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1. Executive Summary 
Utility-scale renewable adoption and the associated intermittency of those generation assets 

have increased dependence on reserves to meet NERC/FERC reliability standards. This paper aims 

to evaluate the net impact of replacing existing and planned spinning reserves with firm, non-

intermittent distributed energy resources (“DERs”) in the form of internal combustion engines 

and lithium-ion battery energy storage systems (“BESS”). 

This paper focuses on evaluating the quantity of key emissions and pollutants from relying upon 

firm capacity DERs versus the current status quo. Specifically, we will compare these DERs against 

the current non-baseload assets of California’s largest system operator: CAISO. 

Our choice to focus on CAISO revolves around CAISO’s reliance on intermittent solar assets as a 

large portion of their baseload generation. Additionally, California is currently the only U.S. state 

that does not allow reciprocating areas to operate within its capacity market. 

Gross emissions statistics for CO2 and NOx show that the DERs discussed in this paper have a 

higher emissions per MWhe of energy produced than the current non-baseload resources used 

by CAISO. However, our analysis brings in three additional factors that are not included in the 

gross emissions figures: reductions in transmission and distribution losses, elimination of 

ramping time, and a decrease in the spinning reserve capacity. After taking these factors into 

consideration under reasonable assumptions, we estimate that net CO2 and NOx emissions of 

these DERs are in fact lower than that of the current non-baseload capacity assets serving the 

CAISO market during peak load periods. 

This paper also recommends policy actions related to these considerations, including: 

● The ability for balancing authority to rely upon DERs within the contingency reserve while 

potentially transitioning requirements from spinning to non-spinning. 

● Funding research to evaluate the ability of DERs to improve grid reliability while 

simultaneously decreasing grid emissions.  

● Implementing tax credit support for firm capacity DERs. 
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● Revamping California’s current approach to DER participation in certain markets, 

including an analysis of firm capacity DERs vs. emergency only generation in Public Safety 

Power Shutoffs (“PSPS”). 

2. Impact of Renewable Adoption on Energy Reliability 
2.1 The Emergence of Renewables 

In 2016, natural gas displaced coal as the primary source of electricity generation in the United 

States.1 An abundance of natural gas, newly accessible through advancements in fracking 

technology, along with the growing electrical efficiencies of single cycle gas turbines (“SCGTs”) 

and  combined cycle gas turbines (“CCGTs”), decreased the levelized cost of energy (“LCOE”) for 

natural gas generation from $83/MWhe in 2009 to $60/MWhe in 2017.2 During this same period, 

the average monthly spot price for natural gas at the Henry Hub fell 24%.3 Decreasing LCOE 

propelled new installations of natural gas generators. Currently, forms of natural gas generation 

represent the largest portion of our electricity supply. But much like its predecessors, natural gas 

now faces the threat of displacement from renewable energy sources. 

Renewable energy, specifically wind and solar, has experienced significant growth in the past 

two decades. Electricity consumption from solar and wind production increased from 95,864 

million kWhs in 2010 to 428,401 million kWhs in 2020, a 347% increase. Comparatively, 

electricity produced by coal fired resources decreased by 58% while energy consumption from 

natural gas resources increased by 64% during the same period. As a share of total electricity 

generation from all sources, wind and solar increased from approximately 2.3% of total US 

energy  consumption in 2010 to 10.7% in 2020, Figure 2a depicts the net electricity generation 

for these four technologies, and highlights the recent increase in wind and solar.4  

 
1 U.S. Energy Information Administration. Monthly Energy Review, May 2021. 
https://www.eia.gov/totalenergy/data/monthly/pdf/mer.pdf 
2 Lazard’s Levelized Cost of Energy Analysis — Version 14.0 
https://www.lazard.com/media/451419/lazards-levelized-cost-of-energy-version-140.pdf 
3 Thomson Reuters, via U.S. Energy Information Administration. Monthly Henry Hub Natural Gas Spot Price. 
https://www.eia.gov/dnav/ng/hist/rngwhhdm.htm 
4 U.S. Energy Information Administration. Total Energy. Electricity Net Generation: Total (All Sectors), April 2021. 
https://www.eia.gov/totalenergy/data/monthly/pdf/sec7_5.pdf 
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Figure 2a: Electricity Net Generation  

 
Source: U.S. Energy Information Administration (“EIA”) 

 

In 2019, renewable energy consumption surpassed coal for the first time.5 However, as shown 

above in Figure 2a, natural gas currently represents a much larger portion of our electricity 

generation mix than renewables. In fact, even when factoring in all renewable energy sources 

(wind, solar, conventional hydroelectric power, biomass, and geothermal), natural gas fired 

 
5 U.S. Energy Information Administration. Press Release May 28, 2020. 
https://www.eia.gov/todayinenergy/detail.php?id=43895 
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generation still supplied more than double the electrical energy produced by renewables in 

2020.6  

Despite the current dominance of natural gas, a multitude of tailwinds exist for renewable energy 

in the United States. These include: decreasing LCOEs for wind and solar developments, 

advancements in battery storage technologies, national and state emissions targets, and strong 

government support in the form of tax credits and other subsidies. The effect of these tailwinds 

can be observed in the market by evaluating the technology types for planned future 

construction of generation sources.  

