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Executive Summary
Renewable Portfolio Standards (RPS), now existing 
in 29 states and the District of Columbia, require 
utilities to provide a certain percentage of electric-
ity consumption from wind, solar, and other forms of 
renewable energy. Federal policies, such as the wind 
production tax credit and the solar investment tax 
credit, also promote the production of wind and so-
lar power. Given the widespread use of rate of return 
regulation based upon average cost pricing, the costs 
of these policies are less than transparent. Moreover, 
to the extent that these policies drive up electricity 
prices, output and employment could be adversely 
affected. The objective of this study is to understand 
and estimate these costs and economic impacts.

Central to this effort is the estimation of the op-
portunity costs of higher cost, intermittent renew-
able power in terms of the foregone electricity 
����� ����������ǡ������������ ������� ����� ϐ���������-
tricity. These opportunity costs vary considerably 
by state based upon the cost of existing capacity 
and availability of wind and solar resources. Ac-
cordingly, this study estimates these costs for the 
��������������������ϐ�������	��������ͳǤ������������
and stringency of the RPS goals varies consider-
ably by state. Moreover, there is wide variation in 
the size and composition of electricity generation 
for this sample of states.ͳ 

������������������������������ϐ����������ǡ������������
develops models of electricity supply and demand 

EVALUATING THE COSTS AND 
BENEFITS OF RENEWABLE ENERGY 
PORTFOLIO STANDARDS

Figure ES1: RPS Goals by State
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for each state. These models are projected using 
forecasts for coal and natural gas prices out to 2040 
����� ���� �Ǥ�Ǥ� ������� ������������ ��������������Ǥ�
The baseline forecast assumes existing electricity 
production capacity remains in place with new gen-
eration requirements met by natural gas integrated 
combined cycle (NGCC) plants. The RPS scenario 
������������������������ϐ�������	��������ͳǤ���������
electricity generation costs, power consumption, 
and retail rates under the baseline and RPS scenar-
ios are then compared.

The costs of RPS policies depend upon the opportuni-
ty costs of electricity generation from wind and solar. 
	����������������� ϐ�������� ���������������������������-
tion capacity, imposition of RPS could raise electricity 
�����������ϐ�������������������������������������������
generation displace low cost sources of power. While 
this displacement reduces expenditures on fossil fuels, 
coal and natural gas plants are cycled to accommodate 
the intermittent generation of renewable generators, 
������������������������������ϐ����������������������-
eration costs. On the other hand, building more re-
newable energy plants to meet RPS goals reduces the 
need to build new NGCC plants. Finally, investments in 
RPS capacity earn federal tax subsidies. Wind power 
receives a production tax credit of $23 per megawatt 
hour (Mwh) while solar plants receive a 30% invest-
ment tax credit. Hence, RPS policies contribute to low-
er federal tax revenues. 

������������������������������	��������ͳ���������
��������������������Ǥ�	����������ǡ����ʹͲͳ͸ǡ���������
goals involve $5.4 billion in additional expenditures 
to build and operate the required RPS facilities, 
̈́ʹ͹ͳ�������������������������ǡ�����̈́ͳǤͺ����������������
���������Ǥ�������������������������������������̈́ͳǤͶ͹ͺ�
����������������������������������������̈́ʹ͸ͳ������������
avoided new NGCC generation costs. Hence, the to-
��������������������������������̈́ͷǤ͹͸ʹ������������ʹͲͳ͸Ǥ�
������������������������������������������̈́ͺǤ͹���������
���ʹͲʹͷ����� ��������� ���̈́ͺǤͻ��������� ���ʹͲͶͲ�������
RPS goals are met and the unit costs of solar and 
wind decline due to technological improvements.

These higher costs are passed on to customers in the 
form of higher retail electricity prices, summarized 
�����������ʹǤ�����������������������������ǡ���������
South Carolina, experience moderate rate increases. 
Similarly, states meeting their RPS goals with wind, 
����������������ǡ��������������������������������͸ΨǤ�
On the other hand, states meeting rather ambitious 
RPS goals with relatively higher cost solar power, 
such as Oregon, North Carolina, Nevada, Utah, and 
Virginia incur much steeper electricity rate increases. 

������������ ����� ���������� ����� ��� ���� ������ ����
reached in the early 2020s for most states. Thereaf-
ter, electricity rate increases begin to taper off as the 
costs of wind and solar decline due to technological 
improvements. Despite these expected reductions in 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Renewable 
Energy Costs 5,400.0 7,815.2 8,881.6 9,283.8 9,693.2 10,119.0

Cycling Costs 271.1 316.0 339.6 371.9 409.2 452.6
Tax Subsidies 1,830.1 2,672.2 3,098.0 3,287.2 3,485.7 3,698.8
Fossil Fuel Costs -1,478.3 -2,319.5 -2,966.3 -3,493.3 -4,071.0 -4,687.0
New Fossil Fuel 
Costs -260.7 -462.0 -597.5 -619.6 -642.1 -652.3

Total Net Costs 5,762.2 8,022.0 8,755.4 8,829.9 8,875.0 8,931.1

Table ES1: Costs of RPS for Entire 12 State Sample

Executive Summary
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the cost of wind and solar technology, RPS polices in-
crease prices for electricity.

Many economic studies in the peer-reviewed lit-
erature demonstrate that higher energy prices re-
�����������������������������������Ǥ�����������
an essential factor of production and consumption 
activities. Given limited substitution possibilities, 
higher electricity prices raise business costs and 

consumer energy bills, which reduces spending on 
������������������������Ǥ��������������������������
energy, however, constitute an economic stimulus. 

A comparison of these economic impacts is sum-
�������� �����������͵� ���� ���� ������� ������� ������Ǥ�
For example, in 2025 higher electricity prices as-
sociated with RPS policies reduce value added or 
�����������������������̈́ʹ͵Ǥͳ��������Ǥ��������������

Table ES2: Impact of RPS Policies on Retail Electricity Prices

 ELECTRICITY PRICE CHANGES IN PERCENT
2016 2020 2025 2030 2035 2040

Colorado 6.12 8.23 7.69 7.32 6.69 5.93
Delaware 11.02 14.50 14.99 12.50 10.14 8.20

North Carolina 10.04 16.06 14.12 12.55 11.03 9.79
New Mexico 6.18 6.77 5.95 5.30 4.54 3.92

Nevada 14.77 15.60 15.14 13.28 11.21 9.12
Oregon 9.41 10.00 11.09 14.13 16.42 18.13

Pennsylvania 2.14 2.56 2.54 2.40 2.25 2.08
Rhode Island 13.61 18.16 16.62 15.55 14.46 13.17

South Carolina 0.39 1.52 2.08 1.97 1.85 1.75
Utah 5.13 9.07 12.78 11.78 10.67 9.47

Virginia 5.45 7.75 9.85 8.76 7.74 6.93
Wisconsin 4.34 4.29 4.01 3.70 3.39 3.08

required for new renewable energy plants increase 
������ ������ ��� ̈́͸͸ͺ��������Ǥ������ �� ������ �������
from reductions in required NGCC plants to meet 
load growth, the net reduction in value added is 
nearly $22.5 billion in 2025. Similarly, gross em-
��������� ������� ���� ����� ͳ͸Ͳ� ��������� ��� ʹͲʹͷ�
but over 9 thousand jobs are created building and 
operating new solar and wind capacity to meet 
RPS goals. But again the net change involves over 
ͳͷͲ�����������������������ʹͲʹͷǤ��������ǡ������������
ϐ���������������������������������������������������
renewable energy facilities are offset by the nega-
tive impacts that higher electricity rates have on 
employment and value added. The estimated loss-
es in value added for each of the twelve states are 

����������������������ͶǤ��������������������������
in North Carolina with value added reductions be-
������̈́͵Ǥͻ������������ʹͲͳ͸��������������̈́͸Ǥ͸���������
��� ʹͲʹͷǤ� ������� ��� ������� ������ ������ ������� ̈́ͳ�
billion in seven other states.

The employment impacts of RPS policies are sum-
�������������������ͷǤ�������������������������������
the losses in value added.  Again, the magnitudes 
differ by state depending upon the stringency of the 
RPS goals, the size of the state, and the technologies 
available for each state to meet the RPS goals. Solar 
energy is the main way to attain RPS goals for east-
ern states due to limited wind resources.

Executive Summary
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���������������������������������������	��������ʹ�
using the present discounted value of lost value added 
�����������������������������������ʹ Ͳͳ͸����ʹ ͲͶͲǤ�����
largest losses occur in North Carolina with a cumula-
���������������������������������̈́ ͳͲ͸��������������������

average job losses of more than 37 thousand. The next 
largest losses occur in Virginia with over $50 billion in 
lost value added and more than 20 thousand lost jobs 
per year. Five other states – Colorado, Nevada, Oregon, 
Pennsylvania, and Utah – incur losses exceeding $25 

Table ES3: RPS Impacts on Value Added and Employment for All States

 MILLIONS OF 2013 DOLLARS
Value Added 2016 2020 2025 2030 2035 2040
Electric prices -16,779 -22,799 -23,140 -21,555 -19,786 -18,100

RPS Invest. 2,069 1,290 668 432 439 456
NGCC Invest. -146 -34 -22 -2 1 2
Net Change -14,856 -21,543 -22,495 -21,124 -19,346 -17,642
Employment NUMBER OF JOBS
Electric prices -118,606 -159,094 -161,595 -151,605 -140,199 -129,223

RPS Invest. 29,826 18,332 9,073 5,796 5,870 6,092
NGCC Invest. -1,246 -305 -206 -21 10 15
Net Change -90,026 -141,066 -152,727 -145,830 -134,318 -123,116

Table ES4: RPS Impacts on Value Added by State 

 CHANGE IN VALUE ADDED IN MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Colorado -1,442 -1,996 -1,992 -1,895 -1,730 -1,530
Delaware -603 -812 -839 -715 -578 -466

North Carolina -3,899 -7,145 -6,664 -5,918 -5,196 -4,606
New Mexico -239 -444 -390 -348 -298 -251

Nevada -1,711 -1,792 -1,715 -1,534 -1,287 -1,038
Oregon -1,451 -1,571 -1,636 -2,022 -2,374 -2,636

Pennsylvania -1,226 -1,503 -1,640 -1,545 -1,449 -1,337
Rhode Island -629 -890 -813 -760 -707 -643

South Carolina -63 -198 -349 -318 -298 -283
Utah -662 -1,420 -2,025 -1,964 -1,777 -1,575

Virginia -1,865 -2,655 -3,390 -3,149 -2,778 -2,486
Wisconsin -1,065 -1,116 -1,041 -958 -874 -791

Total -14,856 -21,543 -22,495 -21,124 -19,346 -17,642

Executive Summary
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billion in value added and 9 thousand jobs per year 
�����ʹͲͳ͸����ʹͲͶͲ���������������������������������-
dens associated with RPS policies.

������������ǡ��������ǡ��������������ϐ������������-
ing carbon dioxide emissions. These savings, how-

ever, come at a relatively high price with the avoid-
�����������������������������̈́ʹ͵Ͷ�����̈́͵ͺ���������
���ʹͲͳ͸�������������̈́ͳ͵͸�����̈́͵Ͳ������������ʹͲͶͲǤ�
An emissions weighted average of CO2 abatement 
���������������������������̈́ ͹ͺ����ʹ Ͳͳ͸�����̈́ ͸ʹ���������
per ton in 2040.

Table ES5: Impact of RPS Policies on Employment by State

 CHANGE IN NUMBER OF JOBS
State 2016 2020 2025 2030 2035 2040

Colorado -8,060 -11,619 -12,445 -11,823 -10,779 -9,516
Delaware -2,705 -3,845 -3,970 -3,536 -2,846 -2,272

North Carolina -17,821 -43,277 -44,093 -39,107 -34,289 -30,345
New Mexico -743 -3,483 -3,060 -2,724 -2,333 -1,921

Nevada -11,827 -12,540 -11,868 -10,813 -9,037 -7,237
Oregon -12,309 -13,459 -13,547 -16,428 -19,422 -21,637

Pennsylvania -7,781 -9,712 -11,396 -10,726 -10,046 -9,255
Rhode Island -4,003 -6,023 -5,496 -5,137 -4,771 -4,339

South Carolina -561 -1,331 -3,084 -2,794 -2,617 -2,480
Utah -1,912 -7,137 -10,517 -11,153 -10,077 -8,916

Virginia -13,182 -18,779 -24,060 -23,144 -20,399 -18,241
Wisconsin -9,121 -9,862 -9,193 -8,447 -7,701 -6,957

Total -90,026 -141,066 -152,727 -145,830 -134,318 -123,116

Executive Summary

Figure ES2: Cumulative Economic Impacts of RPS
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������������������������������������������������-
vironmental Protection Agency is well below these 
average avoided emissions costs, suggesting that 
Renewable Portfolio Standards are a relatively ex-
pensive strategy to cut greenhouse gas emissions 
ȋ���� 	������ ��͵ȌǤ� ��� �������ǡ� ����� ������ ϐ�����
that the economic impacts of Renewable Portfolio 
��������������������ϐ����������������������������-
ing upon the goals and the availability of solar and 
wind resources. Across all states, however, RPS 
policies increase electricity prices. 

RPS investments stimulate economic activity. The 
negative economic impacts associated with high-

er electricity prices, however, offset the economic 
��������� ����� ������ ���� �����������Ǥ� ��� �����
cases, especially for states that must utilize solar 
energy technology to meet RPS goals, the costs per 
ton of carbon is much higher than the social cost 
of carbon estimated by the US federal government. 
Avoided carbon costs are lower for wind power 
but still involve net losses in value added and em-
��������Ǥ� ������ ϐ�������� �������� ����� ����������
Portfolio Standards for the twelve states examined 
��� ����� ������������ ����������� ����ϐ������������� ���
reduce greenhouse gas emissions and they reduce 
economic growth and employment.

Table ES6: Costs of CO2 Reductions using RPS

 2013 DOLLARS PER TON
State 2016 2020 2025 2030 2035 2040

Colorado 37.92 41.89 40.22 39.79 38.56 36.78
Delaware 105.74 88.83 77.70 68.22 60.16 53.31

North Carolina 199.03 183.27 162.12 147.65 134.22 122.56
New Mexico 45.92 39.80 37.09 35.02 32.46 30.59

Nevada 76.82 56.83 51.17 46.68 42.64 38.66
Oregon 45.89 49.06 45.93 47.68 47.40 46.51

Pennsylvania 44.05 44.21 42.37 41.43 40.50 39.41
Rhode Island 205.42 172.39 156.73 148.99 141.55 133.72

South Carolina 103.38 156.21 133.88 127.07 120.60 115.27
Utah 97.22 85.42 82.54 76.74 71.33 65.94

Virginia 234.91 203.97 181.92 161.71 147.34 136.03
Wisconsin 54.22 51.15 49.46 47.67 45.88 44.06

Executive Summary



Impact of Federal Transfers on State and Local Own-Source Spending   11

Figure ES3: RPS Abatement Costs and the Social Cost of Carbon

Executive Summary
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I. Introduction
Thirty states including the District of Columbia 
have adopted Renewable Portfolio Standards 
(RPS) specifying shares of electricity consump-
tion provided by renewable energy. RPS propo-
nents argue that these policies are needed to re-
duce greenhouse gas emissions. They also argue 
that the construction of renewable energy facilities 
increase employment opportunities. Opponents as-
sert that Renewable Portfolio Standards increase 
electricity generation costs and rates paid by cus-
tomers, which reduces regional economic activity. 
The objective of this study is to provide a balanced 
������������������ǡ����������������������������ϐ�������
������������������������������������Ǥ��

����������������ͳʹ�����������������������������������-
ed States: the Northeast and Mid-Atlantic states 
��� ������ ������ǡ� ������������ǡ� ���� ��������Ǣ� ����
South Atlantic states of Virginia and North and 
��������������Ǣ����������������������������������ǡ�
���� ϐ������������ ������ǡ� ������������������ǡ�����
Mexico, Utah, Nevada, and Oregon. These states 
are quite diverse both respect to their sources of 
electric power generation and their economies. 
Moreover, their RPS policies also differ both in 
terms of timelines, goals, and an array of special 
provisions. This sample of states, therefore, pro-
vides a rather robust sample from which to deter-
����� �������� ������� ������ ��������ϐ������������-
�������������������������������Ǥ

������ ���� �������� ����������� ��� ������ ����ϐ����
���� �����Ǥ� ��� ���� ����ϐ��� ����ǡ� ������ ���� ��������
greenhouse gas emissions and additional economic 
activity generated by the construction of renew-
able energy plants. The costs include three compo-
�����Ǥ�����ϐ�����������������������������������������
and federal tax revenues from renewable energy 
tax credits. The second impact is the lost consumer 
surplus from higher electricity rates induced by the 
RPS. Finally, these higher electricity rates affect re-
gional economic activity, reducing output, income, 

employment, and state and local tax revenues. 
The following section provides an overview of the 
methods used to estimate these costs and ben-
�ϐ���Ǥ���������������������������������ϐ������������
each of the twelve states, presenting the impacts 
�������������������������������������������������
economic impacts.

I. Methodology
Renewable Portfolio Standards are generally met 
with wind and solar electric generating technolo-
gies. Relatively small amounts of biomass and 
other renewable sources of generation are also 
used to meet these standards. Given this fact and 
the limited information available on these alter-
natives to wind and solar this study assumes that 
RPS goals are met by building wind and solar gen-
eration capacity. 

������� ������ ����������� ���������������� ϐ����� �������
opportunity costs, which vary depending upon the 
����ǡ���ϐ�������ǡ���������������������������������ϐ�����
��� ����������� ��������Ǥ� ��������ǡ� ���� ����ϐ���� ���
terms of avoided emissions will also vary with the 
���������������� ��� ���� ����������� ϐ����Ǥ� �����ǡ� ����
opportunity costs of RPS policies could vary consid-
erably by state. For example, if a state has a high cost 
of electric power generation, adding wind and solar 
would involve relatively lower costs than those in-
curred for a system with very low costs. These costs 
are also affected by coal, oil, and natural gas prices 
������������ �������Ǥ� ��������������������������ǡ� ����
instance, the increase in average generation costs 
from adopting RPS policies would be relatively low-
er than under low natural gas prices.

Another important adjustment affecting the op-
portunity costs of RPS policies is how the demand 
for electricity adjusts to higher electricity rates that 
would be required to recover the additional costs 
of building and operating renewable energy plants. 
This price induced energy conservation would re-
duce the costs of RPS policies. 

Introduction/Methodology
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To estimate these electricity supply and demand 
adjustments in response to RPS policies, this study 
�����������������ϐ�������������������������������-
����� ��� ���������� ���� ���������� ȋʹͲͳͶǡ� ʹͲͳͷȌ�
in which electricity demand models are integrat-
ed with engineering-economic models of electric 
����������������Ǥ���������������������������������
based upon assumptions for the growth of gross 
state product and upon retail electricity prices that 
are determined based upon average generation 
costs determined from the engineering-economic 
model of electricity generation. 

These costs are calculated based upon observed lev-
els of installed generation capacity, utilization rates, 
and unit costs of generation that include operating 
�������������������������Ǥ���������������ǡ�����������
generation from existing natural gas, coal, nuclear, 
hydro, and renewable capacity are estimated by 
multiplying the respective capacities by their utili-
zation rates. The displacement of fossil fuel genera-
����������������������ϐ�������������������������Ǧ��-
timal cycling of these plants to balance system load 
with rising levels of intermittent renewable energy 
�����������������������������������������������-
sions and Generation Tool developed by the U.S. 
��������������������������������ȋʹͲͳͷȌǤ�	��������
study, these models are run and estimated for each 
of the twelve states.

These electricity supply and demand models for 
������������������������������ʹͲͳ͸����ʹͲͶͲ�������
���� ���������Ǥ� ���� ϐ����� ��������� ��� ���� ����� �����
��ϐ����� ��� ���� ��������� ����������� ϐ����� ��������
RPS policies in place. For existing wind and solar 
��������ǡ������������������������ϐ����������������ǡ�
��������������ϐ������������������������������������
����������� ��� ���� ������� �����Ǥ� ������������ �������
and demand are balanced by new investment and 
generation from natural gas integrated combined 
cycle (NGCC) plants. The second scenario assumes 
the RPS goals are phased in over the forecast hori-
zon, specifying an amount of wind and solar gener-

ation equal to the RPS share multiplied by projected 
�����������������������Ǥ��������������ǡ��������������
amount of new NGCC capacity would be reduced 
due to the rising share of renewable energy in the 
generation portfolio. The impacts of RPS policies on 
retail electricity prices are determined by compar-
ing retail electricity prices in these two scenarios.
 
These retail electricity price changes, and the net 
changes in new power plant investments will affect 
local economic activity. Value added and employ-
ment multipliers reported by recent economic stud-
ies will be used to estimate the state level economic 
�������� ��� ���� ��������Ǥ� ���� 
���� ���� ���������
������������ ������� ȋ
���Ȍ� ��������� ����� �����-
����������������������������������������������-
���ȋʹͲͳͷȌ������������������������������������������
plant investments on value added and employment. 
The net effects on employment and value added are 
then estimated. 

����ϐ���� ���� ���� �������� ���� ���������ǡ������� ����
������������� ������� ����������������������� ����-
sions in the base case and the RPS scenario includ-
ing the emissions saved from existing wind and so-
������������Ǥ����������������������������������ϐ�����
above divided by these emission savings provide an 
estimate of the unit cost of greenhouse gas reduc-
tions from RPS policies. 

��������������ϐ�������Ǧ������������������������������
obtained from the econometric estimation of the 
�������������������������ǡ����������ϐ���������������
electricity generation cost models, average cost cal-
culations under RPS policies, the decomposition of 
RPS opportunity costs, and the parameters used for 
the economic impact analysis. 

2.1 Electricity Demand

The demand for electricity is a simple partial ad-
justment model in log-linear form, in which total 
consumption of electricity in state i, , is a func-
tion of the real price for electricity, Pit , gross state 

Methodology
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product or total value added, Yit , and lagged con-
sumption, Qit-1  :

  lnQit = ȽiήȾiln Pit ήɀiln Yit ήɉi Qit-1  .            ȋͳȌ�

where Ƚi ǡȾi , ɉi are parameters estimated with or-
dinary least squares. This equation is estimated 
for each of the twelve states. The results for alter-
������� �����ϐ��������� ���������� �� ϐ����� ������������
�������ǡ� �� �����ϐ�������� ����� �������� ���� ������ǡ�
����ϐ�������������������������������������������-
pendix A and are not substantially different from 
�������������������������ͳǦ͵Ǥ���

���������������������������������������ȋͳȌ�������-
����������������������ͳǤ�������������ǡ���������ϐ��������
on price for all twelve states are negative indicating 
an inverse relationship between electricity con-
������������� �������������Ǥ�������������� ���� �������
����������ϐ����������������������������������������������
���������������������ϐ��������������������������ϐ������Ǥ�

���������ǡ���������ϐ�����������������������������������
��������ǡ���������ϐ���������������������������������-
tionship between economic growth and electricity 
���Ǥ���������������ͳʹ����������������������ϐ��������
���� �������������� �����ϐ�����Ǥ����� �������� ϐ��� ������-
�����������������������ʹ���ϐ�����������������ϐ����������
models to the observed data and the absence of auto-
�����������Ǥ������������������������������������������
probabilities of unit roots in the residuals. The own 
price and output elasticities appear in Table 3. The 
short-run and long-run own price elasticities are on 
average -0.07 and -0.20 respectively, which are quite 
similar to those found in the economic literature. 
Output elasticities average 0.2 and 0.5 in the short 
and long-run respectively across the twelve states 
that again are very close to estimates found in many 
other studies. With projections of future gross state 
�������������������������ǡ����������ȋͳȌ����������������
project future electricity consumption. 

Methodology
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STATE ESTIMATE CONSTANT LOG OF REAL PRICE LOG OF REAL GSP LAGGED QUANTITY
Colorado Estimate -0.4902 -0.0379 0.1447 0.7701

t-Statistic -1.9138 -2.4042 3.2219 12.8862
P-Value [.063] [.021] [.003] [.000]

Delaware Estimate -0.6542 -0.1395 0.2465 0.5723
t-Statistic -2.9194 -4.7098 4.8575 7.0174
P-Value [.006] [.000] [.000] [.000]

North Carolina Estimate -0.2608 -0.0278 0.1706 0.6959
t-Statistic -1.0556 -1.1898 2.3595 6.1758
P-Value [.298] [.241] [.023] [.000]

New Mexico Estimate 0.0475 -0.0280 0.0392 0.9099
t-Statistic 0.1156 -0.5632 0.7022 13.3443
P-Value [.909] [.577] [.487] [.000]

Nevada Estimate -1.0216 -0.1686 0.2877 0.6216
t-Statistic -4.8414 -6.2297 6.2116 10.2848
P-Value [.000] [.000] [.000] [.000]

Oregon Estimate 0.5212 -0.0491 0.0849 0.7277
t-Statistic 2.7591 -1.5102 2.2751 7.4734
P-Value [.009] [.139] [.028] [.000]

Pennsylvania Estimate 0.1410 -0.0814 0.2132 0.5643
t-Statistic 1.1377 -3.9395 3.7515 5.2630
P-Value [.262] [.000] [.001] [.000]

Rhode Island Estimate -0.4151 -0.1020 0.1981 0.5877
t-Statistic -3.1521 -6.3470 6.2642 9.4167
P-Value [.003] [.000] [.000] [.000]

South Carolina Estimate -1.4600 -0.0864 0.4437 0.3557
t-Statistic -3.5542 -3.5018 4.5002 2.6698
P-Value [.001] [.001] [.000] [.011]

Utah Estimate -0.9474 -0.0228 0.2057 0.6969
t-Statistic -1.8262 -1.3388 2.4048 6.2836
P-Value [.075] [.188] [.021] [.000]

Virginia Estimate -0.4332 -0.0385 0.1711 0.7208
t-Statistic -1.4929 -1.9802 2.6287 7.8650
P-Value [.144] [.055] [.012] [.000]

Wisconsin Estimate -1.1833 -0.0816 0.3342 0.5010
t-Statistic -3.0000 -3.1200 3.8977 4.2555

 P-Value [.005] [.003] [.000] [.000]

Methodology
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Table 2: Electricity Demand Model Summary Fit Statistics by State

STATE ADJ. 
R-SQUARED

DURBIN H 
PROBABILITY VALUE

WEIGHTED SYMMETRIC 
UNIT ROOT PROB.

Colorado 0.998 0.029 0.010
Delaware 0.990 0.481 0.000
North Carolina 0.993 0.576 0.274
New Mexico 0.990 0.494 0.000
Nevada 0.998 0.288 0.001
Oregon 0.943 0.780 0.739
Pennsylvania 0.987 0.975 0.031
Rhode Island 0.992 0.259 0.416
South Carolina 0.995 0.931 0.021
Utah 0.997 0.738 0.008
Virginia 0.996 0.224 0.143
Wisconsin 0.994 0.308 0.004

Table 3: Short and Long-Run Price and Income Elasticities of Electricity Demand

 OWN PRICE ELASTICITY GROSS STATE PRODUCT ELASTICITY

State Short-Run Long-Run Short-Run Long-Run
Colorado -0.038 -0.165 0.145 0.629
Delaware -0.139 -0.326 0.246 0.576
North Carolina -0.028 -0.092 0.039 0.129
New Mexico -0.028 -0.311 0.039 0.435
Nevada -0.169 -0.445 0.288 0.760
Oregon -0.049 -0.180 0.085 0.312
Pennsylvania -0.081 -0.187 0.213 0.489
Rhode Island -0.102 -0.247 0.198 0.480
South Carolina -0.086 -0.134 0.444 0.689
Utah -0.023 -0.075 0.206 0.679
Virginia -0.023 -0.082 0.206 0.737
Wisconsin -0.082 -0.163 0.334 0.670
Average -0.071 -0.201 0.204 0.549

Methodology
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2.2 Generation Costs

The supply of electricity is determined by simple 
engineering-economic relationships and genera-
tion cost calculations. Generation is determined by 
multiplying installed capacity by utilization rates. 
Costs of electricity generation are determined on 
the basis of the levelized costs of generation, which 
include operating costs and capital cost recovery 
charges. Retail electricity prices equal average gen-
�������� ���������� �� ϐ������������ ���� �������������
and distribution charges. 

���������� ��������� ���� ����� ������ ��� ��������� ����
planned generation and capacity additions and re-
���������� ��������� ��� ���� ��� ������� ������������
���������������ȋʹͲͳ͸Ȍ������ʹ ͲͳͶ����ʹ ͲʹͷǤ����������-
��������������������������������������������ϐ�������ǣ

���������������������������ͳ͵�����������������������-
tricity generation, including coal (cl), geothermal 
(gt), hydro (hy), natural gas (ng), nuclear (nu), other 
(ot), other biomass (ob), other gas (og), petroleum 
(pe),  pumped storage (ps), solar (sl), wind (wn), and 
�����ȋ��ȌǤ��������������������������������ʹͲͳ͵Ǥ�

Under the base case scenario, new generation require-
ments are met with new natural gas combined cycle 
generation (nc), Ginct , which is determined as follows:

Ginct=Qit–Bit–Git                                  (3)

where Bit  is a balance term that includes net elec-
tricity imports and other miscellaneous adjust-
�����ǡ������� �������� ϐ����������������������������
ʹͲͳ͵������ ���� ����������������Ǥ������ ������������
implies that electricity imports do not adjust to 
changes in RPS policies.

