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Fact Sheet

The cost of electricity has real implications for corporate and 
individual investment decisions, public policy for energy and the 
environment, and utility and regional energy resource planning. 
Relevant and accurate comparisons (“apples-to-apples”) of the 
cost of different electricity options is a critical tool for decision-
makers if they are to make the best energy choices possible.  

Comparisons of renewable energy with other electricity supply options 
frequently suffer from a lack of clarity and specificity, using vaguely defined 
terms such as grid parity. This makes it hard for decision-makers in companies, 
legislatures, regulatory bodies, and advocacy organizations to understand 
whether a renewable energy solution is actually the cheapest option available. 

Specifically, decision-makers need to know 1) with what should a renewable 
energy option be compared and 2) which factors need to be considered in 
determining cost parity, that is, cost-competiveness between a renewable 
energy option and the comparable, traditional electricity supply option(s). This 
guide provides a simple overview of both the options that can be appropriately 
compared and the factors that should be considered in a comparison, so that 
decision-makers can understand when and where renewable energy is actually 
the cheapest solution for end-use electricity consumers. 

This guide addresses two specific groups of decision-makers: electricity 
buyers (for example, corporate energy buyers, residential customers) looking 
for financial savings from renewable energy; and electricity system planners, 
regulators, and policymakers (for example, electric utilities, regulators, 
politicians) looking for potential net economic and social benefits for end-use 
consumers from renewable energy.  
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COMPARISONS BY ELECTRICITY BUYERS
Behind-the-Meter Generation 
Renewable energy generation that is connected behind-
the-meter supplies electricity at the point of demand 
without first interacting with the grid (the transmission 
and distribution system). Sometimes referred to as 
“on-site” or “distributed” generation, behind-the-meter 
generation more accurately describes the interaction 
between these systems and the grid. Most commonly, 
behind-the-meter generation is rooftop solar photovoltaic 
(PV) systems, although other technologies, such as 
co-generation, are also connected this way. 
   
For end-use consumers, behind-the-meter generation 
replaces retail electricity supply. Thus, behind-the-meter 
generation costs are most accurately compared to retail 
electricity prices ($/kWh) paid on consumers’ utility bills. 
In order to make this comparison, the average cost of 
energy for a behind-the-meter project must be calculated 
using information from past projects or the levelized 
cost of energy (LCOE), that is, the projected total system 
and operating costs divided by total kilowatt-hour (kWh) 
produced over the lifetime of the project or contract. 

In addition to the average cost of energy, any system 
charges for behind-the-meter generation in a given market 
(for example, backup power and interconnection fees) 
must be taken into account.

Key to any LCOE calculation are project lifetime, timing 
of generation, and capacity factor – the percentage of time 
a project is expected to produce electricity. Several other 
variables may be considered, depending on the precision 
of the calculation, including subsidies and “net metering” 
policies (see below), project finance, and fuel prices 
(depending on the technology). The National Renewable 
Energy Laboratory’s (NREL) System Advisory Model 
(SAM) is a popular, publicly available LCOE tool.

Key Takeaway:
Behind-the-meter generation is cost-competitive 
for end-use consumers when the average cost of 
energy is lower than or equal to the retail electricity 
price over a project’s lifetime or — in developing 
economies, where power supplied by the grid is not 
always reliable — the retail price plus the portion 
of backup generation costs avoided by behind-the-
meter generation. 

Table 1  |  Summary of Appropriate Comparisons, by Decision-Maker and Model

MODEL DECISION-MAKER(S) COMPARE (RENEWABLE OPTION)… TO (TRADITIONAL OPTIONS)…

COMPARISONS BY ELECTRICITY BUYERS

Behind-the-Meter Generation
All end-use electricity buyers  
(residential, commercial, etc.)