Planned construction for new generation capacity indicates that the share of electricity 

generated from renewable resources will continue to grow over the short to medium term time 

horizon. Figure 2b contains the technological classification of all planned electricity generation 

units greater than 1 MW in the United States, as of February 2021. The gray bolded rows 

indicate renewable energy technologies that experience intermittency of generation, as we will 

discuss in the next section of this paper. In total, these intermittent renewable energy 

technologies represent 67% of planned generating nameplate capacity.7 

  

 
6 U.S. Energy Information Administration. Total Energy. Electricity Net Generation: Total (All Sectors), April 2021. 
https://www.eia.gov/totalenergy/data/monthly/pdf/sec7_5.pdf 
7 U.S. Energy Information Administration. Preliminary Monthly Electric Generator Inventory. Based on Form EIA-
860M as a supplement to Form EIA-860. https://www.eia.gov/electricity/data/eia860m/ 
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Figure 2b: Planned Nameplate Capacity Outlook 

Technology Type  Nameplate 
Capacity (MW) 

Percent of Planned 
Nameplate Capacity 

Solar Photovoltaic 42,395 34.15% 
Natural Gas Fired Combined Cycle 30,470 24.54% 
Onshore Wind Turbine 27,046 21.79% 
Batteries 11,786 9.49% 
Natural Gas Fired Combustion Turbine 5,631 4.54% 
Nuclear 2,800 2.26% 
Offshore Wind Turbine 2,040 1.64% 
Natural Gas Steam Turbine 464 0.37% 
Conventional Hydroelectric 390 0.31% 
Natural Gas with Compressed Air Storage 317 0.26% 
Natural Gas Internal Combustion Engine 203 0.16% 
Solar Thermal without Energy Storage 200 0.16% 
All Other 99 0.08% 
Geothermal 87 0.07% 
Other Waste Biomass 69 0.06% 
Wood/Wood Waste Biomass 62 0.05% 
Other Natural Gas 46 0.04% 
Petroleum Liquids 30 0.02% 
Landfill Gas 10 0.01% 
Grand Total 124,144 100% 

Source: U.S. Energy Information Administration. Preliminary Monthly Electric Generator Inventory. Based on Form 

EIA-860M as a supplement to Form EIA-860.  

 

2.2 Renewable Energy Intermittency: A Critical Problem 

With the ongoing large-scale adoption of renewable energy comes new challenges. Perhaps the 

most obvious of these challenges lies in the intermittency of many renewable energy 

technologies. Wind and solar generation assets are subject to unpredictable and uncontrollable 

factors such as extreme weather events, changing seasons, and daily wind or solar irradiance  

fluctuations. It is impossible for humans to reliably control for these factors, and this issue 

manifests itself on a daily basis for areas of the country that are heavily reliant on renewable 

energy. Further, the inability to provide substantial generation resources to an area of the grid 
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results in instability, brown outs, and black outs for which the economic and societal toll is 

extremely large. 

To visualize the effect of this intermittency, reference Figure 2c. This figure depicts the source of 

electricity generation over the course of one spring day for the California Independent System 

Operator (“CAISO”).8  

Figure 2c: CAISO Electricity Supply for April 18th, 2021 

 

Source: CAISO Daily Supply Data Extract 

 

California, in particular, has a large amount of renewable generation capacity. Renewable 

generation is almost entirely driven by solar generation during the day-light period within 

California. During spring and fall days, those solar generation assets, paired with wind assets and 

other renewables, are able to provide the majority of electricity demanded by the end users. 

 
8 CAISO. Daily Supply Data Extract. http://www.caiso.com/todaysoutlook/pages/supply.aspx 
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CAISO is reliant upon being able to export electricity produced by solar to bordering ISOs on most 

days or else it must call for solar production curtailment. However, in the sun-rise and sun-set 

periods, also known as the “solar shoulder”, renewable production is extremely sparse and 

imports from neighboring markets are required to meet demand (see 17:00 - 20:00 in Figure 2c). 

CAISO is forced to switch their primary generation source to natural gas.9 This chart is often 

referred to as the “duck curve”. In both cases, the intermittentness of renewable generation 

creates a growing friction between balancing supply and demand within CAISO. 

System operators such as CAISO are therefore reliant on non-renewable generation assets that 

are able to quickly increase their energy output in order to meet the increased afternoon demand 

for electricity. Additionally, for many of these assets there is a required minimum start-up time 

before the assets are fully on-line and ready to ramp with load. These generators are mostly 

powered by natural gas or other fossil fuels. CAISO in particular relies heavily on imports for 

resource adequacy during these constrained periods, leaving the region vulnerable to supply 

constraints within the ISO itself during the grid’s most strained summer and winter periods. In 

2017, CAISO had over 8GW of import capacity bid into their territory when faced with their peak 

net-load hour.10 As solar integration continues to become more prominent in other areas of the 

US, the duck curve will “deepen”, causing an increased reliance on peaking resources for daily 

stability. Eventually, each territory will face the same constraints and imports from other 

territories will not be able to meet the required demand, as seen recently in Texas. 

