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DISCLAIMER 

 

Energyzt Advisors, LLC ("Energyzt") is a global collaboration of energy experts who 

create value for our clients through actionable insights. Combining deep industry 

expertise with state of the art analytical capabilities, we help companies make informed 

business decisions.  

 

This report is an independent assessment that was prepared by Energyzt and is based, 

in part, on publicly-available information which was not originated by or within the 

control of Energyzt. As such, Energyzt has made reasonable efforts to apply standard 

industry practice in assessing the applicability of the information for its proposed use, 

and has checked the veracity and completeness of such information to the best of its 

ability, but makes no claims as to its accuracy and has not performed an independent 

audit of data procured from the public domain.  Where such information is relied upon, 

the source or sources are referenced.  

 

In conducting the analysis, Energyzt has made certain assumptions with respect to 

conditions, events, and circumstances that may occur in the future. Where applicable, 

these assumptions and source materials are stated and described in the report. The 

methodologies used in performing the analysis are based on public projections and 

follow generally accepted industry practices. While we believe that such methodologies 

as summarized in this report are reasonable and appropriate for the purpose for which 

they are used, depending upon conditions, events, and circumstances that occur but are 

unknown at this time, actual results may differ materially from those embedded in the 

public projections and Energyzt’s scenarios that use those projections. Accordingly, 

Energyzt makes no assurances that the projections or forecasts will be consistent with 

actual results or performance.  

 

Neither this report, nor any information contained herein or otherwise supplied by 

Energyzt in connection with this report, shall be used in connection with any proxy, 

proxy statement, and proxy soliciting material, prospectus, Securities Registration 

Statement, or similar document.  

 

For additional information, please contact: 

 

Tanya Bodell, Executive Director:  tanya.bodell@energyzt.com 

  

 

mailto:tanya.bodell@energyzt.com
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EXECUTIVE SUMMARY 

Following a directive in the June Special Session Public Act 17-3,1 Executive Order 59,2  

and 2017 Comprehensive Energy Strategy,3 Connecticut’s Department of Energy and 

Environmental Protection (“DEEP”) and the Public Utilities Regulator Authority 

(“PURA”) have launched a joint effort to understand the role of a diverse set of zero-

emissions generation resources in meeting Connecticut’s carbon reduction targets.  Of 

particular interest is the role of the Millstone Nuclear Power Plant (“Millstone”) in 

meeting those targets.   

 

The purpose of this report is to examine whether Connecticut’s legislated greenhouse 

gas (GHG) emissions reduction goals can be achieved without the Millstone nuclear 

units.  Although there is no economic justification available in the public domain for 

either of the Millstone units to retire prior to expiration of the units’ current operating 

licenses,4 Dominion’s posturing regarding Millstone’s future may create concern 

among Connecticut decision-makers that early retirement would preclude 

achievement of Connecticut’s carbon reduction goals.  In fact, this is not the case.  

 

•  Multiple Approaches: There are multiple cost-effective opportunities to 

achieve Connecticut’s GHG reduction goals with and without Millstone. 

 

• Benefits Beyond Carbon Reduction: Nearly all of the approaches lower 

electricity prices, create jobs and economic development and create societal 

wealth due to improvements in efficiency. 

 

                                                      

 
1 June Special Session Public Act 17-3, An Act Concerning Zero Carbon Solicitation and Procurement (the Act).  

2 Press Release, Office of the Governor of Connecticut, 7/25/2017 

3 Connecticut Department of Energy and Environmental Protection, “2017 Comprehensive Energy Strategy,” 

DRAFT, July 26, 2017 {“2017 Comprehensive Energy Strategy”)  

4 There are a number of studies that conclude Millstone is very profitable and will continue to be so.  If Millstone 

were to retire before 2022, the period through which Millstone currently is committed to provide capacity supply 

to ISO-NE, the plant would be subject to nearly $1 billion in penalties and other payments.  Based on information 

in the public domain, there is no financial justification for Millstone to retire early.  
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• Sustainable Investment in the Future: Investment in these approaches place 

Connecticut well along the path of achieving its longer term 2050 GHG 

reduction goals.  

 

Supporting Millstone with out-of-market contractual payments that 1) are not 

required to keep Millstone financially viable; 2) do not have the economic efficiency 

benefits of competition or market-based incentives; and 3) fail to invest in a 

sustainable solution to achieving Connecticut’s longer-term GHG emission goals is 

an inappropriate use of publicly mandated funds. 

 

Connecticut Carbon Reduction Goals 

In 2008, Connecticut’s General Assembly adopted the Global Warming Solutions Act5 

which required the following greenhouse gas (GHG) emission reductions:  

 

1) January 2020:  Reduce GHG emissions by 10 percent below 1990 levels; and 

 

2) January 2050: Reduce GHG emissions by 80 percent below 2001 levels. 

 

Quantification of the actual target levels and progress towards meeting those levels is 

to be established by DEEP. 

 

On Earth Day, 2015, Governor Malloy issued Executive Order 46,6 which created the 

Governor’s Council on Climate Change (“Council”). A key objective of the Council is 

to examine policies and regulations to reduce GHG emissions in order to develop a 

path for meeting the state’s GHG emissions reduction targets.  The Council also is in 

the process of developing interim target levels to motivate a smooth transition to 

2050.    

 

                                                      

 
5 Substitute House Bill No. 5600, Public Act No. 08-98, An Act Concerning Connecticut Global Warming Solutions 

(“GWSA”), Connecticut General Statutes § 22a-200a et seq.  

6 Executive Order 46. 
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2020 Targets – Achievable with and without Millstone 

If Millstone were to retire early, Connecticut would experience an increase in GHG 

emissions, holding all else equal, estimated by Dominion Energy’s expert to be 

around 2.2 million MT CO2 / year.7 Although this increase would seem to threaten 

Connecticut’s ability to meet its 2020 targets, this amount represents only 5 percent of 

Connecticut’s 2013 carbon emissions.   

 

There are multiple ways to reduce GHG emissions in the near term with and without 

Millstone.  These approaches also offer other benefits, including reduced electricity 

prices, job creation, economic development benefits and improved efficiency (Figure 

ES-1). Some of these opportunities require an upfront investment that provides long-

term, sustainable reductions in GHG emissions and continue to work towards 

achieving Connecticut’s 2050 targets over time.   

 

In contrast, providing financial support to Millstone – support that DEEP and PURA’s 

own expert determined was unnecessary – only serves to provide hundreds of 

millions of dollars on an ongoing basis to a technology that Dominion claims is 

financially challenged and will only therefore only become more challenged as 

Connecticut strives to meet its 2050 emissions reduction targets. If Millstone is to 

receive any support in the short-term because Connecticut has to reduce its emissions 

inventory, it should be in the form of a carbon price that rewards all competitively 

procured carbon reduction technologies across all sectors.  

  

                                                      

 
7 Sue Tierney, Analysis Group, “Millstone Power Station: Supporting Connecticut’s clean and efficient electricity 

goals,” Presentation to the Connecticut General Assembly Committee on Energy and Technology, January 24, 

2017, p. 10.  
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Figure ES-1: GHG emissions Reductions Available to Connecticut by 2022 

 

  Additional Benefits 

Resource CO2 

Reductions 

(million MT  

CO2 / year) 

Lower 

Electricity 

Prices 

Improved 

Efficiency 

New Jobs / 

Economic 

Development 

ISO-NE System Carbon Decline 

Realization of 20% RPS by 2020 

  BTM Solar PV 

  Utility-Scale RFP 

Fuel Efficiency Standards 

0.3 – 0.6 

 

0.4 - 0.5 

1.0 - 1.5 

1.1 – 1.3 

√ √ √ 

Renewable Resources 

  Hydroelectric Resources 

  Pumped Hydro Paired w/ Renewables       

  Existing Pumped Hydro Stand-Alone 

 

1.5 – 2.9 

0.3 – 0.5 

0.2 – 0.3 

 

√ 

 

√ 

 

 

Demand Response/Energy Efficiency 0.8 – 1.6 √ √ √ 
Renewable Thermal Technologies 

  Residential in CT 

  Commercial in CT 

 

0.6 – 2.4 

0.7 – 1.2 

 

√ 

 

√ 

 

√ 

District Heating 0.2 – 0.5 √ √ √ 

Electric Vehicles 0.3 – 0.6  √ √ 
TOTAL 7.4 – 13.9    

 

As noted in many of the presentations to the Council, Connecticut’s carbon reduction 

goals can and will be met in a variety of ways.  Although the Millstone Nuclear 

Power Plant currently provides a large amount of power generation with de minimis 

GHG emissions, the nuclear units are not required to meet Connecticut’s near-term 

carbon reduction goals and currently are not licensed to operate after 60 years of 

operation when Connecticut will need to meet its 2050 goals.8 

                                                      

 
8 The license extension ends in 2035 for Millstone Unit 2 and 2045 for Millstone Unit 3. 
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2021 – 2035 Interim Goals 

The 2017 Comprehensive Energy Strategy identified a number of ways in which 

Connecticut can meet its 2050 targets.  Most of these approaches, however, require 

long timeframes and investment programs that should begin immediately. Delaying 

implementation or deploying limited resources to support a solution that may not be 

available in 2050 will make it more difficult for Connecticut to achieve its long-term 

carbon reduction targets.   

 

2050 – New Technologies and Processes Required 

Achieving an 80 percent reduction from 2001 levels is a substantial commitment that 

requires carbon reduction from all sectors via implementation of multiple approaches.  

At the same time, a number of technological innovations and improvements are 

underway that promise to transform the energy sector. Given the number of sectors in 

Connecticut that need to reduce their emissions and the variety of evolving 

technologies that can be deployed to achieve those reductions, the economic solution 

for Connecticut to achieve its longer-term carbon reduction goals is to price carbon 

and let the market decide the most cost-effective solutions.  Alternatively, Connecticut 

can phase in a carbon price over time and create a limited amount of emission permits 

that emitters or their proxies (e.g., electric and natural gas utilities for end-users) must 

purchase in order to be in compliance with Connecticut’s goals.  By establishing a 

property right and letting it be traded, the market sets the price and the most cost-

effective investments in GHG reductions will occur.  

 

To this end, DEEP and PURA are considering a limited set of market-based 

approaches to pricing carbon and letting market forces determine the optimal 

combination of solutions.9  However, their consideration should expand beyond just 

the electricity sector to include all sectors that generate GHG emissions and price 

carbon in a way that is agnostic as to carbon reduction technologies and processes.  A 

regional approach to valuing carbon would be most efficient. 

                                                      

 
9 “Draft Report Executive Order 59/ June Special Session Public Act 17-3 Public Meeting,” December 2017, p. 20, 
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Conclusion 

Four years after passing the GWSA, with minimal policy intervention, Connecticut’s 

GHG emissions declined to their lowest levels in 2012, primarily as a result of 

conversion to natural gas.  Today, natural gas prices continue to be competitive, 

renewable resources require federal and state support to be built, a number of coal 

plants have retired for economic reasons, and nuclear units around the country are 

being challenged by increased costs and lower market prices. 

 

Millstone is an exception.  Numerous studies have shown that the plant is profitable – 

perhaps the most profitable nuclear plant in the United States.  Independent price 

projections indicate that Millstone will continue to be profitable the future.  Yet 

Dominion is requesting additional support, claiming (among other benefits) that 

keeping Millstone operational is critical to achieving Connecticut’s carbon reduction 

goals. 

 

This claim is unfounded.  Dominion’s own experts and nuclear industry association 

indicate that a Millstone closure will increase Connecticut’s GHG emissions by 

around 2 million MT CO2 / year – only 5 percent of Connecticut’s GHG emissions per 

DEEP’s revised 2013 inventory.  Even if Millstone were to retire early -- which will 

not occur before 2022 -- there are a number of cost-effective investments that 

Connecticut can make today to more than offset a possible increase in emissions.  

Moreover, many of these investments have the added benefits of lowering electricity 

prices, creating jobs, promoting economic development of new industries in 

Connecticut, and improving efficiency. These investments would jumpstart 

Connecticut towards achieving its long-term emissions goals. 

 

Achieving Connecticut’s 2020 and 2050 emissions targets requires a certain level of 

investment in non-generation carbon reduction technologies to be made in the near-

term.  In contrast, the role of Millstone in meeting Connecticut’s 2050 targets is 

unclear; by 2050, both of Millstone’s licenses will have expired.  Fortunately, there are 

a number of ways to begin achieving carbon emission reductions today that serve as 

an investment in the sustainable solutions required 30 years into the future.   
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1. INTRODUCTION 

This report examines Connecticut’s legislated greenhouse gas (GHG) emission 

reduction targets and different ways to achieve those goals.  It provides context for 

current discussions concerning whether or not to provide out-of-market support to the 

Millstone Nuclear Power Plant in order to meet Connecticut’s carbon reduction targets.   

 

A number of reports have indicated that Millstone is extremely profitable1 and will not 

retire before 2021 due to its capacity supply obligations and penalties associated with 

exiting those obligations.2  However, discussion and debate continues around the 

importance of supporting Millstone to meet Connecticut’s GHG emissions reduction 

goals as well as other benefits the plant offers in the form of jobs and tax payments.   

 

Numerous studies have shown that Millstone is profitable – perhaps the most 

profitable nuclear plant in the United States.   