Average cost of energy  
(past projects or LCOE)  

Retail electricity price

Power Purchase Agreements  
(excluding Behind-the-Meter)

Large electricity buyers  
(commercial / industrial)

PPA plus other charges /  
considerations (for example,  
price for moving power)  

Retail electricity price

COMPARISONS BY ELECTRICITY SYSTEM PLANNERS, REGULATORS, AND POLICYMAKERS

Wholesale Market Generation  
(short-term comparison)

Electricity system planners (utilities 
or other wholesale generation buyers) 

Marginal cost of power  
plant production

Wholesale market price  
in a given block of time

Wholesale Market Generation  
(long-term comparison)

Electricity system planners (utilities 
or other wholesale generation buyers)

Average cost of energy  
(past projects or LCOE)  

Wholesale market price  
averaged over project’s lifetime

Planned Capacity Additions
Electricity system planners  
(utilities, system operators, etc.), 
regulators, and policymakers

Average cost of  
energy and risk profile  

Average cost of energy  
and risk profile  

http://www.solarpv.co.uk
http://www.eia.gov/tools/faqs/faq.cfm?id=187&t=3
http://www.eia.gov/tools/faqs/faq.cfm?id=187&t=3
http://www.wto.org/english/res_e/booksp_e/anrep_e/wtr06-2b_e.pdf
http://apps3.eere.energy.gov/greenpower/markets/netmetering.shtml
https://sam.nrel.gov/
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Power Purchase Agreements
Large industrial and/or commercial electricity consumer 
have the option of entering directly into a power purchase 
agreement (PPA) in some markets. A PPA is a fixed-price 
contractual agreement, typically calculated using LCOE or 
set at the feed-in-tariff price, to purchase a power plant’s 
energy from an independent power producer (IPP) – a 
power plant owner and/or operator independent of the local 
utility. In this scenario, the power plant connects to the 
grid and electricity is provided to the customer by the local 
utility. In some markets, consumers also have the option of 
entering into a contract – often a PPA – with a third party 
for behind-the-meter generation; this type of option falls 
under the behind-the-meter comparison outlined above. 
   
With a typical, direct PPA, the price of electricity paid 
by end-use consumers includes the PPA price, charges 
for moving the power (transmission and distribution), 
and other system charges and considerations that differ 
by market (for example, interconnection fees, firming 
charges, etc.). As with behind-the-meter generation, 
this option replaces retail electricity supply and can be 
compared to retail electricity prices. 

Virtual PPAs or Contracts for Differences – exclusively 
financial transactions – have recently emerged as another 
model but entail a slightly different comparison than 
direct PPAs, which replace retail electricity prices.

Key Takeaway:
A PPA option is cost-competitive for end-use 
consumers when the full price of electricity paid 
is lower than or equal to the retail electricity price 
over the lifetime of the project or the PPA contract. 

COMPARISONS BY ELECTRICITY 
SYSTEM PLANNERS, REGULATORS,  
AND POLICYMAKERS
Wholesale Market Generation
Electricity produced by utility-scale projects and not 
contracted directly through a PPA is delivered to the grid 
through a wholesale market process. The most common 
utility-scale renewable electricity technologies include 
hydroelectric, solar, biomass, and wind. 
   

In the wholesale market, the utility or other buyer 
purchases electricity at the wholesale generation price, 
which is ultimately passed on to the end-use consumer 
through the retail electricity price. The wholesale 
generation price ($/MWh) is the price of the most 
expensive plant operating in a particular block of time in 
order to meet demand. In deregulated markets, this price 
is set by the marginal cost of production – the cost of 
producing each additional megawatt hour (MWh) — and 
often largely reflects conventional plants’ fuel costs.

The cost of utility-scale generation sold on the wholesale 
market should be compared in the short-term on the 
marginal cost of production in a given block of time and 
in the long-term on the average cost of energy (calculated 
from past projects or LCOE). 

In wholesale markets, if a plant’s marginal cost of 
production is lower than the wholesale price, or other 
available plants’ marginal cost, in a particular block of 
time it is allowed to generate power for the grid. Since 
renewable energy has no fuel costs, its marginal cost 
of production is extremely low and often replaces more 
costly fossil fuel-based options.

Key Takeaway:
Renewable energy projects can lower wholesale 
generation prices through a lower marginal cost 
of production and thus the retail electricity price 
paid by end-use consumers — which includes the 
wholesale generation price.

However, a renewable energy project is cost-competitive 
against the current wholesale market generation 
mix (that is, can generate profit for the owner) only 
when the average cost of energy of a project is lower 
than, or equal to, the average wholesale prices at 
times when the project generates power. 