������������������������������������ϐ���������������ǣ

where Cijt is the levelized cost of existing generation 
in state i for capacity type j in year t and Cinct  is the 
levelized cost of new natural gas combined cycle 
����������ǡ���ϐ�������������������������������������
and maintenance costs:

where HRnc  is the heat rate for new NGCC capacity 
��������������������������������������͸ǤͶ͵ǡ�Pngt   

is the price of natural gas paid by electric utilities 
���ʹͲͳ͵������������������������ǡ�pnc is the so-called 
overnight capital costs of NGCC capacity equal to 
̈́ͳǡͲʹ͵�������������� ȋ��Ȍ���������ǡ�Knc is installed 
������������ͶͲͲ���ǡ��������������������������������
��� ��� ͹Ǥͳ� �������� ���� �����ǡ� �� ��� ���� �������� �����
recovery period of 20 years, OMnc is operating and 
������������ ������������� ���� ��� ��� ��������ǡ�
and  Unc is the capacity utilization rate for NGCC 
�����ǡ������������������������ͺͷ��������Ǥ����������
two terms in the denominator of the second term 
in equation (5) computes the number of hours in 
a calendar year so that levelized costs are in terms 
of dollars per megawatt hours of electricity genera-
tion. The values of these cost parameters are based 
��������������������������ȋʹͲͳ͵ȌǤ�����ϐ�������������
������������� ��������������������ȋͷȌ� ��� ������������
cost recovery factor.

����������������������������������������������ϐ��������
��ϐ��������������������������������������������ǣ

Pit=ACit+Mi2013                               (6)
    
where M�ʹͲͳ͵ is the margin for transmission and dis-
��������������������������������ʹͲͳ͵Ǥ���������������
����������������������������ȋͳȌǦȋ͸ȌǤ�

Methodology
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For existing fossil fuel generation plants, actual ob-
served heat rates and observed prices paid by elec-
tricity companies are used to calculate operating 
costs by state. Operating costs are simply the prod-

uct of heat rates and the cost of fuels. Heat rates 
�����������������������ʹͲͳ͵������������������������
4 and 5 respectively. 

Table 4: Heat Rates for Fossil Fuel Generation 
 HEAT RATES IN MILLION BTU / MWH

States Coal Natural Gas Oil
Colorado 10.58 8.77 10.39
Delaware 11.81 7.37 8.89

North Carolina 10.03 7.25 10.39
New Mexico 10.57 8.57 11.04

Nevada 10.89 7.57 10.45
Oregon 9.80 7.28 9.58

Pennsylvania 10.23 7.56 8.50
Rhode Island NA 7.79 6.93

South Carolina 10.00 8.09 10.18
Utah 9.92 7.75 10.11

Virginia 10.63 7.83 9.89
Wisconsin 10.41 7.69 4.29

Capital and maintenance costs for existing coal, nat-
ural gas, and nuclear power plants are reported in 
������͸������������������ ����������� ȋʹͲͳͷȌ�����
collected actual observed costs for existing power 
plants based upon data reported by the Federal 

������� ����������� ����������� ȋʹͲͳ͸ȌǤ� ����������
�����������ʹͲͳ͸����ʹͲͶͲ����������������������������
������������������������������������������������-
��������ȋʹͲͳͷȌǤ�
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 FUEL OPERATING COSTS 2013 $ / MWH
States Coal Natural Gas Oil
Colorado 20.21 41.04 245.29
Delaware 37.81 29.76 192.04
North Carolina 38.12 36.16 234.41
New Mexico 24.41 36.27 269.67
Nevada 29.84 32.34 254.10
Oregon 19.21 27.72 211.35
Pennsylvania 25.27 30.26 200.84
Rhode Island NA 44.03 152.35
South Carolina 37.48 37.05 235.13
Utah 20.24 30.76 226.91
Virginia 35.28 32.50 184.18
Wisconsin 24.14 33.76 35.64

Table 5: Fuel Operating Costs for Fossil Fuel Generation, 2013

Table 6: Capital and Maintenance Costs Fossil Fuel and Nuclear Plants, 2013 

 2013 DOLLARS PER MWH
Coal Natural Gas Nuclear

States CapEx O&M CapEx  O&M CapEx O&M
Colorado 4.60 6.62 9.61 7.09
Delaware 6.08 6.55 5.47 5.03
North Carolina 7.91 5.33 5.47 5.03 5.54 14.19
New Mexico 3.10 5.91 5.47 5.03
Nevada 15.92 13.96 5.83 4.60
Oregon 6.27 6.47 4.81 4.35
Pennsylvania 4.59 4.45 5.47 5.03 3.84 18.15
Rhode Island 6.08 6.55 5.47 5.03
South Carolina 9.40 4.83 3.50 2.79 2.24 15.42
Utah 6.08 6.55 5.47 5.03
Virginia 5.88 6.54 5.47 5.03 4.76 11.51
Wisconsin 5.41 8.04 5.47 5.03 7.81 23.81
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The high oil and gas scenario, which results in rel-
atively low natural gas prices, is used as the base 
����������������������������������ǯ�����������������
scenario consistently over-estimates natural gas 
����������������������ǡ����	������ͳ������������Ǥ����-
���������ǡ� ������������������������������ ��������
reference case with higher fossil fuel prices and the 
results are compared in Appendix B.

Figure 2 presents the twelve state average projected 
levelized generation costs for existing coal and natu-
ral gas plants and for new NGCC plants. Notice that 
all three series are relatively close with NGCC costs 
������������������������������������ϐ���������������-
isting fossil fuel plants.  Levelized costs for new NGCC 
��������� ���� ������� ������ ���� ����� ��ϐ�������Ǥ� �����
ϐ����� ����������� ������ ���� �������� ������ �����������
low natural gas prices in the base case scenario. The 

Figure 1: EIA Forecast Accuracy of Henry Hub Prices
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Figure 2: Projected Levelized Costs for Fossil Fuel Generation, 2016-2040

�������������������������������������̈́ͳͶǤ͹Ͳ��������ǡ�
based upon observed data reported by Stacy and Tay-
����ȋʹͲͳͷȌǤ�
������������������������Ǧϐ��������������
is computed on the basis of observed heat rates and oil 
prices and maintenance and capital recovery costs of 
̈́ͳͲǤͷͲ��������������������������������������ȋʹͲͳͷȌǤ�

The levelized costs for wind generation, ciwnt , are 
��ϐ���������������ǣ

where pwnt��������������̈́ʹǡʹͳ͵�����������������������-
�������������������ʹͲͳ͵ǡ��OMwn� ����̈́͵ͻǤͷͷ������������
operation and maintenance costs, Kwn� � ���ͳͲͲ�����-
watts, and the capacity factors, Uiwn  , are reported be-
�������������͹��������������������������ȋʹͲͳ͸ȌǤ������
that levelized costs for wind are reduced by the pro-
���������������������������������ǡ�ɒwn , which is equal 
to $23 / MWh.

Notice the wide dispersion in capacity factors for 
wind across states. Windier western states have 
generally higher capacity factors compared to the 
eastern regions of the US. The highest wind capac-
ity factor is in Colorado followed by Pennsylvania, 
New Mexico, Wisconsin, and Oregon. Also, reported 
in Table 7 are the shares of new capacity supplied 
by wind for each state. These shares are determined 
based upon recent and planned mix of renewable ca-
������Ǥ�����������������������������������������������
meeting RPS goals in Colorado, New Mexico, Oregon, 
������������ǡ�������������ǡ��������������Ǥ�

The levelized costs for wind power appears in Table 
ͺǤ�����������������������������������������������
�������������ȋʹͲͳ͵Ȍǡ�����������������������������
costs are assumed to decline 0.3 percent annu-
����������ʹͲͳ͸����ʹͲͶͲǤ�������������������������
costs by slightly more than 7.7 percent over the 
forecast horizon. 
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Table 7: Capacity Utilization and Shares of New RPS Capacity

 CAPACITY UTILIZATION SHARES OF RPS CAPACITY

State Wind Solar Wind Solar
Colorado 0.353 0.233 0.448 0.552
Delaware 0.255 0.180 0.909 0.091

North Carolina 0.151 0.117 0.885 0.115
New Mexico 0.322 0.233 0.110 0.890

Nevada 0.191 0.230 0.873 0.127
Oregon 0.269 0.219 0.036 0.963

Pennsylvania 0.285 0.153 0.018 0.982
Rhode Island 0.151 0.132 0.437 0.563

South Carolina 0.351 0.132 0.500 0.500
Utah 0.217 0.184 0.735 0.265

Virginia 0.151 0.117 0.680 0.320
Wisconsin 0.280 0.132 0.020 0.980

Table 8: Projected Levelized Costs for Wind Power by State, 2016-2040

 LEVELIZED COSTS AFTER WIND TAX CREDIT 2013 DOLLARS PER MWH
State 2016 2020 2025 2030 2035 2040

Colorado 44.47 43.61 42.55 41.51 40.48 39.47
Delaware 70.52 69.33 67.86 66.42 65.00 63.60

North Carolina 134.84 132.83 130.35 127.91 125.51 123.15
New Mexico 50.92 49.98 48.82 47.68 46.55 45.45

Nevada 101.81 100.22 98.26 96.34 94.44 92.57
Oregon 65.42 64.29 62.90 61.54 60.19 58.87

Pennsylvania 60.60 59.54 58.23 56.93 55.66 54.41
Rhode Island 134.84 132.83 130.35 127.91 125.51 123.15

South Carolina 180.55 177.96 174.76 171.62 168.52 165.48
Utah 86.58 85.19 83.47 81.78 80.11 78.47

Virginia 134.84 132.83 130.35 127.91 125.51 123.15
Wisconsin 61.92 60.83 59.50 58.19 56.90 55.63
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The levelized costs for solar photovoltaic genera-
����ǡ�������ϐ���������������ǣ

where pisl��������������̈́ʹǡͶ͹ͻ�����������������������-
struction costs, OMsl� ���̈́͵ͻǤͻͲ����������������������
and maintenance costs, Ksl����ͳͷͲ����������ǡ�ɒsl  is the 
investment tax credit of 30 percent, and the capacity 
factors, Uisl , are reported in Table 7 based upon data 
����� ���� ȋʹͲͳ͸ȌǤ� 
����� ���� ����� ��� ����� ���������ǡ�

most new renewable capacity is supplied by solar in 
some eastern states, such as Delaware, the Carolinas, 
and Virginia.

Projected levelized costs for solar power assume 
��ͳǤͷ��������� ��������������ǡ������� �������� ������
���������͵Ͳ��������� �����ʹͲͳ͸����ʹͲͶͲǤ�����������
that the projected levelized costs for solar assume 
the investment tax credit remains in place. Despite 
this favorable treatment, levelized costs for several 
������ǡ� ����� ��� ������ ��������ǡ� ������ ������ǡ� ����
South Carolina are substantially higher than other 
states due to relatively low solar capacity factors. 

Table 9: Projected Levelized Costs for Solar Power by State, 2016-2040

LEVELIZED COSTS AFTER SOLAR INVESTMENT TAX CREDIT 2013 DOLLARS PER MWH
State 2016 2020 2025 2030 2035 2040

Colorado 77.32 72.79 67.49 62.58 58.02 53.80
Delaware 99.83 93.97 87.13 80.79 74.91 69.46

North Carolina 153.92 144.89 134.35 124.57 115.50 107.10
New Mexico 77.46 72.91 67.61 62.69 58.12 53.89

Nevada 78.30 73.71 68.34 63.37 58.76 54.48
Oregon 82.38 77.55 71.91 66.67 61.82 57.32

Pennsylvania 118.01 111.09 103.01 95.51 88.56 82.11
Rhode Island 136.22 128.23 118.90 110.25 102.22 94.78

South Carolina 136.22 128.23 118.90 110.25 102.22 94.78
Utah 97.66 91.93 85.24 79.04 73.29 67.95

Virginia 153.92 144.89 134.35 124.57 115.50 107.10
Wisconsin 136.22 128.23 118.90 110.25 102.22 94.78

2.3 Grid Disruption Costs 

Additional renewable electricity generation dis-
places coal and natural gas generation and reduces 
������������������ϐ�������������������� ������� ����� ��-
cilities. To estimate these impacts, this study uses 
�������Ǧ�������������������������������ȋʹͲͳͶȌǤ������
modeling tool is based upon statistical analysis by 
	�����ǡ� ��� ��Ǥ� ȋʹͲͳͷȌ���� ��������������� �����������-

����� ��� ����������� ��������� ����������� ������ ȋ�
��Ȍ�
from publicly available hourly historical generation 
������������������Ǥ���������������������������������
��������������������������������
�����������������-
rate electricity generation systems within the US.

For this study, this tool is used to simulate coal and nat-
ural gas generation displaced by renewable electricity 
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generation. The percentage changes in heat rates for 
coal and gas generation are also estimated for various 
���������Ǥ����������������������������������������������
and state combination under four different RPS shares 
from one to twenty percent. Quadratic functions are 
�����ϐ����������������������������������������������
fossil fuel displacement shares and the percentage 
changes in coal and natural gas heat rates adjust as 
the share of renewable energy approach the RPS goals 
�������������������ͳͲǤ�

The average fossil fuel generation displacement shares 
and percentages changes in heat rates from the RPS 
������������������������������ͳͳǤ�	����������ǡ������-
erage a megawatt of renewable electricity generation 
���������� ͲǤ͹͵͵͹� ���������� ��� ����Ǧϐ����� ������������
���������������ͲǤʹ͸͸͵�����������������������������-

�������� ��� ������������Ǥ� ��������ǡ� ���� ���� ������ ����
������������������������������������ͳǤͳͳ����������������
than the base case without RPS while the correspond-
�����������������������������������ͳǤ͸Ͷ���������������Ǥ�

The shares of coal and natural gas generation dis-
placed by renewables vary by state based upon the 
����������������������������������Ǥ���������ǡ������������
also vary depending upon the existing level of renew-
able generation. States with higher levels of existing or 
legacy RPS generation, such as Colorado and Wiscon-
sin, face higher increases in heat rates with addi-
tional levels of RPS generation. These displacement 
rates and percentage changes in heat rates are used 
to compute average system wide costs under RPS, 
which are now discussed. 

Table 10: RPS Goals by State

 RPS GOAL YEAR
Colorado 21.5% 2020
Delaware 22.7% 2026
North Carolina 11.9% 2020
New Mexico 15.7% 2021
Nevada 25.0% 2025
Oregon 50.0% 2040
Pennsylvania 7.8% 2021
Rhode Island 14.5% 2019
South Carolina 2.1% 2021
Utah 20.0% 2025
Virginia 6.0% 2025
Wisconsin 10.0% 2016
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Table 11: Average Fossil Fuel Displacement and Changes in Heat Rates from RPS

 RPS DISPLACEMENT SHARES % CHANGE IN HEAT RATES

States Coal Natural Gas Coal Natural Gas
Colorado 0.5546 0.4454 6.78% 14.05%
Delaware 0.6960 0.3040 0.09% 0.14%
North Carolina 0.4932 0.5068 0.44% 0.58%
New Mexico 0.2412 0.7588 0.66% 2.81%
Nevada 0.4627 0.5373 1.22% 2.62%
Oregon 0.4908 0.5092 1.92% 4.11%
Pennsylvania 0.7337 0.2663 1.11% 1.64%
Rhode Island 0.1343 0.8657 0.55% 0.42%
South Carolina 0.4931 0.5069 0.12% 0.18%
Utah 0.4973 0.5027 1.18% 2.51%
Virginia 0.4531 0.5469 0.50% 0.83%
Wisconsin 0.8183 0.1817 2.15% 10.26%

2.4 Average Costs under RPS 

Under renewable energy portfolio standards, new 
renewable electricity generation is given by:

The inequality on the right indicates that new re-
newable generation is either positive or zero. Un-
der the RPS, the equation for new generation from 
natural gas combined cycle capacity is given by: 

Hence, the RPS standard reduces the need for ad-
ditional new natural gas combined cycle capacity 
and generation. So while additional renewable gen-
eration would raise costs, some of these additional 
expenditures would be offset by lower outlays for 
new natural gas combined cycle generation to meet 
future electricity demand growth. 

��� ����������� ����ϐ��� ������ ������ ����� ��������
generation from coal and natural gas powered gen-
eration units, Diclt  and Dingt , respectively, which are 
calculated as follows:

������Ɂiclt������Ɂingt  are the shares of renewable gen-
eration displacing existing coal and natural gas gen-
�������� ����������� ��������� ͳͳǤ� ������ �����������
from existing capacity, therefore, becomes:

Additional electricity generation from renewable 
sources, however, would impose cycling costs on 
existing generation capacity to accommodate the 
intermittency of renewable generation. These costs 
raise the heat rates for existing coal and natural gas 
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��������Ǥ��������������ǡ����������������������������������
��������������������������������������ϐ�������ǣ

������Ʌiclt�����Ʌingt are the percentage increases in heat 
�����ǡ���ϐ��������������������������������������ȋ����Ȍ�
������������������ȋ���Ȍ���������������������ͳͳǡ�
����ɖiclt, ɖingt, ɍiclt, ɍingt  are capital expenses and operating 
and maintenance costs per MWh for existing coal and 
natural gas generation respectively.

Average generation costs under the RPS scenario, 
therefore, is as follows:

where cirt  is a weighted average the levelized costs 
generation from of solar and wind capacity. These 
weights vary by state and are based upon observa-
������������������������������������ʹͲͳ͵Ǥ�

Finally, retail electricity prices under the RPS are 
given by:

������������������������������������������������
���������ȋͳȌ����������������������������������������
���ȋͻȌǦȋͳͷȌǤ

2.5 Net Costs of RPS 

The costs of the RPS goals are estimated by calculat-
ing the difference in retail electricity expenditures 
between the base case and the RPS scenarios for 
each state. To understand the sources of changes in 

costs arising from the RPS goals a cost decomposi-
tion is calculated for each state. 

���� ϐ����� ���������� ��� ����� �������������� ��� ����
cost associated with existing renewable energy 
capacity, which is assumed to be the result of RPS 
������ ������������������ ���ʹͲͳ͸Ǥ�����������������
called net RPS legacy costs and include the direct 
costs of operating legacy RPS capacity including 
cycling costs less fuel cost savings arising from the 
displacement of coal and natural gas generation by 
renewable electricity generation.

The second component of the costs of RPS policies 
is incurred in the future as higher RPS goals are met. 
����������������������ϐ����������������������������
costs except avoided NGCC costs are included.

The third cost component is the cost of federal re-
newable energy subsidies. For wind power the sub-
sidy is the $23 per megawatt hour production tax 
credit. Similarly, solar electricity generation units 
receive a 30 percent investment tax credit. 

The total costs of RPS goals equal RPS legacy costs 
plus new RPS costs and subsidies. Reductions in 
carbon dioxide emissions are also calculated based 
upon the two scenarios and the direct (both legacy 
and new RPS) costs and subsidies per ton of avoid-
ed emissions are calculated.

2.6 Economic Impacts  

The changes in electricity prices and investments 
in both renewable energy and NGCC capacity will 
affect regional value added and employment. 
�������� ������������������������������ ������ͳͲ�
percent increase in electricity prices are presented 
��� ������� ͳʹ� ���� ͳ͵� ������ ����� ���� ������������
�����������������������������������Ǥ�ȋʹͲͳͷȌǤ��������
estimates vary by state and industry so that the 
economic impacts of electricity price changes vary 
by state based in part upon the mix of industries. 
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Table 12: Changes in Value Added for 10% Increase in Electricity Prices

MILLIONS OF REAL 2013 DOLLARS
State Total Metals Paper Wood Man Textiles Minerals Const. Trans. Other Utilities
CO -2623 -32 -11 -12 -130 -6 -24 -390 -157 -2159 298
DE -579 -6 -19 -1 -71 -2 -2 -54 -17 -458 50
NC -4760 -105 -140 -71 -1321 -88 -53 -539 -203 -2682 443
NM -656 -2 -6 -2 -10 -1 -4 -117 -47 -552 86
NV -1185 -9 -6 -3 -13 -2 -8 -187 -109 -977 129
OR -1571 -110 -80 -111 -30 -2 -19 -222 -101 -1128 232
PA -6553 -642 -306 -72 -629 -18 -64 -740 -371 -4438 725
RI -492 -38 -8 -2 -24 -5 -2 -74 -16 -365 42
SC -1638 -93 -190 -36 -186 -57 -24 -252 -82 -1043 327
UT -1681 -368 -45 -4 -115 -2 -21 -223 -93 -901 92
VA -3628 -39 -76 -57 -195 -36 -26 -534 -219 -2834 386
WI -2643 -140 -326 -66 -193 -9 -42 -305 -157 -1714 312

Table 13: Changes in Employment for 10% Increase in Electricity Prices

NUMBER OF JOBS
State Total Metals Paper Wood Man Textiles Miner-

als
Const. Trans. Other Utilities

CO -16,577 -86 -80 -162 -1,396 -107 -73 -2,759 -1,751 -10,705 542
DE -2,923 -22 -44 -17 -261 -6 -6 -442 -288 -1,952 114
NC -31,868 -265 -859 -889 -3,903 -2,396 -143 -4,090 -3,012 -17,060 750
NM -5,140 -14 -29 -49 -310 -11 -18 -980 -527 -3,440 238
NV -8,544 -49 -42 -53 -400 -35 -26 -1,236 -1,363 -5,596 257
OR -13,463 -288 -261 -1,126 -1,629 -80 -45 -1,644 -1,374 -7,367 352
PA -46,032 -1,385 -1,288 -1,044 -5,229 -530 -215 -5,379 -6,053 -26,308 1,398
RI -3,342 -52 -63 -31 -407 -38 -6 -382 -268 -2,188 94
SC -14,605 -204 -687 -413 -1,894 -1,289 -72 -1,848 -1,376 -7,618 796
UT -9,669 -154 -149 -102 -1,169 -84 -51 -1,649 -1,274 -5,312 276
VA -26,843 -147 -419 -721 -2,210 -520 -86 -4,211 -2,892 -16,302 666
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States with electricity intensive industries would be 
most affected by changes in electricity prices. 

����������� ������������ ���� ��������� ��� ������ ͳͶ�
������ ����� ���� ���������� ����� ���� 
���� ���� ���-
������ ������������ ������� ������� ȋ
���Ȍ� �����-
�����������������������������������������������-
�����ȋʹͲͳ͸ȌǤ�������������������������ȋʹͲͳͶǡ�ʹͲͳͷȌ�
also use these models to estimate the employment 
impacts from RPS policies in Arizona and California.

����
������������������������������������ ���� ��-
vestment expenditures and operation costs for 
various types of electricity generation technology. 
Given these expenditures, which vary by state, eco-
nomic input-output models are used to estimate 
impacts on value added and employment. 

���� 
���� ������ ������������������ ������� ���������
ͳͶǡ�������������ϐ�������������������������������������-
ed per dollar of investment. Similarly, the employment 
multipliers are expressed in number of full-time equiv-
alent jobs per dollar of investment. Notice, that the val-
ue added and employment multipliers are somewhat 
higher than the corresponding multipliers for invest-
�������������������������
�����������Ǥ������ϐ�������
suggest a solar technology has more extensive local 
�������������������������������������
�����������-
gies that are supported either imports from outside 
�����������ǯ�����������Ǥ�����ǡ�������������������������
�������������������������������������ϐ����������������-
ence of absence of industries and services supporting 
the supply chains for each technology.

Table 14: Investment Multipliers for Solar, Wind, and NGCC 
 

SOLAR  WIND NATURAL GAS
State VA / $ Jobs / $ VA / $ Jobs / $ VA / $ Jobs / $
Colorado 0.2258 2.9565 0.2078 2.4459 0.2923 2.5876
Delaware 0.1921 2.7415 0.1761 2.1248 0.2569 2.0132
North Carolina 0.2071 3.3325 0.1892 2.4138 0.2777 2.4237
New Mexico 0.1817 3.4155 0.1607 2.1836 0.2416 2.1972
Nevada 0.2131 2.9768 0.1969 2.1299 0.2713 2.1653
Oregon 0.2055 3.3672 0.1857 2.3990 0.2720 2.4211
Pennsylvania 0.2194 3.2295 0.2091 2.4543 0.2977 2.5412
Rhode Island 0.2097 3.0812 0.1884 2.1906 0.2774 2.1944
South Carolina 0.1853 3.4696 0.1630 2.3973 0.2553 2.4998
Utah 0.2101 3.3548 0.2059 2.5244 0.2848 2.6915
Virginia 0.2081 2.7776 0.1919 2.2536 0.2751 2.2895
Wisconsin 0.2012 3.2736 0.1938 2.5226 0.2839 2.6010
VA = Value Added per dollar of invested capital
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As the above analysis suggests the costs of RPS poli-
cies are affected by a number of factors including 
the mix of electricity generation and capacity.  Al-
����� ͺͶ� �������� ��� ������������ ���������� ��� ����-
rado is from coal and natural gas. Hydroelectric 
generation provides about 2.7 percent while wind 
���������������ͳ͵Ǥ͸��������������������������������

ʹͲͳ͵�ȋ����������ͳͷȌǤ��������������������������ͲǤͷ�
percent of total generation. 

The following two sub-sections summarize the im-
pacts of existing and future RPS goals on the elec-
����������������������������������������������������
and employment.

Colorado

Table 15: Capacity, Generation, and Utilization Rates for Colorado 2013

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 6,229 33,703,437 0.6177
Geothermal 0 0 0.0000
Hydroelectric 657 1,212,872 0.2107
Natural gas 6,885 10,708,805 0.1775
Nuclear 0 0 0.0000
Other 11 46,180 0.4973
Other biomass 21 81,121 0.4327
Other gas 0 0 0.0000
Petroleum 205 10,192 0.0057
Pumped storage 509 -280,433 -0.0630
Solar 122 248,452 0.2329
Wind 2,331 7,203,720 0.3528
Wood 11 3,089 0.0312
Total 16,980 52,937,436 0.3559

3.1 Impacts on Electricity Sector

���� �������� ��� ������������ �������� ����� ���������
Colorado RPS goals and the extension of those goals 
to increase the share of renewable energy to 22 per-
����� ��� ʹͲʹͲ� ���� ���������� ��� ������ ͳ͸Ǥ� ��������
goals reduce the need for additional new NGCC. For 
instance, in the base case without additional RPS 
capacity, new NGCC capacity required to balance 
��������������ͻ͸Ǥʹ�����������ȋ��Ȍ���������������
����������������������
������������������������Ͷ͸Ǥ͸�
������ʹͲͳ͸Ǥ�

As Table 7 indicates slightly over 55 percent of 
new RPS capacity for Colorado is assumed to come 

from wind power with the remainder supplied by 
new solar generating plants. New RPS wind and 
�����������������������������������������ͳͻͶǤ͹�����
ʹ͵ͻǤʹ����������������������������ʹͲͳ͸Ǥ����������
���� ������ ��������� ������������� ����� ��� ͳͺ͸� ����
ʹʹͺǤ͸� ��� ������������� ��� ʹͲʹͲǤ� � ���� ������������
������������������������������������������������ͳǤ͸�
���������������ʹͲͳ͸����ͻǤͳ����������������ʹͲͶͲ�
ȋ����������ͳ͸ȌǤ�

The increase in average electricity costs from the 
��������������������� �����ͳͶ� ���ʹʹ������������ ��-
��������������������������������ͷ��������� ���ʹͲͳ͸ǡ�
����������ͳͳǤʹ������������ʹͲʹͲǡ������ͳͲ�������������

Source: US Energy Information Administration
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���ʹͲ͵Ͳǡ��������������������ͺ������������ʹͲͶͲǤ������
associated increases in retail electricity rates are 
��������ͳǤ͹͵� ����͵Ǥ͸ʹ��������Ǥ������ ��������� ���
legacy RPS costs are included, average electric-
����������������������������������͸�����ͺ���������

higher than they would be in the absence of renew-
able portfolio standards.  These rate increases are 
somewhat moderated by the relatively high capac-
ity utilization rates for wind and solar in Colorado.

