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Disclaimer – 1  

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, for the
U.S. Department of Energy (DOE) under Contract No. DE-AC36-08GO28308. Funding provided by the U.S. Department of Energy 
Office of Energy Efficiency and Renewable Energy Solar Energy Technologies Office. The views expressed in the article do not 
necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains and the publisher, by accepting 
the article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up, irrevocable, worldwide license 
to publish or reproduce the published form of this work, or allow others to do so, for U.S. Government purposes.

This presentation was developed to meet an immediate need and was based on the best information the analysts had available 
within timing constraints. The analysis was prepared with information available at the time the analysis was conducted. The 
analysis does not constitute a comprehensive treatment of the issues discussed or a specific advisory recommendation to the 
jurisdiction(s) considered. 

This document was prepared as an account of work sponsored by an agency of the United States government. Neither the United 
States government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States government or any agency thereof. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States government or any agency thereof.
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Disclaimer – 2

The Solar Technical Assistance Team (STAT) Network was a project of the United States 
Department of Energy (DOE) and was implemented by the National Renewable Energy 
Laboratory (NREL) from 2016 - 2018. The STAT Network provided credible, objective, and timely 
information to policymakers and regulators for the purpose of solar technology-, finance-, and 
policy-related decision support. This presentation was intended to be a starting point for 
additional research and consideration into the topics covered and does not constitute a 
comprehensive roadmap for solar deployment or specific advisory recommendations to the 
jurisdiction. 
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Solar Technical Assistance Team (STAT) Network

The Solar Technical Assistance 
Team (STAT) was a network of 
solar technology and 
implementation experts who 
provided timely, unbiased, 
credible, and objective solar 
data and analysis to state and 
local decision-makers. 
The STAT program sunset in 
September 2018. A database of 
past projects is available online 
at https://www.nrel.gov/state-
local-tribal/project-
map/index.html. 

2016-2018 STAT Network partners:

https://www.nrel.gov/state-local-tribal/project-map/index.html
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Background on Oklahoma STAT Request

The Oklahoma Office of the Secretary of Energy and Environment (OSEE) requested 
information and resources on distributed energy generation cost-benefit analyses, 
and a methodology and decision framework for estimating the costs and benefits of 
distributed energy resources in Oklahoma. 

This presentation constitutes the second of a two-part deliverable, the first of which 
was a baseline study on approaches to distributed solar photovoltaic (DPV) cost-
benefit frameworks and associated compensation mechanisms. 

This second deliverable identifies the range of variables that could be used to develop 
a DPV cost-benefit methodology and decision matrix. It also includes additional detail 
regarding potential approaches for quantifying each variable. The following slides 
highlight publicly-available information about how other states have evaluated DPV 
costs and benefits. 
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Oklahoma STAT Request Methodology
• Through OSEE, the Oklahoma Distributed Generation (OK DG) Thought Group requested 

that NREL investigate the variety of DPV methodologies used in other states to estimate the 
costs and benefits of DPV.

• NREL gathered public, readily available information from other U.S. states on how they 
estimated the costs and benefits of DPV. Their inputs, assumptions and methodologies were 
captured in this document and a companion report.

• This PPT slide deck was reviewed by Nate Hausman from the Clean Energy States Alliance, 
and Megan Day, Elizabeth Doris, and Adam Warren from NREL. 

• The inputs, assumptions, and methodologies used across the United States were then 
thoughtfully considered by the OK DG Thought Group. The OK DG Thought Group posed 
questions to the author and the slides were further refined to answer their questions.

• Preferences were expressed by OK stakeholders based on initial conversations with NREL 
and an in-person presentation by NREL, for the future direction of the OK analysis.

• This approach was an effective way for the OK DG Thought Group to consider the variables, 
inputs, assumptions and methodologies they wanted to include in an Oklahoma-specific 
analysis. 
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Oklahoma DG Thought Group Members

• Oklahoma Office of the Secretary 
of Energy and Environment

• Oklahoma Corporation 
Commission (Public Utility Division)

• Office of the Attorney General of 
Oklahoma

• Oklahoma Industrial Energy 
Consumers

• Oklahoma Sustainability Network
• Law Firms

• Philips Murrah
• Hall Estill

• Utilities
o Grand River Dam Authority
o Oklahoma Association of Electric 

Cooperatives 
o Oklahoma Municipal Power 

Authority
o Oklahoma Gas and Electric 
o Public Service Co. of Oklahoma/ 

American Electric Power
o Western Farmers Electric 

Cooperative
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Overarching DPV Cost-Benefit Considerations