 

One of the policies of interest is whether Connecticut should authorize out-of-market 

financial support the Millstone nuclear units. Following a directive in the June Special 

                                                      

 
1 See for example: 

• Energyzt Advisors, LLC, “Financial Assessment: Millstone Nuclear Power Plant,” April 2017.  

• Geoffrey Haratyk, “Early Nuclear Retirements in Deregulated U.S. Markets: Causes, Implications and Policy 

Options,” CEEPR WP 2017-009, March 2017. 

• Levitan & Associates, “Resource Assessment on the Economic Viability of the Millstone Nuclear Generating 

Facilities,” prepared for Connecticut Department of Energy & Environmental Protection Connecticut Public 

Utilities Regulatory Authority, December 7, 2017.   

• New England States Committee on Electricity, “Renewable and Clean Energy Mechanisms 2.0 Study – 

Phase I: Scenario Analysis,” Winter 2017 

2 In a prior report, Energyzt concluded that Millstone was projected to be profitable and it would cost up to $1 billion 

for Millstone’s owners to retire before 2022.  Energyzt Advisors, LLC, “Millstone Nuclear Power Plant: Estimated 

Cost to Exit Capacity Supply Obligations,” October 2017.  
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Session Public Act 17-3,3 Executive Order 59,4  and 2017 Comprehensive Energy 

Strategy,5 Connecticut’s Department of Energy and Environmental Protection (“DEEP”) 

and the Public Utilities Regulatory Authority (“PURA”) have launched a joint effort to 

understand the role of the Millstone units, and other resources, in meeting 

Connecticut’s targets.  This effort is part of the 2017 Comprehensive Energy Strategy,6 

which identified the need to examine a diverse zero-emission generation mix given the 

anticipated move towards electrification as a means of achieving legislated carbon 

reduction goals. 

 

The analysis described in this report focuses on whether Millstone is needed to meet 

Connecticut’s 2020 emissions targets and the effectiveness of different approaches to 

meeting Connecticut’s goals. It concludes that the 2020 emissions targets can be met 

without Millstone.  Furthermore, investment in these approaches is a more sustainable 

solution to achieving Connecticut’s 2050 targets.  

  

Millstone is not needed to meet Connecticut’s GHG emissions reduction goals – 

other approaches are more cost-effective, create the same benefits and provide a 

sustainable contribution to achievement of Connecticut’s long-term goals. 

 

Given interactions between the different types of technologies and approaches that 

Connecticut intends to undertake to achieve its GHG reductions targets, the 

economically efficient approach is to price carbon and let the market develop the most 

cost-effective solutions.   

 

In the absence of a sufficiently high carbon price, the next most logical approach would 

be to focus immediate investment “behind the meter” -- in energy efficiency, 

                                                      

 
3 June Special Session Public Act 17-3, An Act Concerning Zero Carbon Solicitation and Procurement (the Act).  

4 Press Release, Office of the Governor of Connecticut, 7/25/2017. 

5 Connecticut Department of Energy and Environmental Protection, “2017 Comprehensive Energy Strategy,” DRAFT, 

July 26, 2017 {“2017 Comprehensive Energy Strategy”).  

6 2017 Comprehensive Energy Strategy.  
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minimizing/recapturing wasted energy and expanding electric vehicles first, while 

electrical energy and natural gas prices are at current levels and such investments create 

a multiplier effect from reduction in emissions due to lower generation inefficiencies 

and avoided losses.  The second stage would be to decarbonize the grid through 

increased investment in renewables and long-term zero-emissions resources, which will 

have the multiplier effect of removing emissions from electrification of transportation.  

As the grid decarbonizes, the initial investments in energy efficiency will be at the end 

of life and ready for replacement with new technologies that can take advantage of a 

decarbonized grid.  By ordering policy investments in this way, Connecticut will 

maximize the effectiveness of its programs and minimize contravention with market 

forces. 

 

In the absence of a price for carbon, the order in which Connecticut makes its 

investments in emissions reduction programs matter -- behind-the-meter investments 

should be first followed by decarbonizing the grid. 

 

There are plenty of existing baseload zero-emission resources available to either replace 

Millstone if it retires or compete with Millstone to provide the lower carbon emissions 

attribute.  Given the dynamic interactions between different carbon reduction 

approaches, however, the optimal approach from an economic perspective is to simply 

price GHG emissions through either a carbon tax or a cap and trade program that is 

incorporated across all sectors that are required to reduce GHG emissions.  Once a price 

for carbon is established, market forces will achieve Connecticut’s long-term targets.  

 

Putting an economy-wide price on carbon is the most efficient way to achieve 

emissions reductions. 
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2. CONNECTICUT’S CARBON REDUCTION TARGETS 

In 2008, Connecticut’s General Assembly adopted the Global Warming Solutions Act7 

which required the following GHG emission reductions by 2020 and 2050:  

 

1) January 2020:  Reduce GHG emissions by 10 percent below 1990 levels. 

 

2) January 2050: Reduce GHG emissions by 80 percent below 2001 levels. 

 

On Earth Day, 2015, Governor Malloy issued Executive Order 46,8 which created the 

Governor’s Council on Climate Change (“Council”) consisting of 15 members of 

government, business and non-profit organizations. A key objective of the Council is to 

examine policies and regulations to reduce GHG emissions in order to develop a path 

for meeting the state’s emissions reduction target by 2050, including interim target 

levels to motivate a smooth and sustainable transition to 2050. 

 

In order to meet its 2050 emissions reductions, it is important for Connecticut to 

establish and achieve interim targets to ensure a sustainable transition. 

2.1. Setting the Mark 

The GWSA establishes legislated GHG emission reduction targets with reference to 

historical levels, but does not provide any detail on how to track and measure GHG 

emissions for purposes of implementing the legislative requirements.  Instead, 

legislation assigns this responsibility to the Commissioner of DEEP. 

 

                                                      

 
7 State of Connecticut, Substitute House Bill No. 5600, Public Act No. 08-98, An Act Concerning Connecticut Global 

Warming Solutions  

8 Executive Order 46.  
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To date, Connecticut has tallied an 

inventory of GHG emissions through 

2013,9 with the Acadia Center providing an 

update using hybrid estimation methods 

through 2015.10  The 2013 inventory 

recognized, for the first time, two 

alternative means of calculating 

emissions.11 Under the original accounting 

methodology which credited in-state 

generation, Connecticut had achieved its 

2020 targets in 2012 and 2013.12  Under the 

revised accounting methodology, where 

Connecticut only receives credit for its 

share of the ISO-NE resource mix, the state 

has not achieved its 2020 targets and as of 2013 was only 4 percent below 1990 levels. 13   

 

                                                      

 
9 CT DEEP website, http://www.ct.gov/deep/cwp/view.asp?a=4423&q=568752  

10 Acadia Center, “Updated Greenhouse Gas Emissions Inventory for Connecticut Recent Increases and Underlying 

Factors,” June 13, 2016  

11 The two accounting methods are:  

1)  Generation-based accounting which tallies emissions by power plants operating within Connecticut; and  

2)  Consumption-based accounting which calculations emissions based on the emissions profile of the region’s 

fuel mix and Connecticut’s share of those emissions.   

The shift to consumption-based accounting reflects the fact that Connecticut’s participation in ISO-NE gives it only 

its proportional share of Millstone’s generation from the ISO-NE resource mix.  Connecticut cannot claim the zero 

emissions attributes associated with Millstone unless it purchases those attributes via GIS certificates or a bilateral 

arrangement. 

12 Connecticut Greenhouse Gas Emissions Inventory 2012, Executive Summary.  

The most recent GHG emissions inventory published by DEEP is an update to the original 2013 Greenhouse Gas 

Emissions Inventory which calculates electricity emissions through a consumption-based approach. 

13 Connecticut Department of Energy and Environmental Protection and Public Utility Regulatory Authority, “Draft 

Report Executive Order 59/ June Special Session Public Act 17-3 Public Meeting,” December 2017, p. 8. 

Why use EIA GHG emissions versus 

DEEP’s Carbon Inventory? 

The US EIA estimates carbon dioxide 

emissions by fuel source and end-users 

for each state from 1980 through 2015.  

This data serves as the basis for some of 

the analyses of Connecticut’s energy 

consumption and GHG emissions in this 

report whenever an historical series or 

more recent measure is required.  

Otherwise, the report relies on 

Connecticut’s updated GHG emissions 

inventory values and targets. 

 

http://www.ct.gov/deep/cwp/view.asp?a=4423&q=568752
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Although slightly different from the Connecticut emissions inventory,14 the U.S. EIA 

estimates for 2015 can be used to provide insights into the relative magnitude of 

potential emissions sources in order to effectively target reductions and realize 

Connecticut’s goals.  

2.2. Connecticut Energy Consumption and Emissions 

Connecticut’s primary energy source is petroleum. Transportation is the second largest 

consumer of energy in Connecticut, followed by residential, commercial and industrial 

end-users, all of whom use oil and other petroleum products for space heating.  

 

Residential customers are the largest non-transportation user of petroleum as a direct 

fuel source, consuming more than 17 times the amount used by the power sector.  

Converting residential and commercial customers from oil to gas-heating and other 

efficiency investments provides a multiplier effect on carbon emissions due to 

reductions in wasted energy (see section 3.2.4). 

 

The electricity sector is the largest consumer of energy in Connecticut, with the two 

primary sources of fuel being natural gas and nuclear power.  Connecticut’s in-states 

generation has very little fuel diversity; coal, petroleum and renewables (including 

biomass) are limited to less than 10 percent of Connecticut’s energy consumption 

(Figure 1).  ISO-NE’s fuel mix is more diverse with a higher carbon content.15 

 

                                                      

 
14 Connecticut includes emissions from waste and agriculture.  In addition, Connecticut’s values for industry usage 

are double that of the EIA’s value in 2013.  Residential, commercial and transportation are nearly the same. 

15 Using Connecticut’s consumption accounting approach would show more diversity as the broader regional fuel 

mix would be reflected as 43 percent natural gas, 23 percent nuclear, 8 percent renewable, 6 percent hydroelectricity, 

2 percent coal, less than 1 percent oil, and 17 percent imports.  ISO-NE Resource Mix, 2016.   
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Figure 1: Connecticut 2015 Energy Consumption by Fuel Source and Sector  

 
 

Source:  Energyzt analysis of EIA data on Connecticut energy consumption. Colors and format 

correspond to a Sankey diagram developed by the Lawrence Livermore National 

Laboratory for consistency.  For end-user losses the same assumptions were used:  65% 

efficiency for Residential and Commercial; 80% efficiency for Industrial and 21% 

efficiency for transportation (equivalent to an average of 20 mpg).  A 2015 chart for 

Connecticut was not available at their website, but an analysis for earlier years for 

Connecticut and the United States can be obtained for comparison: 

 Lawrence Livermore National Lab., https://flowcharts.llnl.gov/commodities/energy  

 

Around 60 percent of energy burned in Connecticut is estimated to be lost through 

conversion losses, inefficiencies and waste heat. 

 

A substantial amount of energy is wasted in both the electricity and transportation 

sectors due to losses associated with converting the fuel source into usable energy – 
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around 60 percent of total energy burned.16   Finding ways to minimize these losses 

through efficiency improvements or conservation at the end-user level has a multiplier 

effect that creates a much larger benefit for energy consumption and GHG emissions 

more generally.    

 

Figure 2: Connecticut 2015 GHG Emissions by Fuel Source and Sector17  

 
Source:  Energyzt analysis of EIA data on Connecticut GHG emissions and energy consumption.  

*  Waste and agriculture added in based on Connecticut 2013 Inventory levels.   

** Industry carbon adjusted to reflect Connecticut 2013 Inventory levels; carbon content 

of electricity imports and exports modified to reflect import of system resource mix 

(747 lb/MWh per ISO-NE) and export of lower carbon content electricity (470 lb/MWh 

due to 45% Nuclear). End-user losses based on Lawrence Livermore National 

Laboratory assumption for Connecticut 2014. 

                                                      

 
16 For purposes of consistency, this report adopts the assumptions used by Lawrence Livermore Laboratories in 

developing their 2014 Sankey diagram for Connecticut.  Actual energy losses may be higher or lower, but reflect the 

fact that a large portion of energy is wasted through the course of the conversion and delivery processes. 

17 EIA, GHG emissions for Connecticut: https://www.eia.gov/environment/emissions/state  
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The same type of diagram can be used to translate Connecticut’s sources of GHG 

emissions in a manner that is consistent with the energy consumption flows (Figure 2).  

Petroleum and natural gas are the primary sources of emissions in Connecticut, with 

the bulk of emissions associated with transportation and energy end-users.  

 

The export of relative low emissions generation into the ISO-NE pool in exchange for 

the system mix increases Connecticut’s carbon emissions by around 2.2 million MT CO2 

/ year.18  For consistency with the Connecticut’s carbon inventory, this incremental 

amount of emissions is assigned to industrial users.  Waste and agriculture are included 

as well based on the Connecticut 2013 inventory.  

 

Connecticut’s GHG emissions come primarily from transportation and residential 

end-users; electricity production contributes around one-quarter of total emissions. 

 

According to both the Connecticut inventories and the EIA GHG emissions estimates, 

Connecticut reached its lowest levels of carbon emissions in 2012. 

 

The decline in GHG emissions is a result of a conversion to natural gas by electricity 

generators and residential/commercial end-users due to declines in natural gas prices 

and competitive energy markets (Figure 3).   