Colorado

Table 16: Impacts of RPS on Colorado Electricity Market

MEGAWATTS
2016 2020 2025 2030 2035 2040

New NGCC Capacity
Without RPS 96.2 99.9 102.9 109.4 114.5 119.9
With RPS 46.6 93.5 100.9 108.6 114.7 120.5
New RPS Capacity
Wind 194.7 186.0 28.8 31.0 32.8 34.4
Solar 239.2 228.6 35.4 38.1 40.3 42.3

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 1.9 5.8 9.5 13.5 17.7 22.1
With RPS 1.4 4.5 8.1 12.0 16.2 20.6
Legacy RPS Generation 7.4 7.4 7.4 7.4 7.4 7.4
New RPS Generation 1.6 5.6 6.4 7.3 8.2 9.1

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 5.07 11.20 10.67 10.31 9.32 7.94
Electricity Consumption -0.10 -0.36 -0.53 -0.56 -0.54 -0.49
Average Rates 1.73 3.77 3.62 3.50 3.19 2.78
Average Rates + Legacy Costs 6.12 8.23 7.69 7.32 6.69 5.93

To gain additional insights into the costs of RPS poli-
�������� �������������������������������ǡ�������ͳ͹����-
vides a decomposition of the costs. The direct RPS 
legacy costs, equal to the product of generation from 
��������� ���������� ���������������������ǯ�� ����������
cost of wind and solar generation, are around $300 
�����������������ȋ����������ͳ͹ȌǤ���������������������-
������̈́͵ͷ����̈́ͺͺ������������������Ǥ������������������
cycling costs, however, are offset by avoided fossil fuel 
������ ����� ����� �������� ̈́ͳʹ͸� ���� ̈́ͳͷ͸��������� ����
year. Net RPS legacy costs, therefore, are around $230 
�����������������ȋ����������ͳ͹ȌǤ��

The net costs associated with new RPS capacity are 
̈́ͺ͸Ǥͺ������������ʹͲͳ͸ǡ���������̈́ͳͺͺǤͺ������������ʹͲʹͲ�
������������������̈́ͳ͸ʹǤͻ��������� ���ʹͲͶͲǤ���������
subsidies for Colorado renewable electricity genera-
��������������ϐ�����ǡ�������������̈́ʹͲ͵������������ʹͲͳ͸�
to over $354 million in 2040. Total RPS costs, which 
include legacy and new RPS costs and tax subsidies, 
���������̈́ͷʹ͵������������ʹͲͳ͸������������������̈́͹Ͷ͵�
million in 2040.
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Table 17: Costs of Colorado RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 336.1 328.8 319.9 311.3 302.9 294.6
Cycling Costs 30.2 45.1 53.6 65.2 76.1 88.0
less Fuel Costs 132.9 126.6 133.1 136.7 144.6 156.2
Net RPS Legacy Costs 233.3 247.3 240.4 239.8 234.3 226.4
New RPS Costs
Direct 99.6 316.0 342.0 367.5 392.4 416.1
Cycling Costs 37.0 56.1 66.5 81.1 95.3 110.5
less Fuel Costs 35.1 149.2 188.5 225.6 269.6 319.8
less NGCC Costs 14.7 34.1 38.1 39.6 42.1 43.8
Net New RPS Costs 86.8 188.8 181.9 183.4 176.1 162.9
RPS Tax Subsidies 203.0 292.9 307.9 323.2 338.7 354.2
Total RPS Cost 523.1 729.0 730.2 746.4 749.1 743.6

MILLION TONS
CO2 Reductions 13.80 17.40 18.16 18.76 19.43 20.22

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 23.20 25.06 23.26 22.56 21.13 19.26
Subsidy Costs 14.71 16.83 16.96 17.23 17.43 17.52
Total Costs 37.92 41.89 40.22 39.79 38.56 36.78

The emission reductions associated with both 
legacy and new RPS capacity are also reported in 
������ͳ͹Ǥ����������������������������������������
ͳ͵Ǥͺ��������� ����� ���ʹͲͳ͸������������ʹͲ���������
tons per year by 2040.  The direct costs per ton 
�������������������������̈́ʹ͵ǤʹͲ��������� ���ʹͲͳ͸�
���������������̈́ͳͻǤʹ͸������������ʹͲͶͲ�������������
solar costs decline over time. Tax subsidies, how-
����ǡ�����̈́ͳͶǤ͹ͳ������������ʹͲͳ͸�������������̈́ͳ͹Ǥͷʹ�
per ton in 2040. The total costs of avoided carbon 
���������ǡ� ���������ǡ�����̈́͵͹Ǥͻʹ����� ���� ���ʹͲͳ͸�
����̈́͵͸Ǥ͹ͺ������������ʹͲͶͲǤ��

Using a 5 percent discount rate, which is some-
�������������������͹Ǥͳ����������������������������
��� ���� ���������� ����� ������������ǡ� ���� ȋʹͲͳͷȌ�
���������� �� ������� ����� ��� ������� ��� ̈́ͳʹ� ���� ����
��� ʹͲʹͲ� ���� ̈́ʹͳ����� ���� ��� ʹͲͶͲǤ������ǡ� �����-
ing carbon dioxide emissions with renewable 
portfolio standards in Colorado is not cost effec-
����Ǥ���������������������������ϐ�������ǡ����������
households and businesses also incur lost value 
added and employment from RPS policies, which 
are estimated in the next section. 

Colorado
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3.2 Economic Impacts

By raising retail prices for electricity, legacy and 
new RPS goals raise consumer electricity bills and 
the costs of providing goods and services in the 
Colorado economy. Theses impacts of higher elec-
���������������������������������������������ʹͲͳ͸�
��� ʹͲͶͲ� ��� ������ ͳͺǤ� � ������� ������� ��� ���������

�����������������������̈́ʹǤͳͷͺ������������ʹͲʹͲ����
̈́ͳǤͷͷ� �������� ��� ʹͲͶͲǤ� ������� ����������� �������
����ͳͲ�������������������ʹͲͳ͸������ͳ͵����������
���������ʹͲʹͲ�����������������ͻǤͺ�������������-
������ʹͲͶͲ�ȋ����������ͳͻȌǤ����������ǡ���������������
losses in economic output and employment occur 
�����������ǯ����������������Ǥ

Table 18: Impacts of RPS on Colorado Value Added by Sector
 MILLIONS OF 2013 DOLLARS

2016 2020 2025 2030 2035 2040
Metals -19.58 -26.33 -24.60 -23.42 -21.41 -18.98
Paper -6.73 -9.05 -8.46 -8.05 -7.36 -6.53
Wood -7.34 -9.88 -9.22 -8.78 -8.03 -7.12
Other Man -79.56 -106.98 -99.92 -95.13 -87.00 -77.12
Textiles -3.67 -4.94 -4.61 -4.39 -4.02 -3.56
Minerals -14.69 -19.75 -18.45 -17.56 -16.06 -14.24
Const. -238.69 -320.95 -299.77 -285.40 -260.99 -231.35
Trans. -96.09 -129.20 -120.68 -114.89 -105.06 -93.13
Services -1,321.35 -1,776.73 -1,659.52 -1,579.97 -1,444.80 -1,280.71
Utilities 182.38 245.24 229.06 218.08 199.42 176.77
Total -1,605.32 -2,158.57 -2,016.17 -1,919.53 -1,755.30 -1,555.95

Table 19: Impacts of RPS on Colorado Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -53 -71 -66 -63 -58 -51
Paper -49 -66 -61 -59 -54 -47
Wood -99 -133 -125 -119 -108 -96
Other Man -854 -1,149 -1,073 -1,022 -934 -828
Textiles -65 -88 -82 -78 -72 -63
Minerals -45 -60 -56 -53 -49 -43
Const. -1,689 -2,270 -2,121 -2,019 -1,846 -1,637
Trans. -1,072 -1,441 -1,346 -1,281 -1,172 -1,039
Services -6,552 -8,810 -8,228 -7,834 -7,164 -6,350
Utilities 332 446 417 397 363 322
Total -10,145 -13,642 -12,742 -12,131 -11,093 -9,833

Colorado
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These losses from higher electricity prices, however, 
are partially offset by output and employment gains 
from building and operating electricity capacity 
needed to meet RPS goals. On the other hand, RPS 
investment also precludes new NGCC investment. 

These different impacts of RPS investments on 
Colorado value added and employment are sum-
marized in Table 20. For example, RPS investments 
������������̈́ͳ͸Ͷ��������� ������������������������
2 thousand jobs in 2020.  Avoided NGCC invest-
ments reduce value added $0.59 million in 2020. 
The gains from RPS investments, however, are only 
�����ϐ�����������������������������������������Ǥ�	���

example, the stimulus to value added drops to $24 
million in 2025 and only 302 jobs are created from 
RPS investment in 2025. 

This stimulus from RPS investment, however, is not 
large enough to offset the negative impacts of high-
er electricity prices. On balance net annual loss in 
�������������������������ǯ����������������̈́ʹ����-
��������ʹͲʹͷ�����̈́ͳǤͷ������������ʹͲͶͲǤ������������
�����������ͳʹǡͶͶͷ����������ʹͲʹͷ�����ͻǡͷͳ͸����������
ʹͲͶͲǤ��������ǡ���������������ǯ�������������������
portfolio standards households and businesses face 
lower employment and value added. 

Table 20: Net Impacts of RPS on Colorado Valued Added and Employment 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Invest. 823.38 759.36 112.71 116.24 117.71 118.70
Value Added

Electric prices -1,605.32 -2,158.57 -2,016.17 -1,919.53 -1,755.30 -1,555.95
RPS Invest. 178.24 164.22 24.34 25.08 25.36 25.54

NGCC Invest. -14.83 -1.90 -0.59 -0.24 0.06 0.19
Net Change -1,441.92 -1,996.26 -1,992.42 -1,894.69 -1,729.88 -1,530.21
Employment NUMBER OF JOBS
Electric prices -10,145 -13,642 -12,742 -12,131 -11,093 -9,833

RPS Invest. 2,216 2,040 302 310 314 315
NGCC Invest. -131 -17 -5 -2 1 2
Net Change -8,060 -11,619 -12,445 -11,823 -10,779 -9,516

Whether these negative economic impacts are bal-
�����������������ϐ��������������������������������
���������� ��� �������Ǥ� ������ ���� ��������������
����ϐ���� ��� ����������� ���� ���������� ��� ������-
������� ������� ����������������� ������������ ����������

carbon dioxide emissions and are only partially 
realized by Colorado residents, the losses in value 
added and employment suggest that RPS policies 
������ ������� �������� �� ��������� ��� ���� ���������
welfare for Colorado.

Colorado
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As a considerably smaller state than Colorado both 
in terms of land mass and population, Delaware 
����������͹Ǥ͹������������ǡ����������������ͳͷ����-
����������������ǯ������������������������Ǥ�����������
ͻ͸������������ ������������ ���������� ������������ ���
from coal and natural gas. Generation from other 
gas and petroleum accounts for 2.3 percent while 
�������������������� ͲǤͳ� �������� ��� ������ ������-

��������ʹͲͳ͵�ȋ����������ʹͳȌǤ����������������������
����ͲǤ͸����������������������������Ǥ�

The following two sub-sections summarize the im-
pacts of existing and future RPS goals on the elec-
����������������������������������������������������
and employment.

Table 21: Capacity, Generation, and Utilization Rates for Delaware 2013

Delaware

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 1,052 1,544,721 0.1676
Geothermal 0 0 0.0000
Hydroelectric 0 0 0.0000
Natural gas 2,331 5,931,288 0.2904
Nuclear 0 0 0.0000
Other 0 0 0.0000
Other biomass 8 57,347 0.8183
Other gas 324 155,409 0.0548
Petroleum 122 22,912 0.0215
Pumped storage 0 0 0.0000
Solar 28 44,727 0.1804
Wind 2 4,458 0.2545
Wood 0 0 0.0000
Total 3,867 7,760,861 0.2291

4.1 Impacts on Electricity Sector

���� �������� ��� ������������ �������� ����� ���������
Delaware RPS goals and the extension of those 
goals to increase the share of renewable energy to 
ʹ͵������������ʹͲʹ͸������������������������ʹʹǤ�����
RPS goals reduce the need for additional new NGCC 
up until 2025. For instance, in the base case with-
out additional RPS capacity, new NGCC capacity 
�������������������� ����������� ���Ͷ͸Ǥͳ�����������
(MW) and with RPS incremental NGCC capacity de-
����������͵Ͳ�������ʹͲͳ͸Ǥ�

As Table 7 indicates slightly over 90 percent of new 
RPS capacity for Delaware is assumed to come from 

solar power with the remainder supplied by new 
wind generating plants. New RPS solar and wind 
��������� �������� �������� ������ ���� ͹Ǥͻ� ���� ͳͳʹǤͷ�
�������������������ʹͲͳ͸�����ͻ͸Ǥͺ�����͸Ǥͺ������-
spectively in 2025.  The electricity generation from 
��������������������������������ͳǤ͸����������������
ʹͲͳ͸����͵Ǥͻ����������������ʹͲͶͲ�ȋ����������ʹʹȌǤ�

The increase in average electricity costs from RPS 
��������� ���� ͵ͲǤ͸� �������� ��� ʹͲͳ͸ǡ� ������� ��� ͶͶǤͶ͹�
�����������ʹͲʹͷǡ������͵͸������������ʹͲ͵Ͳǡ����������
than 23 percent in 2040 (see Table 22).  The associ-
����������������������������������������������������ͅ ����
ͳͷ��������Ǥ�������������������������������ϐ����������

Source: US Energy Information Administration
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to the reliance on relatively high cost solar power to 
meet RPS goals and the relatively low capacity utiliza-
tion rates for solar in Delaware. These sharp increases 
in retail electricity rates reduce electricity consump-
tion from 2 to 4 percent per annum compared to the 
base case without renewable portfolio standards.

Given limited capacity of existing wind and solar to 
meet RPS goals, legacy RPS costs are quite small, 
between 3.7 to 2.2 million per year (see Table 23). 
The net costs associated with new RPS capacity are 
̈́ͳͲͻǤ͸������������ʹͲͳ͸�������������̈́ͳͶ͵Ǥͺ����ʹͲʹͷ�
���� ����������� ���̈́ͻͶǤͺ��������� ���ʹͲͶͲǤ����� ����
����������������������ǯ���������������������������-
�������� ���� �����ϐ�����ǡ� ������� ����� ̈́͸͹Ǥͳ� ��������

���ʹͲͳ͸���������̈́ͳͳ͸Ǥ͸��������� ���ʹͲͶͲǤ�����������
costs, which include legacy and new RPS costs and 
���� ���������ǡ� ���� ����� ̈́ͳͺͲ��������� ��� ʹͲͳ͸� ����
�������������̈́ʹ͸ʹǤ͸������������ʹͲʹͷǤ

The RPS policies reduce carbon dioxide emissions 
���ͳǤ͹ͳ�����������������ʹͲͳ͸���������Ͷ��������������
per year by 2040 (see Table 23).  The direct costs 
���������������������������������̈́͸͸ǤͶͲ������������
ʹͲͳ͸����������������̈́ʹͶǤʹͳ������������ʹͲͶͲ���������
and solar costs decline over time. Tax subsidies, 
�������ǡ�������������������̈́͵ͻ������������ʹͲͳ͸�����
remain over $29 per ton in 2040. The total costs of 
�������� ������� ���������ǡ� ���������ǡ� ���� ̈́ͳͲͷǤ͹Ͷ�
�����������ʹͲͳ͸�����̈́ͷ͵Ǥ͵ͳ������������ʹͲͶͲǤ

Table 22: Impacts of RPS on Delaware Electricity Market

 MEGAWATTS
2016 2020 2025 2030 2035 2040

New NGCC Capacity
Without RPS 46.3 31.6 26.5 28.7 29.1 34.1
With RPS 30.1 25.5 24.5 30.0 31.3 35.7
New RPS Capacity
Wind 7.9 6.2 6.8 2.1 2.2 2.5
Solar 112.5 88.1 96.8 29.2 30.5 34.8

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 1.0 2.1 3.1 4.2 5.3 6.4
With RPS 0.7 1.6 2.5 3.5 4.7 6.0
Legacy RPS Generation 0.0 0.0 0.0 0.0 0.0 0.0
New RPS Generation 1.6 2.4 3.2 3.4 3.7 3.9

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 30.64 44.01 44.47 36.72 29.38 23.82
Electricity Consumption -2.05 -3.89 -4.34 -3.88 -3.25 -2.64
Average Rates 10.73 14.24 14.78 12.33 10.00 8.08
Average Rates + Legacy Costs 11.02 14.50 14.99 12.50 10.14 8.20

Delaware
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Table 23: Costs of Delaware RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 4.8 4.5 4.2 3.9 3.6 3.4
Cycling Costs 0.3 0.2 0.2 0.2 0.2 0.2
less Fuel Costs 1.3 1.2 1.3 1.3 1.4 1.4

Net RPS Legacy Costs 3.7 3.5 3.1 2.8 2.4 2.2
New RPS Costs
Direct 154.3 216.2 269.8 270.2 271.2 272.2
Cycling Costs 0.3 0.2 0.2 0.2 0.2 0.2
less Fuel Costs 36.4 68.2 106.4 125.3 144.6 162.3
less NGCC Costs 8.7 15.8 19.8 19.3 17.7 15.3
Net New RPS Costs 109.6 132.4 143.8 125.8 109.2 94.8
RPS Tax Subsidies 67.1 93.1 115.7 115.8 116.2 116.6
Total RPS Cost 180.4 229.0 262.6 244.4 227.8 213.6

MILLION TONS
CO2 Reductions 1.71 2.58 3.38 3.58 3.79 4.01

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 66.40 52.71 43.47 35.90 29.48 24.21
Subsidy Costs 39.34 36.12 34.23 32.32 30.68 29.10
Total Costs 105.74 88.83 77.70 68.22 60.16 53.31

������ �� ͷ� �������� ��������� ����ǡ� ���� ȋʹͲͳͷȌ� ����-
���������������������������������̈́ͳʹ�����̈́ʹͳ���������
in 2020 and 2040 respectively.  With a three percent 
��������ǡ����ǯ���������������������������̈́Ͷʹ���������
���ʹͲʹͲ�����̈́͸Ͳ������������ʹͲͶͲǤ�������ǡ����������
carbon dioxide emissions with renewable portfolio 
standards in Delaware is not cost effective at dis-
count rates of three percent and only cost effective 
�������ʹͲ͵ͷ����ϐ��������������������������Ǥ�������
and beyond this comparison of the RPS abatements 
costs and the social cost of carbon, households and 
businesses in Delaware face higher electricity costs 
that reduce value added and employment.  

4.2 Economic Impacts

By raising retail prices for electricity, RPS goals in-
crease consumer electricity bills and the costs of 
providing goods and services in the Delaware econ-
omy. Theses impacts of higher electricity prices are 
��������������������� �����ʹͲͳ͸� ���ʹͲͶͲ� ���������
24.  Annual losses in Delaware value added range 
�����̈́͸͵͹Ǥͺ������������ʹͲͳ͸�����������̈́͹ʹͶ���������
���ʹͲ͵Ͳǡ����������̈́Ͷ͹Ͷ������������ʹͲͶͲǤ������������
�����������͵ǡʹͲͲ����������ʹͲͳ͸ǡ�Ͷǡ͵͹ͺͳ����������ʹͲʹͷ�
and almost 2,400 lower in 2040 (see Table 25).
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Table 24: Impacts of RPS on Delaware Value Added by Sector

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Metals -6.61 -8.70 -8.99 -7.50 -6.08 -4.92
Paper -20.93 -27.55 -28.48 -23.76 -19.26 -15.57
Wood -1.10 -1.45 -1.50 -1.25 -1.01 -0.82
Other Man -78.21 -102.94 -106.41 -88.78 -71.99 -58.19
Textiles -2.20 -2.90 -3.00 -2.50 -2.03 -1.64
Minerals -2.20 -2.90 -3.00 -2.50 -2.03 -1.64
Const. -59.48 -78.29 -80.93 -67.52 -54.75 -44.26
Trans. -18.73 -24.65 -25.48 -21.26 -17.24 -13.93
Services -504.50 -664.04 -686.40 -572.68 -464.38 -375.37
Utilities 55.08 72.49 74.93 62.52 50.70 40.98
Total -637.78 -839.47 -867.75 -723.98 -587.07 -474.54

Table 25: Impacts of RPS on Delaware Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -24 -32 -33 -28 -22 -18
Paper -48 -64 -66 -55 -45 -36
Wood -19 -25 -25 -21 -17 -14
Other Man -287 -378 -391 -326 -265 -214
Textiles -7 -9 -9 -8 -6 -5
Minerals -7 -9 -9 -8 -6 -5
Const. -487 -641 -662 -553 -448 -362
Trans. -317 -418 -432 -360 -292 -236
Services -2,150 -2,830 -2,925 -2,441 -1,979 -1,600
Utilities 126 165 171 143 116 93
Total -3,220 -4,238 -4,381 -3,655 -2,964 -2,396
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These losses from higher electricity prices, how-
ever, are partially offset by output and employment 
gains from building and operating electricity capac-
ity needed to meet RPS goals. On the other hand, 
RPS investment also precludes new NGCC invest-
ment. These different impacts of RPS on Delaware 
value added and employment are summarized in 
������ ʹ͸Ǥ� 	��� �������ǡ� ��� ʹͲʹͲ� ���� ������������
������������̈́ʹͻǤͶͻ����������������������������Ͷͳͷ�
jobs.  Avoided NGCC investments reduce value add-
ed $0.52 million in 2020. 

This stimulus from RPS investment, however, is 
not large enough to offset the negative impacts of 
higher electricity prices. On balance, therefore, net 
������������������������������������������ǯ������
������ ���� ̈́͸Ͳ͵� �������� ��� ʹͲͳ͸ǡ� ̈́ͺ͵ͺ� �������� ���
ʹͲʹͷǡ����������̈́Ͷ͸ͷ������������ʹͲͶͲǤ������������
�����������ʹǡ͹Ͳͷ����������ʹͲͳ͸ǡ�͵Ǥͻ͹Ͳ����ʹͲʹͷǡ�����
ʹǡʹ͹ʹ����������ʹͲͶͲ�ȋ����������ʹ͸ȌǤ�

Table 26: Net Impacts of RPS on Delaware Value Added and Employment 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Invest. 203.95 151.04 154.74 43.51 42.35 45.13
Value Added
Electric prices -637.78 -839.47 -867.75 -723.98 -587.07 -474.54
RPS Invest. 38.90 28.80 29.49 8.29 8.06 8.59
NGCC Invest. -4.25 -1.60 -0.52 0.35 0.57 0.43
Net Change -603.13 -812.27 -838.77 -715.34 -578.43 -465.53
Employment NUMBER OF JOBS
Electric prices -3,220 -4,238 -4,381 -3,655 -2,964 -2,396
RPS Invest. 548 406 415 117 113 121
NGCC Invest. -33 -13 -4 3 5 3
Net Change -2,705 -3,845 -3,970 -3,536 -2,846 -2,272

These regional economic impacts combined with 
the comparison of RPS abatement costs in Delaware 
to the social cost of carbon suggest that RPS policies 
��������ϐ����������������������������Ǥ�	����ǡ��������
�����������Ǧ����ϐ�������������ǡ���������������������
are substantially higher than the social costs of car-
bon, indicating from a global perspective that RPS 
��������� ������������ ���� ����ϐ������Ǥ� ��������ǡ�����
policies in Delaware reduce employment and value 
������������������ǯ���������Ǥ�

These negative economic impacts are not balanced 
�����������ϐ������������������������������������-
�����Ǥ� ������ ���� �������������� ����ϐ���� ��� �����-
������������������������ ������� ����������������� ���
relation to global carbon dioxide emissions and are 
only partially realized by Delaware residents, these 
results suggest that RPS policies for Delaware may 
involve a decrease in net economic welfare. 
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North Carolina has a sizeable electricity sector, gen-
������������������ͳʹͷ������������������͵͹����-
cent coming from coal, 32 percent from nuclear, 
and 22 percent from natural gas (see Table 27). 
Five percent of total generation comes from hy-
������������ ����������� ���� ͳǤ͹� �������� ����� �����

ϐ�����������������Ǥ� ������ ������ ��������� ���� ͲǤ͵�
�������������������������������ʹͲͳ͵�ȋ����������ʹ͹ȌǤ��
The following two sub-sections summarize the im-
pacts of existing and future RPS goals on the elec-
�����������������������������������������������-
ment in North Carolina. 

Table 27: Capacity, Generation, and Utilization Rates for North Carolina 2013

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 13,021 47,072,210 0.4127
Geothermal 0 0 0.0000
Hydroelectric 1,890 6,900,533 0.4167
Natural gas 12,713 27,982,509 0.2513
Nuclear 5,395 40,241,737 0.8515
Other 50 566,884 1.2840
Other biomass 64 410,294 0.7284
Other gas 0 0 0.0000
Petroleum 504 217,571 0.0493
Pumped storage 95 0 0.0000
Solar 336 344,663 0.1170
Wind 0 0 0.0000
Wood 571 2,199,893 0.4398
Total 34,641 125,936,293 0.4150

5.1  Impacts on Electricity Sector

�����������������������������������ͳͳǤͻ������������
total consumption by 2020. The impacts on elec-
���������������� ����� ������ ������ ���� ���������� ���
������ ʹͺǤ� ���� ���� ������ �����ϐ�������� ������� ����
need for additional new NGCC as these goals are 
���������ʹͲͳ͸����ʹͲʹͲǤ�	�����������ǡ� ������������
case without additional RPS capacity, new NGCC 
��������� ��������� ����������� ����������� ���͵͸ͶǤ͹�
megawatts (MW) in the base case and with RPS 
incremental NGCC capacity declines to 202 MW 
���ʹͲͳ͸Ǥ�������ʹͲ͵Ͳǡ��
��������������������������
slightly higher than the base case NGCC capacity 
additions because higher levels of renewables re-
�����������������������������������������Ǥ

��������� ����� ͺͺ� �������� ��� ���� ���� ��������� ����
North Carolina is supplied by solar power with 
the remainder met by new wind generating plants. 
New RPS wind and solar capacity to meet the RPS 
����������ʹͶ͵Ǥ͵�����ʹǡͶͲ͹��������������������ʹͲͳ͸Ǥ�
���������������������������������������������ͳ͹Ǥʹ�
����ͳ͹ͲǤͻ��������������������ʹͲʹͷǤ������������������
������������������������������������������������ͳͲǤͳ�
������������ ���ʹͲͳ͸� ���ʹʹ������������� ���ʹͲͶͲ�
ȋ����������ʹͺȌǤ

The increase in average electricity costs from RPS 
��������� ���� ʹͷ� �������� ��� ʹͲͳ͸ǡ� ������� ��� Ͷʹ� ���-
��������ʹͲʹͲǡ������͵͸������������ʹͲʹͷǡ������������
ʹͶ������������ʹͲͶͲ�ȋ����������ʹͺȌǤ�����������������
�����������������������������������������������ͻ����ͳͷ�

North Carolina

Source: US Energy Information Administration



Impact of Federal Transfers on State and Local Own-Source Spending   43

�������Ǥ� ������ ����� ���������� ���� �����ϐ������ ����
to the reliance on relatively high cost solar power 
�����������������ǡ���������ϐ�����������������������-
pacity utilization rates for solar in North Carolina. 
These sharp increases in retail electricity rates re-
duce electricity consumption compared to the base 
case without renewable portfolio standards.

The decomposition of RPS costs on the North Caro-
lina electricity sector appear in Table 29. Net annual 
���������������������̈́ͷͳǤ͸������������ʹͲͳ͸�������-
����������̈́͵ͺ������������ʹͲͶͲǤ�����������������������
��������ϐ����������������������������������������������-
commodate intermittent renewable energy sources 
are roughly equal to the fossil fuel cost savings.

The costs arising from new renewable capacity as-
�������������������������������ǯ���������������������
summarized in Table 29. The net costs associated 
����� ���� ���� ��������� ���� ̈́ͳǤͳ͹� �������� ��� ʹͲͳ͸ǡ�
̈́ͳǤͻ������������ʹͲʹͷǡ�̈́ͳǤͺ������������ʹͲʹͷ������������
̈́ͳǤͶ������������� ���ʹͲͶͲǤ����� ��������������������-
����� ����� ������ ��������ǯ�� ���������� ������������
����������� ���� �����ϐ�����ǡ� ����������� ����� ̈́ͷͶ͸�
�����������ʹͲͳ͸���������̈́ͻ͵͹������������ʹͲʹͲǤ�������
RPS costs, which include legacy and new RPS costs 
�����������������ǡ����������̈́ͳǤ͹������������ʹͲͳ͸�����
rise to over $2.9 billion in 2020.