DPV Tariffs and DPV Studies

DPV Energy Costs & Benefits

DPV Generation Capacity Costs & Benefits

DPV Transmission & Distribution Losses Costs & Benefits

DPV Transmission Capacity Costs & Benefits

DPV Distribution Capacity Costs & Benefits
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DPV Ancillary Services Costs & Benefits8

DPV Environmental Costs & Benefits9

10 DPV Other Services Costs & Benefits

11 References



Overarching DPV Cost-Benefit 
(C-B) Considerations
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DPV Cost-Benefit 
Components and Considerations

The goal of this presentation is to clarify which factors have been, or can be, 
considered in a DPV cost-benefit framework, and what methodologies exist to address 
those variables. To help structure this section, we rely on the work of Denholm et al., 
2014 and organize DPV cost-benefit components in the following categories: 

• Overarching Considerations 
• Energy
• Transmission & Distribution (T&D) Losses
• Generation Capacity
• Transmission Capacity

The information is presented as a decision framework, stepping through a series of 
questions to consider in determining a DPV cost-benefit approach. 

• Distribution Capacity
• Environmental
• Ancillary Services
• Other Services 

Overarching DPV C-B 
Considerations

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
http://www.nrel.gov/docs/fy14osti/62447.pdf
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DPV Cost-Benefit Input Variables Overarching DPV C-B 
Considerations
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“Laundry List” of 
DPV Cost-Benefit Input Variables

1. Energy
• Avoided fuel costs
• Avoided generation losses
• Avoided price uncertainty / hedge 

value
• Market-price suppression
• Avoided generation variable 

operations and maintenance (O&M)
2. Generation capacity

• Avoided capital investment
• Reserve capacity
• Avoided plant fixed O&M 

3. Transmission losses
4. Distribution losses
5. Transmission capacity

• Avoided marginal cost of 
transmission and distribution

• Avoided fixed O&M

9. Value of customer choice
10. Value of portfolio 

diversification 
11. Economic development
12. Locational value
13. Voltage regulation
14. Avoided water use costs
15. Avoided economic impact of 

power outages
16. Avoided natural gas pipeline 

costs
17. Solar integration costs
18. Program administration costs

6. Distribution capacity
• Avoided fixed O&M

7. Ancillary services
8. Environmental

• Avoided emissions
• Net market/avoided compliance 

cost NOx
• Net market/avoided compliance 

cost SO2
• Net market/avoided compliance 

cost CO2

• Environmental compliance 
(renewable portfolio standards 
[RPS])

• Avoided capital of emissions 
control

• Avoided O&M of emissions control
• Avoided land use

Overarching DPV C-B 
Considerations

Sources: (Hoff et al. 2006) (Norris, Putnam, and Hoff 2014) (Norris et al. 2015) (Perez, Norris, and Hoff 2012) (Norris 2014) (Whitehead et al. 2017) 
(Public Utility Commission of Oregon 2017). 
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Adjusting the Solar Costs and Benefits  
to Get the Math Right

Adjust the Solar Costs and Benefits 
(Source: Denholm et al., 2014):
a) Derate for the Load Match Factor (i.e., how 

well does the resource match with the 
load – either hourly or during the peak?)

i. Transmission – Hourly Effective Load 
Carrying Capacity (see figure)

ii. Distribution – Peak Load Reduction (i.e., 
coincidence with peak)

b) Increase to account for Line Losses
i. Transmission* – generally 3%-6%
ii. Distribution** – generally 5%-8%
* Step-up transformer and transmission line
** Step-down transformer and distribution network
Line Loss Source: Schneider Electric (2013)

Source: CPUC 2014

Effective Load Carrying Capacity

Overarching DPV C-B 
Considerations

Sources: Denholm et al., 2014, Schneider Electric 2013, CPUC 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
http://www.nrel.gov/docs/fy14osti/62447.pdf
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Initial Questions For DG Thought 
Group Consideration

• What is your timeline for solar cost-benefit analysis?
• What depth of evaluation will meet your goals? Your 

resources?
• Which terms do you want to:

– Include, with a cost or benefit (or both)?
– Include for calculation later?
– Exclude/ignore entirely?

• Who do costs/benefits accrue to? Answer influences how 
each individual variable can be monetized. 

Overarching DPV C-B 
Considerations



DPV Cost-Benefit Examples: 
Tariffs and Studies
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Solar Cost-Benefit Examples DPV C-B Examples

• DPV cost-benefit valuation input variables and their associated economic costs 
and benefits vary across jurisdictions. 