 

The electricity sector represents the largest source of GHG reductions in Connecticut 

since 1990 – declining by 14 percent using Connecticut’s consumption accounting 

method and 38 percent using generation accounting method.19  Between 2012 and 2015, 

however, Connecticut’s GHG emissions increased.20 The primary culprit appears to be 

                                                      

 
18 ISO-NE reports average emissions from the system mix in 2015 as 747 lb/MWh. “2015 ISO New England 

Electric Generator Air Emissions Report.” ISO New England Inc., System Planning, January 2017, Table 1-1, p. 2. 

19 ISO-NE calculates that carbon emissions from electricity production has declined by 30 percent between 2001 and 

2016.  ISO-NE, “2015 ISO New England Electric Generator Air Emissions Report,” 1/5/2016. 

20 The Acadia Center, “Updated Greenhouse Gas Emissions Inventory for Connecticut Recent Increases and 

Underlying Factors,” June 13, 2016. 
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the transportation sector; falling oil prices at the end of 2014 made gasoline cheaper and 

driver miles increased, emitting higher levels of carbon.  In addition, the state started to 

experience economic growth which corresponded to an increase in energy consumption 

and higher carbon emissions in the system mix.21 

 

Figure 3: Connecticut Historical GHG Emissions by Fuel Source  

 

 
Source:  EIA, Connecticut Carbon Dioxide Emissions from Fossil Fuel Consumption, 

https://www.eia.gov/environment/emissions/state/ 

 

Connecticut achieved its lowest GHG emissions levels in 2012 followed by an uptick 

due to market forces tied to changes in energy commodity prices. 

 

Unfortunately, there is no updated projection as to what business as usual would mean 

for Connecticut’s 2020 goals. With the implementation of a number of programs to 

procure renewable energy via bilateral agreements and accounting for renewable 

                                                      

 
21 Ibid., pp. 3-5. 
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energy credits to meet the 20 percent RPS requirement by 2020, GHG emissions should 

decline.   

 

There also are other factors that should 

reduce Connecticut’s emissions. ISO-

NE’s average carbon emissions 

declined by 5 percent between 2015 

and 2016 following a long-term trend 

of falling by around 1.7 percentage 

points each year for the past 15 years 

which should continue as more 

efficient gas-fired generation comes 

online.22  ISO-NE also projects 

significant behind-the-meter solar and 

energy efficiency growth for 

Connecticut.23   

 

On the other hand, market forces 

outside of Connecticut’s control such 

as increased driving miles, a growing 

economy and cold weather snaps that 

increase consumption of natural gas and fuel oil, may cause Connecticut’s GHG 

emissions profile to trend away from its goals.  If the case, it would be best for 

Connecticut to address the factors that are causing carbon emissions increases directly. 

 

                                                      

 
22 ISO New England, “2016 ISO New England Electric Generator Air Emissions Report,” For Public Comment, 

January 2017.  The decline from 747 lb/MWh to 710 lb/MWh will decrease Connecticut’s emissions by 0.3 million MT 

CO2 / year. 

23 The 2016 CELT Report includes energy from behind-the-meter solar PV generation in Connecticut of 145 GWh; the 

2017 CELT Report projects energy from behind-the-meter PV generation in Connecticut in 2022 at 1,054 GWh.  This 

increase of 909 GWh equates to more than a 0.45 million MT CO2 / year offset.  

Challenges to Connecticut’s  

Progress in Meeting 2020 Targets 

Information from Connecticut is limited for 

purposes of assessing Millstone’s relevance to 

2020: 

1) Moving Targets: 2020 emissions 

reductions goals have been a moving 

target due to methodology changes. 

2) Outdated Data:  Connecticut has not 

published an updated carbon inventory 

since 2013 making it difficult to know 

where the state’s emissions currently are. 

3) No Trajectory:  Connecticut has not 

published a projection of whether its 

current programs will meet the 2020 goals.   

 

This report uses publicly-available data from 

disparate sources to address these challenges. 
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Simply contracting with Millstone to be able to declare zero emissions would be an 

expensive and ineffective investment.     

 

Entering into an out-of-market contract with Millstone to be able to declare zero 

emissions would an ineffective investment in meeting Connecticut’s longer term goals.  

In order to meet its 2020 targets, Connecticut requires directed action that extends 

beyond acquisition of zero-emissions generation resources to address the underlying 

source of emissions increases.  

 

In order to meet its 2020 targets, Connecticut requires directed action that addresses 

the underlying source of emissions increases. 

 

3. 2020 Targets – Achievable with and without Millstone 

According to Connecticut’s carbon inventory metrics, carbon emissions have not fallen 

below 2020 target levels and increased following its lowest levels in 2012.  The U.S. EIA 

inventory indicates a similar pattern, with Connecticut’s emissions increasing since 

2012.  Although an updated estimate is not available, it would appear that Connecticut 

may need to reduce its emissions levels by around 3.5 million MT CO2 / year according 

to DEEP’s 2013 inventory, or by around 5.1 million MT/year if adjusted for the increase 

in EIA reported emissions between 2013 and 2015. 

 

Based on the most recent inventory numbers, Connecticut may be short of meeting its 

2020 goals by 3.5 to 5.1 million MT CO2 / year. 

 

Dominion has claimed that another challenge to Connecticut’s achievement of its 2020 

emissions target is the potential retirement of the Millstone Nuclear Power Plant and 

has asked for out-of-market support for its Millstone units via state-sanctioned contracts 

with regulated electric utilities in Connecticut.  
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A number of analyses have indicated that Millstone is very profitable and does not 

require out-of-market support.24  In addition, Millstone is committed to operate through 

2022, and would have to pay nearly $1 billion to exit from its obligations to ISO-NE.25 

Beyond 2022, independent price projections indicate that Millstone will be very 

profitable through at least 2035.26  From a financial perspective, every study currently in 

the public domain indicates that Millstone is not at risk of retirement for economic 

reasons before or after 2020.  

  

That said, Dominion has threatened retirement and raised the concern that the 

Millstone units are critical to Connecticut meeting its 2020 carbon emission reduction 

targets.  Two questions need to be addressed in order to understand the implications of 

the potential for Millstone’s early retirement: 

 

1. Impact: What would be the impact of an early Millstone retirement on 

Connecticut’s GHG emissions; and  

 

2. Other Approaches: What options are available to Connecticut to realize its short-

term, interim and long-term GHG reduction targets? 

 

The answers to both of these questions are addressed in more detail below.  The 

conclusion is that Connecticut is able to meet its 2020 targets with or without Millstone 

while furthering investment in the technologies required to achieve its 2050 targets.  

 

Even under the hypothetical scenario of a Millstone retirement after 2022, 

Connecticut is able to meet its 2020 targets in a cost-effective manner. 

 

                                                      

 
24 See Levitan & Associates (December 2017), NESCOE (2017), MIT Study (March 2017), Energyzt Advisors, LLC. 

(April 2017).  

25 Energy Advisors, LLC (October 2017). 

26 See Analysis Group presentation on behalf of Dominion Resources, January 2017 for energy price projections above 

$40/MWh and ISO-NE energy and capacity projections performed by Concentric Energy Advisors as part of the ISO-

NE Net Cone proceedings. 
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If Connecticut still is concerned about a Millstone early retirement or simply wants to 

contract for zero-emissions resources to offset its consumption-based GHG emissions 

inventory, there are better, more effective, market-based solutions that would help to 

support zero-emissions resources and other GHG reduction programs, while allowing 

the market to pursue the most cost-effective means of achieving Connecticut’s 2050 

goals.   

3.1. Impact of a Hypothetical Millstone Retirement 

A number of studies have been performed which estimate the impact of a hypothetical 

Millstone retirement on GHG emissions. 

 

Sue Tierney of the Analysis Group 

testified in January 2017 that retirement of 

Millstone would increase GHG emissions 

in Connecticut by 2.2 million MT of CO2 / 

year.27 This number was referenced again 

by State Representative Kathleen M. 

McCarty, representative of the 38th district 

which includes Waterford, CT where 

Millstone is located, on September 13, 2017 

in a letter requesting approval of a bill to 

provide out-of-market support to 

Millstone.28   

 

Around the same time as the Analysis 

Group’s presentation, the Nuclear Energy 

Institute estimated that Millstone displaces 

                                                      

 
27 Sue Tierney, Analysis Group, “Millstone Power Station: Supporting Connecticut’s clean and efficient electricity 

goals,” Presentation to the Connecticut General Assembly Committee on Energy and Technology, January 24, 2017, 

p. 10. 

28 Letter from Kathleen M. McCarty to Hon Joseph Aresimowicz, 30th HD and Hon Matthew Ritter, 1st HD Speaker 

of the House of Representatives Re: Dominion, September 13, 2017. 

Understanding the Question Being 

Asked and Answered 

The Analysis Group report illustrates the 

importance of understanding what 

question is being answered in an 

economic study.  Although the 

presentation to the Connecticut General 

Assembly examines the scenario where 

Millstone retires, projected energy prices 

with Millstone are more than enough to 

support Millstone’s continued 

profitability in the post-2022 period (see 

Analysis Group Presentation, page 8).  

Therefore, a scenario of an early Millstone 

retirement is financially inconsistent with 

the rest of the analysis. 
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8.3 million MT CO2 / year.29  However, this value represents total emissions displaced 

in New England versus Connecticut.  Allocating a share of this regional displacement to 

Connecticut based on the share of Connecticut’s consumption versus New England’s 

total net load yields a value of around 2.0 million MT CO2 / year.30  Therefore, the net 

impact on Connecticut’s GHG emissions inventory if Millstone were to retire would be 

between 2 and 2.2 MT of CO2 / year. 

 

The net impact of a hypothetical Millstone retirement on Connecticut’s GHG 

emissions between 2016 and 2030 would be between 2 and 2.2 million MT of CO2 / 

year, declining over time as more efficient units come online.  

3.2. Carbon Reductions Available before 2022 

An increase of around 2 MT of CO2 / year represents around a 5 percent increase in 

Connecticut’s GHG emissions levels based on DEEP’s 2013 inventory totals of 41 

million MT of CO2.  Replacing Millstone with existing or new zero emissions renewable 

resources that have lower capacity factors, such as solar or wind, would be difficult and 

expensive to do within a five-year time.31  Fortunately, Connecticut has many other 

opportunities that are cost-effective and move Connecticut towards its 2050 targets. 

 

                                                      

 
29 NEI, “Economic Impacts of the Millstone Power Station: An Analysis by the Nuclear Energy Institute,” January 

2017, p. 4. 

30 This allocation method is consistent with the consumption-based methodology applied by Connecticut in 

calculating GHG emissions from the electricity sector.  The calculation uses 2016 values reported by the U.S. EIA: 

Connecticut Electricity Consumption:  28,931,087 MWh 

New England Electricity Consumption: 117,801,602 

Ratio of Connecticut to New England = 24.56% 

Allocation of GHG emissions to Connecticut = 24.56% x 8.3 million MT = 2.038 million MT 

Source:  U.S. EIA, https://www.eia.gov/electricity/data/state/ 

31 For example, the Analysis Group estimated replacing Millstone’s output with 7,000 MW of onshore wind would 

cost $12 - $15 billion and more than double that cost for 5,000 of offshore wind, Analysis Group Presentation, January 

24, 2017, p. 12. A representative from Brookfield has publicly noted that these values overstate the costs and do not 

represent what it would cost to replace Millstone with existing renewable resources. 

https://www.eia.gov/electricity/data/state/
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Figure 4 summarizes the source of near-term GHG emissions reductions. Each of these 

potential carbon emission reductions is briefly described in more detail below. 

Appendix B provides additional details and the calculations underlying amount of 

potential carbon emissions reductions available from each approach over the next five 

years.32 

 

Figure 4: Potential GHG Emissions Reductions Available by 2022 

 

Resource CO2 Reductions  

(million MT CO2 / year) 

ISO-NE System Carbon Decline 

Realization of 20% RPS by 2020 

  BTM Solar PV 

  Utility-Scale RFP 

Fuel Efficiency Standards 

0.3 – 0.6 

 

0.4 - 0.5 

1.0 - 1.5 

1.1 – 1.3 

Renewable Resources 

  Hydroelectric Resources 

  Pumped Hydro Paired w/ Renewables       

  Existing Pumped Hydro Stand-Alone 

 

1.5 – 2.9 

0.3 – 0.5 

0.2 – 0.3 

Demand Response/Energy Efficiency 0.8 – 1.6 

Renewable Thermal Technologies 

  Residential in CT 

  Commercial in CT 

 

0.6 – 2.4 

0.7 – 1.2 

District Heating 0.2 – 0.5 

Electric Vehicles 0.3 – 0.6 

TOTAL 7.4 – 13.9 

 

A number of Connecticut agencies and stakeholders have performed studies that 

examine the potential for GHG emissions reductions levels available from investments 

in different aspects of Connecticut’s energy ecosystem.  Drawing on these studies, as 

                                                      

 
32 The analysis focuses on the next five years given Millstone’s existing commitments to remain operational through 

2022.  As Millstone will not retire before 2022, Connecticut has five years to replace Millstone’s carbon benefits.  

Many of these approaches could be hastened to achieve Connecticut’s 2020 targets. 
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well as our own estimates, indicates that there is at least 7 million MT of CO2 

reductions readily available that can be achieved by 2022 if not before, generally in a 

cost-effective manner.  Most of those could be implemented by 2020 if Connecticut were 

to start investing immediately. 