Table 28: Impacts of RPS on North Carolina Electricity Market

 MEGAWATTS
2016 2020 2025 2030 2035 2040

New NGCC Capacity
Without RPS 364.7 258.5 226.2 231.9 239.8 256.2
With RPS 202.0 229.5 224.1 233.9 243.3 258.9
New RPS Capacity
Wind 242.3 140.1 17.2 17.9 18.7 19.9
Solar 2407.7 1391.9 170.9 178.4 185.6 197.5

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 9.1 17.5 26.2 34.6 43.5 52.8
With RPS 7.0 14.0 22.3 30.8 39.8 49.2
Legacy RPS Generation 0.3 0.3 0.3 0.3 0.3 0.3
New RPS Generation 10.1 17.8 18.8 19.8 20.9 22.0

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 25.01 42.15 36.26 31.85 27.55 24.30
Electricity Consumption -0.39 -1.03 -1.18 -1.10 -0.99 -0.88
Average Rates 9.64 15.67 13.79 12.26 10.78 9.57
Average Rates + Legacy Costs 10.04 16.06 14.12 12.55 11.03 9.79

North Carolina
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Table 29: Costs of North Carolina RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 53.1 49.9 46.3 42.9 39.8 36.9
Cycling Costs 8.4 9.8 10.3 10.6 11.0 11.3
less Fuel Costs 9.9 8.8 9.4 9.6 10.0 10.2
Net RPS Legacy Costs 51.6 50.9 47.3 43.9 40.8 38.0
New RPS Costs
Direct 1,532.9 2,557.6 2,518.7 2,477.5 2,437.1 2,397.5
Cycling Costs 8.9 10.2 10.9 11.1 11.6 11.8
less Fuel Costs 286.7 534.5 632.4 697.1 768.8 829.9
less NGCC Costs 78.7 117.2 135.1 136.7 136.3 131.2
Net New RPS Costs 1,176.5 1,916.2 1,762.0 1,654.8 1,543.5 1,448.3
RPS Tax Subsidies 546.7 937.9 925.6 912.0 898.3 884.7
Total RPS Cost 1,774.7 2,904.9 2,734.9 2,610.7 2,482.7 2,371.0

MILLION TONS
CO2 Reductions 8.92 15.85 16.87 17.68 18.50 19.35

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 137.72 124.10 107.25 96.08 85.65 76.83
Subsidy Costs 61.31 59.17 54.87 51.58 48.56 45.73
Total Costs 199.03 183.27 162.12 147.65 134.22 122.56

The RPS policies reduce carbon dioxide emissions 
���ͺǤͻʹ�����������������ʹͲͳ͸���������ͳͻ��������������
per year by 2040 (see Table 29).  The direct costs 
���� ������� ����������������������̈́ͳ͵͹Ǥ͹ʹ����� ����
���ʹͲͳ͸������������� ���̈́͹͸Ǥͺ͵����� ���� ���ʹͲͶͲ����
wind and solar costs decline over time. Tax subsi-
����ǡ��������ǡ����������̈́͸ͳ������������ʹͲͳ͸�������-
main over $45 per ton in 2040. The total costs of 
������������������������ǡ����������ǡ�����̈́ͳͻͻ�����
�������ʹͲͳ͸�����̈́ͳʹʹ������������ʹͲͶͲǤ�

These RPS carbon abatement costs are well be-
����������������������������������ǡ�����������������
����������������������������������������������ϐ�������

greenhouse gas emission strategy. So even from a 
�����������Ǧ����ϐ��������������ǡ������������������-
cies in North Carolina would involve a net loss in 
producer and consumer surplus or net social wel-
fare. From a North Carolina perspective, the wide 
gap between the estimated RPS carbon abatement 
������ ���� ���� ������� ����ϐ��� ����� ��������� �����-
house gas emissions estimated by the avoided social 
������ ��� ������� ��� ����������� ��� ���� �����ϐ������
losses in economic output and employment associ-
�������������������ϐ������������������������������������
caused by renewable energy portfolio standards. 
These impacts are now presented and discussed.

North Carolina
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5.2 Economic Impacts

By raising retail prices for electricity, RPS goals raise 
consumer electricity bills and the costs of providing 
goods and services in the North Carolina economy. 
These impacts of higher electricity prices are sum-
�����������������������ʹͲͳ͸����ʹͲͶͲ����������͵ͲǤ��

Annual losses in North Carolina value added range 
�����̈́ͶǤ͹ͺ��������� ���ʹͲͳ͸����̈́͹Ǥ͸��������� ���ʹͲʹͲǡ�
���� ����� ̈́ͶǤ͸� �������� ��� ʹͲͶͲǤ� ����������� �������
are 30,000 to 50,000 below employment in the base 
case without renewable energy portfolio standards 
ȋ����������͵ͳȌǤ� ����������������������������������
are particularly hard hit.

Table 30: Impacts of RPS on North Carolina Value Added by Sector

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Metals -105.45 -168.62 -148.27 -131.80 -115.85 -102.83
Paper -140.61 -224.83 -197.69 -175.73 -154.46 -137.10
Wood -71.31 -114.02 -100.26 -89.12 -78.33 -69.53
Other Man -1,326.72 -2,121.43 -1,865.37 -1,658.14 -1,457.47 -1,293.64
Textiles -88.38 -141.32 -124.26 -110.46 -97.09 -86.18
Minerals -53.23 -85.11 -74.84 -66.53 -58.48 -51.90
Const. -541.34 -865.60 -761.11 -676.56 -594.68 -527.84
Trans. -203.88 -326.00 -286.65 -254.81 -223.97 -198.80
Services -2,693.62 -4,307.10 -3,787.21 -3,366.48 -2,959.07 -2,626.46
Utilities 444.92 711.43 625.55 556.06 488.76 433.83
Total -4,780.62 -7,644.22 -6,721.53 -5,974.81 -5,251.73 -4,661.42

Table 31: Impacts of RPS on North Carolina Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -266 -426 -374 -333 -292 -260
Paper -863 -1,379 -1,213 -1,078 -948 -841
Wood -893 -1,428 -1,255 -1,116 -981 -871
Other Man -3,920 -6,268 -5,511 -4,899 -4,306 -3,822
Textiles -2,406 -3,848 -3,383 -3,007 -2,644 -2,346
Minerals -144 -230 -202 -179 -158 -140
Const. -4,108 -6,568 -5,775 -5,134 -4,513 -4,005
Trans. -3,025 -4,837 -4,253 -3,781 -3,323 -2,950
Services -17,134 -27,397 -24,090 -21,414 -18,822 -16,707
Utilities 753 1,204 1,059 941 827 734
Total -32,006 -51,178 -45,000 -40,001 -35,160 -31,208

North Carolina
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These losses from higher electricity prices are par-
tially offset by output and employment gains from 
building and operating electricity capacity needed 
to meet RPS goals. On the other hand, RPS invest-
ment also precludes new NGCC investment. These 
different impacts of RPS on North Carolina value 
added and employment are summarized in Table 
͵ʹǤ�	����������ǡ����ʹͲͳ͸������������������������-
�����̈́ͻʹ͹����������������������������ͳͶǡͷͺͺ�����Ǥ��
Avoided NGCC investments reduce value added 
̈́Ͷ͸Ǥʹͳ������������ʹͲʹͲǤ�

The stimulus from RPS investment, however, is 
not large enough to offset the negative impacts of 
higher electricity prices. On balance, therefore, net 
������������������������������������������������ǯ��
��������������̈́͵Ǥͻ������������ʹͲͳ͸ǡ�̈́͹ǤͳͶͷ������������
2020 and remain well above $4 billion out to the 
������� ���� ��������� �������� ��� ʹͲͶͲǤ� �����������
������� ���� ͳ͹ǡͺʹͳ� ������ ��� ʹͲͳ͸ǡ� Ͷ͵ǡʹ͹͹� ������ ���
2020, and 44,093 lower in 2025. 

Table 32: Net Impacts of RPS on North Carolina Value Added and Employment 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Invest. 4,523.89 2,476.02 284.05 277.03 269.46 268.17
Value Added
Electric prices -4,780.62 -7,644.22 -6,721.53 -5,974.81 -5,251.73 -4,661.42
RPS Invest. 927.39 507.36 58.17 56.70 55.12 54.82
NGCC Invest. -46.21 -8.24 -0.59 0.58 1.01 0.76
Net Change -3,899.44 -7,145.10 -6,663.95 -5,917.54 -5,195.61 -4,605.84
Employment NUMBER OF JOBS
Electric prices -32,006 -51,178 -45,000 -40,001 -35,160 -31,208
RPS Invest. 14,588 7,973 913 889 863 857
NGCC Invest. -403 -72 -5 5 9 7
Net Change -17,821 -43,277 -44,093 -39,107 -34,289 -30,345

��� �������ǡ� ���� ������ ��� ��������� ������� ��������
emissions using renewable portfolio standards in 
������ ��������� ���� �������������� ������� ����� ����
estimates of the social cost of carbon. From a global 
perspective, therefore, renewable energy portfolio 
���������������������������������������ϐ�������������
to address global climate change. Other strategies 
employing alternative resources and technologies 
to reduce greenhouse gas emissions could be far 
more cost effective. 

Moreover, the RPS goals impose additional costs on 
households and businesses in North Carolina in the 
form of billions of dollars in lost value added and 
tens of thousands of jobs lost. Hence, RPS policies 
for North Carolina involve a double penalty with 
marginal abatement costs far above the expected 
����ϐ���� ����� ��������� ����������� ���� ���������
and burdens on the local economy that reduce 
growth and employment.

North Carolina
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New Mexico has an electricity sector somewhat 
���������������������ǡ����������������������͵ͷǤͺ�
�������� ���� ����� ͸͹� �������� ������� ����� �����
and 25 from natural gas (see Table 33). More than 
͸����������������������������� ���������������Ǥ�

�������������������������ͳǤͳ���������������������-
�����������ʹͲͳ͵�ȋ����������͵͵ȌǤ�������������������
sub-sections summarize the impacts of existing 
���������������������������������������������������
state value added and employment in New Mexico.

Table 33: Capacity, Generation, and Utilization Rates for New Mexico 2013

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 4,375 24,145,271 0.6300
Geothermal 4 69 0.0020
Hydroelectric 82 91,838 0.1283
Natural gas 3,876 8,975,243 0.2644
Nuclear 0 0 0.0000
Other 3 716 0.0314
Other biomass 7 18,518 0.3203
Other gas 0 0 0.0000
Petroleum 31 57,848 0.2103
Pumped storage 0 0 0.0000
Solar 191 388,041 0.2325
Wind 778 2,193,421 0.3220
Wood 0 0 0.0000
Total 9,345 35,870,965 0.4382

6.1 Impacts on Electricity Sector

�������������������������������ͳͷǤ͹��������������-
�������������������ʹͲʹͳ��������������������������
almost half way in achieving their standard. The 
����������������������������������������������������
presented in Table 34. The RPS eliminate the need 
���� ���� �
��� ��������� ��� ʹͲͳ͸Ǥ� ���������ǡ� ���-
ever, the RPS goals marginally reduce the need for 
additional new NGCC. For instance, in the base case 
without additional RPS capacity, new NGCC capaci-
�������������������������������������Ͷ͹Ǥ͹�����������
(MW) in the base case and with RPS incremental 
�
������������������������Ͷ͸Ǥͳ�������ʹͲʹͲǤ�

��������������ͅ ͻ�������������������������������������
Mexico is supplied by wind power with the remain-

der met by new solar generating plants. Planned 
RPS wind and solar capacity to meet the RPS goals 
���� ͶͶͲǤͻ� ���� ͹ͷǤ͵���� ������������� ��� ʹͲͳ͸Ǥ� ����
electricity generation from these new facilities rises 
�����ͳǤͶ����������������ʹͲͳ͸����ʹǤ͹����������������
2040 (see Table 34).

The increases in average electricity costs from new 
���������������������������͵Ǥͺ͹������������ʹͲͳ͸ǡ����-
���� ��� ͸Ǥ͵ͳ��������� ��� ʹͲʹͲǡ� ͷǤͷͺ��������� ��� ʹͲʹͷǡ�
����͵Ǥͺͳ��������� ���ʹͲͶͲ�ȋ����������͵ͶȌǤ������ ���-
acy costs average electricity rates in New Mexico in-
�������͸Ǥͳͺ������������ʹ Ͳͳ͸�������������������������
�������������������Ǥ�������ʹͲͳ͸ǡ������� ���������͸Ǥ͹͹�
�����������ʹͲʹͲǡ��������������������͸������������ʹͲʹͷǡ�
and 4-5 percent from 2030 to 2040.

New Mexico

Source: US Energy Information Administration
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The decomposition of RPS costs for the New Mexico 
electricity sector appear in Table 35. Direct legacy 
��������������� �����̈́ͳͶͲ��������� ���ʹͲͳ͸�������-
����������̈́ͳʹͲ�����������������������������������-
jection period. After including cycling costs and 
deducting avoided fossil fuel costs, net RPS legacy 
����������̈́ͳͲͲ������������ʹͲͳ͸�����������������̈́͹ʹ�
million in 2040. 

The costs arising from new renewable capacity as-
��������� ������������������ǯ���������������������
summarized in Table 35. The direct costs to go from 

the current 7.2 percent of generation from solar and 
������������ͳͷǤ͹��������������������������������������-
�������������̈́͹͸������������ʹͲͳ͸������������������
̈́ͳʹ͵��������� ��� ʹͲʹͲ� ���� ������� ��� �������� �����
level through 2040. After adding cycling costs and 
deducting for fossil fuel and NGCC capacity costs, 
���������������������������������������������̈́ ʹͺ����-
��������ʹͲͳ͸ǡ�̈́Ͷ͵������������ʹͲʹͲǡ�������������̈́ʹ͹�
and $30 million thereafter. With subsidies, the total 
�������������������ǯ����������̈́ ͳͻʹ������������ʹ Ͳͳ͸ǡ�
̈́ʹͲͷǤͺ������������ʹͲʹͲǡ�̈́ͳͻʹǤͺ������������ʹͲʹͷ�����
��������������̈́ͳ͸Ͳ������������ʹͲͶͲ�ȋ����������͵ͷȌǤ�

Table 34: Impacts of RPS on New Mexico Electricity Market

 MEGAWATTS
2016 2020 2025 2030 2035 2040

New NGCC Capacity
Without RPS 47.2 47.7 47.8 49.0 50.2 51.4
With RPS 0.0 46.1 46.8 48.5 50.0 51.3
New RPS Capacity
Wind 440.9 0.0 0.0 0.0 0.0 19.0
Solar 75.3 0.0 0.0 0.0 0.0 3.2

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 0.8 7.0 8.8 10.6 12.4 14.3
With RPS 0.0 4.5 6.3 8.0 9.9 11.8
Legacy RPS Generation 2.6 2.6 2.6 2.6 2.6 2.6
New RPS Generation 1.4 2.4 2.4 2.4 2.4 2.7

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 3.87 6.31 5.58 5.01 4.25 3.81
Electricity Consumption -0.06 -0.26 -0.40 -0.46 -0.48 -0.47
Average Rates 1.40 2.23 1.99 1.79 1.54 1.42
Average Rates + Legacy Costs 6.18 6.77 5.95 5.30 4.54 3.92

New Mexico
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Table 35: Costs of New Mexico RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 141.7 137.9 133.3 128.9 124.7 120.6
Cycling Costs 6.2 5.6 5.9 6.0 6.4 6.9
less Fuel Costs 47.2 43.5 45.5 46.6 50.2 54.7
Net RPS Legacy Costs 100.7 100.0 93.7 88.3 80.9 72.8
New RPS Costs
Direct 76.3 123.9 120.3 116.9 113.5 123.9
Cycling Costs 7.2 6.6 6.9 7.1 7.5 8.2
less Fuel Costs 33.3 25.9 26.1 25.6 23.9 32.5
less NGCC Costs 22.0 61.3 63.7 64.9 68.6 72.3
Net New RPS Costs 28.2 43.2 37.5 33.4 28.5 27.3
RPS Tax Subsidies 63.3 62.6 61.7 60.9 60.1 66.2
Total RPS Cost 192.2 205.8 192.8 182.6 169.5 166.2

MILLION TONS
CO2 Reductions 4.19 5.17 5.20 5.21 5.22 5.43

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 30.79 27.70 25.22 23.34 20.95 18.41
Subsidy Costs 15.13 12.10 11.87 11.68 11.51 12.17
Total Costs 45.92 39.80 37.09 35.02 32.46 30.59

The RPS policies in New Mexico reduce carbon 
���������������������ͶǤͳͻ�����������������ʹͲͳ͸����
over 5.4 million tons per year by 2040 (see Table 
35). The direct costs per ton of avoided emis-
����������̈́͵ͲǤ͹͹��������� ���ʹͲͳ͸����������������
̈́ͳͺǤͶͳ����� ���� ���ʹͲͶͲ������������������� ������
decline over time. Tax subsidies, however, are 
����� ̈́ͳͷ� ���� ���� ��� ʹͲͳ͸� ���� ������� ����� ̈́ͳͳ�
per ton in 2040. The total costs of avoided car-
bon emissions, therefore, are $45.92 per ton in 
ʹͲͳ͸�����̈́͵ͲǤͷͻ������������ʹͲͶͲǤ�

Assuming a 5 percent discount rate these RPS car-
��������������������������������������������������
of carbon suggesting that RPS policies in New Mexi-
��������������ϐ������������������������������������-
egy. Under a 3 percent discount rate, however, the 
total costs per ton of using RPS to reduce carbon 
emissions is below the social cost of carbon beyond 
ʹͲʹͲǤ� ��� ����� �� ������� ����Ǧ����ϐ��� �����������ǡ�
adopting RPS policies in New Mexico could be ac-
ceptable. From a New Mexico perspective, however, 
there are economic impacts resulting from higher 
electricity rates in the form of losses in economic 
output and employment. These impacts are now 
presented and discussed.

New Mexico
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6.2 Economic Impacts

By raising retail prices for electricity, RPS goals 
raise consumer electricity bills and the costs of pro-
viding goods and services in the New Mexico econ-
omy. These impacts of higher electricity prices are 
��������������������������ʹͲͳ͸����ʹͲͶͲ����������

͵͸Ǥ�����������������������������������������������
�����̈́ͶͲͷ������������ʹͲͳ͸����̈́ͶͶͶ������������ʹͲʹͲǡ�
���������̈́ʹͷͲ������������ʹͲͶͲǤ�������������������
are 2,000 to 3,000 below employment in the base 
case without renewable energy portfolio standards 
(see Table 37). 

Table 36: Impacts of RPS on New Mexico Value Added by Sector

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Metals -1.24 -1.35 -1.19 -1.06 -0.91 -0.78
Paper -3.71 -4.06 -3.57 -3.18 -2.72 -2.35
Wood -1.24 -1.35 -1.19 -1.06 -0.91 -0.78
Other Man -6.18 -6.77 -5.95 -5.30 -4.54 -3.92
Textiles -0.62 -0.68 -0.59 -0.53 -0.45 -0.39
Minerals -2.47 -2.71 -2.38 -2.12 -1.82 -1.57
Const. -72.26 -79.19 -69.60 -61.97 -53.10 -45.92
Trans. -29.03 -31.81 -27.96 -24.89 -21.33 -18.45
Services -340.90 -373.63 -328.39 -292.36 -250.52 -216.65
Utilities 53.11 58.21 51.16 45.55 39.03 33.75
Total -405.12 -444.02 -390.26 -347.44 -297.72 -257.47

Table 37: Impacts of RPS on New Mexico Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -9 -9 -8 -7 -6 -5
Paper -18 -20 -17 -15 -13 -11
Wood -30 -33 -29 -26 -22 -19
Other Man -191 -210 -184 -164 -141 -122
Textiles -7 -7 -7 -6 -5 -4
Minerals -11 -12 -11 -10 -8 -7
Const. -605 -663 -583 -519 -445 -385
Trans. -325 -357 -314 -279 -239 -207
Services -2,124 -2,328 -2,046 -1,822 -1,561 -1,350
Utilities 147 161 142 126 108 93
Total -3,174 -3,479 -3,058 -2,722 -2,333 -2,017

New Mexico
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These losses from higher electricity prices are par-
tially offset by output and employment gains from 
building and operating electricity capacity needed 
to meet RPS goals. These different impacts of RPS 
on New Mexico value added and employment are 
��������������������͵ͺǤ�	����������ǡ����ʹͲͳ͸�����
������������ ������������ ̈́ͳ͹ͺ� �������� ��� ������
added and 2,537 jobs. Avoided NGCC investments 
�������������������̈́ͳͳǤ͸͸����������������������-
������������ͳͲ͸����ʹͲͳ͸Ǥ�

����� ���� ������ ������ǡ� ���� ��������� ����� ���� ��-
vestment, however, is not large enough to offset 
the negative impacts of higher electricity prices. 
On balance, therefore, net annual losses in value 
���������������������ǯ����������������̈́ʹ͵ͺ����-
��������ʹͲͳ͸ǡ�̈́ͶͶͶ������������ʹͲʹͲǡ�̈́͵ͻͲ������������
2025, and remain over $250 million through the 
���������������������������Ǥ�����������������������
͹Ͷ͵����������ʹͲͳ͸ǡ�͵ǡͶͺ͵����������ʹͲʹͲǡ�����͵ǡͲ͸Ͳ�
lower in 2025. 

Table 38: Net Impacts of RPS on New Mexico Value Added and Employment 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Invest. 1,091.35 0.00 0.00 0.00 0.00 42.25
Value Added
Electric prices -405.12 -444.02 -390.26 -347.44 -297.72 -257.47
RPS Invest. 178.00 0.00 0.00 0.00 0.00 6.87
NGCC Invest. -11.66 -0.39 -0.24 -0.14 -0.06 -0.02
Net Change -238.78 -444.41 -390.50 -347.58 -297.78 -250.63
Employment NUMBER OF JOBS
Electric prices -3,174 -3,479 -3,058 -2,722 -2,333 -2,017
RPS Invest. 2,537 0 0 0 0 97
NGCC Invest. -106 -4 -2 -1 -1 0
Net Change -743 -3,483 -3,060 -2,724 -2,333 -1,921

��� �������ǡ� ���� ������ ��� ��������� ������� ��������
emissions using renewable portfolio standards in 
����������� ���� ������� ����� ���� ���������� ��� ����
social cost of carbon assuming a 5 percent discount 
rate but are below the social cost of capital assuming 
a 3 percent discount rate after 2020. From a global 
perspective, therefore, renewable energy portfolio 
������������������������������������ϐ�������������
to address global climate change under a relatively 

low discount rate for future damages associated with 
global climate change. From the viewpoint of the 
New Mexico economy, however, renewable portfolio 
standards raise electricity costs that on balance re-
������������������������������������ǯ������������������
employment even after accounting for the economic 
stimulus that building and operating renewable en-
ergy facilities provide.

New Mexico
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Nevada has an electricity sector about the size of 
����������ǯ�ǡ� ���������������� ����� ͵͸ǤͶ���������
���������͸ͺ���������������������������������ͷͳǤͷ�
percent of its total generation from hydroelectric 
������ǡ�ͳͶ������������������ǡ���������������͹���������
from geothermal, and 7 percent from hydroelec-

tricity (see Table 39). Solar power accounts for 2 
�������������������������������ʹͲͳ͵�ȋ����������͵͵Ȍ�
while wind contributes 0.7 percent.  The following 
two sub-sections summarize the impacts of existing 
���������������������������������������������������
state value added and employment in Nevada.

Table 39: Capacity, Generation, and Utilization Rates for Nevada 2013

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 4,375 5,254,553 0.1946
Geothermal 4 2,669,953 0.5027
Hydroelectric 82 2,681,943 0.2910
Natural gas 3,876 24,766,633 0.3231
Nuclear 0 0 0.0000
Other 3 25,389 0.0000
Other biomass 7 24,277 0.8660
Other gas 0 6,304 0.0000
Petroleum 31 18,890 0.3594
Pumped storage 0 0 0.0000
Solar 191 745,382 0.2300
Wind 778 250,549 0.1907
Wood 0 0 0.0000
Total 9,345 36,443,874 0.2967

7.1 Impacts on Electricity Sector

The RPS goal for Nevada is 25 percent of total con-
sumption by 2025. The impacts on electricity mar-
����� ����� ������ ������ ���� ���������� ��� ������ ͶͲǤ�
The RPS goals marginally reduce the need for addi-
������������
�������������������������������ʹͲͳ͸�
to 2025. For instance, in the base case without ad-
ditional RPS capacity, new NGCC capacity required 
�������������������������ͳ͵ͶǤͺ���������������������
and under the RPS incremental NGCC capacity de-
����������ͳͳͶǤͶ�������ʹͲʹͲǤ�

��������������ͺ͹�����������������������������������-
vada is supplied by solar power with the remain-
der met by new wind generating plants. RPS wind 

������������������� �������� ������������������͵͸Ǥʹ�
����ʹͲ͸Ǥͻ��������������������ʹͲͳ͸Ǥ�����������������
������������������������������������������������͸Ǥͻ�
���������������ʹͲͳ͸����ͳͶǤ͸����������������ʹͲͶͲ�
(see Table 40).

The increases in average electricity costs from new 
���������������������������͵ʹǤͺͷ��������� ���ʹͲͳ͸ǡ�
������� ��� ͵͹Ǥͷͺ� �������� ��� ʹͲʹͲǡ� ͵͹Ǥ͵͵� �������� ���
ʹͲʹͷǡ� ���� ʹͳǤ͵ʹ� �������� ��� ʹͲͶͲ� ȋ���� ������ ͶͲȌǤ��
With legacy costs average electricity rates in Ne-
��������������ͳͶǤ͹͹������������ʹͲͳ͸�������������-
����� ������� ���������� ���������Ǥ� ������ ʹͲͳ͸ǡ� ������
���������ͳͷǤ͸��������� ���ʹͲʹͲǡ������ �����ͳͷ����-
��������ʹͲʹͷǡ�����ͻǦͳ͵��������������ʹͲ͵Ͳ����ʹͲͶͲǤ

Nevada

Source: US Energy Information Administration
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The decomposition of RPS costs for the New Mexi-
��������������������������������������ͶͳǤ�����������-
������������������� �����̈́ͺ͵��������� ���ʹͲͳ͸�����
������� ����� ̈́͸Ͳ� �������� �������� ���� ���� ��� ����
forecast period. After including cycling costs and 
deducting avoided fossil fuel costs, net RPS legacy 
����������̈́͹ͻ������������ʹͲͳ͸�����������������̈́ͷͲ�
million in 2040.  

The costs arising from new renewable capacity as-
��������� ������������������ǯ���������������������
��������������������ͶͳǤ�����������������������������
the current 2.7 percent of generation from solar 

and wind to the 25 percent goal of total electricity 
������������ ���� ̈́ͷͷ͵Ǥʹ��������� ��� ʹͲͳ͸� ���� �����
��������̈́͹͸ʹ��������� ���ʹͲʹͷ�������������� ��������
̈́ͺͷͲ���������������������ʹͲͶͲǤ�����������������������
costs and deducting for fossil fuel and NGCC capac-
ity costs, the net costs to bring meet the RPS goal 
����̈́ʹ͹ͳ������������ʹͲͳ͸ǡ�̈́ʹͷͶ������������ʹͲʹͲǡ�����
�������� ̈́ʹͲͺ� ���� ̈́ʹͷͲ� �������� ����������Ǥ� �����
���������ǡ��������������������������ǯ����������̈́ ͷʹͲǤ͸�
�����������ʹͲͳ͸ǡ�̈́ͷͳͶǤ͵������������ʹͲʹͲǡ�̈́ͷ͹͵Ǥʹ����-
lion in 2025 and are more than $500 million per 
����������ʹͲ͵Ͳ����ʹͲͶͲ�ȋ����������ͶͳȌǤ�

Table 40: Impacts of RPS on Nevada Electricity Market

 MEGAWATTS
2016 2020 2025 2030 2035 2040

New NGCC Capacity
Without RPS 179.1 134.8 124.6 138.6 141.5 152.6
With RPS 0.0 114.4 117.1 138.8 146.3 159.5
New RPS Capacity
Wind 36.2 26.7 37.2 19.6 20.6 22.5
Solar 206.9 152.8 212.9 112.0 118.0 128.7

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 2.7 7.8 13.5 18.4 23.6 29.1
With RPS 0.0 2.4 7.7 12.6 17.9 23.6
Legacy RPS Generation 1.0 1.0 1.0 1.0 1.0 1.0
New RPS Generation 6.9 8.3 10.6 11.8 13.1 14.6

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 32.85 37.58 37.33 32.83 27.03 21.32
Electricity Consumption -2.97 -5.07 -5.42 -5.01 -4.37 -3.64
Average Rates 12.19 13.40 13.39 11.80 9.96 8.09
Average Rates + Legacy Costs 14.77 15.60 15.14 13.28 11.21 9.12

Nevada
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Table 41: Costs of Nevada RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 83.9 80.1 75.6 71.4 67.5 63.8
Cycling Costs 14.9 12.0 9.2 9.4 10.2 11.2
less Fuel Costs 19.5 18.9 19.8 20.4 21.4 23.1
Net RPS Legacy Costs 79.2 73.2 64.9 60.4 56.3 52.0
New RPS Costs
Direct 553.2 635.1 762.8 796.1 829.6 862.3
Cycling Costs 16.8 13.6 10.4 10.7 11.6 12.8
less Fuel Costs 226.4 259.6 358.3 404.4 453.4 510.2
less NGCC Costs 72.2 134.3 147.6 150.1 154.6 156.1
Net New RPS Costs 271.4 254.8 267.4 252.2 233.3 208.8
RPS Tax Subsidies 170.0 186.3 240.9 257.7 274.3 290.4
Total RPS Cost 520.6 514.3 573.2 570.3 563.9 551.1

MILLION TONS
CO2 Reductions 6.78 9.05 11.20 12.22 13.23 14.25

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 51.73 36.24 29.67 25.59 21.89 18.29
Subsidy Costs 25.09 20.59 21.51 21.10 20.74 20.37
Total Costs 76.82 56.83 51.17 46.68 42.64 38.66

The RPS policies in Nevada reduce carbon dioxide 
�������������͸Ǥ͹ͺ�����������������ʹͲͳ͸���������ͳͶǤʹͷ�
million tons per year by 2040 (see Table 35).  The 
����������������������������������������������̈́ͷͳǤ͹͵�
�����������ʹ Ͳͳ͸����������������̈́ ͳͺǤʹͻ������������ʹ ͲͶͲ�
as wind and solar costs decline over time. Tax sub-
������ǡ� �������ǡ� ���� ����� ̈́ʹͷ� ���� ���� ��� ʹͲͳ͸� ����
remain over $20 per ton in 2040. The total costs of 
������������������������ǡ����������ǡ�����̈́͹͸Ǥͺʹ�����
�������ʹͲͳ͸��������������������������̈́͵ͺǤ͸͸���������
in 2040.