The intermittency of renewable assets is also applicable to longer time periods. For example, 

extreme weather events have the potential to reduce solar irradiation for days or weeks at a 

time. There is a high risk of outages if the affected grid is not able to switch supply to non 

intermittent assets. The recent outages in Texas’ ERCOT regions, although not exclusively caused 

by the intermittency of renewables, was the result of a record breaking winter storm. 70% of 

customers lost power and some estimate that up to 700 deaths resulted from the outages.11  

 
9 CAISO. Daily Supply Data Extract. http://www.caiso.com/todaysoutlook/pages/supply.aspx 
10 CAISO. Import Resource Adequacy Report, September 2018.  
11 San Antonio Current, Sanford Nowlin, May 2021 
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The United States has set a goal of achieving 100% renewable energy in the power sector by 

2035. Succeeding in this goal will require a solution to these intermittency problems.  

2.3 Review of Existing Reliability Structure 

Electricity generation and consumption must be balanced in order to ensure reliability. The 

Federal Energy Regulatory Commission (“FERC”) is a federal agency tasked with regulating and 

overseeing the energy sector in the United States. FERC’s mandate includes the oversight of the 

North American Electric Reliability Corporation (“NERC”). NERC’s purpose is to ensure reliability 

of the North American power system. In order to accomplish this task, NERC develops and 

enforces reliability standards that the grid must adhere to. These standards are then approved 

by FERC and executed by various balancing authorities.12 

Balancing authorities ensure that the demand and supply of electrical power are properly 

balanced. Local electricity grids are commonly aggregated to form larger power networks for 

reliability and commercial purposes. In our previous example described in Figure 2c, the 

balancing authority (CAISO) ordered an increase in natural gas generation, along with increased 

imports, to respond to an afternoon increase in energy demand.  

One of the aforementioned reliability standards set by NERC is called the contingency reserve. 

Under the BAL-002-3 Disturbance Control Performance Standard (which was last updated on 

04/01/2020 at the time of this writing) and other NERC/FERC standards, balancing authorities 

must ensure that the electrical grid maintains enough excess capacity to quickly and reliably 

respond to increases in energy demand, or alternatively, unexpected decreases in energy supply. 

It states: “Each Responsible Entity shall develop, review and maintain annually, and implement 

an Operating Process as part of its Operating Plan to determine its Most Severe Single 

Contingency (“MSSC”) and make preparations to have Contingency Reserve equal to, or greater 

than the Responsible Entity’s MSSC available for maintaining system reliability.”13  

 
12 U.S. Energy Information Administration. July 2016. https://www.eia.gov/todayinenergy/detail.php?id=45956 
13 BAL-002-3: https://www.wecc.org/Reliability/BAL-002-3%20BC.pdf  
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In CAISO specifically, the MSSC includes a loss of the largest online generator, loss of import 

schedules across on transmission service, or the loss of numerous generating resources.14 

However, the Contingency Reserve requirement may exceed the MSSC and consists of the largest 

of the following: MSSC, sum of 3% of hourly integrated load plus three percent of hourly 

integrated generation, or >15% of the online photovoltaic solar. The resources that the balancing 

authority utilizes as Contingency Reserves are split into Operational Reserve - Spinning and 

Operating Reserve - Supplemental. Further, it is currently required that a minimum of 50% of the 

Contingency Reserve requirement consists of Operating Reserve - Spinning. Figure 2d 

summarizes the typical build up of reserves for a balancing authority to meet the requirements 

to maintain grid stability.  

Figure 2d: Balancing Authority Reserves Example 

 

Source: Abdul Rahim et al. Comparison of Spinning Reserve Allocation in Various Power Systems. January 2014. 

 

Currently, Operating Reserves - Spinning is defined in CAISO as generation capacity that is running 

with additional capacity capable of being ramped within a 10-minute period and running for over 

two hours. Non-spinning reserves are provided by generation that is available but not running. 

 
14 CAISO: Ancillary Service Availability Validation: https://www.caiso.com/Documents/2340.pdf  
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Operating Reserve - Non-spinning is defined as generation that is capable of being synchronized 

to the grid and ramping to a specified level within 10 minutes, and then be able to run for at least 

two hours. Curtailable demand can provide non-spinning reserve provided that it is telemetered 

and capable of receiving dispatch instruction and performing accordingly within 10 minutes.15 

Notably, the ability to implement demand side management techniques, typically met through 

physical curtailment, non-essential load shedding, demand response, and interruptible rate 

structures, and other forms of load management can be included within non-spinning operating 

reserve. While effective at controlling short-term load, the curtailment process is extremely 

disruptive for utility clients and can be counter to utility incentives as it reduces the amount of 

electrical energy sales.  

3. Current Role and Form of Spinning Reserves 
3.1 Natural Gas as a Spinning Reserve 

Power plants fueled by natural gas supplied 47% of the electricity generated in California in 

2020.16 These plants are designed for high responsiveness and flexibility relative to baseload 

technologies. Fast starts, quick ramping, and limited heat rate penalties when working at minimal 

loads characterize natural gas-fired power plants. These attributes have made natural gas-fired 

power plants well suited to meet the challenges presented by the increasing adoption of 

intermittent renewable technologies in the generation mix. 

There are two prominent technologies to generate electricity using natural gas. The first 

technology is the SCGT. SCGT power plants use the expansion of gases resulting from the 

combustion of natural gas and oxygen to rotate a turbine and generate power while all of the 

heat produced from the combustion process is rejected to the atmosphere. SCGTs are typically 

built to provide power during peak demand hours and are typically designed in capacities ranging 

from 100 MW to 300 MW. Modern SCGTs can achieve energy conversion efficiencies ranging 

between 20% and 35%.17 

 
15 CAISO, Ancillary Services Market: https://www.caiso.com/Documents/Chapter4.pdf 
16 U.S. EIA, Electricity Data Browser, Net generation for all sectors, California, Annual, 2001-20. 
17 U.S. Department of Energy. Combined Heat and Power Technology Fact Sheet Series. 
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The other relevant technology used to generate electricity fueled by natural gas is the CCGT. 