 

At least 7 million MT of CO2 emission reductions are readily available that can be 

achieved by 2022 if not before, generally in a cost-effective manner.   

 

Furthermore, investment in these solutions in the near-term provides an ongoing return 

that moves Connecticut down the path of realizing its 2050 carbon reduction goals.  In 

contrast, the proposal to provide out-of-market year-by-year payments to Millstone 

either 1) are not needed and therefore provide no return; or 2) according to Dominion, 

are needed and may continue to be so indefinitely as investments in other carbon 

reduction initiatives continue to reduce electricity market prices.  Investments in the 

many of the approaches create a sustainable and ongoing achievement of GHG 

reductions over the long-term. 

 

Each of the available sources of carbon reductions by 2022 is described in more detail 

below. 

 

3.2.1. System Changes 

There are a number of external factors that impact whether Connecticut will be 

prepared to achieve its 2020 goals.  Among these include changes to ISO-NE’s system 

mix and realization of Connecticut state programs geared towards renewables. 

• ISO-NE System Carbon Decline:  For the past 15 years, New England’s average 

carbon intensity has been declining.  Between 2015 and 2016, average carbon 

intensity declined from 747 to 710 lbs/MWh, reducing Connecticut’s carbon 

intensity under the consumption-based accounting methodology by 0.3 – 0.6 

million MT CO2 / year. 

 

• Behind-the-Meter Solar PV:  ISO-NE builds distributed generation into its 

projections as an offset to load.  In the 2017 CELT report, ISO-NE provides the 

projected values of solar production (in MWh) by state.  Under these projections 

between 2020 and 2022, estimated emissions reductions would be 0.4 – 0.5 
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million MTs CO2 / year compared to 2015 levels. 

 

• Utility Scale RFP:  Connecticut is part of the tri-state RFP to solicit utility-scale 

renewable resources that meet its RPS Tier I requirements.  To this end, around 

525 MW of baseload renewables would completely replace the carbon emissions 

increase associated with a Millstone retirement.  Connecticut’s procurement of 

large renewable resources will generate emissions reductions of between 1.0 to 

1.5 million MT CO2 / year. 

 

• Vehicle Efficiency Standards:  The U.S. automobile fleet is undergoing a 

transformation motivated, in part, by national efficiency standards.  Higher 

standards will increase miles per gallon and reduce carbon emissions per mile 

driven.  A significant deadline is coming in 2020.  Many automobile 

manufacturers already are achieving those standards.  Converting the  average 

automobile efficiency from an estimated 25 mpg in 2016 to 30 mpg by 2020 will 

save Connecticut around 1.1 to 1.3 million MT CO2 / year.  

 

Estimated GHG Reductions:  2.8 – 3.9 million MT CO2 / year 

 

Therefore, existing programs already in place will mitigate most of the potential 

increases in GHG emissions identified in the uptick between 2013 and 2015. 

 

3.2.2. Renewable Resources 

Another immediate solution to meeting Connecticut’s 2020 targets is to contract for 

under-utilized assets from other parts of New England or outside of ISO-NE.  By 

purchasing renewable resources that cannot be claimed twice – either through the 

purchase of GIS certificates, renewable energy credits, or clean energy RFPs – 

Connecticut could offset the GHG emissions impact of losing Millstone from its 

electricity portfolio at close to market prices.   

 

Specific examples of such resources include the following: 

 

• Existing Renewables: Given the short time frame, it could be difficult and 

expensive to ensure new renewables are built and transmitted to Connecticut 
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(either physically or financially).  To this end, there are a number of existing 

baseload hydroelectric resources available in New York, Québec and other parts 

of New England for which the GIS attributes could be purchased separately from 

the markets for energy, providing a premium to those resources that have zero 

emissions and provide Connecticut with the ability to claim credit for the 

emissions associated with those electrons -- a zero emissions credit (“ZEC”) 

program. 

 

The limitation on this approach is that it does not allow other, non-generation 

technologies to compete to find the best emissions reductions across sectors.    

 

• Storage Paired with Off-peak Renewables:  By pairing pumped hydro or 

another storage solution with off-peak renewable resources, Connecticut could 

ensure credit for zero emissions while utilizing that energy during high priced 

hours or when Connecticut’s highest carbon emitting resources would otherwise 

be dispatched.  

 

• Pumped Storage Hydro:  Pumped storage projects on a stand-alone basis also 

generate carbon reductions.  Peak/off-peak pricing differentials displace higher 

carbon-emitting units with lower carbon resources, resulting in GHG reductions 

below what Connecticut could otherwise achieve.   

 

Existing baseload hydroelectric resources and other existing zero-emissions resources 

also provide competitive options when compared with a sole-sourced contract.   
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Estimated GHG Reductions: 

 

Source Low High 

NE Hydro 0.2 0.6 

NY Hydro 0.8 1.7 

Canadian Hydro 0.3 0.7 

Paired Pumped Storage 0.3 0.5 

Stand-alone Pumped Storage 0.2 0.3 

TOTAL 2.0 3.8 

 

Estimated Cost:  To be determined. 

 

3.2.3. Demand Response/Energy Efficiency 

Historically, investments in demand response and energy efficiency pay for themselves.  

This trend will be likely to continue as technology improves on the groundbreaking 

innovations already under way that automates and communicates energy management 

procedures with end-users.  In-home displays and automated thermostats also have 

been found to be extremely effective in reducing consumption and therefore GHG 

emissions. 

 

Similarly, energy efficiency investments in electricity load other than space heating also 

provide a high impact result.  By decreasing consumption at the end-user level, 

Connecticut achieves a multiplier effect because wasted energy that counts towards 

emissions also is mitigated.  Given the estimated share of rejected energy in Connecticut 

of 60 percent, every 1 MWh saved at the end-user level can reduce system-wide 

emissions up to 2.5 MWh of energy. 

 

Estimated GHG Reductions:  0.8 – 1.6 million MT CO2 / year 

 

Estimated Cost: Pays for itself at the end-user level; investment required by Connecticut 

to raise awareness, educate and implement.   
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3.2.4. Renewable Thermal Technologies 

Over 60 percent of the energy used in residential and commercial buildings is used for 

space heating and cooling. Converting from fossil fuels to renewable thermal 

technologies (RTTs) in heating and cooling buildings, as well as in heating industrial 

processes, has the potential to substantially contribute to the state’s statutory target of 

reducing GHG emissions. 

 

A thorough study of the potential for RTTs already has been performed through the CT 

Energize initiative.33  The study quantified the amount of GHG emissions reductions 

that are immediately available in Connecticut for residential and commercial customers, 

as well as through 2050.  According to this study, Connecticut’s investment in 

renewable thermal technologies alone could serve as an immediate offset to higher 

GHG emissions that could result from an early Millstone retirement. 

 

RTT investments are included in Connecticut’s RPS requirements as a Tier III resources.  

These investments are so cost-effective that the category supporting these types of 

investments was oversubscribed.  

  

Estimated GHG Reductions: 

 

Source Low High 

Residential RTTs 0.6 2.4 

Commercial RTTs 0.7 1.2 

TOTAL 1.3 3.6 

 

Estimated Cost:  Positive net monetized benefits. 

 

                                                      

 
33 “Feasibility of Renewable Thermal Technologies In Connecticut Market Potential,” Helle Gronte et. al., March 2017, 

http://www.ct.gov/deep/lib/deep/climatechange/fortt_market_potential.pdf   

http://www.ct.gov/deep/lib/deep/climatechange/fortt_market_potential.pdf
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3.2.5. District Heating 

District heating has a long history in Connecticut and is incentivized under a number of 

state laws.34  As defined by state statute, district heating and cooling systems link offsite 

generation sources to many buildings and provide thermal energy in the form of hot 

water, chilled water or steam. The benefits of district heating/cooling systems include 

recovery and use of energy that otherwise would be wasted, therefore increasing 

efficiency and displacing the need for incremental GHG emissions from fossil fuel 

resources.  Existing districts can be expanded and new systems can be developed.  They 

also can make use of municipal solid waste incineration, thereby reducing Connecticut’s 

GHG emissions from waste. 

 

The draft 2017 Comprehensive Energy Strategy recognized that Connecticut already has 

experience with district heating and several state laws on the matter.  Therefore, DEEP 

recommended further evaluation of the potential for promoting district heating 

statewide.  With district heating, Connecticut would be able to reduce its total GHG 

emissions as it would receive only a portion of the incremental emissions generated by 

the new unit under the consumption accounting method while receiving the entirety of 

the end-user energy consumption reductions. 

 

Estimated GHG Reductions: 0.25 – 0.5 

 

Estimated Cost:  To be determined, but likely to pay for itself in monetized benefits. 

 

3.2.6. Electric Vehicles 

As transportation is the largest source of GHG emissions, one of the most promising 

approaches for reducing CO2 emissions in Connecticut is the transportation sector. 

Between 2015 and 2020, the most significant impact on emissions from vehicles is likely 

to be increased fuel efficiency. 

 

                                                      

 
34 Mary Fitzpatrick, Office of Legislative Research, Research Report, “District Heating and Cooling Systems,” 2016-R-

0289, November 16, 2016. 
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GHG reductions also can be achieved by replacing petroleum fuels such as gasoline and 

diesel used in passenger cars and light duty vehicles with alternative fuel sources such 

as electrically powered electric vehicles (EVs) and plug-in hybrid vehicles (PHEVs).  

Given New England’s current electricity resource mix, a hybrid can save 52.5 percent of 

GHG emissions compared to a gasoline-fired vehicle; all-electric vehicles can save 73.3 

percent.35  As the mix becomes a more significant portion of low or zero-emissions 

resources, these savings will increase.  Electric vehicles, in effect, provide a multiplier 

effect for investment in renewable resources. 

 

A variety of electric vehicles are on the market and available to reduce GHG emissions 

in the near term.36  Starting in 2018, the variety and number of electric vehicles available 

for sale in Connecticut are expected to increase.  To date, however, federal and state 

incentives appear to have had relatively little effect on creating a fleet of alternative-fuel 

vehicles in Connecticut.  According to Auto Alliance, in 2016 there were only 1,792 EVs 

and 1,483 PHEVs registered in Connecticut out of a total of 1.5 million registered 

passenger automobiles – less than 0.2% penetration rate.37   Clearly there is huge upside 

potential. 

 

The challenge in the mid-term is realizing enough conversion to make a difference.  

Remaining at the same relative level with respect to national projections would achieve 

only 30,000 electric vehicles by 2020 (around 1% penetration) and around 95,000 by 2025 

(3% penetration).  Unless Connecticut triples its relative position with respect to U.S. 

projections, it will not be anywhere near its interim goals and will not be able to meet its 

2050 goals of 75 percent electrification of its vehicle fleet by 2050. 

 

Focusing on investing in electric vehicles now is critical. 

 

                                                      

 
35 Union of Concerned Scientists,  https://www.ucsusa.org/clean-vehicles/electric-vehicles/ev-emissions-

tool#z/02025/_/_/_  

36Edmunds Auto Database,  https://www.edmunds.com/hybrid 

37 Auto Alliance 

https://www.ucsusa.org/clean-vehicles/electric-vehicles/ev-emissions-tool#z/02025/_/_/_
https://www.ucsusa.org/clean-vehicles/electric-vehicles/ev-emissions-tool#z/02025/_/_/_
https://www.edmunds.com/hybrid/
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For every 1% penetration rate in passenger vehicles, there is approximately 0.1 million 

MT/CO2 / year of savings.  Assuming the average national vehicle age of 10 to 20 years, 

that equates to 1 to 2 million MT CO2 over the car’s average lifespan.  As more vehicles 

come online, the impact multiplies.  We assume that Connecticut will pursue aggressive 

goals consistent with its 2050 targets. 

 

Estimated GHG Reductions: 0.3 – 0.6 million MT CO2 / year 

 

Estimated Cost:  The cost will depend on the level of subsidies that Connecticut is willing 

to provide.  Compared to the anticipated annual subsidies to Millstone which are in the 

hundreds of millions of dollars, the $5 million cap for electric vehicles seems paltry by 

comparison. 

 

3.2.7. Other 

The discussion of available options does not even begin to address the dramatic 

changes in technology that is occurring and which promises to provide solutions in the 

near future.  A few categories that may provide Connecticut with additional 

opportunities to reduce carbon emissions before 2022 include the following: 

 

1) Biofuels that extend Connecticut’s previous investments into new areas of 

production and processing 

2) Energy storage solutions such as batteries and distributed solutions 

3) Fuel cells  

4) European innovations in realizing exergy as part of district heating and heat 

pump technology 

 

In the longer term, disruptive energy technologies may hasten achievement of 

Connecticut’s 2050 targets. 

 

The reality is, however, that Connecticut may not be able to cost-effectively meet its 

2050 goals with today’s technologies.  The interaction between solutions creates a set of 

moderating feedback loops that could make realization of Connecticut’s 2050 goals too 

costly for it to be politically palatable.   For example, moving towards electric vehicles 
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could reduce oil prices to a point where the standard combustion automobile is 

substantially more competitive than electric vehicles.  Improving energy efficiency 

could reach a point where lower demand decreases the price for electricity to the point 

where energy efficiency is not cost-effective anymore.   

 

Although policies can attempt to stage the investments in a logical way, they will not be 

as effective as a market price signal to motivate innovation and development of the new 

technologies required for Connecticut to meet its 2050 goals. 