Assuming a 5 percent discount rate these RPS carbon 
���������������������������������������������������
�������������̈́ͳʹ����̈́ʹͶ��������ǡ���������������������
������������������������������ϐ����������������������
emission strategy. Under a 3 percent discount rate, 
���ǯ����������������������������������̈́ͶͲ������������
ʹͲͳ͸����������������������������̈́͸Ͳ������������ʹͲͶͲǤ�
��� �������������� ����Ǧ����ϐ��������������ǡ� ���������
RPS policies in Nevada is questionable. From a Ne-
vada perspective, however, there are economic im-
pacts resulting from higher electricity rates that lead 
to losses in economic output and employment. These 
impacts are now presented and discussed.

Nevada
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7.2 Economic Impacts

By raising retail prices for electricity, RPS goals in-
crease consumer electricity bills and the costs of 
providing goods and services in the Nevada econ-
omy. These impacts of higher electricity prices are 
��������������������������ʹͲͳ͸����ʹͲͶͲ����������

42.  Annual losses in Nevada value added range 
�����̈́ͳǤ͹ͷ��������� ���ʹͲͳ͸����̈́ͳǤͺ��������� ���ʹͲʹͲǡ�
���� ������� ����� ̈́ͳ� �������� ���� ����� ���� ��� ʹͲͶͲǤ�
����������������������͹ǡͺͲͲ����ͳʹǡͲͲͲ���������-
ployment in the base case without renewable en-
ergy portfolio standards (see Table 43).  

Table 42: Impacts of RPS on Nevada Value Added by Sector

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Metals -13.29 -14.04 -13.63 -11.95 -10.09 -8.21
Paper -8.86 -9.36 -9.09 -7.97 -6.72 -5.47
Wood -4.43 -4.68 -4.54 -3.98 -3.36 -2.74
Other Man -19.20 -20.28 -19.68 -17.27 -14.57 -11.85
Textiles -2.95 -3.12 -3.03 -2.66 -2.24 -1.82
Minerals -11.82 -12.48 -12.11 -10.63 -8.97 -7.29
Const. -276.23 -291.70 -283.16 -248.37 -209.57 -170.52
Trans. -161.01 -170.03 -165.05 -144.77 -122.16 -99.39
Services -1,443.17 -1,524.03 -1,479.40 -1,297.62 -1,094.94 -890.90
Utilities 190.55 201.23 195.34 171.33 144.57 117.63
Total -1,750.42 -1,848.49 -1,794.36 -1,573.88 -1,328.04 -1,080.56

Table 43: Impacts of RPS on Nevada Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -72 -76 -74 -65 -55 -45
Paper -62 -66 -64 -56 -47 -38
Wood -78 -83 -80 -70 -59 -48
Other Man -591 -624 -606 -531 -448 -365
Textiles -52 -55 -53 -46 -39 -32
Minerals -38 -41 -39 -35 -29 -24
Const. -1,826 -1,928 -1,872 -1,642 -1,385 -1,127
Trans. -2,013 -2,126 -2,064 -1,810 -1,528 -1,243
Services -8,266 -8,729 -8,474 -7,432 -6,272 -5,103
Utilities 380 401 389 341 288 234
Total -12,621 -13,328 -12,938 -11,348 -9,575 -7,791
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These losses from higher electricity prices are par-
tially offset by output and employment gains from 
building and operating electricity capacity needed 
to meet RPS goals. These different impacts of RPS 
on Nevada value added and employment are sum-
�����������������ͶͶǤ�	����������ǡ����ʹͲͳ͸�������-
����������������������̈́ͺͺ������������������������
����ͳǡͳͻͲ�����Ǥ�����������
����������������������
������ ������ ̈́ͶͻǤ͸ͻ� �������� ���� ������� ������-
��������͵ͻ͹����ʹͲͳ͸Ǥ�

����� ���� ������ ������ǡ� ���� ��������� ����� ���� ��-
vestment, however, is not large enough to offset 
the negative impacts of higher electricity prices. 
On balance, therefore, net annual losses in value 
�����������������ǯ����������������̈́ͳǤ͹������������
ʹͲͳ͸ǡ�̈́ͳǤͺ������������ʹͲʹͲǡ�̈́ͳǤ͹������������ʹͲʹͷǡ�����
������������̈́ͳ������������������������������������-
������������Ǥ����������������������������ͳͳ�����-
����� ������ ���ʹͲͳ͸ǡ� ͳʹ� ��������� ������ ���ʹͲʹͲǡ�
����ͳͳǤͻ�������������������ʹͲʹͷǤ�

Table 44: Net Impacts of RPS on Nevada Value Added and Employment 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Invest. 422.32 296.25 387.35 191.30 189.45 194.15
Value Added
Electric prices -1,750.42 -1,848.49 -1,794.36 -1,573.88 -1,328.04 -1,080.56
RPS Invest. 88.71 62.20 81.26 40.10 39.68 40.63
NGCC Invest. -49.69 -5.64 -2.08 0.04 1.33 1.90
Net Change -1,711.40 -1,791.93 -1,715.18 -1,533.73 -1,287.03 -1,038.03
Employment NUMBER OF JOBS
Electric prices -12,621 -13,328 -12,938 -11,348 -9,575 -7,791
RPS Invest. 1,190 833 1,086 535 528 539
NGCC Invest. -397 -45 -17 0 11 15
Net Change -11,827 -12,540 -11,868 -10,813 -9,037 -7,237

��� �������ǡ� ���� ������ ��� ��������� ������� ��������
emissions using renewable portfolio standards in 
���������������������������������������������������
cost of carbon assuming a 5 percent discount rate 
but are slightly below the social cost of capital as-
suming a 3 percent discount rate after 2030. From 
a global perspective, therefore, renewable energy 
�����������������������������������������������������-
ϐ�����������������������������������������������������

using a relatively low discount rate for future dam-
ages associated with global climate change. From 
the viewpoint of the New Mexico economy, however, 
renewable portfolio standards raise electricity costs 
������������������������������������������������������ǯ��
value added and employment even after accounting 
for the economic stimulus that building and operat-
ing renewable energy facilities provide.
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������������������������͸Ͳ��������������������-
tricity, with 55 percent from hydroelectric facili-
����ǡ�ʹͶ�������������������������ǡ�����͸Ǥ͵���������
from coal (see Table 45).  Wind power accounts 
����ͳʹǤͶ������������ ������ ����������� ���ʹͲͳ͵� ȋ����

Table 45) while solar power generation is negli-
gible.  The following two sub-sections summarize 
the impacts of existing and future RPS goals on the 
�����������������������������������������������-
ployment in Oregon.

Table 45: Capacity, Generation, and Utilization Rates for Oregon 2013

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 601 3,758,996 0.7140
Geothermal 33 164,649 0.5696
Hydroelectric 8,312 33,097,667 0.4546
Natural gas 3,605 14,363,040 0.4548
Nuclear 0 0 0.0000
Other 0 34,746 0.0000
Other biomass 49 293,888 0.6917
Other gas 0 0 0.0000
Petroleum 0 6,151 0.0000
Pumped storage 0 0 0.0000
Solar 11 20,493 0.2186
Wind 3,161 7,455,702 0.2692
Wood 360 700,182 0.2221
Total 16,131 59,895,515 0.4239

8.1 Impacts on Electricity Sector

The RPS goal for Oregon is 50 percent of total con-
sumption by 2040. The impacts on electricity mar-
����� ����� ���� ���������� ��� ������ ������ ���� ���-
����������������Ͷ͸Ǥ�������������������������������
for additional new NGCC as these goals are met in 
2040. For instance, in the base case without addi-
tional RPS capacity, new NGCC capacity required to 
����������������������ͷͳǤͺ�������������������������
under the RPS incremental NGCC capacity declines 
to 47 MW in 2025. 

��������������ͻ͸�����������������������������������-
egon is supplied by wind power with the remainder 
met by new solar generating plants. RPS wind and 
solar capacity to meet the RPS goals are 553 and 

25.2 MW respectively in 2040. The electricity gen-
eration from these new facilities rises from 0.2 mil-
������������ʹͲͳ͸����ʹ͵ǤͶ����������������ʹͲͶͲ�ȋ����
������Ͷ͸ȌǤ���������������������������������������͹Ǥͷ�
million MWh from existing or legacy RPS capacity.

The increases in average electricity costs from new 
������������������������������������ʹͲͳ͸ǡ����������
���ͶǤ͸������������ʹͲʹͲǡ������������������ͶͲ���������
������ʹ ͲͶͲ�ȋ����������Ͷ͸ȌǤ����������������������������
�������������������������������������ͻǤͶͳ������������
ʹͲͳ͸��������������������������������������������Ǥ�
������ʹͲͳ͸ǡ����������������ͳͲ������������ʹͲʹͲǡ������
�����ͳͳ��������� ���ʹͲʹͷǡ� ����ͳͶǦͳͺ��������� �����
2030 to 2040 compared to the base case without 
RPS standards.

Oregon

Source: US Energy Information Administration
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The decomposition of RPS costs for the Oregon elec-
tricity sector appear in Table 47. Direct legacy costs 
��������������̈́ Ͷͺͻ������������ʹ Ͳͳ͸�����������������
$440 million through the end of the forecast period. 
After including cycling costs and deducting avoided 
�����������������ǡ��������������������������̈́ ͵ͺ͸Ǥͳ����-
��������ʹͲͳ͸�����������������̈́͵ͲͲ������������ʹͲͶͲǤ��

The costs for additional renewable capacity to meet 
������ǯ�����������������������������������������Ͷ͹Ǥ�
The direct costs to go from the current generation 

from solar and wind to the 50 percent goal of total 
����������������������������̈́ͳͲͶǤ͹������������ʹͲʹͲ�
�����������������̈́ͳ������������������������ʹͲ͵ͷ���-
ter adding cycling costs and deducting for fossil fuel 
and NGCC capacity costs, the net costs to bring meet 
the RPS goal are $53 million in 2020 and escalate to 
over $500 million in 2040. With subsidies, the to-
�������������������ǯ����������̈́ͷ͹ͳ������������ʹͲͳ͸ǡ�
̈́͸ͲͷǤͺ������������ʹͲʹͲǡ�̈́͹ʹͶǤʹ������������ʹͲʹͷ�����
are more than $! billion per year from 2030 to 2040 
(see Table 47). 

Table 46: Impacts of RPS on Oregon Electricity Market

 MEGAWATTS

2016 2020 2025 2030 2035 2040
New NGCC Capacity
Without RPS 0.0 0.0 51.8 50.7 50.0 50.9
With RPS 0.0 0.0 47.0 41.7 41.5 43.6
New RPS Capacity
Wind 64.6 0.0 261.3 500.8 527.6 553.0
Solar 2.9 0.0 11.9 22.9 24.1 25.2

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 0.6 0.0 2.4 4.2 6.1 8.0
With RPS 0.4 0.0 0.5 2.1 3.6 5.2
Legacy RPS Generation 7.5 7.5 7.5 7.5 7.5 7.5
New RPS Generation 0.2 1.6 4.4 10.4 16.8 23.4

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 1.12 4.64 10.97 23.21 32.82 40.05
Electricity Consumption -0.03 -0.15 -0.41 -0.89 -1.40 -1.82
Average Rates 0.34 1.37 3.23 6.81 9.73 12.04
Average Rates + Legacy Costs 9.41 10.00 11.09 14.13 16.42 18.13

Oregon
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Table 47: Costs of Oregon RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 489.4 480.9 470.5 460.2 450.0 440.1
Cycling Costs 6.3 5.7 4.3 4.3 4.7 5.2
less Fuel Costs 109.6 106.4 115.5 119.2 127.7 136.6
Net RPS Legacy Costs 386.1 380.2 359.3 345.2 327.0 308.7
New RPS Costs
Direct 10.6 104.7 278.0 643.1 1,008.5 1,374.7
Cycling Costs 10.3 9.7 8.1 8.2 8.9 9.7
less Fuel Costs 3.4 61.0 112.4 322.2 553.7 804.0
less NGCC Costs 4.4 0.0 45.7 53.0 63.6 74.3
Net New RPS Costs 13.2 53.4 128.1 276.1 400.0 506.1
RPS Tax Subsidies 172.2 172.2 236.8 376.3 521.7 673.6
Total RPS Cost 571.5 605.8 724.2 997.6 1,248.7 1,488.4

MILLION TONS
CO2 Reductions 12.45 12.35 15.77 20.92 26.34 32.00

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 32.06 35.12 30.91 29.70 27.60 25.46
Subsidy Costs 13.83 13.94 15.02 17.98 19.80 21.05
Total Costs 45.89 49.06 45.93 47.68 47.40 46.51

The RPS policies in Oregon reduce carbon dioxide 
�������������ͳʹǤͶͷ�����������������ʹͲͳ͸���������͵ʹ�
million tons per year by 2040 (see Table 47).  The 
����������������������������������������������̈́ ͵ʹǤͲ͸�
���� ���� ��� ʹͲͳ͸� ���� �������� ��� ̈́ʹͷǤͶ͸� ���� ���� ���
2040 as wind and solar costs decline over time. Tax 
���������ǡ��������ǡ����������̈́ͳ͵Ǥͺ͵������������ʹͲͳ͸�
and remain over $20 per ton in 2040. The total costs 
���������������������������ǡ����������ǡ�����̈́ͶͷǤͺͻ�
�����������ʹͲͳ͸��������������������������̈́Ͷ͸Ǥͷͳ�����
ton in 2040 (see Table 47).

Assuming a 5 percent discount rate these RPS car-
��������������������������������������������������

������������������̈́ͳʹ����̈́ʹͶ��������ǡ�����������������
����������������������������������ϐ������������������
gas emission strategy. Under a 3 percent discount 
����ǡ����ǯ����������������������������������̈́ͶͲ�����
�������ʹͲͳ͸����������������������������̈́͸Ͳ���������
���ʹͲͶͲǤ����������������������Ǧ����ϐ��������������ǡ�
adopting RPS policies in Oregon may be cost effec-
tive after 2025 if a 3 percent discount rate is used. 
From perspective of households and businesses 
in Oregon, however, there are economic impacts 
resulting from higher electricity rates that lead to 
losses in economic output and employment. These 
impacts are now presented and discussed.

Oregon
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8.2 Economic Impacts

By raising retail prices for electricity, RPS goals in-
crease consumer electricity bills and the costs of pro-
viding goods and services in the Oregon economy. 
These impacts of higher electricity prices are sum-
�����������������������ʹͲͳ͸����ʹͲͶͲ����������ͶͺǤ�

Annual losses in Oregon value added range from 
̈́ͳǤͶͺ������������ʹͲͳ͸����̈́ͳǤ͹Ͷ������������ʹͲʹͷǡ�����
������������̈́ʹͲǤʹ�������������������������ʹͲͶͲǤ���-
��������� �����������ͳʹ����ʹͶ������������������-
ployment in the base case without renewable en-
ergy portfolio standards (see Table 49).   

Table 48: Impacts of RPS on Oregon Value Added by Sector

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Metals -103.48 -109.97 -121.97 -155.46 -180.67 -199.44
Paper -75.26 -79.98 -88.71 -113.06 -131.40 -145.04
Wood -104.43 -110.97 -123.08 -156.87 -182.31 -201.25
Other Man -28.22 -29.99 -33.27 -42.40 -49.27 -54.39
Textiles -1.88 -2.00 -2.22 -2.83 -3.28 -3.63
Minerals -17.87 -18.99 -21.07 -26.85 -31.21 -34.45
Const. -208.85 -221.93 -246.16 -313.74 -364.63 -402.50
Trans. -95.02 -100.97 -111.99 -142.74 -165.89 -183.12
Services -1,061.19 -1,127.67 -1,250.77 -1,594.16 -1,852.71 -2,045.13
Utilities 218.26 231.93 257.25 327.88 381.05 420.63
Total -1,477.95 -1,570.53 -1,741.99 -2,220.24 -2,580.33 -2,848.32

Table 49: Impacts of RPS on Oregon Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -271 -288 -319 -407 -473 -522
Paper -246 -261 -289 -369 -429 -473
Wood -1,059 -1,126 -1,249 -1,591 -1,849 -2,042
Other Man -1,533 -1,629 -1,806 -2,302 -2,676 -2,953
Textiles -75 -80 -89 -113 -131 -145
Minerals -42 -45 -50 -64 -74 -82
Const. -1,547 -1,644 -1,823 -2,323 -2,700 -2,981
Trans. -1,293 -1,374 -1,524 -1,942 -2,257 -2,491
Services -6,931 -7,365 -8,169 -10,412 -12,100 -13,357
Utilities 331 352 390 497 578 638
Total -12,666 -13,459 -14,928 -19,027 -22,113 -24,409

Oregon
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These losses from higher electricity prices are par-
tially offset by output and employment gains from 
building and operating electricity capacity need-
ed to meet RPS goals. These different impacts of 
RPS on Oregon value added and employment are 
summarized in Table 50. For example, in 2025 RPS 
������������������������̈́ͳͲ͸Ǥͺͺ������������������
����������ͳǡ͵ͻ͵�����Ǥ�����������
���������������
�������������������̈́ͳǤ͵Ͷ����������������������-
������������ͳʹ����ʹͲͳ͸Ǥ�

����� ���� ������ ������ǡ� ���� ��������� ����� ���� ��-
vestment, however, is not large enough to offset 
the negative impacts of higher electricity prices. 
On balance, therefore, net annual losses in value 
�����������������ǯ����������������̈́ͳǤͶͷ������������
ʹͲͳ͸ǡ�̈́ͳǤͷ͹������������ʹͲʹͲǡ�̈́ͳǤ͸Ͷ������������ʹͲʹͷǡ�
and escalate well over $2 billion through the end 
��� ���� ��������� �������Ǥ� ����������� ������� ����
�����ͳʹ����ʹͳ������������������������������������
period compared to the base case. 

Table 50: Net Impacts of RPS on Oregon Value Added and Employment 

 MILLIONS OF 2013 DOLLARS

2016 2020 2025 2030 2035 2040
RPS Invest. 146.50 0.00 573.71 1,080.21 1,118.00 1,151.46
Value Added
Electric prices -1,477.95 -1,570.53 -1,741.99 -2,220.24 -2,580.33 -2,848.32
RPS Invest. 27.30 0.00 106.88 201.20 208.21 214.40
NGCC Invest. 0.00 0.00 -1.34 -2.50 -2.35 -2.05
Net Change -1,450.64 -1,570.53 -1,636.45 -2,021.53 -2,374.47 -2,635.96
Employment NUMBER OF JOBS

Electric prices -12,666 -13,459 -14,928 -19,027 -22,113 -24,409
RPS Invest. 356 0 1,393 2,621 2,711 2,791
NGCC Invest. 0 0 -12 -22 -21 -18
Net Change -12,309 -13,459 -13,547 -16,428 -19,422 -21,637

����������ǡ��������������������������������������
emissions using renewable portfolio standards in 
������� ���� ������� ��������� ���������� ��� ���� ��-
cial cost of carbon assuming a 5 percent discount 
rate but are below the social cost of capital assum-
ing a 3 percent discount rate after 2025. From a 
global perspective, therefore, whether renewable 
energy portfolio standards in Oregon are an ef-
ϐ���������������������������������������������� ���

not clear because the choice of a discount rate is 
subjective. What is clear, however, is that Orego-
nian households and businesses pay a price for 
renewable portfolio standards. RPS policies raise 
electricity costs that on balance result in a net re-
��������������������ǯ�����������������������������
even after accounting for the economic stimulus 
that building and operating renewable energy fa-
cilities provide.

Oregon
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As the largest state in our sample, Pennsylvania 
��������������������ʹʹ͸������������������������-
����ȋ����������ͷͳȌǤ������������������������������������
��� ������ ��� ʹͲͳ͵� ���������� ͵ͻ� �������� ��� ������
generation, followed closely by nuclear power at 
34 percent, and then by natural gas at 22 of total 

����������Ǥ�������������������������ͳǤͷ������������
��������������������ʹͲͳ͵�������������������������-
tion is negligible (see Table 45).  The following two 
sub-sections summarize the impacts of existing and 
�����������������������������������������������������
value added and employment in Pennsylvania.

Table 51: Capacity, Generation, and Utilization Rates for Pennsylvania 2013

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 20,160 88,443,209 0.5008
Geothermal 0 0 0.0000
Hydroelectric 920 2,524,673 0.3132
Natural gas 13,324 49,937,702 0.4278
Nuclear 0 78,714,031 0.0000
Other 20 840,579 4.7978
Other biomass 514 1,846,840 0.4104
Other gas 116 650,147 0.6398
Petroleum 2,938 460,072 0.0179
Pumped storage 1,541 -538,770 -0.0399
Solar 47 63,106 0.1526
Wind 1,344 3,352,043 0.2847
Wood 144 491,998 0.3898
Total 41,069 226,785,630 0.6304

9.1 Impacts on Electricity Sector

���� ���� ����� ���� ������������� ��� ͹Ǥͺ� �������� ���
������ ������������ ��� ʹͲʹͳǤ� ���� �������� ��� ����-
���������������� ����� ����������������� ������������
are presented in Table 52. The RPS goals slightly 
reduce the need for additional new NGCC as these 
goals are met in 2025. For instance, in the base case 
without additional RPS capacity, new NGCC capac-
��������������������������������������ʹͷ͵Ǥͳ�������
the base case and under the RPS incremental NGCC 
capacity declines to 252.3 MW in 2025. 

��������������ͻͺ�������������������������������������-
sylvania is supplied by wind power with the remain-
der met by new solar generating plants. RPS wind 
���������������������������������������������͵͸ͺ�����

ͳʹǤͻ���� ������������� ��� ʹͲͳ͸� ���� ͵͹ͺǤ͹� ���� ͳ͵Ǥ͵�
MW respectively in 2020. The electricity generation 
from these new facilities rises from 5.3 million MWh 
���ʹͲͳ͸����ͳʹǤͻ����������������ʹͲͶͲ�ȋ����������ͷʹȌǤ�
This generation is in addition to the 3.4 million MWh 
from existing or legacy RPS capacity.

The increases in average electricity costs from 
new RPS capacity additions are 3.5 percent in 
ʹͲͳ͸ǡ�ͷǤʹͷ������������ʹͲʹͲǡ�������������ͶǤͷ�����
5.5 percent after 2025 (see Table 52).  With lega-
cy costs average electricity rates in Pennsylvania 
��������� ʹǤͶͳ� �������� ��� ʹͲͳ͸� ���� ��� ����������
������� ���������� ���������Ǥ� ������ ʹͲͳ͸ǡ� ������ ��-
crease 2-2.5 percent thereafter compared to the 
base case without RPS standards.

Pennsylvania

Source: US Energy Information Administration
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The decomposition of RPS costs for the Pennsylva-
nia electricity sector appear in Table 53. Direct leg-
������������������������̈́ʹͳͲ������������ʹͲͳ͸�����
������� ����� ̈́ͳͺ͹��������� �������� ���� ���� ��� ����
forecast period. After including cycling costs and 
deducting avoided fossil fuel costs, net RPS legacy 
����������̈́ͳ͹͵Ǥͷ��������� ���ʹͲͳ͸�����������������
̈́ͳͷͲ������������ʹͲͶͲǤ��

The costs for additional renewable capacity to meet 
������������ǯ�� ���� ������ ���� ����� ����������� ���

������ ͷ͵Ǥ� ���� ������� ������ ��� �������� ͹Ǥͺ� ��������
of consumption supplied by renewable energy are 
̈́͵ʹͶ������������ʹͲͳ͸������������������̈́͸ͷͲ���������
per year after 2025. After adding cycling costs and 
deducting for fossil fuel and NGCC capacity costs, the 
�����������������������������������������̈́ͳʹͷ����-
��������ʹ Ͳͳ͸����������̈́ ʹͲͲ�������������������������-
���Ǥ���������������ǡ��������������������������������ǯ��
��������̈́ͷͲ͵������������ʹͲͳ͸ǡ�̈́͸ͷͷ������������ʹͲʹͲǡ�
̈́͹Ͳͳ������������ʹͲʹͷ�������������������̈́͹ͶͲ����-
lion per year from 2030 to 2040 (see Table 53).

Table 52: Impacts of RPS on Pennsylvania Electricity Market

 MEGAWATTS

2016 2020 2025 2030 2035 2040
New NGCC Capacity
Without RPS 0.0 0.0 253.1 268.1 281.4 293.5
With RPS 0.0 0.0 252.3 267.8 281.4 293.6
New RPS Capacity
Wind 368.0 378.7 57.4 60.9 64.0 66.8
Solar 12.9 13.3 2.0 2.1 2.2 2.3

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 2.7 0.0 7.2 17.0 27.3 38.0
With RPS 2.5 0.0 6.7 16.5 26.8 37.5
Legacy RPS Generation 3.4 3.4 3.4 3.4 3.4 3.4
New RPS Generation 5.3 9.0 10.5 11.3 12.1 12.9

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 3.53 5.25 5.43 5.21 4.95 4.54
Electricity Consumption -0.11 -0.24 -0.28 -0.28 -0.26 -0.25
Average Rates 0.96 1.45 1.53 1.47 1.41 1.32
Average Rates + Legacy Costs 2.14 2.56 2.54 2.40 2.25 2.08

Pennsylvania
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Table 53: Costs of Pennsylvania RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 210.6 206.6 201.7 196.9 192.2 187.6
Cycling Costs 20.8 28.0 31.2 32.0 33.0 35.1
less Fuel Costs 57.9 60.6 64.1 66.1 68.4 71.9
Net RPS Legacy Costs 173.5 174.0 168.8 162.8 156.8 150.8
New RPS Costs
Direct 324.0 544.9 622.4 651.4 680.9 710.3
Cycling Costs 21.8 29.3 32.7 33.5 34.6 36.8
less Fuel Costs 216.4 384.7 437.1 463.0 490.8 523.4
less NGCC Costs 3.9 0.0 12.0 12.4 12.7 13.2
Net New RPS Costs 125.4 189.4 206.0 209.5 212.0 210.5
RPS Tax Subsidies 203.8 291.4 326.4 343.3 361.1 379.7
Total RPS Cost 502.7 654.8 701.3 715.6 729.9 741.0

MILLION TONS
CO2 Reductions 11.41 14.81 16.55 17.27 18.02 18.80

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 26.19 24.54 22.65 21.55 20.46 19.22
Subsidy Costs 17.86 19.67 19.72 19.88 20.04 20.20
Total Costs 44.05 44.21 42.37 41.43 40.50 39.41

The RPS policies in Pennsylvania reduce carbon di-
������ ���������� ��� ͳͳǤͶͳ� �������� ����� ��� ʹͲͳ͸� ���
�����ͳͺǤͺ��������������������������ʹͲͶͲ�ȋ����������
53).  The direct costs per ton of avoided emissions 
���� ̈́ʹ͸Ǥͳͻ� ���� ���� ��� ʹͲͳ͸� ���� �������� ��� ̈́ͳͻǤʹʹ�
per ton in 2040 as wind and solar costs decline over 
����Ǥ��������������ǡ��������ǡ����������̈́ͳ͹Ǥͺ͸���������
���ʹͲͳ͸�����������������̈́ʹͲ��������� ���ʹͲͶͲǤ�����
total costs of avoided carbon emissions, therefore, 
����̈́ͶͶǤͲͷ������������ʹͲͳ͸��������������������������
̈́͵ͻǤͶͳ������������ʹͲͶͲ�ȋ����������ͷ͵ȌǤ

These RPS carbon abatement costs are well above 
���������������������������������̈́ͳʹ����̈́ʹͶ��������ǡ�

assuming a 5 percent discount rate, suggesting that 
����������������������������������������ϐ������������-
house gas emission strategy. Under a 3 percent dis-
����������ǡ����ǯ����������������������������������̈́ͶͲ�
�����������ʹͲͳ͸����������������������������̈́͸Ͳ�����
���� ���ʹͲͶͲǤ���� ������������������Ǧ����ϐ����������-
tive, adopting RPS policies in Pennsylvania may be 
cost effective after 2025 if a 3 percent discount rate 
on future greenhouse gas damages is appropriate. 
From the perspective of households and businesses 
in Pennsylvania, however, there are economic im-
pacts resulting from higher electricity rates that lead 
to losses in economic output and employment. These 
impacts are now presented and discussed.

