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improvements. In other instances, monetary impacts are estimated based on the avoided cost of 
compliance with environmental regulations. 

There are two common approaches to estimating RPS emissions impacts. The most robust 
approach is to conduct detailed modeling of the electric system with and without the renewable 
generation to determine the mix of plants that would be operating and the overall system emissions 
in each scenario. This approach yields the most robust results because it accounts for the operation 
of the facilities at each hour of the day�—renewable facilities may be displacing different types of 
conventional generators throughout the course of a day. A simplified approach is to estimate the 
marginal generating unit that would typically not be operating as a result of the renewable 
generator and apply the unit�’s emission rate to the displaced generation. This approach is 
simplified and yields approximate results. Table 11 summarizes estimates of the emissions and 
associated monetary benefits from RPS policies for several states where data are available.  

Table 11. Summary of Estimates of Emissions and Human Health Benefits of State RPS 
State Estimated 

Benefit 
Benefits 
$/MWh of 

RE 

Avoided 
CO2/MWh 

Period Description Source 

CT Not 
estimated N/A 0.39-0.53 

tons/MWh 2020 
Avoided CO2 emissions of 
0.39-0.53 tons/MWh of 
renewable generation 

Brattle 
Group et 
al. 2010 

OH Not 
estimated N/A N/A 2014 

CO2 emissions reduced from 
116.36 million metric tons in 
reference case to 116.16 (-
0.17%), and to 115.79 (-0.5%) 
in scenarios 

PUCO 
2013c 

ME $13 million $7/MWh 0.57 
tons/MWh Annual 

Avoided allowance costs for 
96 tons for SO2, 1,629 tons for 
NOX and 1.1 million tons for 
CO2. CO2 valued at $12/ton. 

LEI 2012 

DE 
$980 - 
$2,200 
million* 

N/A N/A 2013 �– 
2022 

Human health benefits due to 
improvements in air quality 
from emission reductions in 
power generation and other 
sectors 

DPL 2012b

IL $75 million $11/MWh** 0.79 
tons/MWh** 2011 

Avoided allowance costs for 
5,481,327 tons of CO2 and 
4,765 tons of NOX. CO2 
valued at $5/ton. 

IPA 2013 

NY 

Not 
estimated N/A N/A 2002-

2006 

4,028 tons of NOX, 8,853 tons 
of SO2, and 4.1 million tons of 
CO2 

NYSERDA 
2013a 

$312 - 
$2,196 
million*** 

$3�–
22/MWh 

0.05 
tons/MWh 

2002 �– 
2037 

Value of avoiding 50.29 million 
tons of CO2. CO2 valued at $15 
/ton and $85/ton.** 

NYSERDA 
2013b 

$48 million $0.5/MWh N/A 2002 �– 
2037 

Value of avoiding 278 pounds 
of mercury, 15,214 tons of 
NOX and 14,987 tons of SO2 

NYSERDA 
2013b 

*Delaware estimates reported in $2010 dollars.  
**Estimated based on 6.9 million MWh of renewable energy needed to meet the 2011 RPS requirements (IPA 2010, 
Zuraski 2014).  
*** The estimated monetary impact is a net present value calculation reported in $2012, thus the avoided tons of CO2 
multiplied by values of $15/ton and $85/ton differs from the reported $312 - $2,196 million.  
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4.1.1 Emissions Rate Approach 
In our literature review, we identified only one state�—Maine�—that used a simplified emission 
rate method to estimate the avoided emissions.  

Maine. Maine�’s PUC (MPUC) retained London Economics International (LEI) to analyze the 
costs and benefits of RPS compliance, as required by the state legislature.42 To estimate 
emissions benefits, LEI used half of the aggregate nameplate capacity of wind generation 
projects proposed in the ISO New England interconnection queue located in Maine, or 625 MW, 
to calculate impacts (LEI 2012). LEI calculated avoided emissions by assuming that natural gas-
fired generation was displaced by the renewable energy generated under Maine�’s RPS. Using 
U.S. EPA average emission rates for natural gas-fired generation, LEI calculated an annual 
reduction of 96 tons for SO2, 1,629 tons for NOX, and 1.1 million tons for CO2. The annual 
monetary value of avoided emissions was calculated at $13 million based on allowance prices of 
$0.80/ton for SO2 (based on the current forwards), $20/ton for NOX (based on the current 
forwards), and $12/ton for CO2 (LEI 2012). 
 
4.1.2 Modeling Avoided Emissions Approach  
Several states have conducted more detailed electric system modeling to understand avoided 
emissions. The following are examples of this approach.  

Connecticut. As part of their IRP for Connecticut, a private consultant and two electric 
distribution companies used the Day-Ahead Locational Market Clearing Prices Analyzer 
(DAYZER) model to simulate resource dispatch and measure economic impacts and emission 
levels for the ISO New England region. The study compared the RPS requirements as of 2010 
with lower levels of ISO-wide renewable energy deployment under five scenarios and also 
varied assumptions regarding natural gas prices, carbon prices, and load growth. Using this 
methodology, the study found avoided CO2 emissions of between 0.39 tons/MWh and 
0.53tons/MWh of renewable generation (The Brattle Group et al. 2010). 