 

3.3. Economic Benefits from Available Approaches 

In addition to progressing Connecticut towards its 2050 goals, the carbon reduction 

resources described above generate many of the other benefits touted in support of out-

of-market payments to Millstone:  

 

• Lower electricity market prices – energy, capacity and ancillary services – as 

demand decreases, zero marginal cost supply increases, and more cost-effective 

resources can be deployed to ensure grid reliability and resiliency.  

 

• New Jobs associated with businesses that will implement the new technologies 

and processes. 

 

• Economic development as new industries develop in Connecticut. 

 

• Efficiency wealth increases associated with the value generated by less waste. 

 

Figure 5 summarizes how each approach provides these economic benefits. 

 

In order to do a like-for-like comparison with the other benefits that Millstone offers 

Connecticut, the value of these non-carbon emission reduction benefits that the 

approaches offer also should be considered.  If they can be achieved at a lower cost, 

then they should be pursued instead of out-of-market support to Millstone.  Making 
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this determination, however, is difficult without a market price signal that reflects the 

cost of carbon.   

 

Any assessment of Millstone’s value should be compared to the total value of other 

approaches which already may pay for themselves and yet offer many of the same 

economic and price reduction benefits analyzed for Millstone. 

 

Figure 5: Other Benefits Associated with Carbon Reduction Approaches 

 

 Additional Benefits 

Resource Lower 

Electricity 

Prices 

Improved 

Efficiency 

New Jobs / 

Economic 

Development 

Renewable Resources 

  Hydroelectric Resources 

  Pumped Hydro Paired w/ Renewables       

  Existing Pumped Hydro Stand-Alone 

 

√ 

 

√ 

 

 

Demand Response/Energy Efficiency √ √ √ 
Renewable Thermal Technologies 

  Residential in CT 

  Commercial in CT 

 

√ 

 

√ 

 

√ 

District Heating √ √ √ 

Electric Vehicles  √ √ 
 

3.4. Market-based Solutions 

Although each of the immediate carbon reduction solutions were discussed on a stand-

alone basis, it is important to recognize that they are interrelated.  In particular, 

providing state support to one solution (i.e., picking winners and losers) not only 

disrupts competitive market forces, but also can make support for another solution 

more expensive.  This is illustrated in the following chart, which shows how investment 

in any of the carbon reduction pathways identified in the draft 2017 Comprehensive 
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Energy Strategy would impact the level of support that theoretically would be required 

by Millstone as a result of the corresponding change in energy and capacity market 

prices (Figure 6). 

 

Figure 6: Impact of Other Carbon Reduction Approaches on Millstone 

 

Resource Impact on Energy 

or Capacity Market 

Prices 

Impact on Support 

“Required” by 

Millstone 

Renewable Resources 
 

 

 

Demand Response/Energy Efficiency 
 

 

 

Renewable Thermal Technologies 
 

 

 

District Heating 
 

 

 

Electric Vehicles 
 

 

 

 

These impacts could challenge Millstone.  A recent MIT study determined three 

primary factors driving the deteriorating financial conditions at nuclear power plants in 

PJM:38 

 

(1) Decreasing Natural Gas Prices: Declines in natural gas prices. 

 

(2) Renewables: Growth in wind energy generation in Western PJM. 

 

(3) Flat Load Growth: Stagnant electricity demand, a small but statistically 

significant factor. 

                                                      

 
38  Jesse D. Jenkins, “What’s Killing Nuclear Power in US Electricity Markets? Drivers of Wholesale Price Declines at 

Nuclear Generators in the PJM Interconnection,” CEEPR WP 2018-001, January 2018. 
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Each of these same factors are going to accelerate in Connecticut as more renewables 

come line, demand for natural gas falls as generators are displaced by renewables and 

more efficient end-users, and electricity load remains flat or declines due to energy 

efficiency and renewable thermal technologies.  Although the shift to electric vehicles 

would offset some of these factors by increasing demand for electricity, it would not be 

enough in flat supply curve dominated by zero marginal cost renewable resources.   

 

Therefore, most of the recommendations in the 2017 Comprehensive Energy Strategy 

will only serve to make Millstone less profitable, thereby requiring even more support 

over time to keep the plant operable.  Millstone will become an ongoing drain of 

financial resources under Connecticut’s proposed approach to provide out-of-market 

support to Millstone while achieving its 2050 goals. Connecticut’s approach to 

supporting individual solutions through disparate programs as opposed to setting a 

price for carbon and letting the markets determine the most effective solution will have 

similar consequences.   

 

In the absence of a price for carbon, under Connecticut’s proposed approach to 

provide out-of-market support to Millstone while working towards its 2050 targets, 

Millstone will become an ongoing drain of financial resources. 

 

Supporting any one solution has an economic impact on the other solutions.  It is 

impossible for a central authority to optimize across these solutions.  Establishing 

certain levels of support across solutions will prove to be either overly or under-

effective depending on how the other solutions are responding to their incentives.  The 

networked aspects of GHG emissions in Connecticut mean that there will be positive 

and negative feedback loops with the system interacting in ways that will decrease the 

effectiveness of policy programs and increase costs to Connecticut ratepayers and 

taxpayers. 

 

Markets offer a better solution: set a price for carbon or establish a tradeable property 

right for a targeted quantity of GHG emissions.  Connecticut already participates in 

such an approach through the Regional Greenhouse Gas Initiative (RGGI).  By applying 
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a carbon price on a system-wide basis, a price signal can allocate resources to their best 

use.  Setting a high enough carbon price on a regional basis, however, can be fraught 

with political challenges.39  That said, there are ways to send an appropriate price signal 

while mitigating the impact on carbon consumers. 

 

If Connecticut does pursue a market-based approach, there are a number of ways to 

price or set the quantity for carbon outside of RGGI or in a manner that minimizes 

disruption and ensures a smooth path to GHG reductions.40  Although developing such 

a program is outside the scope of this report, there are three important design 

requirements: 

 

1) Place a price on carbon: By placing a price on carbon, an otherwise unpriced 

externality can be incorporated into production and consumption decisions.  As 

each technology has different implementation costs and carbon intensity, pricing 

carbon and letting the market choose is the easiest way to ensure the most 

efficient and cost-effective outcome. Placing a price on carbon can be achieved by 

either (1) setting the price and letting the quantity of GHG reductions occur in 

accordance with that price, or (2) setting the quantity of GHG emissions allowed 

through tradable permits and letting the market set the price. 

 

2) Include all sectors: Instead of focusing on only the electricity sector, which has 

limited opportunity for GHG reductions, Connecticut should extend the market-

based approach to all carbon emitting sectors. 

 

3) Be Agnostic as to Technology: Instead of choosing a single zero emissions 

technology winner, such as renewables or nuclear, Connecticut should be 

agnostic as to technology and allow all of the possible approaches compete to 

decrease GHG emissions according to the carbon price and competing 

                                                      

 
39 These challenges were clearly identified during the ISO-NE IMAPP process. 

40 A number of potential approaches were presented as part of ISO-NE’s IMAPP process.  Although these proposals 

were focused on the electricity market only, the concepts could be extended to a Connecticut-based program to 

allocate resources to investments in GHG Reductions most effectively. 



 

 

Achieving Connecticut’s Carbon Emissions Reduction Targets  

A Preliminary Assessment of Available Approaches 

Page 30 

 

 

Copyright © 2018 Energyzt Advisors, LLC  All Rights Reserved 

investment costs. 

 

As part of discussions on Integrating Markets and Public Policy (IMAPP), the states 

were against including a carbon price adder on electricity because it seemed to offer 

higher costs for consumers without enough reduction in GHG emissions.  This position 

had merit given the relatively clean electricity supply mix in New England, system-

wide cost, and the potential limitations on how that price would effectuate change.  By 

applying a carbon price to all sectors, however, capital has more choice, innovation has 

more latitude and the market will set the mix of solutions in the most efficient way.  

4. 2021 – 2035 – Interim Goals 

Interim goals are important for achieving longer-term targets.  To this end, Governor 

Malloy’s Council on Climate Change is developing a path for meeting the state’s GHG 

emissions reduction target by 2050.  This is particularly important as the generation 

mix, energy management technology, equipment efficiency and commodity markets 

will have to change dramatically over the next thirty years for Connecticut to reach its 

goals.   

 

Interim goals also are important because Millstone’s licenses are due to expire prior to 

2050 – Unit 2 is licensed to 2035 and Unit 3 is licensed to 2045.  Even if a second license 

extension is obtained, rising nuclear industry costs may render Millstone uneconomic at 

some point in the future.41  Furthermore, even if industry operating costs are kept in 

check, a major safety issue or major capital expenditure may hasten retirement, as it did 

at Vermont Yankee and Pilgrim.   

 

The Millstone units are only 14 feet above sea level, and as sea levels rise, will be at risk 

of storm surges, potentially requiring investment in a sea wall or other protective 

measures to counter the impacts of global warming (Figure 7).  

                                                      

 
41 At this point, Millstone is projected to be “very profitable” through 2035 per the Levitan & Associates analysis.  As 

the U.S. nuclear industry ages and plants retire, companies that currently manufacture replacement parts are likely to 

scale back, causing parts to become more expensive.  For example, Westinghouse, a major provided of nuclear plant 

equipment, has declared bankruptcy.  
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Figure 7: Millstone Elevation Above Sea Level42 

 

 
Source:  Huffington post 

 

At some point, the Millstone units will retire and will no longer be available to provide 

zero emissions energy to Connecticut to enable the state to reach its long-term carbon 

reduction targets.  Connecticut should plan for this eventuality and consider the 

benefits of interim support of an asset that may become economically or technologically 

obsolete prior to 2050. 

4.1. Illustration of Interim Targets 

Connecticut already has studied what would be required starting by 2020 and every 

decade thereafter to meet 2050 targets.43  Applying a simple linear reduction and 

assuming carbon reduction targets are achieved in 2020, GHG emissions would have to 

decline by a little more than 1 million MT per year between 2020 and 2050 to achieve 

Connecticut’s long-term goals.  By 2035, GHG emissions will have to be 15.3 million MT 

below 2020 levels in order to be midway to the state’s 2050 targeted levels.44  

 

                                                      

 
42 Shane Shifflett and Kate Sheppard, “How Rising Seas Could Sink Nuclear Plants on the East Coast,” Huffington 

Post, 05/19/2014 10:07 am ET Updated Dec 06, 2017. 

43 For example, the Council’s meeting in September 2016 provides an insightful analysis on what would be required 

to achieve 35%, 45% and 55% of 2050 goals by 2030. “Meeting of the Governor’s Council on Climate Change (GC3),” 

September 8, 2016. 

44 This assumption is closest to the 35% scenario by 2030 analyzed by the Council. 
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This interim goal still requires a dramatic decline from 2001 and 2013 carbon inventory 

levels, as illustrated in Figure 8. 

 

Figure 8: 2035 Interim Target Levels using Linear Reductions 

 

 
 

Source:  Energyzt Illustration of Two Potential Interim 2035 Targets based on linear reduction 

from DEEP 2001 Carbon Inventory 

 

By 2035, GHG emissions will have to be 15.3 million MT CO2 below 2020 levels in 

order to be midway to the state’s 2050 targeted levels.   

 

The first 2035 interim scenario represents proportional reductions from all carbon 

emitters from 2013 levels.  This requires a 48 percent reduction in GHG emissions from 

each sector from 2001 levels. 

 

The second 2035 interim scenario represents 100 percent zero emissions electricity 

generation using a combination of renewable resources and storage.  The automobile 

fleet transitions to a point where 60 percent are all-electric vehicles, consuming zero 
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emissions electricity.  GHG emissions are held constant at the residential, commercial, 

industrial, waste and agricultural sectors with 2013 levels. 

 

In order to meet either of these interim scenarios in the next 17 years, investment needs 

to begin now.  The average age of vehicles on U.S. roads in 2016 was 11.6 years, 

according to the Bureau of Transportation Statistics.45  As long-lived assets, it takes a 

significant amount of time to convert gasoline-fueled vehicles to electric vehicles.   

 

Similarly, it will take decades to transition Connecticut’s fossil-fuel generators to an all-

renewable or zero-emission fleet.  Although energy efficiency investments and 

renewable thermal technologies for heating have a shorter implementation timeframe, 

education and a large-scale roll-out takes planning and execution.  Delaying 

implementation or deploying limited resources to support a solution that may not be 

available in 2050 will make it more difficult for Connecticut to achieve its long-term 

carbon reduction targets.   

4.2. Establishing a Price for Carbon 

Transition towards interim goals should aim to convert the units within each sector that 

tackles the carbon emitters whose emissions can be reduced most cost-effectively.  The 

best way to convert the marginal units is to set a price signal and let the market decide 

which investments represent a positive return. 

 

To this end, there are a number of market-based solutions that can help to achieve 

Connecticut’s interim goals: 

 

                                                      

 
45 Department of Transportation, 

https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_statistics/html/table_01_

26.html_mfd  

https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_statistics/html/table_01_26.html_mfd
https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_statistics/html/table_01_26.html_mfd
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1) Connecticut-wide Carbon Price Adder – establish an economy-wide price for 

carbon in Connecticut with a separate exchange to increase the cost of 

production for all carbon emitters across the state.  This carbon tax will send a 

price signal so that the higher carbon emitters are more expensive and have an 

incentive to invest in a variety of carbon reduction processes and technologies 

across Connecticut. Any carbon pricing plan must account for GHG reductions 

already required by existing regimes (e.g., RGGI).   