Pennsylvania
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9.2 Economic Impacts

By raising retail prices for electricity, RPS goals in-
crease consumer electricity bills and the costs of 
providing goods and services in the Pennsylvania 
economy. These impacts of higher electricity prices 
������������������������������ʹͲͳ͸����ʹͲͶͲ������-

ble 54.  Annual losses in Pennsylvania value added 
������ ����� ̈́ͳǤͶ� �������� ��� ʹͲͳ͸� ��� ̈́ͳǤ͹� �������� ���
ʹͲʹͷǡ�����������������̈́ͳǤͶ�������������������������
ʹͲͶͲǤ�����������������������ͻǤͷ����ͳͳǤ͹����������
below employment in the base case without renew-
able energy portfolio standards (see Table 55).  

Table 54: Impacts of RPS on Pennsylvania Value Added by Sector

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Metals -137.09 -164.44 -163.22 -154.08 -144.75 -133.85
Paper -65.34 -78.38 -77.80 -73.44 -68.99 -63.80
Wood -15.38 -18.44 -18.31 -17.28 -16.23 -15.01
Other Man -134.32 -161.11 -159.92 -150.96 -141.82 -131.14
Textiles -3.84 -4.61 -4.58 -4.32 -4.06 -3.75
Minerals -13.67 -16.39 -16.27 -15.36 -14.43 -13.34
Const. -158.02 -189.54 -188.14 -177.60 -166.85 -154.28
Trans. -79.22 -95.03 -94.32 -89.04 -83.65 -77.35
Services -947.70 -1,136.75 -1,128.31 -1,065.12 -1,000.63 -925.28
Utilities 154.82 185.70 184.32 174.00 163.46 151.16
Total -1,399.34 -1,678.49 -1,666.03 -1,572.73 -1,477.49 -1,366.24

Table 55: Impacts of RPS on Pennsylvania Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -296 -355 -352 -332 -312 -289
Paper -275 -330 -327 -309 -290 -269
Wood -223 -267 -265 -251 -235 -218
Other Man -1,117 -1,339 -1,329 -1,255 -1,179 -1,090
Textiles -113 -136 -135 -127 -119 -110
Minerals -46 -55 -55 -52 -48 -45
Const. -1,149 -1,378 -1,368 -1,291 -1,213 -1,121
Trans. -1,293 -1,550 -1,539 -1,453 -1,365 -1,262
Services -5,618 -6,739 -6,689 -6,314 -5,932 -5,485
Utilities 299 358 355 336 315 291
Total -9,830 -11,791 -11,703 -11,048 -10,379 -9,597

Pennsylvania
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These losses from higher electricity prices are par-
tially offset by output and employment gains from 
building and operating electricity capacity needed 
to meet RPS goals. These different impacts of RPS 
on Pennsylvania value added and employment are 
��������������������ͷ͸Ǥ�	����������ǡ����ʹͲʹͲ�����
������������ ������������ ̈́ͳ͹ͷǤͻ� �������� ��� ������
����������ʹǡͲ͹ͺ�����Ǥ�

����� ���� ������ ������ǡ� ���� ��������� ����� ���� ��-
vestment, however, is not large enough to offset 
the negative impacts of higher electricity prices. On 
balance, therefore, net annual losses in value add-
��� �����������������ǯ�� ���� ������ ���� ̈́ͳǤʹ� ��������
���ʹͲͳ͸ǡ�̈́ͳǤͷ��������� ���ʹͲʹͲǡ�̈́ͳǤ͸��������� ���ʹͲʹͷǡ�
����������������̈́ͳǤ͵��������������������������������
����������������Ǥ����������������������������͹Ǧͳͳ�
thousand lower during the forecast period com-
pared to the base case. 

Table 56: Net Impacts of RPS on Pennsylvania Value Added and Employment 

 MILLIONS OF 2013 DOLLARS

2016 2020 2025 2030 2035 2040
RPS Invest. 827.97 840.20 125.08 130.51 134.76 138.22
Value Added
Electric prices -1,399.34 -1,678.49 -1,666.03 -1,572.73 -1,477.49 -1,366.24
RPS Invest. 173.35 175.90 26.18 27.32 28.21 28.93
NGCC Invest. 0.00 0.00 -0.26 -0.07 -0.01 0.05
Net Change -1,225.99 -1,502.59 -1,640.10 -1,545.47 -1,449.30 -1,337.26
Employment NUMBER OF JOBS

Electric prices -9,830 -11,791 -11,703 -11,048 -10,379 -9,597
RPS Invest. 2,049 2,078 309 323 333 341
NGCC Invest. 0 0 -2 -1 0 0
Net Change -7,781 -9,712 -11,396 -10,726 -10,046 -9,255

��� �������ǡ� ���� ������ ��� ��������� ������� ��������
emissions using renewable portfolio standards in 
������������� ���� ������� ��������� ���������� ��� ����
social cost of carbon assuming a 5 percent discount 
rate but are below the social cost of capital assuming 
a 3 percent discount rate after 2025. From a global 
perspective, therefore, whether renewable energy 
�������������������� �������������������������ϐ�������
means to address global climate change is not clear 
because the choice of a discount rate is subjective. 

What is clear, however, is that households and busi-
nesses in Pennsylvania pay a price for renewable 
portfolio standards. RPS policies raise electricity 
costs that on balance result in a net reduction in 
���������ǯ����������������������������������������
accounting for the economic stimulus from build-
ing and operating renewable energy facilities

Pennsylvania
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�����������������������͸Ǥʹ�������������ȋ����������
ͷ͹ȌǤ��������������������������������ͻͺ������������
this electricity generation. Wind and solar capacity 
���������������������������������������������ȋ������-

ble 57).  The following two sub-sections summarize 
the impacts of existing and future RPS goals on the 
������������������� ���� ������ ������ ������ ���� ��-
������������������������Ǥ

Table 57: Capacity, Generation, and Utilization Rates for Rhode Island 2013

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 0 0 0.0000
Geothermal 0 0 0.0000
Hydroelectric 3 4,447 0.1813
Natural gas 1,971 6,139,090 0.3555
Nuclear 0 0 0.0000
Other 0 0 0.0000
Other biomass 40 48,132 0.1360
Other gas 0 0 0.0000
Petroleum 18 50,540 0.3260
Pumped storage 0 0 0.0000
Solar 7 2,007 0.0332
Wind 3 2,590 0.0986
Wood 0 0 0.0000
Total 2,042 6,246,807 0.3492

10.1 Impacts on Electricity Sector

���������������������������������ͳͶǤͷ��������������-
�������������������ʹ ͲͳͻǤ����������������������������
�������������������������������������������������-
����������������ͷͺǤ�������������������������������
for additional new NGCC as these goals are met in 
ʹͲͳͻǤ�	��� ��������ǡ� �����������������������������-
tional RPS capacity, new NGCC capacity required to 
����������������������͵͸Ǥͳ�������������������������
under the RPS incremental NGCC capacity declines 
���ͳ͹Ǥ͸�������ʹͲʹͷǤ�

��������� ����� ͷ͸� �������� ��� ���� ���� ��������� ����
������ ������� ��� ������������ ����������������� ����
remainder met by new wind generating plants. RPS 
wind and solar capacity to meet the RPS goals are 
͸͵�����ͷͷǤ͹��������������������ʹͲͳ͸�����ͷǤͻ�����
5.2 MW respectively in 2020. The electricity gen-

eration from these new facilities rises from 0.9 mil-
������������ʹͲͳ͸����ͳǤ͹����������������ʹͲͶͲ�ȋ����
������ͷͺȌǤ�

The increases in average electricity costs from new 
���������������������������ͷ͹������������ʹͲͳ͸ǡ�͹͵�
�����������ʹͲʹͲǡ�������������Ͷͺ�����͸Ͷ�����������-
����ʹͲʹͷ�ȋ����������ͷͺȌǤ� ������������� ���������� ���
costs are due to the low capacity factors for wind 
���������� ���������������Ǥ������ �����������������-
���������������������� ���������������� ���������ͳ͵Ǥ͸�
�����������ʹͲͳ͸�����������������������������������
���������Ǥ�������ʹͲͳ͸ǡ����������������ͳ͵Ǧͳͺ���������
thereafter compared to the base case without RPS 
���������Ǥ������������������� ����� ������������ϐ�����
the low capacity utilization rates for wind and solar 
�����������������������������������������ͳͶǤͷ����-
cent RPS goal. 

Rhode Island

Source: US Energy Information Administration
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������������������������������� ���� ���������� ��-
land electricity sector appear in Table 59.  RPS lega-
cy costs are negligible given the very small amount 
of existing wind and solar capacity. The costs for ad-
������������������������������������������������ǯ��
RPS goals are also summarized in Table 59. 

����������������������������͹Ǥͺ�������������������-
��������������������������������������̈́ͳͲͺǤͻ����-
��������ʹͲͳ͸������������������̈́ͳͶʹ������������ʹͲʹͲǡ�

̈́ͳ͵ͷ������������ʹͲʹͷ�������������������̈́ͳ͵Ͳ����-
lion after 2030. After adding cycling costs and de-
ducting for fossil fuel and NGCC capacity costs, the 
�����������������������������������������̈́ͳͲͻ����-
��������ʹ Ͳͳ͸����������̈́ ͳʹͷ�������������������������-
���Ǥ���������������ǡ��������������������������������ǯ��
���� ���� ̈́ͳͶͲǤͻ� �������� ��� ʹͲͳ͸ǡ� ̈́ͳͻͲ� �������� ���
ʹͲʹͲǡ�̈́ͳͺ͵������������ʹͲʹͷ�������������������̈́ͳ͹ͻ�
million per year from 2030 to 2040 (see Table 59). 

Table 58: Impacts of RPS on Rhode Island Electricity Market

 MEGAWATTS

2016 2020 2025 2030 2035 2040
New NGCC Capacity
Without RPS 36.1 16.3 14.8 16.0 16.7 17.1
With RPS 17.6 12.8 14.8 16.1 16.9 17.4
New RPS Capacity
Wind 63.0 5.9 6.8 7.4 7.8 8.0
Solar 55.7 5.2 6.0 6.6 6.9 7.1

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 0.7 1.3 1.9 2.5 3.1 3.7
With RPS 0.5 0.9 1.5 2.0 2.7 3.3
Legacy RPS Generation 0.0 0.0 0.0 0.0 0.0 0.0
New RPS Generation 0.9 1.3 1.4 1.5 1.6 1.7

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 57.54 73.17 64.68 60.52 55.60 48.71
Electricity Consumption -1.90 -3.72 -3.78 -3.57 -3.35 -3.08
Average Rates 13.55 18.11 16.57 15.51 14.42 13.13
Average Rates + Legacy Costs 13.61 18.16 16.62 15.55 14.46 13.17
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Table 59: Costs of Rhode Island RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 0.6 0.6 0.6 0.6 0.5 0.5
Cycling Costs 0.0 0.0 0.0 0.0 0.0 0.0
less Fuel Costs 0.1 0.1 0.1 0.1 0.1 0.1
Net RPS Legacy Costs 0.6 0.5 0.5 0.5 0.5 0.4
New RPS Costs
Direct 118.2 174.1 176.6 179.8 183.0 186.1
Cycling Costs 0.3 0.4 0.4 0.4 0.5 0.5
less Fuel Costs 3.9 21.3 29.8 34.3 39.1 45.4
less NGCC Costs 5.6 10.8 12.0 12.0 12.0 12.3
Net New RPS Costs 108.9 142.4 135.2 134.0 132.3 128.9
RPS Tax Subsidies 31.4 47.1 47.6 48.3 49.0 49.7
Total RPS Cost 140.9 190.1 183.3 182.7 181.8 179.1

MILLION TONS
CO2 Reductions 0.69 1.10 1.17 1.23 1.28 1.34

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 159.59 129.65 116.05 109.64 103.40 96.62
Subsidy Costs 45.84 42.74 40.68 39.36 38.15 37.11
Total Costs 205.42 172.39 156.73 148.99 141.55 133.72

�������������������������������������������������-
�������������������ͲǤ͸ͻ�����������������ʹͲͳ͸���������
ͳǤ͵��������������������������ʹ ͲͶͲ�ȋ����������ͷͻȌǤ������
����������������������������������������������̈́ ͳͷͻǤͷͻ�
�����������ʹ Ͳͳ͸����������������̈́ ͻ͸Ǥ͸ʹ������������ʹ ͲͶͲ�
as wind and solar costs decline over time. Tax subsi-
����ǡ��������ǡ����������̈́ͶͷǤͺͶ������������ʹͲͳ͸�����
remain over $37 per ton in 2040. The total costs of 
avoided carbon emissions, therefore, are $205.42 
�����������ʹͲͳ͸��������������������������̈́ͳ͵͵Ǥ͹ʹ�����
ton in 2040 (see Table 59). These large unit costs of 
�����������������������������ϐ����������������������
����������������������������������������������������Ǥ�
Another factor is the predominance of natural gas in 
total generation so that any generation displaced by 
renewables has relatively low emissions.

These RPS carbon abatement costs are far above the 
�����������������������������̈́ͳʹ����̈́ʹͶ��������ǡ���-
suming a 5 percent discount rate, suggesting that 
����������������������������������������ϐ������������-
house gas emission strategy. Under a 3 percent dis-
����������ǡ����ǯ����������������������������������̈́ͶͲ�
�����������ʹͲͳ͸����������������������������̈́͸Ͳ�����
���� ���ʹͲͶͲǤ���� ������������������Ǧ����ϐ����������-
����ǡ���������������������������������������������������
effective. There are also economic impacts resulting 
from higher electricity rates that lead to losses in 
economic output and employment. These impacts 
are now presented and discussed.
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10.2 Economic Impacts

By raising retail prices for electricity, RPS goals in-
crease consumer electricity bills and the costs of 
�������������������� ��������� ��� ���������� �������
economy. These impacts of higher electricity prices 
������������������������������ʹͲͳ͸����ʹͲͶͲ������-

����͸ͲǤ��������������������������������������������
�����������̈́͸͸ͻ������������ʹͲͳ͸����̈́ͺͻ͵������������
ʹͲʹͷǡ�����������������̈́͸ͶͲ�������������������������
ʹͲͶͲǤ������������ �����������ͶǦͷ� ���������������
employment in the base case without renewable 
���������������������������ȋ����������͸ͳȌǤ�

Table 60: Impacts of RPS on Rhode Island Value Added by Sector

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Metals -51.72 -69.00 -63.16 -59.11 -54.95 -50.04
Paper -10.89 -14.53 -13.30 -12.44 -11.57 -10.53
Wood -2.72 -3.63 -3.32 -3.11 -2.89 -2.63
Other Man -32.66 -43.58 -39.89 -37.33 -34.70 -31.60
Textiles -6.80 -9.08 -8.31 -7.78 -7.23 -6.58
Minerals -2.72 -3.63 -3.32 -3.11 -2.89 -2.63
Const. -100.71 -134.37 -122.99 -115.10 -107.00 -97.44
Trans. -21.78 -29.05 -26.59 -24.89 -23.13 -21.07
Services -496.75 -662.77 -606.64 -567.75 -527.76 -480.61
Utilities 57.16 76.26 69.81 65.33 60.73 55.30
Total -669.59 -893.37 -817.72 -765.29 -711.40 -647.83

Table 61: Impacts of RPS on Rhode Island Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -71 -94 -86 -81 -75 -68
Paper -86 -114 -105 -98 -91 -83
Wood -42 -56 -52 -48 -45 -41
Other Man -554 -739 -676 -633 -588 -536
Textiles -52 -69 -63 -59 -55 -50
Minerals -8 -11 -10 -9 -9 -8
Const. -520 -694 -635 -594 -552 -503
Trans. -365 -487 -445 -417 -388 -353
Services -2,978 -3,973 -3,637 -3,403 -3,164 -2,881
Utilities 128 171 156 146 136 124
Total -4,548 -6,068 -5,554 -5,198 -4,832 -4,401
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These losses from higher electricity prices are par-
tially offset by output and employment gains from 
building and operating electricity capacity needed 
to meet RPS goals. These different impacts of RPS 
�����������������������������������������������
��������������������͸ʹǤ�	����������ǡ����ʹͲʹͲ�����
������������������������̈́ͶǤͳ���������������������-
ed and 53 jobs. 

���������������������ǡ�����������������������������-
ment, however, is not large enough to offset the 
negative impacts of higher electricity prices. On 
balance, therefore, net annual losses in value added 
�����������������ǯ����������������̈́͸ʹͻ������������
ʹͲͳ͸ǡ�̈́ͺͻͲ������������ʹͲʹͲǡ�̈́ͺͳ͵������������ʹͲʹͷǡ�
���� ������������ ̈́͸ͶͲ��������� �������� ���� �������
���� ��������� �������Ǥ� ����������� ������� ���� �����
4-5.5 thousand lower during the forecast period 
compared to the base case. 

Table 62: Net Impacts of RPS on Rhode Island Value Added and Employment 

 MILLIONS OF 2013 DOLLARS

2016 2020 2025 2030 2035 2040
RPS Invest. 230.48 20.97 23.23 24.36 24.54 24.40
Value Added
Electric prices -669.59 -893.37 -817.72 -765.29 -711.40 -647.83
RPS Invest. 45.39 4.12 4.56 4.78 4.81 4.77
NGCC Invest. -5.26 -0.97 -0.01 0.02 0.04 0.09
Net Change -629.46 -890.22 -813.16 -760.50 -706.55 -642.97
Employment NUMBER OF JOBS

Electric prices -4,548 -6,068 -5,554 -5,198 -4,832 -4,401
RPS Invest. 587 53 59 61 61 61
NGCC Invest. -42 -8 0 0 0 1
Net Change -4,003 -6,023 -5,496 -5,137 -4,771 -4,339

��� �������ǡ� ���� ������ ��� ��������� ������� ��������
emissions using renewable portfolio standards in 
������������������������������������������������
of the social cost of carbon assuming a 5 percent 
discount rate and even assuming a 3 percent dis-
count rate after 2025. From a global perspective, 
therefore, whether renewable energy portfolio 
�������������������������������������ϐ�������������
to address global climate change. 

�������������������������� ��������� �������������
price for renewable portfolio standards. RPS poli-
cies raise electricity costs that on balance result in a 

��������������������������ǯ������������������������-
ment even after accounting for the economic stimu-
lus from building and operating renewable energy 
����������Ǥ� ������ ��������� �������� ���� �����ϐ������
because wind and solar capacity factors in Rhode 
�����������������������������������������������������
from natural gas.  As renewable goals are met, wind 
and solar generation displaces relatively low emis-
sion natural gas generation.  Hence, the emissions 
savings are relatively small and, therefore, the unit 
abatements costs are large.
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������ ��������� ���������� �� �����ϐ������ ������� ���
electric power from a diverse portfolio of genera-
�����������Ǥ�����������͸Ͳ����������������������ͻͷǤʹ�
million Mwh of total generation is supplied by the 
greenhouse gas emission free sources, hydroelectric 
(3%) and nuclear generation (57%). Coal provides 
ʹͷ��������� ������������ �������������ͳʹǤͶ���������

of total generation. There is currently no wind gen-
eration and a very small amount of solar capacity in 
������������ʹͲͳ͵�ȋ����������͸͵ȌǤ�������������������
sub-sections summarize the impacts of existing and 
�����������������������������������������������������
value added and employment in South Carolina.

Table 63: Capacity, Generation, and Utilization Rates for South Carolina 2013

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 7,712 24,407,148 0.3613
Geothermal 0 0 0.0000
Hydroelectric 1,364 3,160,274 0.2645
Natural gas 6,496 11,834,074 0.2080
Nuclear 6,875 54,251,968 0.9008
Other 0 62,007 0.0000
Other biomass 47 212,896 0.5227
Other gas 0 0 0.0000
Petroleum 871 103,346 0.0135
Pumped storage 2,581 -794,922 -0.0352
Solar 3 115 0.0053
Wind 0 0 0.0000
Wood 425 2,012,988 0.5412
Total 26,373 95,249,894 0.4123

11.1 Impacts on Electricity Sector

�����������������������������������ʹǤͳ��������������-
�������������������ʹ ͲʹͳǤ����������������������������
�������������������������������������������������-
����������������͸ͶǤ�������������������������������
for additional new NGCC as these goals are met. For 
instance, in the base case without additional RPS 
capacity, new NGCC capacity required to balance 
��������������Ͷ͸Ǥͳ�������������������������������
the RPS incremental there is no new NGCC capacity 
������������ʹͲʹͷ�ȋ����������͸ͶȌǤ�

Fifty percent new RPS capacity for South Carolina 
is supplied by solar power with the remainder met 
by new offshore wind generating plants. RPS wind 
���������������������������������������������ͶͷǤ͸�����

ͳʹͳ��������������������ʹͲʹͲ�����ͶǤ͵�����ͳͳǤ͵����
respectively in 2025. The electricity generation from 
these new facilities rises from 0.3 million MWh in 
ʹͲͳ͸����ʹǤͷ����������������ʹͲͶͲ�ȋ����������͸ͶȌǤ�

The increases in average electricity costs from new 
���������������������������ͳǤʹͺ��������� ���ʹͲͳ͸ǡ�ͶǤʹ�
percent in 2020, and between 4.75 and 5.75 percent 
������ʹͲʹͷ�ȋ����������͸ͶȌǤ������ ���������������������
electricity rates in South Carolina increase 0.39 per-
��������ʹͲͳ͸���������������������������������������-
�����Ǥ�������ʹͲͳ͸ǡ����������������ͳǦʹ����������������-
ter compared to the base case without RPS standards. 
������������������������������ϐ������������������������
goals and relatively small incremental cost additions to 
���������������������������������������ϐ����Ǥ�

South Carolina
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The decomposition of RPS costs for the South Caro-
�������������������������������� ���������͸ͷǤ�������-
����������������������ʹǤͳ���������������������������-
������������������������������������������̈́ͶͺǤʹ�
�������� ���ʹͲͳ͸���������� ��������̈́ʹͳ͸Ǥ͹��������� ���
2020, $305.2 million in 2025 and remain above 
̈́͵ͲͲ���������������ʹͲ͵Ͳ�ȋ����������͸ͷȌǤ����������-
ing cycling costs and deducting for fossil fuel and 

NGCC capacity costs, the net costs to bring meet the 
�������������̈́ʹʹ������������ʹͲͳ͸ǡ�̈́ͳʹʹǤ͵������������
ʹͲʹͲǡ�̈́ ͳ͹͸Ǥͻ������������ʹ Ͳʹͷǡ����������̈́ ͳ͹ͷ���������
per year thereafter. With subsidies, the total costs of 
������ ��������ǯ�� ���������� ������� ���������� ����-
������ ���� ̈́͵ͳǤͻ� �������� ��� ʹͲͳ͸ǡ� ̈́ͳ͹ͷ� �������� ���
ʹͲʹͲǡ�̈́ʹͷͳǤ͹������������ʹͲʹͷ���������������̈́ʹͷͲ�
����������������������ʹͲ͵Ͳ����ʹͲͶͲ�ȋ����������͸ͷȌǤ�

Table 64: Impacts of RPS on South Carolina Electricity Market

 MEGAWATTS

2016 2020 2025 2030 2035 2040
New NGCC Capacity
Without RPS 230.1 0.0 46.2 181.0 189.9 206.5
With RPS 234.4 0.0 0.0 180.9 190.0 206.3
New RPS Capacity
Wind 0.0 45.6 4.3 4.6 4.8 5.2
Solar 0.0 121.1 11.3 12.2 12.8 13.9

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 6.9 0.0 0.3 6.9 13.9 21.3
With RPS 6.7 0.0 0.0 6.5 13.5 20.9
Legacy RPS Generation 0.0 0.0 0.0 0.0 0.0 0.0
New RPS Generation 0.3 1.4 2.1 2.2 2.4 2.5

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 1.28 4.20 5.70 5.37 5.01 4.75
Electricity Consumption -0.12 -0.19 -0.28 -0.26 -0.25 -0.23
Average Rates 0.39 1.52 2.08 1.97 1.85 1.75
Average Rates + Legacy Costs 0.39 1.52 2.08 1.97 1.85 1.75

South Carolina
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Table 65: Costs of South Carolina RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 0.0 0.0 0.0 0.0 0.0 0.0
Cycling Costs 0.0 0.0 0.0 0.0 0.0 0.0
less Fuel Costs 0.0 0.0 0.0 0.0 0.0 0.0
Net RPS Legacy Costs 0.0 0.0 0.0 0.0 0.0 0.0
New RPS Costs
Direct 48.2 216.7 305.2 312.1 319.3 327.0
Cycling Costs 0.6 0.9 1.2 1.4 2.0 3.3
less Fuel Costs 20.4 95.3 118.0 123.6 130.5 137.0
less NGCC Costs 6.4 0.0 11.5 11.9 12.2 12.3
Net New RPS Costs 22.0 122.3 176.9 177.9 178.5 180.9
RPS Tax Subsidies 9.9 52.9 74.7 75.8 77.0 78.3
Total RPS Cost 31.9 175.2 251.7 253.8 255.5 259.2

MILLION TONS
CO2 Reductions 0.31 1.12 1.88 2.00 2.12 2.25

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 71.30 109.08 94.12 89.10 84.26 80.46
Subsidy Costs 32.08 47.14 39.76 37.97 36.34 34.81
Total Costs 103.38 156.21 133.88 127.07 120.60 115.27

The RPS policies in South Carolina reduce carbon di-
�������������������ͲǤ͵ͳ�����������������ʹͲͳ͸���������
ʹǤʹͷ��������� �����������������ʹͲͶͲ� ȋ����������͸ͷȌǤ��
The direct costs per ton of avoided emissions are 
̈́͹ͳǤ͵Ͳ��������� ���ʹͲͳ͸ǡ�̈́ͳͲͻ��������� ���ʹͲʹͲǡ�̈́ͻͶ�
�����������ʹͲʹͷ�����̈́ͺͲǤͶ͸������������ʹͲͶͲǤ��������-
����������������̈́͵ʹǤͲͺ����� ���� ���ʹͲͳ͸������������
over $34 per ton in 2040. The total costs of avoided 
����������������ǡ����������ǡ�����̈́ͳͲ͵Ǥ͵ͺ������������
ʹͲͳ͸ǡ�̈́ͳͷ͸Ǥʹͳ������������ʹͲʹͲ�����������������������
��� ̈́ͳͳͷǤʹ͹� ���� ���� ��� ʹͲͶͲ� ȋ���� ������ ͸ͷȌǤ� ������
�������������������������������������������������ϐ�����
the low capacity utilization rates for wind and solar 
in South Carolina. Another factor is the predomi-
nance of low cost natural gas and nuclear capacity in 

total generation so that any generation displaced by 
renewables has relatively low emissions.