Delaware. The electric distribution company Delmarva Power and Light (DPL) used a group of 
modeling tools to calculate the expected emissions from power plants in the PJM Delmarva zone 
between 2012 and 2022 as part of its 2012 IRP for Delaware. The study assessed the impact of 
not only the RPS, but also demand side management programs, energy efficiency programs, and 
emission controls for coal plants. DPL�’s results show a reduction in CO2, SO2, and NOX 
emissions from power plants of approximately 30%, 66%, and 56%, respectively, from 2012 
levels, in 2022 (DPL 2012b). Human health benefits over the 2013-2022 period for Delaware 
due to the improvements in air quality, including reductions from the transportation and other 
sectors, were estimated to be between $980 million and $2.2 billion for Delaware, and between 
$13 and $29 billion for the mid-Atlantic Region. Monetized benefits of improvements in air 
quality were based on estimates of reduced health effects specifically related to ozone and 
particulate matter-related morbidity and mortality (e.g., from chronic bronchitis, emergency 
room visits for asthma). DPL estimated that the health-related costs associated with power plant 

                                                 
42MPUC was tasked with examining direct investment, induced effects, job creation, and other benefits resulting 
from a diversified electricity generation fleet. 
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emissions in Delaware during the same period ranges between $2.5 and $6.8 billion (DPL 
2012b). 

Illinois. The Illinois Power Agency (IPA), an independent agency established by the legislature 
to procure power for the state�’s two largest electric utilities to comply with the RPS, prepares an 
annual report as required by statute that includes RPS compliance status and an analysis of costs 
and benefits. To assess RPS benefits, IPA hired a private consultant to model the electricity 
market. The study examines both PJM and MISO markets, both of which operate in Illinois, with 
and without renewable generation to calculate emission reductions and effects on locational 
marginal prices (LMP) for calendar year 2011 (an historical rather than prospective analysis). 
The study used the MarSi model, a software tool developed by GEMS for electricity market 
simulations. The reduction in emissions directly attributable to renewable energy generation 
amounted to 5,481,327 tons of CO2 and 4,765 tons of NOX. Using trading values for emission 
allowances of $10,000/ton of NOX and $5/ton of CO2, IPA calculated a total emission cost 
reduction of approximately $75 million due to renewable energy generation (IPA 2013).  

New York. NYSERDA has examined historical and future emissions reductions as part of its 
annual RPS performance reports and also within periodic RPS evaluations. In its 2012 historical 
performance report (covering the 2006-2012 period), NYSERDA found emissions reductions 
attributable to renewable energy generation of approximately 4,028 tons of NOX, 8,853 tons of 
SO2, and 4.1 million tons of CO2 (NYSERDA 2013a).  

In 2013, NYSERDA completed an historical and forward-looking assessment of the New York 
RPS Main Tier, as required by the Public Service Commission, focusing on compliance status, 
direct economic impacts, cost-benefits analyses, and resource availability and costs.43 The study 
estimated avoided carbon emissions and other electric system impacts using ICF International�’s 
Integrated Planning Model (IPM). The study considered main tier renewable energy projects 
with signed contracts as of December 31, 2012, referred to as the Current Portfolio. The avoided 
emissions calculated for the Current Portfolio over the course of the 2002-2037 study period44 
were 50.29 million tons of CO2, 278 pounds of mercury, 15,214 tons of NOX, and 14,987 tons of 
SO2 (NYSERDA 2013b). Using $15/ton and $85/ton as boundaries for the value of avoiding 
CO2 emissions, NYSERDA estimated a present value between $312 million and $2,196 million. 
For monetization of health benefits from criteria pollutants, NOX and SO2 were valued at 
$3,500/ton and $1,100/ton, respectively. A value of $194.5 million/ton was used for mercury. 
Avoided emissions of NOX, SO2, and mercury were estimated to produce $48 million in health 
benefits (NYSERDA 2013b).  

Ohio. The Public Utilities Commission of Ohio (PUCO) used PROMOD IV, a nodal electricity 
market simulation tool, to quantify changes in generator emissions that occur as a result of 
Ohio�’s Alternative Energy Portfolio Standard (AEPS). The study examined two scenarios over 
calendar year 2014. The first scenario considered projects that were operational at the time of the 
study; the second considered projects that had been approved by the Ohio Power Siting Board, 

                                                 
43 The Main Tier of NY�’s RPS includes larger power generation plants in the utility side of the meter and accounts 
for approximately 92% of the total RPS requirement. 
44 This period spans over the life of the systems in the current portfolio. 
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but were not operational. The results for each of these scenarios were compared to a scenario 
where �“no utility-scale renewable resources are developed within Ohio.�” CO2 emissions were 
reduced relative to this no utility-scale renewable resources scenario from 116.36 million metric 
tons to 116.16 for the first scenario, a change of -0.17% in, and to 115.79 million metric tons, in 
the second scenario, a change of -0.5% (PUCO 2013c).  