 

2) Participation in a Broader Exchange – Aside from RGGI, Connecticut can 

participate in a broader exchange that incorporates transportation and energy 

end-users (via their utilities) as well as generators.  Furthermore, a regional 

approach to valuing carbon would help shield Connecticut’s economy from 

consequences that may occur if the state acted alone. 

 

In all cases, the goal is to establish a price for carbon across all sectors that allows for the 

most cost-effective solutions to be implemented through market forces, thereby 

removing the state’s determination of which technologies will lower emission resources 

in the most effective manner.  

5. 2050 – New Technologies and Processes Required 

Reducing GHG emissions by 80 percent below levels in 2001 requires a disruptive 

technological shift in Connecticut’s energy production and usage that incorporates a 

number of changes to existing patterns in electricity production, building consumptions 

and transportation fuels.   

 

As Figure 9 illustrates, the 2050 target would require the equivalent of: 1) zero GHG 

emissions from the electricity sector; 2) zero GHG emissions from the transportation 

sector; and 3) 55 percent reduction in emissions by residential, commercial and 

industrial end-users.  Note the importance of electrification of transportation.  Although 

there are other combinations that would achieve Connecticut’s 2050 goals, this simple 

example illustrates the magnitude of the changes that are required over the next three 

decades to meet the state’s legislative mandates. 

 



 

 

Achieving Connecticut’s Carbon Emissions Reduction Targets  

A Preliminary Assessment of Available Approaches 

Page 35 

 

 

Copyright © 2018 Energyzt Advisors, LLC  All Rights Reserved 

Figure 9: Historical GHG Emissions by Sector vs. 2050 Targets 

  

 
 

Source:  EIA, Connecticut Carbon Dioxide Emissions from Fossil Fuel Consumption, 

https://www.eia.gov/environment/emissions/state/ 

 

Applying today’s technologies, energy efficiency, zero-emissions generation and 

conversion to electric vehicles will be critical to achieving Connecticut’s 2050 goals. On 

the residential side, energy efficiency and conservation, along with zero-emission 

distributed generation and efficient fuel cells, will be an important part of the transition 

as integration of these technologies has shorter lead-times and has a multiplier effect on 

GHG emissions reductions given the reduction in wasted energy those approaches 

create. Using markets to effectuate these changes will ensure the most cost-effective 

transition, private sector investment in new technologies and less risk that ratepayers 

will be burdened with stranded costs associated with obsolete equipment. 

 

Achieving 2050 targets requires a transformation of energy consumption in 

Connecticut that must address transportation, buildings and electricity production. 
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Even if one or more of the Millstone units were to remain operational beyond sixty 

years and through 2050, which the current licenses do not allow and could be 

economically infeasible, an 80 percent reduction in GHG emissions from 2001 levels still 

requires dramatic declines in emissions from the electricity sector, transportation and 

end-users.  Implementing these changes will take two to three decades, requiring a shift 

in technology and investment to start occurring now. 

 

Achieving this transition while growing the economy creates even more of a challenge. 

Achieving an 80 reduction from 2001 levels is a substantial commitment that requires 

carbon reduction from all sectors: 

 

• Transportation - conversion to lower carbon fuels 

 

• Buildings - improved efficiency in energy usage and processes in the residential, 

commercial and industrial sectors 

 

• Electricity sector - movement towards zero emitting resources such as 

renewables 

 

At the same time, a number of technological innovations and improvements already are 

underway in the areas of: 

 

• Electric vehicles 

• Space heating 

• Waste heat recovery 

• Energy management 

• Energy efficiency 

• Demand response 

• Distributed generation 

• Utility-scale renewables 

• Energy storage 

• District Heating 

• Automation and artificial intelligence 



 

 

Achieving Connecticut’s Carbon Emissions Reduction Targets  

A Preliminary Assessment of Available Approaches 

Page 37 

 

 

Copyright © 2018 Energyzt Advisors, LLC  All Rights Reserved 

 

Whether using Connecticut DEEP’s carbon inventory or the EIA GHG emissions levels, 

Connecticut achieved a 16 percent reduction from 2001 levels in 2013.  These reductions 

in Connecticut’s GHG emissions occurred due to market forces – a reduction in natural 

gas prices and opening energy markets to competition which allowed for a transition to 

lower cost and lower carbon emitting natural gas.  

 

Harnessing market forces again can help Connecticut to achieve its goals in 2050. 

 

Connecticut did not mandate a transition to natural gas, did not subsidize natural gas, 

and did not sanction utility investment in natural gas-fired generation to achieve lower 

emissions.  Market prices motivated that transition and private investors deployed the 

capital to make it happen.  Harnessing market forces again can help Connecticut to 

achieve its goals in 2050. 

6. Conclusion 

The State of Connecticut should be lauded for its efforts to reduce its GHG emissions.  

The focus on achieving targets that were established in 2008, when natural gas prices 

were at an all-time high, coal plants were being built, and nuclear looked like it would 

experience a renaissance, is impressive.  At that time, energy prices were high enough 

that renewable resources could be built and financed as merchant plants.  Existing coal 

and nuclear plants were incredibly profitable and were not planning on retiring any 

time soon; new units were being built.   

 

Two months after Connecticut’s General Assembly approved the GWSA, natural gas 

prices reached their height and crashed due to increasing supply from natural gas shale 

production. Around the same time, the U.S. and worldwide economy entered into a 

very deep recession, a recession that would take nearly a decade for the country to 

recover while leaving parts of the country behind. Four years after passing the GWSA, 

with minimal policy intervention, Connecticut’s GHG emissions had declined to their 

2020 target levels, primarily as a result of conversion to natural gas and economic 
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decline.46  Today, natural gas prices continue to be at low levels, renewable resources 

require federal and state support to be built, a number of coal plants have retired for 

economic reasons, and previously profitable infra-marginal units are being challenged 

by low market prices as a surplus of natural gas manipulates the price-responsive 

electricity sector to displace non-natural gas-fired generation. Coal plants have been 

displaced; nuclear units around the country are being challenged. 

 

Millstone is an exception.  Numerous studies have shown that the plant is profitable – 

perhaps the most profitable nuclear plant in the United States.  Independent price 

projections indicate that Millstone will continue to be profitable in the future.  Yet 

Dominion is requesting additional support by the state, now arguing that only by 

keeping Millstone operational can Connecticut meet its carbon reduction goals in 2020. 

 

The conclusions regarding Millstone’s role in meeting Connecticut’s GHG emissions 

targets is unsupported.  Dominion’s own experts and nuclear industry association 

indicate that a Millstone closure will increase Connecticut’s GHG emissions by only 2 

million MT CO2 / year – only 5 percent of Connecticut’s GHG emissions per DEEP’s 

2013 inventory.  Even if Millstone were to retire early, which for a number of reasons 

will not occur before 2022, there are a number of cost-effective investments that 

Connecticut can make today to more than offset this possible 5 percent increase in 

emissions.  Furthermore, these investment opportunities will jumpstart Connecticut 

towards achieving the transformation required to achieve its 2050 carbon reduction 

goals. 

 

Millstone currently is not in a position to assist Connecticut in meeting its 2050 targets.  

Millstone 2 is not licensed to assist Connecticut in meeting its 2035 interim targets, as its 

current license expires that year. Millstone 3 is not licensed to operate beyond 2045.  

Although a license extension is possible, there are a number of risks -- including rising 

ocean levels due to global warming -- that would prevent Millstone from operating as a 

zero-emission resource to help Connecticut meet its long-term goals. 

                                                      

 
46 Jim Powell, “How Did Rich Connecticut Morph Into One of America’s Worst Performing Economies?” Forbes 

Magazine, August 1, 2013,  
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Achieving 2050 target levels requires a certain level of investment to be made in the 

near-term.  The role of Millstone in meeting Connecticut’s 2050 targets is unclear.  There 

are a number of ways to begin achieving carbon emission reductions today that serve as 

an investment in the sustainable solutions required 30 years into the future.   These 

options also offer lower electricity prices, lower gas prices, increased job creation, 

economic development of new industries and wealth creation through increased 

efficiencies.   

 

If market-based support is to be provided to Millstone in recognition of its zero 

emissions characteristics, that support should be built into a market price for carbon 

that allows other technologies and other sectors to receive the same benefit. Enabling 

the market to find the most cost-effective solution across multiple sectors with 

competing technologies will allow Connecticut to meet its 2050 goals most efficiently. 
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APPENDIX B 

Technical Appendix:  

Calculation of GHG Reductions Available by 2022 
 

 

There are a number of potential carbon reducing options available to Connecticut.  All 

have a reasonable level of reductions that can be available within five years by the 

earliest that Millstone would retire given its capacity supply obligations to ISO-NE.  

Most could be implemented, at some level, by 2020 if Connecticut engaged in 

immediate pursuit of the actions required to ensure those reductions are realized. 

 

This appendix describes the calculations and source documents underlying estimates 

of how much would be available to Connecticut by 20221 using the following 

approaches to GHG emissions reductions: 

1. Renewable Resources 

2. Demand Response/Energy Efficiency 

3. Renewable Thermal Technologies 

4. District Heating 

5. Electric Vehicles 

This analysis incorporates real-world constraints when they exist.  However, 

Connecticut’s ability to set policy and execute on that policy within the next few years 

is not considered a constraint. 

B.1 Renewable Resources 

There are a number of zero emissions renewable resources that are available, but 

unutilized, to replace Millstone if the plant retires.  Ideally, such resources would be 

subject to a carbon price program to be able to compete against other sectors. The 

basis for the estimates of the amount available is described below. 

 

                                                      

 
1 The year 2022 is used as the target because that is the earliest that Millstone would retire given its capacity 

supply obligations to ISO-NE and failure to submit a retirement bid for the 2021/22 Forward Capacity Market 

auctions. 
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B.1.1 Existing Renewables 

Connecticut has a renewable portfolio standard (RPS) equal to 20% by 2020.  The Tier 

I RPS includes run-of-river hydroelectric facilities less than 30 MW that began 

operations after July 1, 2003.  Otherwise, hydroelectric generation is not eligible to 

meet Connecticut’s RPS requirements.  

 

There are a number of existing baseload hydroelectric facilities within New England 

and surrounding jurisdictions that are not eligible for the RPS, but provide zero-

emissions resources that could replace Millstone.  These resources could come from: 

 

• New England 

• New York 

• Canada 

 

Under conservative assumptions, total renewable resources available for delivery by 

2022 or earlier totals at least 1.5 to 2.9 million MT CO2 / year, adjusted to net out the 

portion of these carbon emissions for which Connecticut already is receiving credit 

from the ISO-NE resource mix (Figure B-1). 

 

Figure B-1:  Total GHG Reductions from Existing Hydro Opportunities 

 

 (Million MT CO2 / Year) 

Source Low High Net of CT Share of  

ISO-NE Mix 

NE Hydro 0.37 0.75 0.28 - 0.56 

NY Hydro 0.83 1.66 0.83 – 1.66 

Canadian Hydro 0.46 0.91 0.35 – 0.68 

TOTAL 1.66 3.32 1.46 - 2.90 
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New England 

ISO-NE reports that hydroelectric facilities produced nearly 7,500 GWh in 

2016.2  If Connecticut purchased the attributes associated with 10 to 20 percent 

of that hydroelectric energy, it could displace an incremental amount of 0.3 – 

0.6 million MT CO2 / year.   

 

Calculation:  

7,465 GWh Hydro in ISO-NE x 0.1 = 746 GWh 

7,465 GWh Hydro in ISO-NE x 0.2 = 1,492 GWh 

 

Millstone output in 2016 = 16,575 GWh per FERC Form 923 data 

 

Millstone already receives credit through the ISO-NE mix for around 25, 

allowing for 75 percent to be incremental. 

 

Estimated GHG Reductions:  

Ratio of Hydro / 2016 Millstone output x 8.3 MMT x 0.75 incremental =  

10%:    0.28 million MT CO2 / year 

 20%:  0.56 million MT CO2 / year 

 

As a cross-check and cost estimate, TransCanada recently sold its 584 MW 

hydroelectric portfolio to ArcLight for over $1.065 billion.3  That portfolio 

produced 1,231 GWh in 2016.4   Assuming a 20-year remaining life on the 

assets, this equates to a purchase price of $43.25 / MWh on an undiscounted 

basis.   

 

                                                      

 
2 ISO-NE, Resource Mix, 2016. 

3 “ArcLight to buy TransCanada’s hydro portfolio for over $1 billion,” 11/2/2016, ArcLight Press Release. 

4 EIA Form 923, 2016.  
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New York 

Brookfield Renewables has publicly indicated that it could replace 20 percent 

of Millstone’s capacity (i.e., 420 MW) with hydroelectric power from its 

hydroelectric facilities located in New York.5  This level of commitment would 

recover around 80 percent of the GHG Reductions associated with the portion 

of Millstone’s capacity that Connecticut currently receives credit for under the 

consumption accounting methodology. 

 

Estimated GHG Reductions:  

Total GHG emissions Millstone displaces = 8.3 million MT C02/year per NEI    

20% x 8.3 = 1.66 million MT CO2 / year  

 

Canadian Imports 

There is a substantial amount of Canadian Hydro that is imported into New 

England each year through a total intertie capacity of 2,300 MW.  In 2015, 

Canada sold 18.2 TWh into New England, nearly all hydroelectricity, using 

around 90 percent of the intertie capacity.6    

 

If the attributes from only 10 to 15 percent of those imports could be purchased 

(roughly half of Connecticut’s current share of Canadian Hydro from the ISO-

NE resource mix), Connecticut would receive credit for 0.4 – 0.7 million TWh 

CO2 / year. 