CCGT plants use both an SCGT, typically two per plant, and a single, larger steam turbine together 

to generate power. After natural gas combustion occurs in the gas turbine, the high temperature 

exhaust gasses are utilized to produce steam which is utilized for electric power production. In a 

CCGT a significant amount of heat is utilized for production of electricity instead of being rejected 

to the atmosphere, significantly increasing the efficiency of the plant but limiting the minimum 

amount of power production when operating. CCGT plants achieve higher efficiencies than SCGT, 

typically ranging from 50% to 60%.18 Due to the ability of CCGT plants to operate efficiently and 

reliably at scale, these plants are typically built to provide baseload or load-following power and 

are typically designed with capacities ranging from 200 MW to 2 GW.  

Power plants fueled with natural gas can start operations and generate electricity relatively 

quickly. Approximately 20% of the SCGT power plants in the U.S. can reach full load in less than 

10 minutes, and over 80% can reach full load in a time ranging from 10 minutes to 60 minutes.19 

CCGT plants take longer than SCGTs to reach full load, primarily due to the thermal processes 

involved in starting the steam turbines. Most CCGT plants can reach full operations in between 1 

hour to 12 hours, and some advanced CCGTs can reach full operations within an hour.19 

Figure 3a illustrates the time required to start generation from cold shutdown and 2019 

operating capacities of various baseload type generation assets within the United States. As 

shown, combustion turbines from natural gas generation typically requires less than 1 hour while 

assets utilizing steam turbines typically require between 1 hour to 12 hours.  

 
18 Massachusetts Institute of Technology. Managing Large-Scale Penetration of Intermittent Renewables. April 
2011. 
19 U.S. Energy Information Administration. November 2020. 
https://www.eia.gov/todayinenergy/detail.php?id=45956 
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Figure 3a: Baseload Generation Asset Ramp-Up Times 

 

Source: EIA Annual Electric Generator Inventory, 2019 

 

While these capacity assets have the ability to quickly ramp up production, they are typically 

operated in a manner which reduces the stress on the asset outside of an ISO contingency 

situation. Therefore, the generation operators will exercise their ability to increase the duration 

of start-up under normal operations in order to reduce thermal stresses and other negative side 

effects of a quick start-up even when it is feasible to do so within a 10-minute window. It is also 

worthwhile to note that the capacity brought online to serve load by an ISO may not always be 

from non-spinning reserve capacity and may often be from slower, spinning reserve type assets 

which require longer start-up periods than 10-minutes, but may have a lower LCOE or emissions 

factor. 

3.2 Classification of In-Scope DERs 

Our analysis estimates the net effects of replacing the generation technologies that are currently  

used by CAISO as transmission connected spinning reserves, such as natural gas-fired power 
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plants, with three different DER technologies. These DER technologies are capable of providing 

firm capacity in less than 30 seconds when called, providing grid operators with tools that are 

substantially more responsive than the ones at their disposal today. Additionally, all assets 

routinely are able to meet CAISO’s two-hour capacity requirement for Operating Reserve 

capacity.  

These resources were chosen based on their representation of the technology which currently 

underpins firm resource capacity for DER installations across the US and are routinely utilized for 

resiliency, microgrid, and other advanced energy system development. All of these entities are 

also capable of being permitted with the EPA for non-emergency operation in most areas of the 

United States.20 To date, California has typically discouraged reciprocating engines operating 

within its capacity market through policy measures. However, we believe our analysis will 

undermine the perception of that argument and show that utilizing DERs for firm capacity is 

beneficial to the energy transition. The three technologies in the scope of our analysis can be 

divided into two categories: rotating internal combustion engines (“RICE”), both diesel and 

natural gas, and battery energy storage systems (“BESS”). 

For the diesel and natural gas reciprocating engines, the latest technical data sheets and 

emissions compliance documents were utilized to compile the asset’s emissions for the 

respective electrical capacity.21,22,23 For BESS, multiple systems from Sungrow and Tesla in the 

~1MWe range were evaluated for their rated round trip efficiency (“RTE”). Round trip efficiency 

is affected by the parasitic losses from operating the system, feeding balance of system power, 

and providing thermal management to the BESS. Most manufacturers provide high temperature, 

low temperature, and test condition RTEs. From the systems examined, the highest and lowest 

stated RTEs, regardless of conditions, were utilized to provide the range of values which should 

be expected for BESS operation in the field within CAISO. 

 
20 EPA, Compliance Requirements for Stationary Engines. https://www.epa.gov/stationary-engines/compliance-
requirements-stationary-engines#Emission%20Standards:%20%20New%20Rice%20at%20Major%20Sources 
21 Volvo Exhaust Emissions Declaration NO: 164069 
22 Power Solutions International (PSI) Emissions Summary: SK36265C 
23 G3520 Natural Gas Generator Specification Sheet 
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RTE is especially important as this analysis assumes that the BESS systems are charging off of 

CAISO provided distribution power and thus “consume” the emissions profile of the power at the 

time of charging. For this analysis, we allocate the average emission of the CAMX region for BESS 

consumption and then adjust for the losses associated with RTE discharge by increasing the 

required consumption to create the equivalent discharge energy during the non-baseload 

periods to which the assets are compared.  