• The following slides provide examples of the input variables considered in 
different DPV cost-benefit tariffs and studies, and are included in our references, 
Slide 81. Public reports identified in our research were included to show the 
breadth and depth of the analyses. 

• The first set of examples are DPV Tariffs that have been enacted. These 
tariffs are used to estimate the costs, benefits, and value of DPV.

• The second set of examples are DPV studies that have been analyzed, but
have not been used to assess DPV costs and benefits in those jurisdictions.

• There may be other reports that are public that exist; we cannot guarantee that 
these examples include all public examples.



DPV Cost-Benefit Examples: 
Tariffs
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Solar Cost-Benefit Tariff Example: 
Austin 2006

• The different variables included are in the rows
• The different DPV system configurations are shown in the columns; this shows 

that system design matters in terms of costs and benefits provided to Austin 
• Different locations will have different results

Source: Hoff et al. 2006 (CPR)

DPV C-B Examples – Tariffs 
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Solar Cost-Benefit Tariff Example: 
Austin 2012-2018 

Sources: Austin Energy 2017, NREL
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DPV C-B Examples – Tariffs 
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Solar Cost-Benefit Tariff Example: 
Austin 2018

Source: Austin Energy 2017

DPV C-B Examples – Tariffs 
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Solar Cost-Benefit Tariff Example: 
Minnesota

DPV C-B Examples – Tariffs 
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Source: Idaho Power (2018)

Solar Cost-Benefit Tariff Example: 
Oregon – Idaho Power

DPV C-B Examples – Tariff 
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Source: Portland General Electric (2017)

Solar Cost-Benefit Tariff Example: 
Oregon – Portland General Electric

DPV C-B Examples – Tariff 
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Source: PacifiCorp (2018)

Solar Cost-Benefit Tariff Example: 
Oregon – PacifiCorp 

DPV C-B Examples – Tariff 



DPV Cost-Benefit Examples: 
Studies
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Solar Cost-Benefit Study Example: 
New Jersey and Pennsylvania

DPV C-B Examples – Study 
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Solar Cost-Benefit Study Example: 
New Jersey and Pennsylvania

DPV C-B Examples – Study 
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Solar Cost-Benefit Study Example: 
Michigan

DPV C-B Examples – Study 
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Source: Norris 2014 (CPR)

Solar Cost-Benefit Study Example: 
Utah

DPV C-B Examples – Study 
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Solar Cost-Benefit Study Example: 
Maine

DPV C-B Examples – Study 
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Source: Whitehead et al. 2017 (Synapse)

Solar Cost-Benefit Study Example: 
Washington D.C.

DPV C-B Examples – Study 



DPV Energy Costs & Benefits
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Defining DPV 
Energy Costs and Benefits

• DPV generation offsets the need for equivalent production from 
another source (avoided energy).

• The costs and benefits are impacted by a variety of contextual 
factors that influence its overall scope.
– Key drivers include: 

• Fuel costs
• Fixed and variable operation and maintenance costs
• Heat rate of offset resource.

• Avoided energy can be calculated and presented as one term, or
divided between fuel costs and O&M (fixed and variable).

• Avoided energy / avoided fuel costs:
– Often the most significant benefit associated with DPV.
– Included in all comprehensive state energy assessments.

DPV Energy C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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DPV Energy 
Cost and Benefit Considerations

• DPV generation can vary based on system design (e.g., ground mount 
vs. rooftop) and solar irradiance. 
– How will DPV generation be quantified?

• PV generation offsets the need for electricity at or near the point of 
consumption.
– How does this generation correlate with overall system 

generation?
– What generation is the PV unit actually offsetting?

• (i.e., hypothetical unit, actual marginal system unit, subsystem 
unit/zone).

– How much does that offset generation cost?

DPV Energy C-B

Sources: (Hoff et al. 2006) (Norris, Putnam, and Hoff 2014) (Norris et al. 2015) (Perez, Norris, and Hoff 2012) (Norris 2014) (Whitehead et al. 
2017) (Public Utility Commission of Oregon 2017). 
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Methods to Quantify 
DPV Energy Costs and Benefits

• Approaches to quantifying DPV generation include: 
– Examine existing system performance
– Model system output (for example using DGValuator or PVWatts)
– Correlate PV generation with overall system generation (hourly or sub-hourly).