Planned Capacity Additions
In traditional, regulated electricity markets much of the 
electricity generating capacity is owned by electric utilities. 
Regulators allow utilities to earn a profit on their power 
plant investment costs through retail electricity rates. But 
ultimately, regulators determine whether a new power plant 
is necessary through capacity planning and competitive 
procurement processes. Specifically, electricity generation 
capacity additions are identified through Integrated 

http://ppp.worldbank.org/public-private-partnership/sector/energy/energy-power-agreements/power-purchase-agreements#key_features
http://www1.eere.energy.gov/wip/solutioncenter/pdfs/tap_webinar_20091028.pdf
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Resource Planning (IRP) – a regional planning process for 
energy resources – and procured through utility Requests 
for Proposals (RFPs), which are calls for competitive 
proposals for projects fitting specific characteristics. 
Capacity additions may be needed because electricity 
demand is increasing or because existing power plants 
are being retired. A careful comparison of new generation 
technologies, along with energy efficiency opportunities, is 
needed to understand the best options available.  

In these cases, the utility is the purchaser of new 
generation capacity, either through purchasing new 
generation plant(s) or contracting IPPs (for example, 
PPAs). In either case, utilities recover the cost of new 
generation capacity through the retail electricity price, 
which is paid ultimately by end-use consumers. 
    
The average cost of energy (calculated from past projects 
and LCOE) of a project is the most straightforward means 
of comparing the costs of new-generation technologies. 
However, cost is not the only consideration for these 
investments as risk-mitigation has become an increasingly 
important consideration. Utilities and regulators are 
considering, and trying to minimize, the impact on 
consumers of many variables: fuel-cost volatility, 
demand volatility, social and environmental impacts, risk 
associated with currency exchange rate fluctuation, and 
other uncertainties that can affect the reliability and the 
resiliency of the grid. 

Key Takeaway:
In the traditional market context, a renewable 
energy project is cost-competitive (that is, it presents 
economic savings) against another technology, that 
fills the same capacity need, when it has a lower or 
equal average cost of energy (past projects or LCOE) 
and/or a lower risk profile. 

ADDITIONAL FACTORS TO CONSIDER
Modelling

 ■ Electricity prices fluctuate – in large part due to fossil 
fuel prices, changes in demand, etc. – and typically 
increase over time. How these price trends are 
estimated over the lifetime of a project or contract will 
change the relative cost-competitiveness of a renewable 
energy project. 

 ■ Time-based retail pricing, or other dynamic pricing 
schemes, add complexity to these comparisons by 
changing the value of retail electricity, based on either 
the time of day, level of demand, or both. This can alter 
the costs with which renewable energy solutions should 
be compared.

 ■ The time period used in these comparisons, which 
is not always the plant lifetime, affects the relative 
cost-competiveness of a renewable energy project 
because it changes the LCOE of a given project.

 ■ LCOE methodology and assumptions (for example, 
project finance, plant lifetime, fuel prices, capacity factor, 
etc.) affect these comparisons deeply; real-world data 
from similar projects help to validate these calculations. 

Finance
 ■ Technology-specific subsidies or feed-in tariffs improve 

the cost-competitiveness of a given project either by 
reducing a project’s average cost of energy (subsidies) 
or increasing the revenue it earns (feed-in tariffs); 
(resource for policymakers). 

 ■ Behind-the-meter generation is eligible for “net 
metering” in some markets, which credits customers’ 
bills at either the retail or wholesale price for supplying 
extra electricity to the grid. For utilities, these systems 
may or may not be providing electricity to the grid that 
is cost-competitive with traditional power plants. 

System Impacts
 ■ All new generation, whether renewable or fossil, 

incurs system-wide costs related to grid integration 
(for example, balancing services and/or upgraded 
distribution equipment for behind-the-meter 
customers, investment in the grid to enable new 
generation), which are not typically accounted for in 
LCOE but are often accounted for in IRP processes. 