Category Technology Description 

Reciprocating 
Internal 
Combustion 
Engines 

Diesel RICE:  
Volvo 16L Tier 4 Final (T4F) 

Power generator with a nominal capacity of 
625 kWe. At full load this generator produces 
the following emissions: 

● CO2:  1,417.28 lb/MWhe 
● NOx:  0.46 lb/MWhe 
● CO:  0.14 lb/MWhe 

Natural Gas RICE:  
CAT G3520*  

Natural gas-fired power generator with a 
nominal capacity of 2,055 kWe. At full load 
this generator produces the following 
emissions: 

● CO2:  1,478.4 lb/MWhe 

Natural Gas RICE:  
PSI 32L 

Natural gas-fired power generator with a 
nominal capacity of 650 kWe. At full load this 
generator produces the following emissions: 

● CO2:  1,372.2 lb/MWhe 
● NOx: 0.2 lb/MWhe 
● CO:  1.8 lb/MWhe 

Battery Energy 
Storage Systems 

Maximum RTE for full 
system discharge 
equivalent: 

89.0% of input 

Minimum RTE for full 
system discharge 
equivalent: 

74.5% of input 

Lastly, it is worth noting that, in general, the DERs considered in scope within this analysis are 

typically relied upon within power system design to operate during outage periods to support 

localized loads. While resilience and islanding are extremely valuable operational improvements 
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from investments in firm capacity DERs, a quantitative representation of the financial and 

operational “value of resiliency” is the subject of deep industry dialogue. California recently 

approved moving forward with a “microgrid tariff” which will be utilized to incentivize local 

resilience in Investor-Owned Utility (“IOU”) territories.24 The benefits associated with the “value 

of resiliency” are not integrated within the methodology of this evaluation and should be 

considered an additional positive benefit to investment outside of the scope of this paper. 

3.3 Gross Comparison of DERs and Natural Gas 

First, we will attempt to compare the gross emissions of CO2 and NOx for these technologies 

against the current generation sources that they would replace.  

CO2 baselining was included in order to evaluate the baseline effect of utilization of the in-scope 

DER technologies as it relates to decarbonization. NOx baselining was included because it is one 

of the most heavily regulated environmental pollutants by the EPA for combustion generators. 

NOx emissions contribute to acid rain and formation of ground-level ozone that can damage 

ecosystems as well as animal and plant life.  

On an annual basis, CAISO imports approximately 25% of the energy utilized within the region. 

These imports are primarily from the Western Interconnect which comprises the Northwest 

Power Pool and the Arizona New Mexico EPA eGrid subregions.25 Figure 3b shows the subregions 

utilized within the EPA eGrid data visually.  

  

 
24 Microgrid Knowledge, California Approves Microgrid Tariffs as Grassroots Groups Push for More Local Control of 
Energy: https://microgridknowledge.com/california-approves-microgrid-tariffs/  
25 EIA: Today in Energy. https://www.eia.gov/todayinenergy/detail.php?id=30192#tab1  
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Figure 3b: EPA eGrid Subregion Map 

 

Source: EIA eGrid Data 

 

In order to compare our selected technologies against the current peaking generation mix that 

CAISO utilizes to meet peak energy demand, we must establish what the current CAISO peaking 

generation mix is comprised of.  

We first evaluated the sources of non-baseload capacity during peaking hours. Natural gas 

peaking and energy imports are the two primary non-baseload sources that CAISO utilizes to 

meet demand during peak hours. We then calculated the split between natural gas and energy 

imports during CAISO’s peak hours (6pm-9pm). The proportional share of these two sources was 

calculated using CAISO daily supply data from the 15th of each month during 2020. By evaluating 

the source of supply during those peak hours, we are able to estimate the percentage of peak 

energy demand that is met by either natural gas or imports. The average non-baseload demand 
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during those peak hours was with 62.7% CAMX natural gas production and 37.3% energy 

imports.26  

Source CAISO Peaking Usage, GWh % Split 

CAMX Natural Gas 5.90 62.7 

Imports 3.51 37.3 

Total 9.41 100.0 

In order to attribute accurate emissions factors to CAISO’s imports we then established where 

these imports are sourced from. By using EIA analysis we were able to estimate the percentage 

share of supply provided by each EPA eGrid subregion that CAISO utilizes to source imports. Our 

analysis uses an estimation based upon analysis by the EIA that CAISO relies on the Northwestern 

Power Pool (NWPP) subregion for 64.2% of their imports and the Arizona New Mexico (AZNM) 

subregion for the remaining 35.8%.27 

Region Daily Average Imports, GWh % Split 

NWPP 122 64.2 

AZNM 68 35.8 

Total 190 100.0 

From here, we are able to estimate the aggregate resource mix used by CAISO during peaking 

hours so that the associated emissions profile could be applied. Those results are shown below:  

Source CAISO Peak Hours Usage, % 

CAMX Non-Baseload 62.7 

NWPP Imports 24.0 

AZNM Imports 13.4 

Total 100.0 

The EPA provides detailed CO2 and NOx emissions data through their yearly eGrid program. 

Emissions figures for each of these three sources are provided by the EPA, with the most recent 

years consisting of 2019 data. 2017 data is not available, however the most recent years for each 

 
26 CAISO Daily Supply. http://www.caiso.com/todaysoutlook/pages/supply.aspx 
27 EIA: Today in Energy. https://www.eia.gov/todayinenergy/detail.php?id=30192#tab1 

http://www.caiso.com/todaysoutlook/pages/supply.aspx
https://www.eia.gov/todayinenergy/detail.php?id=30192#tab1
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region is summarized in Appendix 7. For CAMX Natural Gas peaking capacity, the emissions 

figures for CAMX non-baseload assets is applied.  

