging infrastructure, maintain chargers, and manage the 

program. 

 

 

 

https://crosscut.com/news/2022/04/transit-users-18-and-younger-ride-free-under-new-wa-program
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Ecological Considerations 

Water Year 2021 in California was calculated to be the second driest on record. California experienced 

its warmest ever statewide monthly average temperatures in October, June, and July according to the 

National Oceanic and Atmospheric Administration’s National Center. Around 74% of natural disasters 

between 2001 and 2018 were water-related, including droughts and floods (Becker, 2022). 

The frequency and intensity of such events are only expected to increase with climate change. Governor 

Newsom warned that new strategies are essential because California’s water supply will shrink by 10% 

as climate change brings warmer, drier conditions throughout the state. California’s agricultural 

economy developed under expectations of reasonably static hydrology. It also does not include 

measures to substantially address water use by agriculture, which uses about four times more water in 

California than people in urban areas use (Becker, 2022).  

  

In addition, temperature extremes have become more frequent occurrences within the state over the 

past decade. This further amplifies the need for reliable electricity. However, it also identifies the 

Figure 9 

https://www.ppic.org/publication/water-use-in-california/
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problem that emerging technologies need to become more commercialized, cost-effective and prove 

their decarbonization value to be widely adopted into the state’s generation portfolio.  

 

 

“Final temperature rankings for Water Year 2021 are not yet available, but the ranking for the latest 

available 12-month period (Figure 10) illustrates recent overall warmth. California experienced its 

warmest ever statewide monthly average temperatures in October, June, and July according to the 

National Oceanic and Atmospheric Administration’s National Centers for Environmental Information” 

(California Dept. of Water Resources, 2021, p. 3).  

 

Figure 10 

Figure 11 
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Although the Inflation Reduction Act has made green hydrogen more cost competitive on a $/Mwh basis 

compared to carbon capture and battery technologies, an enormous amount of capital investment is 

needed in infrastructure to support widespread hydrogen production and transportation. Unfortunately, 

in the near to medium terms, this reliability issue may need to be solved by more natural gas generation 

which would be detrimental to any intermediate and long term decarbonization targets set by the state. 

Aside from capital investment, “Green” hydrogen requires 9 kg of water per every 1 kg of hydrogen 

produced. California is already a home for water-heavy industries, including factory farms, industrial 

agriculture and fossil fuel extraction, yet the state’s water supply is dwindling. Recent studies place the 

Western drought of the last two decades as the worst in 1,200 years (Beswick, Oliveria, Yan, 2022).   

The rapid move to renewables and reorganization of state generation sources created a serious problem 

in terms of reliability planning. Figure 12 shows that California has been severely exposed to wildfires 

over the past decade and its acreage burned for 2020 eclipsed the total number for the previous three 

years combined. This phenomenon has been causing numerous problems for regulators and utilities 

alike to provide reliable and affordable electricity to its end users. In addition to reliability issues caused 

by wildfires, solar generation in the state has also suffered. Per the EIA, California’s solar power plants 

produced about 13.4% less electricity in the first two weeks of September 2020 than during the same 

period one year earlier due to wildfire smoke and haze blocking the sun’s rays (Cottle, 2022).  

 

 

Figure 12 

https://pubs.acs.org/doi/10.1021/acsenergylett.1c01375#:~:text=Green%20hydrogen%20production%20will%20consume,energy%20production%20and%20power%20generation
https://pubs.acs.org/doi/10.1021/acsenergylett.1c01375#:~:text=Green%20hydrogen%20production%20will%20consume,energy%20production%20and%20power%20generation
https://www.foodandwaterwatch.org/wp-content/uploads/2021/10/CA-Water-White-Paper.pdf
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Discussion: 

Solutions and Opportunities  

California and Washington have similar problems that need to be addressed to keep their net-zero 

targets a plausible reality. There have been several different topics identified as potential roadblocks, 

but there are solutions to mitigate the impact of things like transmission gaps, project development 

delays and replacement generation for fossil fuel plant closures. Several strategic opportunities exist for 

the West Coast region that can help fortify progress towards their ambitious climate goals, including: 

• Development of a regional resource interconnection, 

• Amplify local supply chain sourcing through resurgence of regional manufacturing 

• Innovative programs that leverage consumer energy resources and appetite to contribute to 

climate solutions, and 

• Commission commitment to provide preferential returns and safeguards for utilities that invest 

in low-carbon solutions. 