 ■ Some behind-the-meter generation, and some other 
projects produce system-wide benefits (for example, 
reduced congestion, reduced line loss) that LCOE does 
not include. 

http://ww2.wapa.gov/sites/western/es/irp/Pages/default.aspx
http://purchasing.idaho.gov/pdf/publications/guidelines_for_rfp.pdf
http://www.eia.gov/electricity/monthly/epm_table_grapher.cfm?t=epmt_5_6_a
http://www.eia.gov/electricity/monthly/epm_table_grapher.cfm?t=epmt_5_6_a
http://www.eia.gov/forecasts/steo/report/electricity.cfm
https://www.smartgrid.gov/recovery_act/deployment_status/time_based_rate_programs
http://www.nrel.gov/analysis/tech_lcoe.html
http://csep.efchina.org/report/20112844913435.70772110666485.pdf/Levelized Cost of Energy Calculation_BV_EN.pdf
http://www.mcs.anl.gov/papers/P1810.pdf
http://www.wto.org/english/res_e/booksp_e/anrep_e/wtr06-2b_e.pdf
http://www1.eere.energy.gov/wip/solutioncenter/pdfs/tap_webinar_20091028.pdf
http://www.nrel.gov/docs/fy10osti/44849.pdf
http://apps3.eere.energy.gov/greenpower/markets/netmetering.shtml
http://apps3.eere.energy.gov/greenpower/markets/netmetering.shtml
http://www.eei.org/issuesandpolicy/generation/NetMetering/Documents/Straight Talk About Net Metering.pdf
http://www.eei.org/issuesandpolicy/generation/NetMetering/Documents/Straight Talk About Net Metering.pdf
http://www.nrel.gov/docs/fy11osti/51860.pdf
http://www.ferc.gov/legal/fed-sta/exp-study.pdf
http://www.ferc.gov/legal/fed-sta/exp-study.pdf
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GLOSSARY
Cost parity: Cost-competiveness between a renewable energy option and 
the comparable, traditional electricity supply option(s)

Behind-the-Meter Generation: Generation that supplies electricity at 
the point of demand without first interacting with the grid

The Grid:  The transmission and distribution system that connects  
generators and end-users

Average Cost of Energy: The cost of each unit of energy a project  
produces calculated using information from past projects or the levelized 
cost of energy (LCOE)

Levelized cost of energy (LCOE): The projected total system and  
operating costs divided by total kWh produced over the lifetime of the 
project or contract

Capacity Factor: The percentage of time a project is expected to produce 
electricity

Power Purchase Agreement (PPA): A fixed-price contractual 
agreement to purchase a power plant’s energy, typically calculated using 
LCOE or set at the feed-in-tariff price

Independent Power Producer (IPP): A power plant owner and/or 
operator independent of the local utility

Wholesale Generation Price: The price ($/MWh) of the most expensive 
plant operating in a particular block of time in order to meet demand

Marginal Cost of Production: The cost of producing each additional 
megawatt hour (MWh)

Integrated Resource Planning (IRP): Regional planning process for 
energy resources to help meet long-term energy demand with least-cost 
supply and energy efficiency while mitigating risk

Requests for Proposals (RFPs): Calls for competitive proposals for 
projects fitting specific characteristics

ADDITIONAL RESOURCES 
BEHIND THE METER GENERATION
NREL, Breakeven Prices for Photovoltaics on Supermarkets in the United 
States – US commercial solar PV compared to retail electricity prices, 
including all PV subsidies and policies

WHOLESALE MARKET GENERATION
Ohio Public Utility Commission, Renewable Resources and Wholesale 
Price Suppression – Explanation of how low-marginal cost renewable 
energy can replace more costly generation in wholesale markets

PLANNED CAPACITY ADDITIONS
Northwest Power and Conservation Council, Sixth Northwest 
Conservation and Electric Power Plan – Example of a regional planning 
document considering levelized costs and risk-mitigation 

ADDITIONAL FACTORS 
LBNL, Revisiting the Long-Term Hedge Value of Wind Power in an Era 
of Low Natural Gas Prices – Compares average wind PPAs to current and 
future natural gas prices (a driver of wholesale prices) 

DSIRE – Database of incentives and policies that support renewables and 
energy efficiency in the US

REN21 Policy databases – A global tool for tracking renewable energy 
policy frameworks 

Additional Value
 ■ Fixed-price renewable energy contracts, such as PPAs, 

can limit wholesale buyers’ exposure to price volatility. 
They can also reduce future retail electricity prices 
paid by end-use consumers.