These RPS carbon abatement costs are far above the 
�����������������������������̈́ͳʹ����̈́ʹͶ��������ǡ���-
suming a 5 percent discount rate, suggesting that 
���� ��������� ��� ������ ��������� ���� ��� ����ϐ�������
greenhouse gas emission strategy. Under a 3 percent 
�������������ǡ����ǯ������������������������ ����������
̈́ͶͲ������������ʹͲͳ͸����������������������������̈́͸Ͳ�
���� ���� ���ʹͲͶͲǤ���� �������������� ����Ǧ����ϐ������-
spective, adopting RPS policies in South Carolina is 
clearly not cost effective. There are also economic 
impacts resulting from higher electricity rates that 
lead to losses in economic output and employment. 
These impacts are now presented and discussed.
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11.2 Economic Impacts
By raising retail prices for electricity, RPS goals in-
crease consumer electricity bills and the costs of 
providing goods and services in the South Carolina 
economy. These impacts of higher electricity pric-
������� �������������� ������� �����ʹͲͳ͸� ���ʹͲͶͲ�
���������͸͸Ǥ� �������� ������� ���������������������-

��������������������̈́͸Ͷ������������ʹͲͳ͸����̈́͵ͶͲ�
�����������ʹͲʹͷǡ�����������������̈́ʹͺ͹�������������
������������ʹͲͶͲǤ�����������������������ʹǦ͵�����-
sand below employment in the base case without 
renewable energy portfolio standards after 2020 
ȋ����������͸͹ȌǤ

Table 66: Impacts of RPS on South Carolina Value Added by Sector

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Metals -3.64 -14.16 -19.38 -18.30 -17.17 -16.31
Paper -7.44 -28.93 -39.60 -37.38 -35.09 -33.32
Wood -1.41 -5.48 -7.50 -7.08 -6.65 -6.31
Other Man -7.28 -28.32 -38.77 -36.59 -34.35 -32.62
Textiles -2.23 -8.68 -11.88 -11.21 -10.53 -10.00
Minerals -0.94 -3.65 -5.00 -4.72 -4.43 -4.21
Const. -9.87 -38.37 -52.53 -49.58 -46.53 -44.19
Trans. -3.21 -12.49 -17.09 -16.13 -15.14 -14.38
Services -40.84 -158.80 -217.40 -205.20 -192.60 -182.90
Utilities 12.80 49.79 68.16 64.33 60.38 57.34
Total -64.13 -249.40 -341.42 -322.26 -302.47 -287.24

Table 67: Impacts of RPS on South Carolina Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -8 -31 -43 -40 -38 -36
Paper -27 -105 -143 -135 -127 -120
Wood -16 -63 -86 -81 -76 -72
Other Man -74 -288 -395 -373 -350 -332
Textiles -50 -196 -269 -254 -238 -226
Minerals -3 -11 -15 -14 -13 -13
Const. -72 -281 -385 -364 -341 -324
Trans. -54 -210 -287 -271 -254 -241
Services -298 -1,160 -1,588 -1,499 -1,407 -1,336
Utilities 31 121 166 157 147 140
Total -572 -2,224 -3,044 -2,873 -2,697 -2,561

South Carolina
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These losses from higher electricity prices are par-
tially offset by output and employment gains from 
building and operating electricity capacity needed 
to meet RPS goals. These different impacts of RPS 
on South Carolina value added and employment 
������������������������͸ͺǤ�	����������ǡ����ʹͲʹͲ�
����������������������������̈́ͷͳǤͳ������������������
����������ͺͻ͵���������ʹͲʹͲǤ�

���������������������ǡ�����������������������������-
ment, however, is not large enough to offset the 
negative impacts of higher electricity prices. On 
balance, therefore, net annual losses in value added 
�������������������ǯ����������������̈́͸͵������������
ʹͲͳ͸ǡ�̈́ͳͻͺ������������ʹͲʹͲǡ�̈́͵Ͷͺ������������ʹͲʹͷǡ�
���� ������������ ̈́ʹͺͲ��������� �������� ���� �������
���� ��������� �������Ǥ� ����������� ������� ���� �����
ͳǦ͵����������������������������������������������-
pared to the base case after 2020. 

Table 68: Net Impacts of RPS on South Carolina Value Added and Employment 

 MILLIONS OF 2013 DOLLARS

2016 2020 2025 2030 2035 2040
RPS Invest. 0.00 287.82 25.50 26.03 25.93 26.72
Value Added
Electric prices -64.13 -249.40 -341.42 -322.26 -302.47 -287.24
RPS Invest. 0.00 51.13 4.52 4.61 4.58 4.71
NGCC Invest. 1.12 0.00 -12.08 -0.02 0.03 -0.05
Net Change -63.02 -198.26 -348.97 -317.67 -297.86 -282.57
Employment NUMBER OF JOBS

Electric prices -572 -2,224 -3,044 -2,873 -2,697 -2,561
RPS Invest. 0 893 79 80 79 81
NGCC Invest. 11 0 -118 0 0 0
Net Change -561 -1,331 -3,084 -2,794 -2,617 -2,480

��� �������ǡ� ���� ������ ��� ��������� ������� ��������
emissions using renewable portfolio standards in 
��������������������������������������������������
of the social cost of carbon assuming a 5 percent 
discount rate and even assuming a 3 percent dis-
count rate. From a global perspective, therefore, 
renewable energy portfolio standards in South Car-
�����������������ϐ����������������������������������-
mate change.  The incremental environmental im-
provement from RPS in South Carolina is minimal 
��������������������������������������͸Ͳ���������
�����ǯ��������������������������������������������-
droelectric and nuclear power. 

While the RPS goal in South Carolina is modest at 
ʹǤͳ� �������ǡ� ����������� ��������������� ��� ������
Carolina pay a price for this policy. South Caroli-
��ǯ�������������������������������������������������-
������������ �������������������������������ǯ��������
added and employment even after accounting for 
the economic stimulus from building and operat-
ing renewable energy facilities.

South Carolina
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����������������������ϐ����������������������������-
er from a diverse portfolio of generation assets. More 
�����ͺͲ����������������������ͶʹǤͷ����������������������
�����������������������������������ͳͷǤͷ��������������
natural gas. Hydroelectric and geothermal facili-
�������������ͳǤʹ�����ͲǤͺ�����������������������������

������������Ǥ� ����� ���������� ͳǤͶ͵� �������� ��� ������
generation. There is a very small amount of solar ca-
����������������������ʹ Ͳͳ͵Ǥ����������������������Ǧ���-
tions summarize the impacts of existing and future 
����������������������������������������������������
added and employment in Utah.

Table 69: Capacity, Generation, and Utilization Rates for Utah 2013

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 5,036 34,284,957 0.7772
Geothermal 77 318,908 0.4722
Hydroelectric 262 504,996 0.2199
Natural gas 2,301 6,606,423 0.3277
Nuclear 0 0 0.0000
Other 32 160,864 0.5775
Other biomass 13 70,926 0.6325
Other gas 0 1,770 0.0000
Petroleum 29 26,001 0.1013
Pumped storage 0 0 0.0000
Solar 1 2,100 0.1844
Wind 324 539,806 0.1900
Wood 0 0 0.0000
Total 8,076 42,516,751 0.6010

12.1 Impacts on Electricity Sector

The RPS goal for Utah is 20 percent of total con-
sumption by 2025. The impacts on electricity mar-
��������������������������������������������������-
ed in Table 70. The RPS goals reduce the need for 
additional new NGCC as these goals are met. For 
instance, in the base case without additional RPS 
capacity, new NGCC capacity required to balance 
��������������ͷʹǤͳ�������������������������������
the RPS there is no new NGCC capacity required in 
2020 (see Table 70). 

Solar power provides more than 73 percent of new 
capacity to meet RPS in Utah with the remainder met 
by new wind generating plants. RPS solar and solar 
�����������������������������������Ͷ͵Ͷ�����ͳ͵͵����

������������� ��� ʹͲͳ͸� ���� ʹͺͶ� ���� ͺ͹���� ������-
tively in 2025. The electricity generation from these 
��������������������������ͳǤ͸����������������ʹͲͳ͸����
ͺ����������������ʹͲͶͲ�ȋ����������͹ͲȌǤ������������
generation is 0.5 million MWh (see Table 70).

The increases in average electricity costs from new 
���� ��������� ���������� ���� ͺǤ͹ʹ� �������� ��� ʹͲͳ͸ǡ�
ͳͻ������������ʹͲʹͲǡ����������ʹͲ���������������ʹͲʹͷ�
(see Table 70). With legacy costs average electric-
���������������������������ͷ������������ʹͲͳ͸��������
������������������������������������Ǥ�������ʹͲͳ͸ǡ�
���������������ͻǦͳ͵��������������������������������
�����������������������������������Ǥ������������ϐ�-
����������������������ϐ������������������������������
goals of 20 percent and an existing generation base 
dominated by low-cost coal generation. 

Utah

Source: US Energy Information Administration
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The decomposition of RPS costs for the Utah electric-
����������������������������͹ͳǤ����������������������
or the costs of the existing wind and solar facilities 
are more than $40 million per year. The costs asso-
ciated adding new RPS capacity to reach the goals 
���������������������͹ͳǤ�����������������������������
20 percent of electricity consumption supplied by 
���������������������̈́ͳͶ͸Ǥͺ��������� ���ʹͲͳ͸�����
�������������̈́͵ʹͻǤʹ������������ʹͲʹͲǡ�̈́ͷ͸ͶǤʹ���������
���ʹͲʹͷ������������������̈́ͷ͸Ͳ���������������ʹͲ͵Ͳ�

ȋ����������͹ͳȌǤ������� ������� �������� ������ ������-
ducting for fossil fuel and NGCC capacity costs, the 
net costs to bring meet the RPS goal are $79.7 mil-
��������ʹͲͳ͸ǡ�̈́ͳ͹͹Ǥʹ������������ʹͲʹͲǡ�̈́ʹͺ͸Ǥͷ���������
in 2025, and over $250 million per year thereafter. 
��������������ǡ������������������������ǯ������������
�������������������������������̈́ ͳ͵͹������������ʹ Ͳͳ͸ǡ�
̈́͵ͳͲǤͻ������������ʹͲʹͲǡ�̈́ͷͳ͵Ǥ͵������������ʹͲʹͷ�����
����������̈́ͶͺͲ�����������������������ʹͲ͵Ͳ����ʹͲͶͲ�
ȋ����������͹ͳȌǤ�

Table 70: Impacts of RPS on Utah Electricity Market

 MEGAWATTS

2016 2020 2025 2030 2035 2040
New NGCC Capacity
Without RPS 38.6 52.1 54.3 57.8 60.8 63.9
With RPS 0.0 0.0 51.4 57.4 61.0 64.3
New RPS Capacity
Wind 133.0 78.6 87.0 11.9 12.7 13.3
Solar 434.5 256.9 284.4 38.9 41.3 43.5

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 0.8 1.7 3.6 5.7 8.0 10.3
With RPS 0.0 0.0 1.8 3.9 6.1 8.5
Legacy RPS Generation 0.5 0.5 0.5 0.5 0.5 0.5
New RPS Generation 1.6 3.7 6.7 7.1 7.5 8.0

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 8.72 19.04 28.84 26.44 23.69 20.50
Electricity Consumption -0.11 -0.37 -0.67 -0.73 -0.69 -0.62
Average Rates 3.32 7.23 11.11 10.23 9.25 8.17
Average Rates + Legacy Costs 5.13 9.07 12.78 11.78 10.67 9.47

Utah
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Table 71: Costs of Utah RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 46.9 46.2 45.2 44.3 43.4 42.5
Cycling Costs 6.3 9.5 9.6 9.8 10.2 10.9
less Fuel Costs 8.5 8.1 8.6 8.8 9.3 10.0
Net RPS Legacy Costs 44.8 47.5 46.2 45.3 44.3 43.4
New RPS Costs
Direct 146.8 329.5 564.2 563.9 564.5 565.1
Cycling Costs 6.6 9.8 9.9 10.2 10.6 11.3
less Fuel Costs 52.0 122.0 243.3 251.9 262.1 275.9
less NGCC Costs 21.7 40.1 44.4 45.8 48.0 50.1
Net New RPS Costs 79.7 177.2 286.5 276.5 265.0 250.6
RPS Tax Subsidies 12.5 86.2 180.5 183.3 186.3 189.2
Total RPS Cost 137.0 310.9 513.3 505.1 495.7 483.2

MILLION TONS
CO2 Reductions 1.41 3.64 6.22 6.58 6.95 7.33

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 88.34 61.73 53.51 48.89 44.52 40.12
Subsidy Costs 8.88 23.68 29.03 27.85 26.81 25.82
Total Costs 97.22 85.42 82.54 76.74 71.33 65.94

The RPS policies in Utah reduce carbon dioxide emis-
���������ͳǤͶͳ�����������������ʹͲͳ͸���������͹Ǥ͵͵����-
����������������������ʹͲͶͲ�ȋ����������͹ͳȌǤ�������������
���������������������������������������̈́ ͺͺǤ͵Ͷ���������
���ʹͲͳ͸ǡ�̈́͸ͳǤ͹͵����� ���� ���ʹͲʹͲǡ�̈́ͷ͵ǤͶͳ����� ���� ���
ʹͲʹͷ�����̈́ͶͲǤͳʹ������������ʹͲͶͲǤ�������������������
over $23 per ton in 2020 and remain over $25 per 
ton in 2040. The total costs of avoided carbon emis-
�����ǡ����������ǡ�����̈́ͻ͹Ǥʹʹ������������ʹͲͳ͸ǡ�̈́ͺͷǤͶʹ�
�����������ʹͲʹͲ��������������������������̈́͸ͷǤͻͶ�����
�������ʹͲͶͲ�ȋ����������͹ͳȌǤ���������������������������
�����������������������������ϐ����������������������
utilization rates for wind and solar in Utah. Another 
factor is the predominance of low cost coal and natu-
ral gas capacity in total generation.

These RPS carbon abatement costs are far above 
���������������������������������̈́ͳʹ����̈́ʹͶ��������ǡ�
assuming a 5 percent discount rate, suggesting that 
������������� ��������������� ����ϐ������������������
gas emission strategy. Under a 3 percent discount 
����ǡ����ǯ����������������������������������̈́ͶͲ�����
�������ʹͲͳ͸����������������������������̈́͸Ͳ���������
���ʹͲͶͲǤ����������������������Ǧ����ϐ��������������ǡ�
adopting RPS policies in Utah is not cost effective. 
There are also economic impacts resulting from 
higher electricity rates that lead to losses in eco-
nomic output and employment. These impacts are 
now presented and discussed.

Utah
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12.2 Economic Impacts
By raising retail prices for electricity, RPS goals in-
crease consumer electricity bills and the costs of 
providing goods and services in the Utah econo-
my. These impacts of higher electricity prices are 
��������������������������ʹͲͳ͸����ʹͲͶͲ����������

72.  Annual losses in Utah value added range from 
̈́ͺ͸ʹ��������� ���ʹͲͳ͸����̈́ʹǤͳ��������� ���ʹͲʹͷǡ�����
������������̈́ͳǤͷ�������������������������ʹͲͶͲǤ���-
��������������������ͷǦͳʹ����������������������-
ment in the base case without renewable energy 
portfolio standards after 2020 (see Table 73).

Table 72: Impacts of RPS on Utah Value Added by Sector

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Metals -188.75 -333.72 -470.32 -433.50 -392.63 -348.40
Paper -23.08 -40.81 -57.51 -53.01 -48.01 -42.60
Wood -2.05 -3.63 -5.11 -4.71 -4.27 -3.79
Other Man -58.98 -104.29 -146.97 -135.47 -122.70 -108.87
Textiles -1.03 -1.81 -2.56 -2.36 -2.13 -1.89
Minerals -10.77 -19.04 -26.84 -24.74 -22.41 -19.88
Const. -114.38 -202.23 -285.00 -262.69 -237.93 -211.12
Trans. -47.70 -84.34 -118.86 -109.55 -99.23 -88.05
Services -462.13 -817.07 -1,151.51 -1,061.36 -961.31 -853.01
Utilities 47.19 83.43 117.58 108.37 98.16 87.10
Total -862.20 -1,524.41 -2,148.38 -1,980.19 -1,793.52 -1,591.47

Table 73: Impacts of RPS on Utah Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -79 -140 -197 -181 -164 -146
Paper -76 -135 -190 -176 -159 -141
Wood -52 -92 -130 -120 -109 -97
Other Man -600 -1,060 -1,494 -1,377 -1,247 -1,107
Textiles -43 -76 -107 -99 -90 -80
Minerals -26 -46 -65 -60 -54 -48
Const. -846 -1,495 -2,107 -1,942 -1,759 -1,561
Trans. -653 -1,155 -1,628 -1,501 -1,359 -1,206
Services -2,725 -4,817 -6,789 -6,257 -5,668 -5,029
Utilities 142 250 353 325 294 261
Total -4,959 -8,768 -12,357 -11,390 -10,316 -9,154

Utah



Impact of Federal Transfers on State and Local Own-Source Spending   88

These losses from higher electricity prices are par-
tially offset by output and employment gains from 
building and operating electricity capacity needed 
to meet RPS goals. These different impacts of RPS 
on Utah value added and employment are summa-
rized in Table 74. For example, in 2020 RPS invest-
������ ������������ ̈́ͳͳͻǤ͵��������� ��� ������ ������
����ͳǡ͹͹ͷ���������ʹͲʹͲǤ�

���������������������ǡ�����������������������������-
ment, however, is not large enough to offset the 
negative impacts of higher electricity prices. On 
balance, therefore, net annual losses in value added 
���������ǯ����������������̈́ ͸͸ʹ������������ʹ Ͳͳ͸ǡ�̈́ ͳǤͶ�
billion in 2020, $2.0 billion in 2025, and remain over 
̈́ͳǤͷ������������������������������������������������Ǥ�
��������������������������������ͳͲ�������������-
er in 2025, during the forecast period compared to 
the base case after 2020 (see Table 74). 

Table 74: Net Impacts of RPS on Utah Value Added and Employment 

 MILLIONS OF 2013 DOLLARS

2016 2020 2025 2030 2035 2040
RPS Invest. 1,012.16 571.26 596.94 77.20 77.55 77.30
Value Added
Electric prices -862.20 -1,524.41 -2,148.38 -1,980.19 -1,793.52 -1,591.47
RPS Invest. 211.43 119.31 124.64 16.12 16.18 16.13
NGCC Invest. -11.24 -15.19 -0.86 -0.12 0.06 0.12
Net Change -662.01 -1,420.29 -2,024.60 -1,964.19 -1,777.28 -1,575.22
Employment NUMBER OF JOBS

Electric prices -4,959 -8,768 -12,357 -11,390 -10,316 -9,154
RPS Invest. 3,154 1,775 1,849 238 239 237
NGCC Invest. -106 -144 -8 -1 1 1
Net Change -1,912 -7,137 -10,517 -11,153 -10,077 -8,916

����������ǡ��������������������������������������
emissions using renewable portfolio standards in 
�������������������������������������������������-
cial cost of carbon assuming a 5 percent discount 
rate and even assuming a 3 percent discount rate. 
From a global perspective, therefore, renewable 
������� ���������� ���������� ��� ����� ���� ��� ����ϐ�-
cient means to address global climate change.  The 
incremental costs of environmental improvement 
��������������������������ϐ������������������������
��������������������ͺͲ���������������������������
low-cost coal generation.

The ambitious RPS goal in Utah of 20 percent im-
������ �����ϐ������ ������ ��� ���� �������� ��� ����Ǥ�
����ǯ�� ���� ������� ������� ������������ ������ ����� ���
����������������������������������������������ǯ�����-
ue added and employment even after accounting 
for the economic stimulus from building and oper-
ating renewable energy facilities.

Utah
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��������� ���������� ͹͸Ǥͻ� �������� ���� ��� ���������
���������ʹͲͳ͵����������������������������������������
assets (see Table 75). Nuclear power plants provide 
͵ͺ��������������������������������Ǥ��������������������
provide 29.5 percent while coal supplied 27.5 per-
����������������������������ʹͲͳ͵Ǥ���������������������-

�������������ͳǤ͸����������������������������Ǥ����������
no wind or solar energy generation capacity in Vir-
ginia. The following two sub-sections summarize the 
impacts of existing and future RPS goals on the elec-
�������� ������� ���� ������ ������ ������ ���� ������-
ment in Virginia.

Table 75: Capacity, Generation, and Utilization Rates for Virginia 2013

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 6,292 21,160,501 0.3839
Geothermal 0 0 0.0000
Hydroelectric 822 1,253,670 0.1740
Natural gas 9,219 22,651,167 0.2805
Nuclear 3,654 29,326,231 0.9161
Other 96 474,767 0.5646
Other biomass 346 959,725 0.3168
Other gas 0 0 0.0000
Petroleum 2,745 313,288 0.0130
Pumped storage 3,109 -1,189,000 -0.0437
Solar 0 0 0.0000
Wind 0 0 0.0000
Wood 662 1,946,217 0.3357
Total 26,945 76,896,565 0.3258

13.1 Impacts on Electricity Sector

�������� ����� ������������� ��� ͸� �������� ��� ������ ���-
sumption by 2025. The impacts on electricity mar-
�����������������������������������������������������
���������͹͸Ǥ���������������������������������������-
tional new NGCC as these goals are met. For instance, 
in the base case without additional RPS capacity, new 
�
����������������������������������������������ʹͳͶ�
MW in the base case and under the RPS incremental 
NGCC capacity required is 200.3 MW in 2025 (see 
������͹͸ȌǤ�

�������������������������������ͺ͵����������������
capacity to meet RPS in Virginia with the remainder 
met by new wind generating plants. RPS wind and 
������ ��������� �������� ���� ���� ������ ���� ͺ͵Ǥʹ� ����
ʹʹ͹Ǥͺ� ��� ������������� ��� ʹͲͳ͸� ���� ͳͷ͵� ���� Ͷͳͻ�

MW respectively in 2025. The electricity generation 
from these new facilities rises from 3.5 million MWh 
���ʹͲͳ͸����ͻǤͺ����������������ʹͲͶͲ�ȋ����������͹͸ȌǤ�
As expected, new NGG generation is lower in the RPS 
scenario than the base case.

The increases in average electricity costs from new RPS 
�����������������������ͳͷǤ͸������������ʹ Ͳͳ͸ǡ�ʹ ͵���������
���ʹ ͲʹͲǡ����������ʹ Ͳ���������������ʹ Ͳʹͷ�ȋ����������͹͸ȌǤ�
With legacy costs average electricity rates in Virginia 
��������������ͷ������������ʹͲͳ͸��������������������-
������������������������Ǥ�������ʹͲͳ͸ǡ������������������-
�����ͳͲ������������ʹͲʹͷ����������������������͹����ͻ�
percent thereafter compared to the base case without 
�������������Ǥ������������ϐ�����������������������ϐ�����
low capacity utilization rates for wind and solar in Vir-
ginia and RPS generation displacing low cost coal and 
������������ϐ������������������������������Ǥ�

Virginia

Source: US Energy Information Administration
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The decomposition of RPS costs for the Virginia 
electricity sector appears in Table 77. Net RPS lega-
cy costs are zero because there is no existing wind 
and solar capacity in Virginia. The costs associated 
adding new RPS capacity to reach the RPS goals 
also appear in Table 77. The direct costs to achieve 
͸� �������� ��� ������������ ������������ ��������� ���
���������������������̈́ͷͳͲǤ͹��������� ���ʹͲͳ͸�����
����� ��� ����� ̈́ͳǤͳ� �������� ��� ʹͲʹͲ� ���� �����������
years (see Table 77). After adding cycling costs and 

deducting for fossil fuel and NGCC capacity costs, 
the net costs to bring meet the RPS goal are $534 
�����������ʹͲͳ͸ǡ�̈́͹Ͷͺ������������ʹͲʹͲǡ�̈́ͳ������������
ʹͲʹͷǡ� ���� ����� ̈́ͺ͵͵� �������� ���� ����� ����������Ǥ�
��������������ǡ����������������������������ǯ�������-
������������������������������������̈́͹ͳʹ������������
ʹͲͳ͸ǡ� ̈́ͳ��������� ���ʹͲʹͲǡ� ̈́ͳǤͶ��������� ���ʹͲʹͷ�����
����������̈́ͳǤʹ�����������������������ʹͲ͵Ͳ����ʹͲͶͲ�
(see Table 77). 

Table 76: Impacts of RPS on Virginia Electricity Market

 MEGAWATTS

2016 2020 2025 2030 2035 2040
New NGCC Capacity
Without RPS 0.0 0.0 214.0 221.7 230.6 249.4
With RPS 0.0 0.0 200.3 220.9 232.9 251.3
New RPS Capacity
Wind 83.2 121.5 153.0 24.1 25.4 27.4
Solar 227.8 332.7 419.2 66.0 69.6 75.1

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 3.7 3.5 11.6 19.6 28.1 37.1
With RPS 3.3 2.4 10.0 17.9 26.4 35.5
Legacy RPS Generation 0.0 0.0 0.0 0.0 0.0 0.0
New RPS Generation 3.5 5.4 8.3 8.8 9.3 9.8

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 15.59 23.15 28.60 25.01 21.69 19.32
Electricity Consumption -0.33 -0.78 -1.13 -1.18 -1.08 -0.97
Average Rates 5.45 7.75 9.85 8.76 7.74 6.93
Average Rates + Legacy Costs 5.45 7.75 9.85 8.76 7.74 6.93

Virginia
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Table 77: Costs of Virginia RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 0.0 0.0 0.0 0.0 0.0 0.0
Cycling Costs 0.0 0.0 0.0 0.0 0.0 0.0
less Fuel Costs 0.0 0.0 0.0 0.0 0.0 0.0
Net RPS Legacy Costs 0.0 0.0 0.0 0.0 0.0 0.0
New RPS Costs
Direct 510.7 760.5 1,101.9 1,100.7 1,101.4 1,102.8
Cycling Costs 4.7 5.6 8.1 8.3 8.6 9.5
less Fuel Costs -33.1 -14.7 53.6 120.1 178.1 225.1
less NGCC Costs 14.7 31.9 50.4 56.6 56.5 53.4
Net New RPS Costs 533.8 748.9 1,006.0 932.4 875.4 833.8
RPS Tax Subsidies 179.0 265.3 383.2 380.7 378.9 377.4
Total RPS Cost 712.8 1,014.2 1,389.2 1,313.1 1,254.2 1,211.2

MILLION TONS
CO2 Reductions 3.03 4.97 7.64 8.12 8.51 8.90

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 175.92 150.61 131.73 114.83 102.83 93.65
Subsidy Costs 58.99 53.36 50.18 46.88 44.51 42.38
Total Costs 234.91 203.97 181.92 161.71 147.34 136.03

The RPS policies in Virginia reduce carbon dioxide 
�������������͵�����������������ʹͲͳ͸���������ͺǤͻ����-
lion tons per year by 2040 (see Table 77).  The direct 
���������������������������������������̈́ͳ͹ͷǤͻʹ�����
���� ���ʹͲͳ͸ǡ�̈́ͳͷͲǤ͸ͳ����� ���� ���ʹͲʹͲǡ�̈́ͳ͵ͳǤ͹͵�����
�������ʹͲʹͷ�����̈́ͻ͵Ǥ͸ͷ������������ʹͲͶͲǤ����������-
����������������̈́͸Ͳ������������ʹͲʹͲ�����������������
$42 per ton in 2040. The total costs of avoided carbon 
���������ǡ� ���������ǡ� ���� ̈́ʹ͵ͶǤͻͳ� ���� ���� ��� ʹͲͳ͸ǡ�
$203.97 per ton in 2020 and gradually decline to 
̈́ͳ͵͸ǤͲ͵������������ʹͲͶͲ�ȋ����������͹ͳȌǤ�������������
�������������������������������������������ϐ���������
low capacity utilization rates for wind and solar in 
Virginia. Another factor is the predominance of low 
cost coal and natural gas capacity in total generation.

These RPS carbon abatement costs are far above the 
�����������������������������̈́ͳʹ����̈́ʹͶ��������ǡ���-
suming a 5 percent discount rate, suggesting that 
���� ��������� ��� ����� ���� ��� ����ϐ������� �����������
gas emission strategy. Under a 3 percent discount 
����ǡ� ���ǯ�� ������� ����� ��� ������� ��� �������̈́ͶͲ�����
�������ʹͲͳ͸����������������������������̈́͸Ͳ���������
��� ʹͲͶͲǤ� ��� ����� �� ������� ����Ǧ����ϐ��� �����������ǡ�
adopting RPS policies in Virginia is not cost effec-
tive. There are also economic impacts resulting from 
higher electricity rates that lead to losses in econom-
ic output and employment. These impacts are now 
presented and discussed.

Virginia
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13.2 Economic Impacts
By raising retail prices for electricity, RPS goals in-
crease consumer electricity bills and the costs of 
providing goods and services in the Virginia econ-
omy. These impacts of higher electricity prices are 
��������������������������ʹͲͳ͸����ʹͲͶͲ����������

͹ͺǤ� � ������� ������� ������������ ������ ������ ������
�����̈́ͳǤͻ��������� ���ʹͲͳ͸� ���̈́͵Ǥͷ��������� ���ʹͲʹͷǡ�
and remain over $2.5 billion per year out to 2040. 
����������������������ͳͶǦʹ͸������������������-
ployment in the base case without renewable en-
ergy portfolio standards after 2020 (see Table 79).