• Some common approaches to quantify offset generation cost for an “on the margin” 
plant include: 
– Simple avoided generator (typically a marginal natural gas plant either combustion 

turbine or combined cycle):
• Cost of existing or hypothetical plant including fuel costs and operation and maintenance 

(O&M).
– Market price:

• Hourly marginal wholesale prices in ERCOT, MISO, PJM, or ISO-NE (systemwide or zonal).
– Production simulation:

• Hourly dispatch with and without PV generation to determine offset cost and associated 
costs and benefits

DPV Energy C-B

Source: Denholm et al., 2014

https://www.cleanpower.com/consulting/
https://pvwatts.nrel.gov/
http://www.ercot.com/mktinfo/prices
https://www.misoenergy.org/markets-and-operations/market-reports/#t=10&p=0&s=MarketReportPublished&sd=desc
https://www.pjm.com/markets-and-operations/energy.aspx
https://www.iso-ne.com/isoexpress/web/reports/pricing
http://www.nrel.gov/docs/fy14osti/62447.pdf
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Understanding Variation in 
DPV Energy Costs and Benefits

• Variation can result from: 
– Fuel cost assumptions:

• Natural gas price volatility can impact avoided costs.
– Some use NYMEX to estimate these costs, others 

may rely on different, more local assumptions.
– Price escalations beyond NYMEX may also vary.

– Power plant efficiency (heat rate):
• Heat rate can influence avoided energy generation 

costs and benefits, and this can vary by location, 
depending upon how this rate is applied, based on an 
estimate or real-time performance.

– Methodology:
• Basing the energy term on market prices or 

production simulation may generate the most precise 
results, but these processes are complex. Source: Hansen, L., Lacy, V., Glick, D. (2013).

Source: Denholm et al., 2014

https://www.eia.gov/dnav/ng/ng_pri_fut_s1_d.htm
http://www.nrel.gov/docs/fy14osti/62447.pdf


DPV Generation Capacity Costs & 
Benefits
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Defining DPV Generation Capacity 
Costs and Benefits

• To maintain reliability, utility systems must meet load with 
enough generation capacity (including reserves). 

• Generation capacity is the ability of that capacity (which 
could include DG) to reliably meet load and replace or 
defer capital investments in generation capacity.

• Generation capacity’s benefit increases as generation 
coincides with greatest need for generation capacity, and 
vice versa (lack of correlation with greatest need, means 
significantly less value).

DPV Generation Capacity C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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Two Steps to Determine the DPV 
Generating Capacity C-B

1. Calculate the capacity credit. The capacity credit is “the actual 
fraction of a [DPV] system’s capacity that could reliably be used to 
offset conventional capacity.” It is “typically measured either as a 
value (such as kW) or percentage of nameplate rating.”

2. Translate the capacity credit into a monetary value. “The capacity 
credit calculation requires an adjustment factor to account for T&D 
losses. Just as generation capacity is measured at the point of 
transmission interconnection, [DPV] capacity [is] as well, which 
implies that the scale factor [is] applied to [DPV] , effectively 
increasing its capacity value.” “Several studies have also applied an 
adjustment factor to account for reduced load that may reduce the 
system’s planning reserve margin requirement.”

DPV Generation Capacity C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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DPV Generation Capacity Credit:
Cost-Benefit Considerations – 1 

• There are four ways to calculate capacity credit:
‒ Capacity factor approximation using net load
‒ Capacity factor approximation using loss of load 

probability
‒ Effective load-carrying capacity (ELCC) approximation
‒ Full effective load-carrying capacity.

DPV Generation Capacity C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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DPV Generation Capacity Credit: 
Cost-Benefit Considerations – 2 

• ELCC is used in California.
– The ELCC is a percentage that indicates how often a renewable resource can 

meet reliability standards (i.e., provide reliable generation capacity).
– The ELCC approximation method is computationally simpler than the full ELCC 

and also yields reliable results.

Source: CPUC 2014

Effective 
Load 
Carrying 
Capacity

Key Steps
1. Balance the system (if 

necessary)
2. Model the system with 

technology T (you pick X 
MW or vary across a range)

3. Remove T and add 
“perfect” generation until 
LOLE is equal

DPV Generation Capacity C-B
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DPV Generation Capacity Value: 
Costs and Benefits

• Ways to translate the capacity credit into a monetary value:

• The avoided cost of new generation capacity is typically based on combined 
cycle combustion turbine (CCCT)

• *combustion turbine (CT)

*

DPV Generation Capacity C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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DPV Energy, Transmission Losses and 
Generation Capacity: Ranges of Terms

Source: Oregon PUC 2014

DPV Generation Capacity C-B
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DPV Generation Capacity: 
Summary of Key Concepts

• Estimating the effect new distributed generation (DG) will 
have on meeting load is challenging.