Under these assumptions, we are able to arrive at the CAISO blended non-baseload peaking 

capacity CO2 and NOx emissions shown below in Figures 3c and 3d. We also plotted the gross 

emissions profile calculated for each DER asset on the same figure for a comparison of emissions 

performance across all sources in question. 
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Figure 3c: CO2 Non-Baseload Gross Emissions Comparison 

 
Figure 3d: NOx Non-Baseload Gross Emissions Comparison 
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4. Estimating Net Emissions of DERs vs Current Non-Baseload 
The gross comparisons of estimated CO2 and NOx emissions between our in-scope DERs and 

current non-baseload assets (Figures 3c and 3d) show that the diesel and natural gas powered 

DERs emit a larger amount of CO2 per MWhe of energy produced than the blended CAISO non-

baseload assets. This is traditionally presented as a high level argument against the reliance upon 

localized capacity served by reciprocating engines and other fossil assets. However, these figures 

do not factor in some important characteristics and opportunities from operating DERs and their 

effects on the overall system requirements. Our analysis attempts to estimate the net emissions 

of these assets after factoring in three key characteristics of DER operations.  

4.1 Reduction of Transmission / Distribution Losses 

The EPA estimates that around 5.1% of total electricity transmitted through the United States is 

lost to transmission and distribution. 28 A benefit of DERs is the ability to produce energy on a 

localized level where it is consumed, thereby dramatically eliminating the need to transmit that 

electricity through long distance transmission infrastructure. These losses are especially 

pronounced in scenarios similar to CAISO importing power from the Western Interconnection, 

where energy is transported from multiple states away before it is consumed.  

Our analysis uses EPA estimated loss data to assign a value to these transmission/distribution 

losses. As shown below, the average grid gross loss in the United States was 5.1% in 2019. This 

figure represents a reasonable estimation for the grid losses that would be avoided after 

implementation of the in-scope DERs within CAISO. In order to acknowledge that some amount 

of grid loss still exists for DERs, our analysis assumes that 80% of the current grid loss will be 

avoided.  

  

 
28 EPA FAQ and Data Extract, 2019 
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Data 
Year 

US 
Interconnect 

Region 

Estimated 
Losses 
(MWh) 

Total 
Disposition 

(MWh) 
without 
exports 

Direct Use 
(MWh) 

Grid Gross 
Loss 

2019 Alaska 315,518 6,070,843 243,980 5.40% 

2019 Eastern 149,290,468 3,007,039,816 93,272,853 5.10% 

2019 ERCOT 19,692,962 418,434,272 31,188,332 5.10% 

2019 Hawaii 512,572 9,749,998 411,519 5.50% 

2019 Western 36,498,916 737,874,733 18,106,177 5.10% 

2019 U.S. 206,310,436 4,179,169,662 143,222,861 5.10% 

Using this data, we arrive at the following estimation of avoided transmission and distribution 

losses that would be expected after implementation of the in-scope DERs: 

2019 U.S. Annual Loss 
Average 

Estimated Efficiency 
Factor 

Avoided Transmission & 
Distribution Losses 

5.1% 80.0% 4.1% 

 

4.2 Reduction of Ramping Time 

Natural gas peaking plants require ramping periods in order to meet peak energy demand. In an 

ideal world, the units would be able to dispatch the required amount of energy at the same 

moment it is demanded by the grid. However, in the real world these plants will spend a period 

of the day ramping up in anticipation of required dispatch and ramping down following the 

peaking period. The NERC prescribed reserve requirements discussed earlier in this paper are 

another influencing factor in why natural gas peaking plants are run for a period of time before 

their dispatch is required. Increased emissions of CO2 and NOx comes from this constant cycling 

and ramping of natural gas assets, as a result of non-optimal dispatch.29  

 
29 G. Brinkman, N. Kumar, P. Besuner, D. Agan, S. Lefton, Impacts of wind and solar on fossil-fueled generators, 
National Renewable Energy Laboratory (NREL), Oak Ridge (2012) 
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Unlike natural gas peaking plants, the DERs discussed in this paper are, for all intents and 

purposes, immediately dispatchable compared to traditional grid infrastructure. The lack of 

ramping period provides emissions savings in the form of avoided ramping time. Readily available 

data detailing the amount of time that classifications of natural gas peaking plants spend during 

their ramp periods was not available. In order to quantify these emissions savings, we estimated 

that for every six hours of run time there is an additional one hour of total ramping time required 

for daily startup and shutdown. These estimations are consistent with the usual nature of natural 

gas peaking plants, responding to a ~6 hour peak demand period while spending a period of time 

ramping before and after useful dispatch is required. Natural gas CCGTs in the United States on 

average take from one to twelve hours to achieve full load from a shut down state. The currently 

installed natural gas combustion engines with at least 10 GW of capacity in the United States take 

on average 10 minutes to an hour.19 A visualization of this ramp period is provided in Figure 4a.30 

Run Time Ramping Time Ramping Time Reduction 

6 Hours 1 Hour 16.7% 

Under these assumptions we estimate that the reduction of ramping time provides a 16.7% 

emissions saving through reduced run time.  