Electric system reliability is arguably the most important topic for California and Washington to address 

through their energy transitions. There is opportunity for California, Washington, and other states in the 

region to develop a regional transmission group like the PJM interconnection that incorporates several 

states throughout the Mid-Atlantic and Midwestern US.  Setting up this type of organization on the West 

Coast can help balance electrical supply and demand across the region as well as identify transmission 

infrastructure gaps, which can help expediate projects to be built and the necessary funding to be 

allocated to alleviate stranded power, curtailments, and power outages. California is likely to experience 

more wildfires and longer sustained heatwaves throughout major population areas across the state 

while Washington may be prone to more wildfire activity in future years due to drought and rainfall 

scarcity. This not only impacts Washington from a wildfire perspective, but the state heavily relies on 

hydropower as a clean energy source. If rainfall patterns continue to get worse, the state will 
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increasingly struggle with hydropower operations. A regional transmission organization can help 

alleviate the stresses of these natural disasters and allow California and Washington to import energy 

from neighboring Western states that produce abundant clean energy sources that otherwise go to 

waste. 

In the more near term, Washington and California can explore shared reserve power pools that are 

currently practiced by other Western states, most notably Colorado. Formally known as the Western 

Energy Imbalances Service (WEIS) market, operated by the Southwest Power Pool (SPP), this service 

provides a real-time market of energy generated from several power producers with the associated 

energy produced to be dispatched at the least viable cost to help meet customer demand throughout 

the region. By sharing energy resources, utilities who participate in this market can call upon generation 

in times of emergency and ensure grid reliability for its customers. California and Washington’s needs 

for grid reliability are only becoming more dire so a solution like WEIS can help alleviate customer power 

outages and help grid operators have more options during emergency situations. 

Project development delays and rising EV costs have been primarily due to supply chain constraints as 

the world continues to recover from COVID-19’s financial and operational setbacks. It is difficult to say 

when supply chains will resume at full normalcy, but there have been efforts at the federal level to bring 

domestic manufacturing back to the US, specifically focused on renewable energy materials, such as 

battery, wind turbine and PV panel production. This initiative is still a work in progress as creating a 

domestic supply chain of this magnitude certainly takes some time, but California and Washington 

should work to get involved from a state level to accelerate domestic manufacturing for solar, wind, and 

battery material development. This would create a more stable project timeline for each state and in the 

long run, help to scale renewable energy and electric vehicle penetration at a faster rate than if they 

were still fully reliant on overseas production. Each state could incentivize manufacturers to set up shop 
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in California and Washington through attractive tax incentives, like the clean-energy tax credits passed 

under the Inflation Reduction Act passed in August 2022: 

• $260 billion in clean-energy tax credits will encourage new sources of renewable energy – such 
as solar, wind and hydropower. The bill creates new and extended credits to produce renewable 
energy and for manufacturing a specific part essential to a renewable project, such as wind 
turbines or solar panels. 

 
Prior to the Inflation Reduction Act, stabilizing US supply chains had already been an important topic for 

the administration. In 2021, Biden issued Executive Order 14017 which was a more broadly focused 

approach to refresh domestic manufacturing for the country’s most critical supply chains. The DOE 

published “America’s Strategy to Secure the Supply Chain for a Robust Clean Energy Transition” in 

February 2022 which outlined a more detailed plan to build an energy sector industrial base primarily 

for producing the needed components and materials to develop solar and wind farms, electric vehicle, 

charging stations, transmission lines and other imperative materials needed to realize a successful 

energy transition. This type of initiative would also bring several different job skillsets to each state and 

promote economic growth for many different communities.  

California and Washington should create in-state clean energy supply chains to better manage the 

overall carbon footprint of clean energy material production. Aside from the jobs and economic growth 

mentioned earlier, locally sourced supply can provide each state with much better optics into how the 

materials are being produced and evaluate ways to mitigate the overall carbon footprint throughout all 

phases of value chain including extraction, production, manufacturing, and distribution. By managing 

the overall clean energy supply chain, California and Washington can also realize enormous benefits in 

their quests to become net-zero. If they can successfully manage the emission intensity within their 

respective local clean energy material production operations, it would result in a direct impact of each 

states’ emission reduction targets. 

Emerging technology adoption coupled with funding for more research and development in this area are 

imperative for California and Washington as they embark on their net-zero journeys. Long duration 
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energy storage is a promising technology and California has begun incorporating this technology into its 

budget allocation process. In fact, in May 2021, the California Public Utilities Commission (CPUC) “called 

for a 1,000MW long-duration energy storage procurement for 2026, defined as technologies offering 

between eight and 100 hours of duration” (Colthorpe, 2022).  

However, the scale at which long duration energy storage is needed does not equate to the monies 

dedicated and RFP inquires set up by the state thus far. Strategen Consulting published a study in 2020 

along with California Energy Storage Alliance (CESA) and determined that California needs to install 

between 2 to 11 GW of long-duration energy storage by 2030 to stay on track for its net-zero ambitions. 

Moreover, that number must grow to 45 to 55 GW by the 2045 timeframe (Colthorpe, 2022).  