• Fossil-fueled DG is still typically dispatchable:
– Variable DG (i.e., DPV) is not dispatchable.
– Thus, it is not a 1-to-1 generation capacity replacement.

• Generally speaking, there is a lot of literature and experience 
calculating the generation capacity credit.

DPV Generation Capacity C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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Key Questions for Framing DPV 
Generation Capacity C-B Analysis

• What is the coincidence of DG generation with the need for 
generation capacity?

• What type of generator would DG typically be replacing (e.g., 
CCCT? Peaking plant?)?

DPV Generation Capacity C-B



DPV Transmission & Distribution (T&D) 
Losses Costs & Benefits
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Defining DPV T&D Losses 
Costs and Benefits

• Electricity is lost in transmission and distribution (T&D) as it gets converted to heat and 
electromagnetic energy:

– Function of distance, current, and conductors
– Losses increase at a rate equal to the square of the current (i.e., higher current, higher losses)
– Peak demand increases resistance related losses
– Losses higher during high demand periods. Impact of solar during high demand is critical 

assumption. Less impact, less avoided losses. (Hoff et al., 2006)
• DPV T&D loss costs and benefits are focused on technical losses (not non-technical losses) – when 

placed close to load, it can avoid these T&D losses. 
• Average versus marginal line losses:

– Marginal losses appear to be the more common methodology.
– Marginal line losses are greater than average losses because marginal losses occur during the peak 

(thus more valuable). 1.5x – 2x greater.
– Performing the analysis using average system losses can substantially underestimate the loss 

savings impact (Hoff et al., 2006).
• Actual observed losses or modeled losses? 

DPV T&D Losses C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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Calculating DPV T&D Losses 
Costs and Benefits

• Four methods for estimating changes in T&D losses as a 
result of DPV

DPV T&D Losses C-B

Source: Denholm et al., 2014 
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Source: Oregon PUC 2014

DPV T&D Losses C-B

(cents/kWh)
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Key Questions for Framing 
T&D Loss Cost-Benefit Analysis – 1 

Are losses treated as a stand-alone category or as an adder to other categories such 
as environmental, energy, or capacity?
• Loss savings is an indirect benefit because it amplifies and increases the benefits of other 

benefits, including energy production, generation capacity, environmental, and T&D 
capacity (Hoff et al. 2006).

• Majority of studies treat it as an incremental benefit adder (also called multiplier or 
magnifier (Hansen, L., V. Lacy, and D. Glick. 2013.) – to gross up other categories.

The DC Analysis assumed: (Whitehead et al. 2017 - Synapse)
• Average transmission losses part of current utility methodology = 3%
• Marginal losses are 1.5x greater than average losses
• 3% * 1.5 = 4.5% marginal loss rates
• 4.5% is then used to gross up other components of DPV cost-benefit analysis.

DPV T&D Losses C-B

Sources : Hoff et al. 2006; Hansen, L., V. Lacy, and D. Glick. 2013; Whitehead et al. 2017
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Key Questions for Framing 
T&D Loss Analysis – 2 

What are you evaluating? It is necessary to state up front which of the solar 
resources are being evaluated: all resources to date, next PV resource to come 
online, all resources anticipated over the next 20 years? 
• Utah assumed the present day (Norris 2014)
• Austin Energy assumed a specific amount of resources: 15 MW (Hoff et al. 2006).
• Michigan’s methodology is based on a marginal analysis of the next PV resource of unit size 

to come on line. (Ong 2012) 

What is the analysis timeframe? One-year analysis versus 25-year levelized analysis? 
• Better cost detail for one year.
• However, one year would need to be extended for the analysis timeframe.

DPV T&D Losses C-B

Sources : Norris 2014; Hoff et al. 2006; Ong 2012
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Summary of DPV T&D Loss 
Cost-Benefit Considerations

• Is DPV coincident with peak?
– Greater loss savings if coincident.

• Average versus marginal losses – marginal.
• Observed actual losses or modeled losses.
• One year versus 20-year or 25-year levelized.
• Scenarios (current PV deployed, next resource, fixed future 

amount).
• Losses as an adder or a stand-alone category?

DPV T&D Losses C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf


DPV Transmission Capacity Costs & 
Benefits
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Defining the DPV Transmission 
Capacity Costs and Benefits

• Unlikely to have short-term savings for T&D capacity given the nature of 
transmission planning (e.g., 10-year planning cycles).