Overall, estimates of air quality benefits range from on the order of tens to hundreds of million 
dollars annually or about $4-$22/MWh of renewable generation, with some studies presenting a 
wide range of estimates depending on assumptions. Often, the value of CO2 emissions benefits 
(Table 11) drives the estimates, because of the magnitude of those reductions, compared to 
reductions of other air pollutants. In order to calculate the estimated monetary impact of avoided 
CO2 emissions, the tons of avoided CO2 emissions can be multiplied by the value of the CO2. 
Thus, assumptions regarding the value of CO2 influence results considerably. An interagency 
assessment of the social cost of carbon found a range from $11 to $89/metric ton of CO2 for the 
year 2010 (in $2007 dollars) depending on the discount rate used (Interagency Working Group 
on Social Cost of Carbon 2013). The NYSERDA study used a similar range ($15/ton and 
$85/ton) for valuing avoided CO2 emissions, while most of the other studies examined used a 
single estimate of the value of CO2 typically consistent with the lower end of the range (or 
below) estimates reported by the interagency working group. Maine�’s assessment valued CO2 at 
$12/ton (LEI 2012) and the IPA assessment valued CO2 at $5/ton (IPA 2013).  

There are a number of considerations with respect to methods of assessing air emissions impacts 
that can influence their ability to be compared to incremental costs. In cases where cap and trade 
policies are in place, renewable energy may not provide emissions reductions from capped 
pollutants, unless there is a set-aside for renewable energy. At the same time, even in this 
instance the increased production of emissions-free renewable electricity will reduce the cost of 
complying with the cap-and-trade program, as proxied by the marginal allowance price. If 
allowance prices are used to estimate benefits, however, it is important to ensure that they are not 
already captured in the estimated incremental cost of the renewable energy. Allowance prices 
should already be embedded in wholesale electricity prices, for example, so if wholesale prices 
are used in cost calculations, then those estimates should already take into account these impacts. 
Similarly, if a proxy plant used to calculate the incremental cost of the RPS includes allowance 
prices or carbon costs, then these emissions impacts are captured in the incremental cost 
assessment. Another factor that complicates comparison is that often benefits estimates are 
forward looking, while the incremental costs are based on historical compliance. For these 
reasons, it is difficult to compare these estimates to the incremental costs discussed earlier; 
however, treatment of these issues varies from state to state. 

4.2 Economic Development Impacts 
Economic development impacts are also of significant interest in evaluating RPS policies. Often 
policymakers seek to achieve economic development goals with RPS policies; therefore, these 
impacts are generally of interest, and in some cases, their quantification is required by the state 
legislature. 

Economic impacts of renewable energy development resulting from an RPS include impacts on 
the number of jobs, direct investment from construction and operation of facilities, tax revenues, 
as well as indirect and induced economic impacts, which result from the purchase of goods and 
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services.45 An RPS can also affect electricity prices, which can impact economic activity. One 
key issue is whether the assessment examines gross impacts (e.g., new jobs supported) versus net 
impacts that consider shifts in employment. Understanding net impacts associated with the 
development of new renewable energy projects requires more detailed analysis of changes in the 
operation of other generating units, fuel usage, utility revenues, electricity prices, and residential 
and commercial energy expenditures (Steinberg et al. 2011). Many states focus on the boundary 
of impacts within the state, but in reality, shifts in jobs may occur within the region. 
Furthermore, some assessments focus on only one particular aspect of the economic impacts.  

A variety of methods can be employed to conduct economic assessments; these involve varying 
degrees of rigor. Simplified methods, which yield estimates of gross impacts, include input-
output models or case study approaches often focused on specific renewable energy facilities. 
Input-output models, the most common method used in gross impact analysis, calculate the 
direct, indirect, and induced economic impacts by quantifying relationships between sectors in an 
economy at a point in time, but cannot analyze changes in electricity prices (e.g., IMPLAN, 
RIMS II). More sophisticated economic modeling tools can also be used to assess net impacts, 
including: 1) econometric models that assess impacts on the economy; and 2) computable 
general equilibrium models (CGE models) that examine the flow of goods and services through 
the economy (see U.S. EPA 2011 for more detail on methods and models available). Table 12 
summarizes estimates of the economic impacts of RPS policies for several states.  

                                                 
45 See the RIMS II user�’s guide for more in-depth discussion of these components, Bureau of Economic Analysis, 
Department of Commerce, https://www.bea.gov/regional/pdf/rims/RIMSII_User_Guide.pdf, accessed January 30, 
2014.  

https://www.bea.gov/regional/pdf/rims/RIMSII_User_Guide.pdf
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