Figure 4a: Dispatch Visualization 

 

Source: NREL 

 
30 NREL, 2013: Fundamental Drivers of the Cost and Price of Operating Reserves 
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4.3 Change in Spinning Reserve Capacity 

It is also notable that the amount of solar resources online drives the minimum required 

operating reserve within CAISO. As solar penetration continues to increase across California, it is 

realistic to expect that the magnitude of the Operating Reserve may also increase to provide 

stability within the region. As previously mentioned, it is currently required that 50% of 

Contingency Reserves are met through spinning Operating Reserves. However, the quickness, 

flexibility, and strength in numbers of DERs to provide capacity to system operators is being 

recognized by system operators across the US. While DERs can currently be utilized to meet a 

portion of required non-spinning Operating Reserves, we believe that the continued introduction 

of new technology, integration and growth of DERs capacity, and deployment of large, non-

spinning BESS resources may dictate an adjustment of the 50% minimum spinning requirement 

currently set forth in CAISO’s requirements. Any decrease in this 50% minimum threshold would 

result in significant reductions of overall emissions as spinning production is reduced and moved 

to non-emitting, non-spinning Contingency Reserves. Any reduction would then apply to all 8,760 

hours of each year, amounting to a significant impact. For the purpose of this analysis, we 

reduced the gross emissions of the DERs by 5.0% in order to account for the operational benefits. 

While it would be extremely complex to calculate the net effect of increased DER adoption 

quantitatively on overall emissions as a result of a reduction in spinning reserve requirements, it 

is reasonable to expect CAISO to see reductions from current levels due to their investment in 

the ancillary services market and growth of advanced energy integration within California as they 

seek to supply a growing Contingency Reserve requirement in the future. 

4. Net CO2 & Pollutants Emission  

A summary of the three adjustments is provided below. The resulting adjustment to move from 

gross to net emissions is to apply a factor of 75.9% to the gross emissions of each quantified DER.  
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Adjustment Percentage: Increase / (Reduction) 

Transmission / Distribution Losses -4.1% 

Reduction of Ramping Time -16.7% 

Spinning Reserve Reduction -5.0% 

Total Gross/Net Adjustment 75.9% 

 

This 75.9% emissions factor is then applied to the gross emissions figures for our selected DER 

technologies. The tables below show the effect of applying this emissions factor to each of the 

technologies. 

Reciprocating Internal Combustion Engines Summary: 

 CO2 NOx CO 
Gross Numbers lb/MWhe lb/MWhe lb/MWhe 

Diesel: Volvo T4F 1,417.3  0.460 0.140 
Natural Gas: CAT G3520 1,478.4  - - 
Natural Gas: PSI 32L 1,372.2  0.156 1.848 

 CO2 NOx CO 
Net Numbers lb/MWhe lb/MWhe lb/MWhe 

Diesel: Volvo T4F 1,076.2  0.35  0.11  
Natural Gas: CAT G3520 1,122.6  - -    
Natural Gas: PSI 32L 1,042.0  0.12  1.40  

Battery Energy Storage Systems Summary: 

Max RTE - Discharge Equivalent CO2 lb/MWhe 509.2  386.7  

 NOx lb/MWhe 0.485  0.369  

     
Min RTE - Discharge Equivalent CO2 lb/MWhe 608.3  461.9  

 NOx lb/MWhe 0.580  0.440  

Please see Battery Energy Storage System Appendix for full calculations 

Charting these net figures against the current emissions figures for CAISO non-baseload 

generation, we show that the net emissions effect of installing distributed energy resources to 

replace current non-baseload capacity may in fact reduce total CO2 and NOx emissions. The net 

emissions comparisons for both emissions are included below in Figures 4b and 4c.  
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Figure 4b: CO2 Non-Baseload Net Emissions Comparison  

 

Figure 4c: NOx Non-Baseload Net Emissions Comparison 
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While the gross emissions profile of the assets analyzed raised concern as to the CO2 and NOx 

emissions, their net production is more favorable. Even in California, where billions of dollars 

have been invested in reducing the carbon profile of the capacity market, the evaluated DERs 

provide a competitive option for consideration. Diesel T4F is at parity with CAISO’s existing 

peaking profile but offers a significant NOx reduction advantage due to advancements in 

aftertreatment technology. NOx emissions are associated with negative environmental 

implications, such as the creation of ozone and acid rain. As such, the EPA closely monitors and 

regulates the emission of NOx.31 

Natural gas DER assets perform even more competitively and may be a step in the right direction 

to decarbonize and clean up the required peaking capacity within California as compared to 

traditional peaking and import options.  

BESS assets have a distinct advantage to the peaking capacity market in that they can consume 

power when it is distinctly less carbon intensive and less polluting. Even with the discounts 

applied due to increased consumption due to RTE, the profile on a gross and net basis for BESS 

implementation is extremely competitive. While investments are an order of magnitude more 

expensive than more mature reciprocating engine technologies on a distribution scale, the 

emissions and carbon reduction from implementation is compelling. The value proposition is 

even further supported when evaluated on a net basis post DER benefit as analyzed within this 

paper. 

We found the profile of the NWPP to be extremely interesting when reflecting on the results. It 

is worth noting that importing energy from the NWPP during non-baseload periods is extremely 

detrimental to the blended profile of CAISO consumption on both a CO2 and NOx perspective, 

given that the CO2 and NOx emissions profile of NWPP is substantially higher than that of CAISO’s 

non-baseload assets. Further, the DER technologies analyzed would provide a benefit to the 

overall peaking capacity profile even if accounted for on a gross basis without the adjustments 

analyzed in this paper. Therefore, the value proposition on a net basis is even more compelling. 