• Non-targeted PV makes it difficult to plan for T&D capacity savings.
– There is an argument for directing DPV to specific spots on grid through pricing 

signals (i.e., perhaps higher VOS or locational VOS pricing).
• For there to be a benefit in transmission capacity avoidance, DPV needs to be 

coincident with peak use of transmission resources (RW Beck 2009).
• Dependable capacity concept (90% confidence in 5 hour window) (RW Beck 2009).
• Transmission capacity savings is very dependent on:

– Local context
– Time horizon
– Where the planned DPV is expected to be installed
– How much DPV is installed.

DPV Transmission Capacity 
C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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Defining DPV Transmission Capacity 
Costs and Benefits

Load Match
• Effective load carrying capacity (ELCC) - comparing DPV to base load (CPUC 2014):

– 10 MW of DPV at 50% ELCC is equal to 5 MW of baseload.
– ELCC can be thought of as a derating factor that is applied to a facility’s maximum 

output (Pmax) in order to determine its Qualifying Capacity.
– ELCC reflects the contribution of a resource type towards meeting reliability needs
– Correlated to load and forced outage rates.

• Peak-Load Reduction (PLR) - ability of DPV to reduce load at peak (peak load 
reduction)

– Utah used PLR for transmission losses. (Norris 2014)
– Minnesota used ELCC for transmission losses. (Norris, Putnam, and Hoff 2014)

• Future transmission costs tough to pinpoint, so historical costs can be used.
• Washington D.C.: choice of discount rates in can impact calculation for long term 

(25-year) analyses (Whitehead et al. 2017).

DPV Transmission Capacity 
C-B

Sources: CPUC 2014 Norris 2014; Norris, Putnam, and Hoff 2014; and Whitehead et al. 2017)
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DPV Transmission Capacity 
Cost-Benefit Considerations

• Are there any transmission capacity benefits due to the large 
and step-wise nature of investments?

• APS: Need minimum level of capacity before any capacity 
savings begin to accrue. (R.W. Beck 2009)

• APS: Every unit of solar capacity creates transmission 
capacity benefits. (SAIC 2013)

DPV Transmission Capacity 
C-B

Sources: R. W. Beck 2009, SAIC 2013
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DPV Transmission Capacity: 
Financial Components

• Deferring T&D capital investments 
has three financial components, 
according to the Austin Energy study: 
1) Direct capital investment/cost deferral 

savings that result from waiting to 
invest until a later date. 

2) Indirect financial costs that are 
incurred when an investment is made, 
and continue as long as the investment 
exists (e.g., property taxes, insurance, 
etc.).  

3) O&M cost savings associated with the 
investment. 

DPV Transmission Capacity 
C-B

Source: Hoff et al. 2006



NREL    |    59

DPV Transmission Capacity 
Costs and Benefit Examples – 1 

Oregon (PUC OR 2017)
• Actual, locational specific T&D that is avoided versus system-wide 

average of avoided or deferred T&D. 

Maine (Norris et al. 2015)
• 2 of 3 utilities in Maine purchase transmission capacity from ISO.

– This capacity is purchased monthly in $/kW.
– A reduction in purchases from ISO translates into transmission 

capacity savings due to DPV.

DPV Transmission Capacity 
C-B

Sources: PUC OR 2017; Norris et al. 2015
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DPV Transmission Capacity 
Costs and Benefit Examples – 2

Utah (Norris 2014)
• Looked at existing loads and based calculation on a 1 kW 

system in Salt Lake City.
– Assumed 1) perfect load match with no losses, 2) then 

adjusted for load match, and then 3) adjusted for lower 
line losses.

– $0.021/kWh  X  53%  X  1.25%  =  $0.014/kWh savings.
• Large line loss savings of 16-25%.

DPV Transmission Capacity 
C-B

Source: Norris 2014
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DPV Transmission Capacity 
Costs and Benefit Examples – 3

Austin Energy (2018 Update)
• Peak coincident demand (i.e., ELCC) fell from 62% to 50%.
• But, avoided transmission costs increased from $0.015/kWh 

to $0.038/kWh.
– According to AE, “cost of transmission service has gone up 

since 2014” and so deferring those costs have become 
more beneficial.  

• Benefits increased by $0.02/kWh even though ELCC fell to 
50%.

DPV Transmission Capacity 
C-B

Source: Austin Energy 2017
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DPV Transmission Capacity: 
Summary of Key Concepts

• Extremely context- and location-specific.
• Limited/no short-term savings.
• Deferral of investment rather than avoidance of investment 

more likely.
• Dynamic calculation as costs and loads change over time.
• Offsetting investment in actual transmission or purchase of 

capacity (e.g. ISO, MISO, SPP).
• Targeted deployment of PV might be facilitated by locational 

pricing.