 

                                                      

 
5 Benjamin Kail, “Hydro firm says regulators inflate potential costs of Millstone closure,” The Day, December 22, 

2017, quoting Michael Cuzzi of Brookfield Renewable. 

6 Government of Canada, National Energy Board, “2015 Electricity Exports and Imports Summary,” 

https://www.neb-one.gc.ca/nrg/sttstc/lctrct/stt/lctrctysmmr/2015/smmry2015-eng.html 
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Estimated GHG Reductions: 

Total Canadian Imports into New England = 18,200,000 MWh 

10% of imports:  1,820,000 MWh 

15% of imports:  2,730,000 MWh 

 

Incremental share that Connecticut does not already receive from ISO-NE mix  

= 0.75 

 

Ratio of Hydro / 2016 Millstone output x 8.3 MMT x 0.75 Incremental =  

10%:    0.35 million MT CO2 / year 

 15%:  0.68 million MT CO2 / year 

  

Estimated Cost:  To be determined 

 

B.1.2 Storage Paired with Off-peak Renewables 

By pairing pumped hydro or another storage solution with off-peak renewable 

resources, Connecticut could ensure credit for zero emissions while utilizing that 

energy during high priced hours or when Connecticut’s highest carbon emitting 

resources would otherwise be dispatched.  

 

Northfield Mountain Pumped Storage Project is the largest pumped storage facility in 

New England.7  Located in Central Massachusetts on the Connecticut River, 

Northfield consists of four units with a total nameplate capacity of 1,143 MW.8  In 

2016, the plant had a capacity factor of around 40% for the 8 prime peak hours per 

weekday.9  Utilizing he unused capacity would provide incremental renewable 

resources to Connecticut and New England. 

 

                                                      

 
7 First Light Power Resources, http://www.northfieldrelicensing.com/Pages/Northfield.aspx  

8 EIA Form 923 2016. 

9 Calculated using EIA Form 923 data for 2016. 

http://www.northfieldrelicensing.com/Pages/Northfield.aspx
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On behalf of the owner of Northfield, Energyzt quantified the various value 

propositions that 500 MW of peak production from Northfield could provide, 

including GHG emissions reductions on a stand-alone basis or paired with zero-

emissions renewable resources during off-peak hours.10  The analysis used three 

different approaches to estimate potential net GHG emissions reductions, establishing 

a range on a stand-alone basis (i.e., if the electrical fuel souand if paired with 

renewables (i.e., renewable resources provided the off-peak pumping power ensuring 

zero emissions associated with the fuel versus the ISO-NE resource mix).   

 

Estimated GHG Reductions:  

When paired with renewables, potential reductions =   

0.3 – 0.5 million MT C02 / year 

 

Estimated Cost: To be determined. 

 

B.1.3 Pumped Hydro Storage Paired with Off-peak Renewables 

In addition to Northfield, ISO-NE includes a second pumped storage facility – Bear 

Swamp, a 600 MW facility located in Northern Massachusetts, jointly owned by 

Emera and Brookfield.11  Bear Swamp sells into the ISO-NE market.  In 2016, Bear 

Swamp produced energy for around one-third of the eight prime peak weekday 

hours. Utilizing the unused capacity would provide incremental GHG emissions 

reductions to Connecticut. 

 

As with Northfield, Bear Swamp sells into the ISO-NE market when peak/off-peak 

pricing differentials are sufficiently high to ensure a profit.  There are times when 

Bear Swamp remains underutilized. to would displace higher carbon-emitting units 

with lower carbon resources, resulting in GHG Reductions below what Connecticut 

                                                      

 
10 Energyzt Advisors, LLC, “Report: Northfield Mountain Pumped Storage Project: Assessment of Value 

Propositions,” prepared for First Light Power Resources, Inc., October 2017. 

11 Emera, http://www.emeraenergy.com/en/home/assets/pumped-storage.aspx  

http://www.emeraenergy.com/en/home/assets/pumped-storage.aspx
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could otherwise achieve.  In addition, using the consumption accounting approach, 

Connecticut only receives around 25 percent of the credit for emissions generated by 

Bear Swamp.  Utilizing Bear Swamp on a stand-alone basis for its currently unused 

capacity would provide incremental GHG reductions and increase Connecticut’s 

allocated GHG Reductions. 

 

Energyzt has not done a detailed analysis of the value propositions offered by Bear 

Swamp.  In order to estimate the potential GHG emissions that could be displaced by 

Bear Swamp on a stand-alone basis, we increase the results from the Northfield 

analysis by 20 percent to reflect the larger size of Bear Swamp versus the 500 MW 

analyzed for Northfield.  In addition, a reduction was made to adjusted for the 25 

percent credit that Connecticut receives roughly 33 percent of the time when Bear 

Swamp does operate so as to not double count those emissions reductions. 

 

Estimated GHG Reductions: 

Northfield 500 MW carbon displacement on a stand-alone basis:  

0.15 – 0.25 million MT C02 / year under normal conditions 

Up to 0.3 million MT C02 / year under extreme winter conditions  

 

1.2 x Northfield results x 0.33 x 0.25 adjustment  

= 0.15 -  0.25 million MT CO2 / year 

 

It is important to note that these values are conservative because the analysis 

optimized daily dispatch according to the wholesale market price.  If dispatch had 

been optimized to maximize GHG emissions reductions, the potential impact would 

be higher.   

 

Estimated Cost: To be determined. 

 

B.2 Demand Response/Energy Efficiency 

Investments in demand response and energy efficiency often pay for themselves.  

This is especially the case with burgeoning technology that automates and 
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communicates energy management procedures with end-users.   

 

Primary types of demand-side management (“DSM”) programs include interruptible 

and specially designed rates.  A number of studies have examined the impact of 

variable pricing programs and customer response to price signals in curbing peak 

demand. 

 

• 2009 FERC Study:12 A study performed for FERC to assess the potential for 

demand response by state estimated that Connecticut could achieve 1,369 MW 

to 2,458 MW of peak demand reduction by 2019, most of which would come 

from large commercial and industrial customers.  This would reduce peak load 

by up to 28.9%, significantly decreasing ISO-NE demand charges to 

Connecticut utilities while reducing electricity consumption during periods of 

highest emission levels.   

 

• 2012 Analysis of CL&P Customers: A 2012 analysis performed by Connecticut 

Light & Power indicated that a 10% increase in hourly price resulted in a 1% 

reduction in hourly demand.13   

 

Reducing Connecticut end-user demand for electricity and natural gas through such a 

program would decrease GHG emissions as accounted for using the consumption 

methodology as well as Connecticut’s share of system-wide emissions. 

 

In-home displays and automated thermostats also have been found to be extremely 

effective in reducing consumption and therefore GHG emissions.  A 2011 Brattle 

                                                      

 
12 Brattle Group; Freeman, Sullivan & Co.; Global Energy Partners, LLC, “A National Assessment of Demand 

Response Potential,” Staff Report, Federal Energy Regulatory Commission, June 2009,  

https://www.ferc.gov/legal/staff-reports/06-09-demand-response.pdf  

13 David Adam Suzenski, “Price Response in Connecticut Light & Power’s Variable Peak Pricing Option,” May 

2012, Masters project submitted in partial fulfillment of the requirement for the Master of Environmental 

Management degree in the Nicholas School of the Environment at Duke University. 

https://www.ferc.gov/legal/staff-reports/06-09-demand-response.pdf
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study found that the potential for energy efficiency over a 10-year period ranged from 

5 percent to 15 percent, with high levels of engagement by residential and commercial 

customers.14   

 

ISO-NE produces and annually updates a long-range forecast of energy efficiency 

savings for the region and for each state. The forecast includes long-term savings in 

peak and energy use for the region and for each state stemming from state-sponsored 

energy-efficiency programs. Examples of EE measures include the use of more 

efficient lighting, motors, refrigeration, HVAC equipment, control systems, and 

industrial process equipment.   

 

In the 2017 CELT, ISO-NE projects an incremental 4,080 GWh of energy efficiency 

from Connecticut given its expenditures and programs between 2015 and 2030, with 

most of that coming online before 2020.15   

 

4,080 GWh is approximately 25% of Millstone’s total output.  Multiplying this by 8.3 

million MT CO2 / year would generate the entirety of the GHG emissions that 

Millstone currently displaces for Connecticut. 

 

This value, however, includes both energy efficiency from lighting as well as heat.  It 

therefore needs to be adjusted to reflect assumptions about the installation of 

renewable thermal technologies (see section B.3).  Around 60 percent of total 

residential and commercial demand is for heating. To be conservative, we apply an 

adjustment of 40 percent to the ISO-NE estimated energy efficiency projections to 

reflect the portion tied to non-heating investments. 

 

                                                      

 
14 Ahmad Faruqui, PhD, Peter Fox-Penner, PhD, “Energy Efficiency and Utility Demand‐

Side Management  Programs,” Prepared for The World Bank, July 14, 2011, p. 34. 

15 ISO-New England, 2017 Celt Report.  See also,  
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This represents the low end of what would be achievable under existing programs.  If 

Connecticut were to double its efforts in realizing non-heating energy efficiency, 

around 1.6 million MT CO2 / year of reductions could be achieved. 

 

Estimated GHG Reductions:  

ISO-NE projections of incremental energy efficiency between 2015 and 2020  

= 4,080 GWh x 0.4 = 1,632 GWh  

 

1,632 GWh / 16,575 GWh Millstone output = 0.1  

0.1 x 8.3 = 0.83 million MT CO2 / year = ISO-NE Base Case 

 

Increased effort by Connecticut could yield 1.6 million MT CO2 / year 

 

B.3 Renewable Thermal Technologies 

A March 2017 study supported by the Connecticut Green Bank, Yale University, 

United Illuminating and Eversource through the CT Energize initiative examined the 

potential for renewable thermal technologies in Connecticut (“The RTT Study”).16  

The study quantified the amount of GHG emissions reductions that are immediately 

available in Connecticut for residential and commercial customers, as well as through 

2050.   

 

According to the RTT Study, “replacement of standard gas and fuel oil boilers with 

highly efficient gas boilers represents one of the cheapest means to reduce GHG 

emissions today.”17  Although this approach is not sufficient to reach 2050 targets, 

there are immediate savings that can be achieved to meet 2020 goals.  Connecticut’s 

investment in renewable thermal technologies alone could serve as an immediate 

offset to higher GHG emissions resulting from an early Millstone retirement.   

                                                      

 
16 “Feasibility of Renewable Thermal Technologies In Connecticut Market Potential,” Helle Gronte et. al., March 

2017, http://www.ct.gov/deep/lib/deep/climatechange/fortt_market_potential.pdf   

17 Ibid., p. 62. 

http://www.ct.gov/deep/lib/deep/climatechange/fortt_market_potential.pdf
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The RTT Study estimates GHG emissions reductions through the application of 

different combinations of thermal technologies that assume the current electric grid 

mix (denoted with an “a”): 

 

Scenario 1a:  Competitive RTTs have priority 

Scenario 2a:  Efficient natural gas boilers replace less efficient boilers 

Scenario 3a: Competitive RTTs have priority, CSHPs replace fuel oil, efficient gas 

boilers replace standard boilers. 

 

The scenarios noted with a “b” assume the same thermal technology implementation 

with a 75% renewable electricity mix by 2050 (i.e., GHG emission factor of 0.075 

kgCO2e/kWh). 

 

As the second largest emitter of carbon in Connecticut, the residential sector emits an 

estimated 9.1 million tons CO2 / year using energy sources to deliver thermal service.  

As illustrated in Figure B-2, a copy of a chart presented in the study, implementing 

financially feasible investments in renewable thermal technologies for residential end-

users today could “bring an immediate reduction of 0.6 million tons CO2e per year” 

while installing efficient gas boilers could realize an additional 2.4 million tons CO2 / 

year.18  Assuming these values as immediate GHG Reductions available in the event 

of a Millstone retirement is conservative as additional savings would be available 

over the next five years as the program continues to be implemented.   

 

                                                      

 
18 Ibid., Figure 23, p. 60. 
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Figure B-2:  Immediate RTT Emissions Savings Available from Residential 

 
 Source: Helle Gronte et. al., March 2017, Figure 23.   

 

The commercial sector emits an estimated 3.5 million tons CO2 / year using energy 

sources to deliver thermal service.  Potential savings for commercial customers that 

are financially viable, currently unrealized and could be implemented immediately 

range from 0.7 million tons to 1.25 million tons if the focus included replacement of 

existing, inefficient fuel oil and gas boilers with heat pumps and more efficient 

natural gas boilers (see Figure B-3).19 

 

 

                                                      

 
19 Ibid., Figure 24, p. 62. 
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Figure B-3:  RTT Emissions Reductions – Commercial Customers  

 
 Source: Helle Gronte et. al., March 2017, Figure 24.   

 

A key criticism of the above approach is that the investment locks in reliance on fossil 

fuels for home heating.  That said, immediate reductions and a transition measure as 

new technologies and innovations in distributed generation make immediate 

implementation of these investments worth consideration. 