The need for long-duration energy storage stems from curtailment. Figure 13 demonstrates the 

frequency of curtailed renewable energy as well as the length of time associated with each curtailment 

event. For example, beginning in 2014, the average duration of continuous renewable energy 

curtailment in California has increased from 2.5 hours to 9.5 hours. Many of these curtailment instances 

span multiple days, with the most eye-opening event having a duration of 71 hours (Burger, 2022.) 

It’s estimated that “if long-duration storage capacity had been available to charge with the curtailed 

energy and discharge that energy during peak demand periods, California could have saved more than 

US$129 million since 2014 and avoided roughly 1.1 million metric tons of carbon dioxide emissions 

Burger, 2022).  

Figure 13 

https://www.energy-storage.news/californias-11-5gw-plan-to-solve-blackout-concerns-includes-long-duration-storage-and-fossil-fuels/
https://www.energy-storage.news/californias-11-5gw-plan-to-solve-blackout-concerns-includes-long-duration-storage-and-fossil-fuels/
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Another proponent for long-duration energy storage is the ability to eliminate intermittency from 

renewable energy sources. During times where the wind is blowing and the sun is shining, there is ample 

clean energy supply to fill the grid and that’s where curtailment comes into play. However, during 

renewable energy lulls, long-duration energy storage can capture that previously curtailed, excess 

energy supply and dispatch it at a time where renewables are not producing as much. This helps to 

maintain grid reliability using clean energy sources and provides an excellent alternative to fossil fuel 

fired plants, as those plants are the ones typically on call when renewables fail to supply the necessary 

amount of energy needed to meet demand.   

Analysis done by Form Energy using over three decades of solar and wind analysis from the CPUC 

“identified 138 instances of multi-day renewable energy lulls (where a lull is defined as any period in 

which combined wind and solar output is more than 25% below average) (Burger, 2022)”.  

If the CPUC were to adopt today’s commercial battery technology, battery specifications show they can 

economically store up to roughly eight or twelve hours of energy which is not enough given elongated 

times of cloudiness, no wind and other period of low renewable generation. The batteries won’t be able 

to recharge day to day if this scenario were to play out.  That is why battery technologies with the ability 

to supply energy over multiple days are necessary for promoting cost-competitive, reliable, renewable 

power. In the absence of more long-term battery technologies, more renewable energy projects will 

continue to be developed and curtailments will only grow more while operators will also need to keep 

fossil-fueled resources online, creating more expensive electricity costs for ratepayers (Burger, 2022).  

As electric vehicles continue to gain market share, there is opportunity for California and Washington to 

utilize the batteries for short term energy needs. The concept of vehicle to grid (V2G) is an important 

one that is gaining traction among states where EV penetration is strong. Residential EVs are slightly 

more difficult to manage using the vehicle to grid methodology, but commercial and industrial EVs 

provide excellent energy storage opportunities here and now. Vehicle to grid would allow utilities to 



35 
 

utilize the energy stored in the EV batteries to be dispatched onto the grid to meet peak load demand 

and then recharge the drained batteries at off peak hours. The concept is a win-win for both the owner 

of the EV and the utility as the owner can charge at cheaper rates and the utility can source stored 

energy for times when they need it the most. With California being a pioneer in EV adoption and 

Washington’s strong ambitions to clean up their transportation sector, this is a solution that can be 

extremely effective if executed properly.  

Lastly, there is opportunity for utilities in California and Washington to better align with their local 

commissions on fighting climate change, managing energy demand and supply as well as create stronger 

connections with customers. An alliance between the local commissions of each state and the utilities 

may be a simple idea, but the results can be meaningful. Utilities have large swaths of customer 

consumption and usage data that can serve as a catalyst for different demand management programs or 

clean energy offerings for all different customer segments ranging from residential to industrial and 

commercial customers. Utilities can promote and market different clean energy and energy 

conservation programs that can facilitate and potentially expedite the clean energy goals outlined by 

each state. In return, commissions can allow utilities higher increases in return as well and give them 

better assurance around capital with recovery. Recovery of capital costs have become more important 

in recent years, especially in California as wildfires and other natural disasters are creating exorbitant 

capital expenditures for utilities to manage reliability throughout their respective jurisdictions. A more 

streamlined and transparent approach between utilities requesting the ability to recover costs and local 

commissions deciding whether to grant these types of requests can be beneficial for all parties involved.  

We are still decades away from seeing if California and Washington’s net-zero ambitions will become a 

reality. However, as noted throughout this paper, there are present-day challenges that need to be 

addressed to stay on track. One of the biggest problems with creating a decades-long goal is that there 

are so many variables that can change either accelerate or complicate the ultimate goal down the road. 
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Undoubtedly there will be more challenges that lie ahead, but the current challenges outlined are real 

and substantial potential disruptions.  It is up to legislators, utilities and even consumers to help mitigate 

and work through these areas of concern so both states can better align themselves with the trajectory 

they have communicated and codified in law.  
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