Table 78: Impacts of RPS on Virginia Value Added by Sector

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Metals -21.27 -30.24 -38.42 -34.15 -30.17 -27.04
Paper -41.46 -58.93 -74.88 -66.54 -58.79 -52.70
Wood -31.09 -44.20 -56.16 -49.91 -44.09 -39.52
Other Man -106.37 -151.20 -192.12 -170.73 -150.83 -135.20
Textiles -19.64 -27.91 -35.47 -31.52 -27.85 -24.96
Minerals -14.18 -20.16 -25.62 -22.76 -20.11 -18.03
Const. -291.29 -414.06 -526.13 -467.54 -413.05 -370.25
Trans. -119.46 -169.81 -215.77 -191.74 -169.40 -151.85
Services -1,545.88 -2,197.47 -2,792.21 -2,481.27 -2,192.13 -1,964.98
Utilities 210.55 299.30 380.31 337.96 298.57 267.64
Total -1,978.99 -2,813.13 -3,574.50 -3,176.44 -2,806.29 -2,515.50

Table 79: Impacts of RPS on Virginia Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -80 -114 -145 -129 -114 -102
Paper -229 -325 -413 -367 -324 -291
Wood -393 -559 -710 -631 -558 -500
Other Man -1,206 -1,714 -2,177 -1,935 -1,709 -1,532
Textiles -284 -403 -512 -455 -402 -361
Minerals -47 -67 -85 -75 -67 -60
Const. -2,297 -3,265 -4,149 -3,687 -3,257 -2,920
Trans. -1,578 -2,242 -2,849 -2,532 -2,237 -2,005
Services -8,892 -12,640 -16,062 -14,273 -12,610 -11,303
Utilities 363 516 656 583 515 462
Total -14,642 -20,814 -26,447 -23,502 -20,763 -18,612
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These losses from higher electricity prices are par-
tially offset by output and employment gains from 
building and operating electricity capacity needed 
to meet RPS goals. These different impacts of RPS 
on Virginia value added and employment are sum-
�����������������ͺͲǤ�	����������ǡ����ʹͲʹͷ�������-
����������������������̈́ͳͺͺ������������������������
and 2.420 jobs in 2020. 

���������������������ǡ�����������������������������-
ment, however, is not large enough to offset the 
negative impacts of higher electricity prices. On 
balance, therefore, net annual losses in value added 
�������������ǯ����������������̈́ͳǤͺ��������� ���ʹͲͳ͸ǡ�
̈́ʹǤ͸� �������� ��� ʹͲʹͲǡ� ̈́͵ǤͶ� �������� ��� ʹͲʹͷǡ� ���� ��-
main over $2.4 billion through the end of the fore-
������������Ǥ���������������������������������ʹͶ�
thousand lower in 2025 compared to the base case 
������ʹͲʹͲ�ȋ����������ͺͲȌǤ�

Table 80: Net Impacts of RPS on Virginia Value Added and Employment 

 MILLIONS OF 2013 DOLLARS

2016 2020 2025 2030 2035 2040
RPS Invest. 560.20 782.21 932.61 139.13 139.05 142.29
Value Added
Electric prices -1,978.99 -2,813.13 -3,574.50 -3,176.44 -2,806.29 -2,515.50
RPS Invest. 113.62 158.52 188.80 28.13 28.09 28.71
NGCC Invest. 0.00 0.00 -3.86 -0.23 0.66 0.54
Net Change -1,865.37 -2,654.61 -3,389.56 -3,148.54 -2,777.55 -2,486.26
Employment NUMBER OF JOBS

Electric prices -14,642 -20,814 -26,447 -23,502 -20,763 -18,612
RPS Invest. 1,460 2,035 2,420 360 359 366
NGCC Invest. 0 0 -32 -2 5 4
Net Change -13,182 -18,779 -24,060 -23,144 -20,399 -18,241

��� �������ǡ� ���� ������ ��� ��������� ������� ��������
emissions using renewable portfolio standards in 
���������������������������������������������������
social cost of carbon assuming a 5 percent discount 
rate and even assuming a 3 percent discount rate. 
From a global perspective, therefore, renewable 
energy portfolio standards in Virginia are an inef-
ϐ���������������������������������������������Ǥ������
incremental costs of environmental improvement 
����� ���� ��� ��������� ���� �����ϐ������ �������� ����

state generates more than 95 percent of its power 
from low-cost coal, gas, and nuclear generation.

�����������������������͸����������������������ϐ�-
cant costs on the economy of Virginia. The existing 
renewable energy portfolio standard raises electric-
ity costs that on balance result in a net reduction in 
���������ǯ����������������������������������������
accounting for the economic stimulus from building 
and operating renewable energy facilities.

Virginia
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��������������������͸ͷǤͻ�������������������������
���������ʹͲͳ͵�����������������������������������-
������������ȋ����������ͺͳȌǤ����������������������-
����� ����� ����� ͸ͳ� �������� ��� ������ ����������Ǥ�
����������������������������������ͳͺ���������������-
�����������������������������������������ͳʹ��������Ǥ�

Hydroelectric facilities provide 3 percent of total 
generation. Wind power contributes 2.4 percent 
of total generation. The following two sub-sections 
summarize the impacts of existing and future RPS 
���������������������������������������������������-
ed and employment in Wisconsin.

Table 81: Capacity, Generation, and Utilization Rates for Wisconsin 2013

ENERGY SOURCE CAPACITY MW GENERATION MWH CAPACITY UTILIZATION %
Coal 8,263 40,645,181 0.5615
Geothermal 0 0 0.0000
Hydroelectric 519 1,978,872 0.4353
Natural gas 7,067 8,102,491 0.1309
Nuclear 1,286 11,675,194 1.0364
Other 21 66,017 0.3623
Other biomass 101 484,340 0.5458
Other gas 0 0 0.0000
Petroleum 849 303,055 0.0407
Pumped storage 0 0 0.0000
Solar 0 0 0.0000
Wind 635 1,557,924 0.2803
Wood 325 1,149,717 0.4043
Total 19,066 65,962,792 0.3950

14.1 Impacts on Electricity Sector

������������������������������ͳͲ���������������������-
��������Ǥ����� ������������������������������� �����
the enactment of these goals are presented in Table 
ͺʹǤ��������������������������������������������������
NGCC as these goals are met. For instance, in the base 
case without additional RPS capacity, new NGCC ca-
�����������������������������������������ͳ͹ͺǤ͸�������
the base case and under the RPS incremental NGCC 
���������������������ͳ͸Ͷ�������ʹͲͳ͸�ȋ����������ͺʹȌǤ�

������������������������������ͻͺ����������������
capacity to meet RPS in Wisconsin with the remain-
der met by solar generating plants. RPS wind and so-
������������� �������� ������������������ͳͻ͹�����ͺǤ͸�
���������������� ���ʹͲͳ͸�����ͶͶǤ͸�����ͳǤͻ������-

spectively in 2025. The electricity generation from 
these new facilities rises from 5.7 million MWh in 
ʹͲͳ͸����ͺǤͻ����������������ʹͲͶͲ�ȋ����������ͺʹȌǤ����
expected, new NGG generation is lower in the RPS 
scenario than the base case.

The increases in average electricity costs from new 
���������������������������ͻǤ͸��������� ���ʹͲͳ͸ǡ�ͳͲ�
percent in 2020, and 7-9 percent after 2025 (see 
������ͺʹȌǤ���������������������������������������������
���������������������������Ͷ������������ʹͲͳ͸��������
���������� ������� ���������� ���������Ǥ� ������ ʹͲͳ͸ǡ�
rates increase between 3 to 4 percent thereafter 
compared to the base case without RPS standards. 
��������������������������������ϐ���������������������
capacity utilization rates for wind in Wisconsin, 
which lowers the levelized cost of wind. 

Wisconsin

Source: US Energy Information Administration
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The decomposition of RPS costs for the Wiscon-
������������������������������� ���������ͺ͵Ǥ���������
�����������������̈́ͻ͹������������ʹͲͳ͸���������������
�����������̈́ͺͶ������������ʹͲͶͲǤ�������������������-
ed adding new RPS capacity to reach the RPS goals 
���������������������ͺ͵Ǥ�����������������������������
ͳͲ������������������������������������������������
���������������������̈́͵͸ͳǤ͸��������� ���ʹͲͳ͸�����
rise in subsequent years to over $500 million in 
ʹͲͶͲ�ȋ����������ͺ͵ȌǤ��������������������������������

deducting for fossil fuel and NGCC capacity costs, 
���������������������������������������������̈́ʹͲ͸�
�����������ʹ Ͳͳ͸ǡ�̈́ ʹͳͳ������������ʹ ͲʹͲ�����ʹ Ͳʹͷǡ�����
over $200 million per year thereafter. With subsi-
����ǡ� ���� ������ ������ ������������ǯ�� ���������� ��-
�����������������������������̈́Ͷ͹Ͷ������������ʹͲͳ͸ǡ�
̈́Ͷͺͺ������������ʹͲʹͲǡ��������̈́ͷͲͲ������������ʹͲʹͷ�
and more than $500 million per year from 2030 to 
ʹͲͶͲ�ȋ����������ͺ͵ȌǤ�

Table 82: Impacts of RPS on Wisconsin Electricity Market

 MEGAWATTS

2016 2020 2025 2030 2035 2040
New NGCC Capacity
Without RPS 178.6 147.5 150.2 161.3 169.2 181.9
With RPS 164.2 146.1 150.2 161.4 169.5 182.1
New RPS Capacity
Wind 197.7 43.4 44.6 48.0 50.4 54.1
Solar 8.6 1.9 1.9 2.1 2.2 2.3

MILLION MEGAWATT HOURS
New NGCC Generation
Without RPS 5.1 10.4 15.9 21.8 28.0 34.5
With RPS 4.8 9.8 15.3 21.1 27.3 33.9
Legacy RPS Generation 1.6 1.6 1.6 1.6 1.6 1.6
New RPS Generation 5.7 6.5 7.1 7.7 8.3 8.9

PERCENTAGE CHANGES FROM BASE CASE
Average Costs 9.64 9.99 9.38 8.65 7.84 7.03
Electricity Consumption -0.36 -0.50 -0.48 -0.45 -0.41 -0.37
Average Rates 3.07 3.14 2.95 2.74 2.51 2.28
Average Rates + Legacy Costs 4.34 4.29 4.01 3.70 3.39 3.08

Wisconsin
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Table 83: Costs of Wisconsin RPS 

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

RPS Legacy Costs
Direct 96.5 94.8 92.7 90.7 88.6 86.7
Cycling Costs 29.6 27.2 28.2 29.2 30.8 32.4
less Fuel Costs 29.1 29.2 30.1 31.5 33.0 34.6
Net RPS Legacy Costs 97.0 92.7 90.8 88.3 86.5 84.5
New RPS Costs
Direct 361.6 405.8 429.5 453.7 478.6 504.3
Cycling Costs 33.6 30.8 31.9 33.0 34.9 36.7
less Fuel Costs 181.3 209.0 233.0 260.0 290.2 322.9
less NGCC Costs 7.6 16.5 17.3 17.3 17.8 18.0
Net New RPS Costs 206.4 210.9 211.2 209.3 205.6 200.1
RPS Tax Subsidies 171.0 184.4 196.9 210.1 224.1 238.9
Total RPS Cost 474.4 488.1 498.8 507.8 516.2 523.6

MILLION TONS
CO2 Reductions 8.75 9.54 10.09 10.65 11.25 11.88

2013 DOLLARS PER TON OF CO2 REDUCED
Direct RPS Costs 34.67 31.82 29.94 27.95 25.96 23.95
Subsidy Costs 19.55 19.33 19.52 19.72 19.92 20.11
Total Costs 54.22 51.15 49.46 47.67 45.88 44.06

The RPS policies in Wisconsin reduce carbon dioxide 
�������������ͺǤ͹��������� ����� ���ʹͲͳ͸� ����������ͳʹ�
�������� �����������������ʹͲͶͲ�ȋ����������ͺ͵ȌǤ� �����
����������������������������������������������̈́͵ͶǤ͸͹�
�����������ʹͲͳ͸ǡ�̈́͵ͳǤͺʹ������������ʹͲʹͲǡ�̈́ʹͻǤͻͶ�����
ton in 2025 and $23.95 per ton in 2040. Tax subsi-
dies are nearly $20 per ton. The total costs of avoided 
carbon emissions, therefore, are $54.22 per ton in 
ʹͲͳ͸ǡ�̈́ͷͳǤͳͷ������������ʹͲʹͲ�����������������������
���̈́ͶͶǤͲ͸������������ʹͲͶͲ�ȋ����������͹ͳȌǤ������������
��������������������������������������ϐ�������������-
tively high capacity utilization rates for wind in Wis-
consin as well as the predominance of low cost coal 
and natural gas capacity in total generation.

���������������������������������������������������
�������������������������̈́ͳʹ����̈́ʹͶ��������ǡ����������
a 5 percent discount rate, suggesting that RPS poli-
����� ������������������������ϐ����������������������
emission strategy. Under a 3 percent discount rate, 
���ǯ����������������������������������̈́ͶͲ������������
ʹͲͳ͸����������������������������̈́͸Ͳ������������ʹͲͶͲǤ�
��� �������������� ����Ǧ����ϐ��������������ǡ� ���������
RPS policies in Wisconsin is not cost effective at a 5 
percent discount rate. There are also economic im-
pacts resulting from higher electricity rates that lead 
to losses in economic output and employment. These 
impacts are now presented and discussed.

Wisconsin



Impact of Federal Transfers on State and Local Own-Source Spending   99

14.2 Economic Impacts
By raising retail prices for electricity, RPS goals 
increase consumer electricity bills and the costs 
of providing goods and services in the Wisconsin 
economy. These impacts of higher electricity prices 
���� ����������� ��� ������� ����� ʹͲͳ͸� ��� ʹͲͶͲ� ���

������ͺͶǤ�����������������������������������������
�����������̈́ ͳǤͳ������������ʹ Ͳͳ͸����̈́ ͳ������������ʹ Ͳʹͷǡ�
����������������̈́ͺͲͲ�������������������������ʹͲͶͲǤ�
����������� ������� ���� ͹� ���� ͳͲ� ��������� ������
employment in the base case without renewable 
���������������������������ȋ����������ͺͷȌǤ

Table 84: Impacts of RPS on Wisconsin Value Added by Sector

 MILLIONS OF 2013 DOLLARS
2016 2020 2025 2030 2035 2040

Metals -60.79 -60.09 -56.15 -51.79 -47.41 -43.07
Paper -141.55 -139.93 -130.74 -120.60 -110.41 -100.30
Wood -28.66 -28.33 -26.47 -24.42 -22.35 -20.31
Other Man -83.80 -82.84 -77.40 -71.40 -65.36 -59.38
Textiles -3.91 -3.86 -3.61 -3.33 -3.05 -2.77
Minerals -18.24 -18.03 -16.84 -15.54 -14.22 -12.92
Const. -132.43 -130.91 -122.32 -112.84 -103.29 -93.84
Trans. -68.17 -67.39 -62.96 -58.08 -53.17 -48.31
Services -744.24 -735.69 -687.38 -634.10 -580.48 -527.36
Utilities 135.47 133.92 125.12 115.42 105.67 96.00
Total -1,147.62 -1,134.44 -1,059.94 -977.78 -895.11 -813.19

Table 85: Impacts of RPS on Wisconsin Employment by Sector

 NUMBER OF JOBS
2016 2020 2025 2030 2035 2040

Metals -269 -266 -249 -229 -210 -191
Paper -724 -716 -669 -617 -565 -513
Wood -399 -395 -369 -340 -312 -283
Other Man -1,983 -1,960 -1,832 -1,690 -1,547 -1,405
Textiles -92 -91 -85 -78 -71 -65
Minerals -39 -38 -36 -33 -30 -27
Const. -968 -957 -894 -825 -755 -686
Trans. -1,092 -1,080 -1,009 -931 -852 -774
Services -4,909 -4,852 -4,534 -4,182 -3,829 -3,478
Utilities 253 250 234 216 197 179
Total -10,223 -10,105 -9,442 -8,710 -7,973 -7,244

Wisconsin
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These losses from higher electricity prices are par-
tially offset by output and employment gains from 
building and operating electricity capacity needed 
to meet RPS goals. These different impacts of RPS 
on Wisconsin value added and employment are 
��������������������ͺ͸Ǥ�	����������ǡ����ʹͲͳ͸�����
������������������������̈́ ͺ͸Ǥͺ���������������������-
�������ͳǡͳͶͲ���������ʹͲʹͲǤ�

���������������������ǡ�����������������������������-
ment, however, is not large enough to offset the 
negative impacts of higher electricity prices. On 
balance, therefore, net annual losses in value added 
��������������ǯ����������������̈́ͳ������������ʹͲͳ͸ǡ�
̈́ͳǤͳ������������ʹͲʹͲǡ�̈́ͳ������������ʹͲʹͷǡ������������
�����̈́ͺͲͲ�����������������������������������������
����������������Ǥ������������������������������ͳͲ�
thousand lower in 2020 compared to the base case 
ȋ����������ͺ͸ȌǤ�

Table 86: Net Impacts of RPS on Wisconsin Value Added and Employment 

 MILLIONS OF 2013 DOLLARS

2016 2020 2025 2030 2035 2040
RPS Invest. 447.54 96.91 97.87 103.32 106.63 112.56
Value Added
Electric prices -1,147.62 -1,134.44 -1,059.94 -977.78 -895.11 -813.19
RPS Invest. 86.84 18.80 18.99 20.04 20.68 21.83
NGCC Invest. -4.19 -0.41 0.01 0.02 0.10 0.08
Net Change -1,064.97 -1,116.05 -1,040.95 -957.72 -874.33 -791.27
Employment NUMBER OF JOBS

Electric prices -10,223 -10,105 -9,442 -8,710 -7,973 -7,244
RPS Invest. 1,140 247 249 263 271 286
NGCC Invest. -38 -4 0 0 1 1
Net Change -9,121 -9,862 -9,193 -8,447 -7,701 -6,957

����������ǡ��������������������������������������
emissions using renewable portfolio standards in 
������������������������������������������������
the social cost of carbon assuming a 5 percent dis-
count rate. From a global perspective, therefore, 
renewable energy portfolio standards in Wiscon-
���������������ϐ����������������������������������-
mate change.  The incremental costs of environ-
mental improvement from RPS in Wisconsin are 
�����ϐ�������������������������������������������-
tively low-cost coal, gas, and nuclear generation.

����ͳͲ�������������������������������ϐ������������
on the economy of Wisconsin. The existing renew-
able energy portfolio standard raises electricity 
costs that on balance result in a net reduction in 
���������ǯ����������������������������������������
accounting for the economic stimulus from build-
ing and operating renewable energy facilities.

Wisconsin
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Conclusion
As the prior discussion reveals there are a number 
��� �������� ����� ������� ���� ������� ��� ���������� ��-
ergy Portfolio Standards on electricity customers in 
the form of higher electricity rates. Two of the more 
prominent factors in determining the size of the rate 
impacts from RPS policies, the RPS goals and the cost 
of renewable energy, are illustrated in Figure 3. The 
cost of renewable energy in Figure 3 (gray line) is a 
weighted average wind and solar costs for each state 
����� ���� ������� ���������������ǡ� ʹͲͳ͸� ���ʹͲͶͲǤ�����
percentage change in electricity rates for reach state 
are also plotted in Figure 3. 

As the Figure 3 illustrates, the higher the RPS goal, 
the greater the impact of RPS on electricity rate with 

three notable exceptions: Virginia, North Carolina, 
����������������Ǥ�	���������������������ǡ�����������
are low relative to the targets adopted by other 
states in the sample but the cost of renewable en-
ergy but the cost of renewable energy is quite high, 
primarily given a reliance on new solar capacity to 
meet the RPS goals and relatively low solar capacity 
utilization rates for those states, both of which drive 
up the levelized cost of solar.  Conversely there are 
other states where RPS goals are relatively high but 
electricity rate increases relatively modest, such as 
Colorado, primarily due to relatively lower renew-
��������������������������������ϐ����������������������
emphasis using lower cost wind power. The econom-
ic burdens of RPS policies, therefore, varies consid-
erably by state based upon solar and wind capacity 
availability and utilization.

Figure 3: Average Rate Increases, RPS Goals, and Renewable Energy Costs

Conclusion
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The economic merits of RPS policies can be evaluat-
�����������������Ǥ�����ϐ���������������������������
abatement cost of carbon emissions using RPS poli-
cies to the social cost of carbon. At discount rates of 
3 and 5 percent, the average cost of cutting green-
������ ���� ���������� ������� ���� ͳʹ� ������� ��� ������
the social cost of carbon through at least 2035. This 
suggests that RPS policies are premature, imposing 
a deadweight loss on society from their early imple-
���������Ǥ� ����� ����� �� ������� �������������� ����
economic perspective, RPS policies at least for the 
ͳʹ������������������������������ǡ�������������������
a representative cross section of the nearly 30 states 
��������������������ǡ���������ϐ������Ǥ

������ ����ϐ�������������� �������������� ���� �������
in value added and employment incurred by higher 
electricity rates. Proponents of RPS policies often 
cite the employment opportunities created by build-
ing and operating wind and solar energy facilities. A 
careful analysis, which balances these two opposing 
forces, reveals that lost economic growth and em-
ployment from higher electricity prices are greater 
than the gains economies receive from renewable 
energy development. 

����������������������������������������������ǡ�����
��������������������������� ������ϐ���� �������������ǡ�
which heretofore have been largely hidden by aver-
age cost pricing of electricity by state public utility 
commissions, will become more evident. 

Conclusion
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Appendix A: Econometric Results for Alternative Demand Models
Table A1: Electricity Demand First Difference Model Parameter Estimates by State 

STATE ESTIMATES LOG REAL PRICE LOG GSP
Colorado Estimate -0.161 0.682

t-Statistic -2.677 11.640
P-Value [.011] [.000]

Delaware Estimate -0.219 0.378
t-Statistic -3.334 3.040
P-Value [.002] [.004]

North Carolina Estimate -0.222 0.610
t-Statistic -2.706 6.007
P-Value [.010] [.000]

New Mexico Estimate -0.350 0.421
t-Statistic -2.806 3.603
P-Value [.008] [.001]

Nevada Estimate -0.217 0.673
t-Statistic -3.203 8.735
P-Value [.003] [.000]

Oregon Estimate -0.323 0.584
t-Statistic -4.133 5.903
P-Value [.000] [.000]

Pennsylvania Estimate -0.204 0.519
t-Statistic -3.373 4.512
P-Value [.002] [.000]

Rhode Island Estimate -0.118 0.363
t-Statistic -2.934 3.661
P-Value [.005] [.001]

South Carolina Estimate -0.259 0.783
t-Statistic -3.532 8.175
P-Value [.001] [.000]

Utah Estimate -0.145 0.752
t-Statistic -2.100 11.473
P-Value [.042] [.000]

Virginia Estimate -0.188 0.652
t-Statistic -3.362 7.937
P-Value [.002] [.000]

Wisconsin Estimate -0.302 0.720
t-Statistic -3.795 7.415

 P-Value [.000] [.000]
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Table A2: Elasticities of Electricity Demand for First Difference Model

 
STATE

OWN PRICE
ELASTICITY

GROSS STATE
PRODUCT ELASTICITY

Colorado -0.161 0.682
Delaware -0.219 0.378
North Carolina -0.222 0.610
New Mexico -0.350 0.421
Nevada -0.217 0.673
Oregon -0.323 0.584
Pennsylvania -0.204 0.519
Rhode Island -0.118 0.363
South Carolina -0.259 0.783
Utah -0.145 0.752
Virginia -0.188 0.652
Wisconsin -0.302 0.720
Average -0.226 0.595

Table A3: Panel Data Estimates for Electricity Demand

CONSTANT LOG REAL PRICE LOG GSP
Pooled OLS*
Estimate 0.0118 -0.2011 0.4329
t-Statistic 5.3474 -10.2083 10.6906
P-Value [.000] [.000] [.000]
Fixed Effects
Estimate -0.1943 0.4008
t-Statistic -9.9058 9.7130
P-Value [.000] [.000]
Random Effects
Estimate 0.0124 -0.1983 0.4197
t-Statistic 4.9162 -10.1332 10.3339
P-Value [.000] [.000] [.000]

Appendix A: Economic Results
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Appendix B: Comparison of RPS Impacts 

 % CHANGE IN PRICES  % IN VALUE ADDED % CHANGE IN JOBS
HOG REF HOG REF HOG REF

Colorado
2016 6.12 5.78 -1,442 -1,354 -8,060 -7,507
2020 8.23 7.10 -1,996 -1,703 -11,619 -9,774
2025 7.69 6.23 -1,992 -1,612 -12,445 -10,048
2030 7.32 5.89 -1,895 -1,520 -11,823 -9,458
2035 6.69 5.14 -1,730 -1,323 -10,779 -8,214
2040 5.93 4.10 -1,530 -1,052 -9,516 -6,501
Delaware
2016 11.02 10.20 -603 -556 -2,705 -2,479
2020 14.50 11.89 -812 -663 -3,845 -3,108
2025 14.99 11.46 -839 -635 -3,970 -2,953
2030 12.50 9.27 -715 -528 -3,536 -2,588
2035 10.14 6.78 -578 -384 -2,846 -1,871
2040 8.20 4.23 -466 -238 -2,272 -1,143
North Carolina
2016 10.04 9.50 -3,899 -3,641 -17,821 -16,103
2020 16.06 13.77 -7,145 -6,060 -43,277 -36,048
2025 14.12 11.46 -6,664 -5,399 -44,093 -35,644
2030 12.55 10.08 -5,918 -4,740 -39,107 -31,227
2035 11.03 8.28 -5,196 -3,887 -34,289 -25,541
2040 9.79 6.22 -4,606 -2,908 -30,345 -19,009
New Mexico
2016 6.18 5.71 -239 -208 -743 -500
2020 6.77 5.29 -444 -347 -3,483 -2,719
2025 5.95 4.13 -390 -271 -3,060 -2,122
2030 5.30 3.60 -348 -237 -2,724 -1,853
2035 4.54 2.82 -298 -185 -2,333 -1,450
2040 3.92 1.88 -251 -117 -1,921 -874
Nevada
2016 14.77 13.86 -1,711 -1,601 -11,827 -11,064
2020 15.60 13.08 -1,792 -1,499 -12,540 -10,484
2025 15.14 11.48 -1,715 -1,285 -11,868 -8,803
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2030 13.28 9.82 -1,534 -1,124 -10,813 -7,869
2035 11.21 7.69 -1,287 -873 -9,037 -6,071
2040 9.12 5.26 -1,038 -585 -7,237 -4,014
Oregon
2016 9.41 9.08 -1,451 -1,399 -12,309 -11,866
2020 10.00 9.08 -1,571 -1,427 -13,459 -12,226
2025 11.09 9.32 -1,636 -1,366 -13,547 -11,236
2030 14.13 11.55 -2,022 -1,617 -16,428 -12,964
2035 16.42 12.70 -2,374 -1,789 -19,422 -14,407
2040 18.13 12.81 -2,636 -1,800 -21,637 -14,482
Pennsylvania
2016 2.02 2.01 -1,142 -1,140 -7,138 -7,121
2020 2.39 2.24 -1,385 -1,287 -8,827 -8,158
2025 2.34 2.10 -1,508 -1,351 -10,458 -9,366
2030 2.20 1.99 -1,412 -1,274 -9,784 -8,812
2035 2.04 1.79 -1,308 -1,146 -9,046 -7,913
2040 1.86 1.52 -1,187 -966 -8,194 -6,660
Rhode Island
2016 12.60 12.37 -579 -568 -3,649 -3,574
2020 16.47 14.10 -805 -689 -5,423 -4,651
2025 14.75 11.38 -718 -554 -4,831 -3,720
2030 13.59 11.08 -661 -537 -4,442 -3,600
2035 12.43 9.59 -604 -465 -4,059 -3,116
2040 11.04 7.34 -536 -355 -3,598 -2,377
South Carolina
2016 2.40 2.39 -312 -312 -2,063 -2,057
2020 2.94 2.67 -330 -288 -1,668 -1,293
2025 3.75 3.23 -435 -346 -2,325 -1,534
2030 3.14 2.62 -485 -400 -4,073 -3,318
2035 2.54 1.92 -389 -286 -3,232 -2,321
2040 2.05 1.14 -309 -160 -2,522 -1,217
Utah
2016 4.81 4.79 -818 -815 -4,745 -4,728
2020 8.28 7.68 -1,147 -1,046 -4,049 -3,471
2025 11.19 9.78 -1,618 -1,382 -6,683 -5,331
2030 9.97 8.57 -1,644 -1,408 -9,126 -7,772
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2035 8.64 7.14 -1,421 -1,168 -7,854 -6,402
2040 7.28 5.47 -1,192 -888 -6,551 -4,807
Virginia
2016 4.95 4.94 -1,601 -1,599 -10,800 -10,784
2020 6.96 6.24 -2,241 -1,982 -15,040 -13,146
2025 8.52 7.28 -2,769 -2,322 -18,731 -15,444
2030 7.32 6.23 -2,608 -2,212 -19,042 -16,121
2035 6.22 4.96 -2,213 -1,758 -16,133 -12,773
2040 5.38 3.61 -1,906 -1,271 -13,873 -9,197
Wisconsin
2016 4.13 4.13 -1,014 -1,014 -8,694 -8,699
2020 4.03 3.91 -1,048 -1,017 -9,257 -8,992
2025 3.73 3.52 -966 -912 -8,533 -8,052
2030 3.41 3.18 -881 -821 -7,764 -7,232
2035 3.07 2.80 -790 -722 -6,958 -6,348
2040 2.74 2.41 -703 -617 -6,176 -5,414
HOG = EIA High Oil and Gas Scenario
REF = EIA Reference Case Scenario

Appendix B: Comparison of RPS Impacts