 ■ Renewable energy generation can protect against the costs 
of compliance with planned and emerging environmental 
regulations, such as EPA’s Clean Power Plan, that are 
associated with traditional electricity options.       

 ■ PPAs allow buyers additional contractual and financial 
flexibility and/or predictability, which is valued by 
some consumers. 

http://www.eia.gov/tools/faqs/faq.cfm?id=187&t=3
http://www.eia.gov/tools/faqs/faq.cfm?id=187&t=3
http://ppp.worldbank.org/public-private-partnership/sector/energy/energy-power-agreements/power-purchase-agreements#key_features
http://www1.eere.energy.gov/wip/solutioncenter/pdfs/tap_webinar_20091028.pdf
http://ww2.wapa.gov/sites/western/es/irp/Pages/default.aspx
http://purchasing.idaho.gov/pdf/publications/guidelines_for_rfp.pdf
http://www.nrel.gov/docs/fy13osti/57276.pdf
http://www.nrel.gov/docs/fy13osti/57276.pdf
http://www.midwestenergynews.com/wp-content/uploads/2013/09/PUCO-renewable-energy-standard-study.pdf
http://www.midwestenergynews.com/wp-content/uploads/2013/09/PUCO-renewable-energy-standard-study.pdf
http://www.nwcouncil.org/media/6284/SixthPowerPlan.pdf
http://www.nwcouncil.org/media/6284/SixthPowerPlan.pdf
http://emp.lbl.gov/sites/all/files/lbnl-6103e.pdf
http://emp.lbl.gov/sites/all/files/lbnl-6103e.pdf
http://www.dsireusa.org/documents/summarymaps/3rd_Party_PPA_map.pdf
http://www.ren21.net/REN21Activities/InteractiveMap.aspx
http://www.epa.gov/greenpower/documents/purchasing_guide_for_web.pdf
http://www.epa.gov/greenpower/documents/purchasing_guide_for_web.pdf
http://www2.epa.gov/carbon-pollution-standards
http://www.nrel.gov/docs/fy10osti/46668.pdf
http://www.nrel.gov/docs/fy10osti/46668.pdf
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ABOUT WRI 
WRI is a global research organization that works closely with leaders to turn 
big ideas into action to sustain a healthy environment—the foundation of 
economic opportunity and human well-being.

Our Challenge
Natural resources are at the foundation of economic opportunity and human 
well-being. But today, we are depleting Earth’s resources at rates that are 
not sustainable, endangering economies and people’s lives. People depend 
on clean water, fertile land, healthy forests, and a stable climate. Livable cit-
ies and clean energy are essential for a sustainable planet. We must address 
these urgent, global challenges this decade.

Our Vision
We envision an equitable and prosperous planet driven by the wise manage-
ment of natural resources. We aspire to create a world where the actions of 
government, business, and communities combine to eliminate poverty and 
sustain the natural environment for all people.

Our Approach
COUNT IT
We start with data. We conduct independent research and draw on the latest 
technology to develop new insights and recommendations. Our rigorous 
analysis identifies risks, unveils opportunities, and informs smart strate-
gies. We focus our efforts on influential and emerging economies where the 
future of sustainability will be determined.

CHANGE IT
We use our research to influence government policies, business strategies, 
and civil society action. We test projects with communities, companies, 
and government agencies to build a strong evidence base. Then, we work 
with partners to deliver change on the ground that alleviates poverty and 
strengthens society. We hold ourselves accountable to ensure our outcomes 
will be bold and enduring.

SCALE IT
We don’t think small. Once tested, we work with partners to adopt and 
expand our efforts regionally and globally. We engage with decision-makers 
to carry out our ideas and elevate our impact. We measure success through 
government and business actions that improve people’s lives and sustain a 
healthy environment.
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ABOUT THIS SERIES
WRI’s Charge initiative has developed a factsheet series on “Renewable 
Energy Cost Parity” – a series of tools to help policymakers, journalists, 
corporations, and advocates breakdown the most cost-competitive ways to 
supply energy with greater clarity and precision.

These simple, go-to resource outlines which electricity supply options 
(renewable vs. traditional) can be compared and lays out what additional 
factors, like financial incentives or reduced transmission costs, must be 
considered. Each factsheet focuses on a particular market or technology to 
provide insight from this unique perspective. 
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