DPV Transmission Capacity 
C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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Defining the DPV Distribution 
Capacity Costs and Benefits – 1 

• DPV supplies power close to loads and can yield distribution 
system benefits or costs, depending on a host of factors, 
particularly location. 

• Distribution capacity is the extent to which DPV can defer or 
reduce distribution system investment or require additional 
ones to maintain a reliable, flexible grid. 

• To calculate distribution capacity, calculate distribution 
capital investment costs with and without DPV. Calculations 
can be based on system-wide avoided costs or location-
specific avoided costs. 

DPV Distribution Capacity C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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Defining the DPV Distribution 
Capacity Costs and Benefits – 2 

There are six methods for calculating distribution capacity of 
DPV:

1. PV capacity limited to current hosting capacity
2. Average deferred investment for peak reduction
3. Marginal analysis based on curve-fits
4. Least-cost adaptation for higher PV penetration
5. Deferred expansion value
6. Automated distribution scenario planning (ADSP)

DPV Distribution Capacity C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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DPV Distribution Key 
Cost-Benefit Considerations 

• DG may or may not have a net distribution system savings.
– DG distribution capacity benefits may be feeder-specific.

• Distribution capacity costs and benefits are highly dependent on location 
and time of use for power. 

• DG might be able to defer distribution system investments.
– Is not expected to eliminate them entirely.

• Load growth uncertainty can complicate calculating distribution capacity 
costs and benefits.

• Distribution capacity is included in most cost-benefit studies.
• Calculating distribution capacity costs and benefits is challenging 

“because the distribution grid has been built for all existing customers.” 
(Denholm et al. 2014) Thus, there may only be value in areas of grid 
expansion.

DPV Distribution Capacity C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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DPV Distribution Capacity: 
Key Questions for Framing Analysis

• What are the current distribution capacity expansion plans 
and what may be able to be deferred by DG? For how long?

• Is load projected to be flat? If not, how certain are load 
growth estimates?

• Is there aging equipment that must be replaced and/or 
upgrades that need to be made?

DPV Distribution Capacity C-B
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DPV Ancillary Services 
Costs and Benefits

Ancillary services: A broad array of services that help system operators maintain a reliable grid with sufficient 
power quality. Ancillary services are procured regardless of the existence of DPV, although DPG can influence the 
cost of having a particular service fulfilled. 
Ancillary services are categorized differently across the various balancing authorities in the U.S. Below are some 
common broad categories of service:
• Operating reserves: Generators/loads capable of adjusting their electrical consumption or generation to 

respond to supply/demand imbalances over a range of timeframes:
– Regulation reserves: Reserves held to respond to supply/demand imbalances over relatively short 

timeframes (i.e., several seconds).
– Flexibility reserves: Reserves held to respond to supply/demand imbalances on timescales greater 

than regulation reserves, and to address imbalances from forecast error. 
– Contingency reserves: Reserves held to meet unplanned generation or transmission outages. 

• Frequency control: Actions to ensure that the grid frequency stays within a nominal range. 
• Voltage control: Actions to ensure that voltage levels on distribution networks stay within a nominal range. 

Often includes the provision of reactive power. 
• Black-start capability: Actions to restart the electric grid after a complete loss of power. 

DPV Ancillary Services C-B

Sources: Gagnon, 2018 and Denholm et al., 2014
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Existing State Practices to Define 
DPV Environmental Costs-Benefits

• When DPV generation offsets fossil fuel generation it can provide certain 
environmental or health benefits.

• Environmental costs and benefits vary based upon the environmental 
factors considered and can include: 
– Criteria air pollutants (i.e., sulfur dioxide/SO2 and nitrogen 

oxides/NOX),
– Water, land, and other impacts (i.e., avoided RPS costs), or
– Carbon emissions.

• For states that have examined costs and benefits of DPV, it appears that 
some environmental component is typically included in all analyses; 
– The level of costs and benefits can vary significantly
– Not all terms are included in all analyses.

DPV Environmental C-B

Sources: (Denholm et al., 2014) (Hoff et al. 2006) (Norris, Putnam, and Hoff 2014) (Norris et al. 2015) (Perez, Norris, and Hoff 2012) 
(Norris 2014) (Whitehead et al. 2017) (Public Utility Commission of Oregon 2017). 

http://www.nrel.gov/docs/fy14osti/62447.pdf
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DPV Environmental 
Cost and Benefit Considerations

• Some environmental considerations may be included in other 
categories including avoided energy costs (i.e., certain 
emission control costs).
– What, if any, environmental factors are already included 

and how are these costs and benefits calculated?
– How can double-counting be avoided?