The NWPP region relies upon hydro power for 47.7% of its generation resources and provides 

 
31 EPA, November 1999: Nitrogen Oxides (NOx), Why and How They Are Controlled 
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the region with low-emission baseload production, making the annual averaged emission profile 

competitive to other regions in the US. However, 21.3% of the generation percentage is still 

provided by coal which surpasses the 15.7% reliance on natural gas in the region.32 While not as 

extreme, the AZNM region also has a much more emissions heavy non-baseload generation 

profile than the CAMX region, drawing even more attention to the importance of CAISO’s reliance 

on power imports. The emissions heavy peaking capacity in the supporting regions of the 

Western Interconnect therefore results in the CAMX blended CO2 and NOx peaking profile 

illustrated in the summary figures. 

5. Recommendation for Policy Actions 

While this evaluation of net emissions considerations is a simplified first step, a further evaluation 

of the net emissions equivalent from ready to deploy, firm capacity DERs is warranted in order 

to recalibrate the overall system impact of gross, nameplate values. Pending independent 

validation and further detailed analysis of our proposed concepts, we propose that the results be 

utilized to reshape the evaluation of grid level DERs, shape and drive federal developmental 

policy, and restructure California regulations on capacity resources. 

First, funding going to research evaluating the ability of DERs to improve and decarbonize grid 

operations ought to include advanced reciprocating engine technology. While typically excluded 

due to carbon emission considerations, further analysis may show that net carbon and pollution 

production from advanced reciprocating engine technology will contribute positively to 

tomorrow’s grid. As more balancing authorities and utilities seek capacity to combat 

intermittency and increasing peaking requirements, investments in advanced DERs can 

potentially offer a compelling alternative to the current status quo of natural gas peaking turbines 

while providing additional localized benefits not accounted for in this analysis. Specifically, the 

ability of balancing authorities to rely upon DERs within the Contingency Reserves and transition 

of requirements from spinning to non-spinning Operating Reserves ought to be further 

researched. Therefore, these assets should be considered in future funded research so that the 

 
32 EPA, eGrid NWPP Power Profile: https://www.epa.gov/egrid/power-profiler#/NWPP 
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extent of their benefits can be better contextualized and integrated into the decarbonization 

road map. 

Second, investment and production tax credits have been very successful in spurring the growth 

of utility scale solar and wind developments across the US. Currently, policy and federal 

incentives to promote the installation of firm capacity DERs are lacking. While tax credits and 

other subsidies are being discussed for continued support for renewable energy development as 

a part of the Biden Infrastructure Plan, there is a gap in the policy discussion regarding incentives 

for the flexible, firm capacity required to back-stop the intermittency and production profile of 

wind and solar. This paper contextualizes the benefits of a localized DERs for firm capacity to 

support the grid and shows that it is necessary to adjust the nameplate value of a localized 

development for the additional benefits provided and losses not incurred. 

Third, California ought to reevaluate current regulations which limit DER participation in certain 

markets. The state should establish policies based upon the usage profile with imports explicitly 

considered. Given Public Safety Power Shutoffs (PSPS) events recently introduced due to wildfire 

considerations, California should reconsider the way they approach and incentivize the capacity 

of firm capacity DERs. While non-emergency reciprocating engines may initially seem like a step 

in the wrong direction from an emissions and pollution control perspective, our analysis shows 

that they are actually a step in the right direction when compared to imports from other portions 

of the Western Interconnect. As the state battles a lack of local, non-import capacity and a need 

for the resilience benefit offered by DERs, these resources can do double duty providing localized 

resiliency in addition to an immediate reduction in the emission profile during peaking periods. 

Further, the status quo of utilizing emergency only generation throughout the state during PSPS 

is far more emission intensive than investments in permittable, non-emergency rated assets. 

While California is looking to BESS to fill this void, the near term technical limitations prevent it 

from being a reliable, scalable solution today. Therefore, California should utilize the lens 

presented in this paper to reevaluate the benefits for efficient, low emission technologies given 

the drastic change in their operational needs. 
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6. Battery Energy Storage Appendix 
Battery Energy Storage Evaluation Details: 

Charging Input Factors         
CO2, Annual Total  lb/MWh 453.2 496.5 527.9 
NOx, Annual Total lb/MWh 0.432 0.463 0.567 

     
Round Trip Efficiency, Min  89.0%   
Round Trip Efficiency, Max  74.5%   
     
Effective Discharge, Gross      

CO2, Discharge Equivalent - Max RTE lb/MWh         509.2          557.9          593.1  
CO2, Discharge Equivalent - Min RTE  lb/MWh         608.3          666.5          708.5  

     
NOx, Discharge Equivalent - Max RTE lb/MWh 0.485 0.520 0.637 
NOx, Discharge Equivalent - Min RTE  lb/MWh 0.580 0.621 0.761 

     
Effective Discharge, Net         

Transmission / Distribution Losses  % -4.1%   
Reduction of Ramping Time % -16.7%   
Spinning Reserve Reduction % -5.0%   

          
Total Gross/Net Adjustment % 75.9%   
     
Effective Discharge, Gross         

CO2, Discharge Equivalent - Max RTE lb/MWh      386.69       423.65       450.38  
CO2, Discharge Equivalent - Min RTE  lb/MWh      461.95       506.11       538.04  

     
NOx, Discharge Equivalent - Max RTE lb/MWh         0.369          0.395          0.484  
NOx, Discharge Equivalent - Min RTE  lb/MWh         0.440          0.472          0.578  
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7. Subregion Profile and Data Summary Appendix (Source: EPA eGrid)
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