 

Another consideration is that fuel price behavior has a large impact on the degree to 

which renewable thermal technologies fare relative to conventional thermal 

technologies.  Therefore, a subsidy program will become increasingly expensive as 

renewable integration occurs and energy efficiency is implemented as both will serve 

to decrease demand for natural gas and therefore fuel prices. With lower fuel prices 

and less volatility, there will less incentive to invest in renewable thermal 

technologies over time.  To this end, Connecticut should consider implementing RTT 

subsidies at the beginning of the transition and/or incorporate a carbon price into fuel 
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costs so as to internalize the externality and let the market choose between the most 

cost-effective approaches dynamically as the relative economics change.  

 

Estimated GHG Reductions 

RTT Reductions available by 2022:  

Residential Consumers:  0.6 – 2.4 million MT CO2e/year 

Commercial Consumers:  0.7 – 1.2 million MT CO2e/year 

 

 

B.4 District Heating/Cooling 

District heating/cooling systems provide an efficient use of many different forms of 

energy, energy efficiency, and energy recovery systems to provide heating and/or 

cooling services to high density areas (Figure B-4).   

 

Figure B-4: Illustration of District Heating/Cooling 

 

 

 Source: Cumbria Fact Sheet 

In general, a district energy system uses central fuel cells, waste to energy and other 

technologies to produce steam, hot water and/or chilled water, which are piped 
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underground to customer buildings. Customers then use district energy for space 

heating/cooling needs and hot water.  Benefits of district heating/cooling systems 

include recovery and use of energy that otherwise would be wasted, therefore 

increasing efficiency and displacing the need for incremental carbon emissions from 

fossil fuel resources. For example, district heating can improve the efficiency of a 

simple thermal power station from 20 to 35 percent efficient to a total efficiency that 

can exceed 100 percent.20 

 

District heating has a long history in Connecticut and is defined and incentivized 

under a number of state laws.21   

• PA 15-5, June Special Session, requires gas companies to create an incentive 

program for certain systems. 

• PA 13-116, allows the commercial property assessed clean energy (C-PACE) to 

include district heating and cooling systems. 

• PA 09-15, authorizes the state's purchase of the capitol area system in Hartford.  

The electricity output of waste to energy facilities in Connecticut is considered a Class 

II renewable energy source under Connecticut’s RPS standard, whereas combined 

heat and power systems and waste heat recovery systems are Class III.   

In January 2017, Committee Bill No. 6304 enabled DEEP to study the potential for 

new district heating networks in the state, including an assessment of expanding or 

augmenting the existing waste to energy facilities in Connecticut to realize the 

benefits of district heating technologies: 

                                                      

 
20 Waste to Energy CHP: Amager Bakke Copenhagen.  

21 Mary Fitzpatrick, Office of Legislative Research,  

Research Report, “District Heating and Cooling Systems,” 2016-R-0289, November 16, 2016. 

https://www.cga.ct.gov/asp/cgabillstatus/CGAbillstatus.asp?selBillType=Bill&bill_num=1502&which_year=2015
https://www.cga.ct.gov/asp/cgabillstatus/cgabillstatus.asp?selBillType=Public+Act&which_year=2013&bill_num=116
https://www.cga.ct.gov/asp/cgabillstatus/cgabillstatus.asp?selBillType=Public+Act&which_year=2009&bill_num=15
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• Covanta Hartford  

• Covanta Preston 

• The Wheelabrator Bridgeport 

The study would assess the advantages and disadvantages of retrofitting these plants 

to provide district heating to their surrounding areas. 

 

Without the benefit of that study, or anything specific to Connecticut’s potential 

opportunities in district heating, it is difficult to assess the level of potential carbon 

emissions reductions that are available to the state of Connecticut in the near-term 

with certainty.  However, an engineering study performed in 2007 as part of a PhD 

thesis analyzed three waste to energy facilities in Connecticut and concluded the 

following:22 

 

• Bridgeport: “This preliminary analysis showed that the DH system at 

Bridgeport holds considerable promise and should be examined further by 

Wheelabrator Technologies.” 

 

• Hartford: “The Hartford WTE plant may be modified to provide both heat and 

electricity because Hartford city already have the infrastructure for district 

heating and cooling system. In addition, the South End district heating system 

is located very close to Hartford WTE, less than three kilometers. Therefore, 

Hartford WTE should consider seriously increasing its overall efficiency and 

revenues by co-generating heat and electricity.” 

 

• Preston: “The Preston DH network will be difficult to implement due to low 

density of housing units and heating demand.” 

 

                                                      

 
22 Priscilla Ulloa, “Potential for Combined Heat and Power and District Heating and Cooling from Waste-to-

Energy Facilities in the U.S. – Learning from the Danish Experience,” May 2007, p. 50.  
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To this end, the state has just selected a $229 million proposal to redevelop the 

Hartford waste to trash facility.  Design and construction of the new facility would 

take three years, being available by 2021.23  Ideally, the new technology will include 

efficiency savings and some form of district heating benefits. 

 

In order to estimate potential benefits from a heat district investment in Connecticut, 

two different approaches are applied: 

 

1) Hartford WTE Improvements 

2) Waste carbon emissions mitigation 

 

Hartford WTE Improvements 

The Hartford waste to energy facility currently provides enough energy for 35,000 

homes or 315.84 GWh based on an average Connecticut residential usage rate of 752 

kWh/month.24  If efficiency improved by 2 to 3 times, as with the Danish experience in 

Amager Bakke Copenhagen, carbon emissions would be reduced by the following 

amount: 

 

Estimated GHG Reductions – Approach 1 – Hartford WTE Upgrade 

Formula:  MWh Equivalent / MWh Millstone Output x Millstone reduction 

 

2 x efficiency: 315.84 GWh / 16,500 GWh x 8.3 = 0.16 

3 x efficiency:   631.68 GWh / 16,500 GWh x 8.3 = 0.32  

 

Result:  Estimated savings of 0.16 – 0.32 million MT CO2 / year  

 

 

                                                      

 
23 Matt Pilon, “Out of State partnership chosen to redevelop Hartford waste to energy plant,” Hartford 

Business.com, January 2, 2018. 

24 Electricity Choice, “How Much Electricity on Average Do Homes in Your State Use? (Ranked by State),” October 

15, 2015, https://www.electricchoice.com/blog/electricity-on-average-do-homes/  

https://www.electricchoice.com/blog/electricity-on-average-do-homes/
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Waste Carbon Emissions Mitigation 

Based on Connecticut’s 2013 inventory, waste facilities generated 2.4 million MT CO2 

/ year – primarily the result of burning. This category represents the largest increase 

between 1990 and 2013 – a 60 percent increase from 1.5 million MT CO2 / year.  

Applying mitigation technologies to reverse one-quarter to half of this increase would 

result in carbon emissions reductions of 0.25 to 0.45 million MT CO2 / year. 

 

Estimated GHG Reductions – Approach 2 – Waste Carbon Emissions Mitigation 

Mitigation of Increased Waste Emissions = % reduction x change in emissions 

 

25% Reduction: 0.25 x 0.9 = 0.23 

50% Reduction: 0.50 x 0.9 = 0.45 

 

Result:  Estimated savings of 0.23 – 0.45 million MT CO2 / year  

 

A total estimated savings of 0.25 – 0.5 is conservative.  This assessment only looks at 

one potential site and does not take into account potential improvements in the 

Hartford heating district that could come from additional investment and/or 

expansion. Clearly, district heating is of interest to Connecticut and DEEP is in the 

process of assessing the opportunities. 

 

Estimated Costs:  As costs are very specific, they are still to be determined.  However, 

such investments should pay for themselves with the increased efficiency and sales of 

steam, heat and other byproducts. 

 

B.5 Electric Vehicles 

As transportation is the largest source of GHG emissions, one of the most promising 

opportunities for reducing CO2 emissions in Connecticut is the transportation sector. 

GHG Reductions can be achieved by replacing petroleum fuels such as gasoline and 

diesel used in passenger cars and light duty vehicles with alternative fuel sources 

such as electrically powered electric vehicles (EVs) and plug-in hybrid vehicles 

(PHEVs).   
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Plug-in electric vehicles have ranges now reaching 300 miles on a single battery 

recharge and have ‘Well-to-Wheel’ CO2 emission rates that are half of gasoline power 

vehicles.25  A variety of electric vehicles are on the market and available to reduce 

GHG emissions in the near term.26   

 

There currently are a number of federal and state tax credits supporting the purchase 

of electric vehicles in Connecticut.  The minimum credit amount at the federal level is 

$2,500 up to $7,500, based on each vehicle's traction battery capacity and the gross 

vehicle weight rating.  

 

DEEP provides funding to municipalities, state agencies, and private businesses for 

the cost and installation of eligible electric vehicle supply equipment (EVSE). Funding 

is available for 50% of project costs (up to $2,000 per unit and $4,000 per site) to 100% 

of project costs (up to $10,000 per site), depending on how well the project matches 

program criteria.  

 

The Connecticut Hydrogen and Electric Automobile Purchase Rebate Program 

(CHEAPR) offers rebates for the incremental cost of the purchase or lease of a 

hydrogen fuel cell electric vehicle, all-electric vehicle, or plug-in hybrid electric 

vehicle. Rebates are offered based on battery range from $2,000 to $5,000 per vehicle 

on a first-come, first-served basis until funds expire.  About $1.1 million in rebate 

funds are available at the present time which would only equate to about 400 new 

vehicle purchases.  Since the program began $5.0 million have been issued and 

reserved.   

 

                                                      

 
25  DOE, Energy Efficiency & Renewable Energy, Alternative Fuels Data Center, 

https://www.afdc.energy.gov/vehicles/electric_emissions.php 

26  Edmunds Auto Database,  https://www.edmunds.com/hybrid 

https://www.afdc.energy.gov/vehicles/electric_emissions.php
https://www.edmunds.com/hybrid/


 

 

Achieving Connecticut’s Carbon Emissions Reduction Targets 

A Preliminary Assessment of Available Approaches  

Appendix B - Calculation of GHG Reductions Available by 2022 

Page B-20 

 

 

   

These incentives appear to have had relatively little effect on creating a fleet of 

alternative-fuel vehicles in Connecticut.27  

 

There is significant opportunity for Connecticut to pursue electric vehicles as a means 

of reducing carbon by 2020.  The limitation, however, is with the automobile industry.  

Figure B-5 provides a projection of potential electric vehicles developed by EEI. 

 

Figure B-5:  Projected EV Sales: EEI/IEI Forecast vs. CAFÉ Compliance  

 
Source:  EEI, “Report: Plug-in Electric Vehicle Sales Forecast Through 2025 and the Charging  

Infrastructure Required,” June 2017. 

 

 

In 2015, Connecticut represented 1.3 percent of U.S. sales and 1.2 percent of the entire 

U.S. fleet of electric vehicles, but less than 0.2% of passenger and light vehicles in 

Connecticut.   

                                                      

 
27 U.S. Auto Alliance 
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Remaining at the same relative level with respect to EEI’s national projects would 

achieve only 30,000 electric vehicles by 2020 (around 1% penetration) and around 

95,000 by 2025 (3% penetration).  Indeed, unless Connecticut triples its relative 

position with respect to U.S. projections, it will not be anywhere near its interim goals 

and will not be able to meet its 2050 goals of 75 percent electrification of its vehicle 

fleet by 2050.  Therefore, we assume that Connecticut takes the lead in electric 

vehicles and at least doubles to triples its relative share of electric vehicles in the U.S. 

over the next five years.  

 

Figure B-6 provides a range of potential GHG emissions savings based on increasing 

levels of assumed EV/PHEV penetration across all light vehicles registered in 

Connecticut.  If Connecticut engaged in a program to augment the federal credits for 

electric vehicles and/or taxed carbon content of gasoline in order to promote a 

transition to 10 percent electric vehicles over the next five years, 2022 could realize a 

GHG emissions reduction of 0.73 to 1.02 million MT CO2 / year.   

 

We assume that business as usual is inadequate and that integration occurs at the 

levels required in order to be on a trajectory to meet the 2050 targets, saving 0.3 to 0.6 

million MT CO2 / year by 2022. 

 

Figure B-6: Reductions Potentially Achievable though Electric Vehicles 

 
Million MT CO2 / year 

 
 

Penetration Level 1% 2% 3% 6% 10%

Number of Vehicles Converted 27,108     54,216           81,323           162,647         271,078         

PHEVs 0.07         0.15                0.22                0.44                0.73                

EVs 0.10         0.20                0.31                0.61                1.02                
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According to the EIA, Connecticut had 2,853,449 registered vehicles, of which 95% 

were passenger or light truck vehicles.28 Each vehicle in Connecticut drives an 

average of 12,205 miles per year.29  Based on the electricity mix in New England, each 

vehicle by fuel source emits the following amount of carbon:30 

 

• Gasoline = 381 grams CO2e/mile 

• Plug-in Hybrid Electric Vehicles = 181 grams CO2e/mile 

• Electric Vehicles = 102 grams CO2e/mile 

 

Therefore, higher levels of electrification of vehicles over time will have an additive 

effect on GHG emissions.  As the system integrates higher levels of renewables, 

existing electric vehicles will provide even greater reductions in GHG emissions, 

creating a positive feedback loop for carbon emission reductions through the 

interplay between the power sector and EVs. 

 

 

                                                      

 
28 U.S. EIA 

29 Ibid. 

30 Union of Concerned Scientists  