• If additional environmental factors are to be included:
– Which ones?
– What methodology will reflect the costs and benefits?

DPV Environmental C-B

Sources: (Hoff et al. 2006) (Norris, Putnam, and Hoff 2014) (Norris et al. 2015) (Perez, Norris, and Hoff 2012) (Norris 2014) (Whitehead et al. 
2017) (Public Utility Commission of Oregon 2017). 
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Methods to Quantify 
DPV Environmental Costs-Benefits

• Quantifying emission costs and benefits requires identifying the power plant 
type and power plant efficiency that reduces power output.

• Once emissions are determined, the methodology usually applies a monetary 
cost to avoided emissions to generate an environmental term.
– This term can either be embedded within avoided energy costs or included 

as a stand-alone metric.
• Example: Quantifying SO2 emission savings.

– Confirm emissions are not already considered in avoided energy costs (i.e., 
markets that price SO2).

– Power plant type and heat rate directly impact potential emission savings.
• AVERT is one tool to determine these inputs.

– States who have used this method based the emission savings on reported 
prices in certain markets or on hypothetical prices. 

DPV Environmental C-B

Source: Denholm et al., 2014

https://www.epa.gov/statelocalenergy/avoided-emissions-and-generation-tool-avert
http://www.nrel.gov/docs/fy14osti/62447.pdf
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Understanding Variation in DPV 
Environmental Costs-Benefits

• Environmental costs and benefits will 
vary based on the impacts included and 
how costs and benefits are monetized. 
– Not all methods include carbon 

emission savings and those that do 
adopt varying metrics for the 
benefits of those reductions.

• Emission savings will vary based upon 
the emission factors employed for 
certain offset generation. 

Source: Hansen, L., Lacy, V., Glick, D. (2013)

Sources: (Hoff et al. 2006) (Norris, Putnam, and Hoff 2014) (Norris et al. 2015) (Perez, Norris, and Hoff 2012) (Norris 2014) (Whitehead et al. 2017) 
(Public Utility Commission of Oregon 2017). 
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DPV Other Services 
Costs and Benefits: Resilience

• Avoided outage costs/“value of lost load”:
– Mentioned as consideration in Mississippi cost-benefit study, but not 

calculated (Stanton et al., 2014).
– ERCOT study: value of lost load approx. $110/MWh for residential 

customers, between $125-$6,468/MWh for C&I customers (London 
Economics, 2013).

– Caveat is that in assigning associated costs and benefits to DPV, one 
needs a reasonable assurance that DPV will offset risk. Key questions:

• Will it operate during an outage? 
• All kinds of outages? 
• Is there only a benefit during the day when the sun is shining?  

– Note: DPV by itself does not necessarily provide resilience benefits. 

DPV Other Services C-B

Sources: Stanton et al. 2014; and London Economics 2013
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DPV Other Services 
Costs and Benefits: Battery Storage

• A report by the Interstate Renewable Energy Council, Valuation of Solar + 
Storage in Hawaii: Methodology, develops a methodology that could be 
used to estimate the benefits (and only the benefits) of solar energy 
coupled with battery storage.
– The benefits of battery storage primarily provides peak load reduction.
– This methodology determines a levelized capacity benefit of net 

generation (the per kWh benefit of energy storage to the utility).
– The benefits of energy storage is added to the benefits of solar (which 

is separately calculated), to determine the benefits of solar + energy 
storage.

• See pages 1-3 of report for an example calculation.
– The cost of battery storage would also need to be considered, and 

would need to be added to the costs of DPV.

DPV Other Services C-B

Source: Norris, 2015

https://irecusa.org/wp-content/uploads/2015/06/IREC-Valuation-of-Solar-Storage-in-HI_Methodology_2015.pdf
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DPV Other Services Costs and 
Benefits: Economic Development

• Siting, installation, maintenance of DPV as emerging industry.
• Associated job impacts.
• Mississippi VOS study mentions economic development 

benefits in literature review, but does not quantify.

DPV Other Services C-B

Sources: Stanton et al. 2014; and Denholm et al. 2014



NREL    |    79

DPV Other Services Costs and 
Benefits: Other Potential Factors

• Impact on home value.
• Freedom of energy choice.
• Energy price hedging 

– From customer perspective
– From utility perspective

DPV Other Services C-B

Source: Denholm et al., 2014

http://www.nrel.gov/docs/fy14osti/62447.pdf
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