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 Comments of Clean Air Task Force on the Massachusetts Department of 

Environmental Protection’s proposed amendments to 310 CMR 7.00  
Air Pollution Control. 

 
 Clean Air Task Force (“CATF”) respectfully comments on the Massachusetts Department 
of Environmental Protection (“DEP” or “Department”) proposed amendments to 310 CMR 7.00 
Air Pollution Control, and 310 CMR 60.00, Air Pollution Control for Mobile Sources.  The 
proposed amendments respond to the mandates found in the Global Warming Solutions Act, 
M.G.L. c. 21N (“GWSA”), as confirmed by the Supreme Judicial Court in Kain v. DEP, 474 Mass. 
278 (2016). We confine our comments to the proposed rules governing the electric sector and the oil 
and gas methane emissions reductions (proposed 310 CMR 7.73, 7.74 and 7.75), as those are the 
areas in which CATF has most expertise, and therefore can most be of service to the 
Commonwealth’s efforts to regulate greenhouse gas emissions.  
 
 Founded in 1996, CATF seeks to help safeguard against the worst impacts of climate change 
by working to catalyze the rapid global development and deployment of low carbon energy and 
other climate-protecting technologies, through research and analysis, public advocacy leadership, and 
partnership with the private sector.  
 

CATF offers these comments recognizing that Massachusetts can and should be a national 
leader in regulating greenhouse gas emissions. Massachusetts has been a leader at the national level 
in demanding federal government action on climate change pollution, see MA v. EPA, 549 U.S. 497 
(2007). And Massachusetts historically has been at the forefront of regional action to control 
emissions from its power sector through its participation in the Regional Greenhouse Gas Initiative 
(“RGGI”). But as the Kain Court recognized, and the Massachusetts Legislature has demanded, 
there is much more to be done in this state – RGGI is not enough to achieve the significant 
reductions demanded by the GWSA (80 percent reductions from 1990 levels by 2050, and 25 
percent reductions by 2020), and that the plain language of the GWSA requires the Department to 
regulate multiple groups of sources and set firm declining caps on emissions in order to advance the 
central purpose of effectuating significant reductions in greenhouse gas emissions. Kain, 474 Mass. at 
290-292. The statute also demands plans for achieving “the maximum technologically feasible reductions of 
greenhouse gas emissions … to implement the 2030, 2040 and 2050 statewide emission limits.” 
GWSA § 4(h) (emphasis added). 
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While the federal government has acted, those regulations are now in jeopardy under a new 
Administration, making the Massachusetts rules all the more significant, and the imperative to 
reduce emissions to the maximum feasible extent even more important. And even under the federal 
rules issued to date, some readily controllable and significant sources of greenhouse gas emissions – 
for example, existing oil and gas distribution and transmission infrastructure – remain unregulated at 
the federal level. Having advocated for controls on these sources to the federal Environmental 
Protection Agency (“EPA”), CATF now offers our comments in the Massachusetts process as well, 
understanding that Massachusetts is again poised to be a leader in this area. 

 
CATF strongly supports Massachusetts’ initiative to make its Clean Energy Standard 

(“CES”) technology neutral. It is simply not possible to achieve the significant reductions in 
greenhouse gas emissions required by 2050 under the GWSA, and as a practical matter, by the need 
for climate stabilization, without engaging every low and zero-emitting energy technology. 
Massachusetts has long been an innovation leader, and these rules provide an opportunity to move 
forward into a cleaner energy future in that vein. CATF has considerable expertise in various low- 
and zero- emitting technologies, and we offer that expertise in support of the technology-neutral 
CES in more detail in these comments.  
 

I. Background 
a. Global Warming Solutions Act of 2008 

 
 The Global Warming Solutions Act of 2008 requires the Department to monitor and 
regulate greenhouse gases to reduce those emissions by 80 percent from 1990 levels by 2050. GWSA 
§§ 2(a), 3(b). The Secretary of Energy and Environmental Affairs (“Secretary”), in consultation with 
the Department, must set interim emission limits for 2020, 2030 and 2040, GWSA § 3(b), and in 
2010, the Secretary established a statewide emission limit for 2020 requiring a 25 percent reduction 
from 1990 levels.1 In 2015, Governor Baker committed to a 2030 limit of 35-45 percent below 1990 
levels.2  
 
 GWSA § 14 requires the Department to establish the 1990 greenhouse gas emission baseline 
and 2020 business as usual projection. The Department established the initial baseline and 
projection in 2009,3 and updated those numbers in 2016.4 Greenhouse gas emissions in 1990 were 
94.5 MMT carbon dioxide equivalent (“CO2e”) and must come down to 18.9 MMT by 2050, in 
order to meet the statutory requirement that they be reduced by at least 80 percent from 1990 levels 

                                                 
1 Ian A. Bowles, Secretary, Determination of Greenhouse Gas Limit for 2020, (Dec. 28, 2010), available at: 
http://www.mass.gov/eea/docs/eea/energy/2020-ghg-limit-dec29-2010.pdf. 
 
2 Conference of New England Governors and Eastern Canadian Premiers, Resolution 39-1, Resolution Concerning 
Climate Change, (Aug. 31, 2015), available at: http://www.coneg.org/Data/Sites/1/media/39-1-climate-
change.pdf. 
 
3 MA DEP, Statewide Greenhouse Gas Emissions Level: 1990 Baseline and 2020 Business as Usual Projection, (July 1, 
2009), available at: http://www.mass.gov/eea/docs/dep/air/climate/1990-2020-final.pdf.  
 
4 MA DEP, Statewide Greenhouse Gas Emissions Level: 1990 Baseline and 2020 Business As Usual Projection Update, 
(July 2016), available at: http://www.mass.gov/eea/docs/dep/air/climate/gwsa-update-16.pdf. 
 

http://www.mass.gov/eea/docs/eea/energy/2020-ghg-limit-dec29-2010.pdf
http://www.coneg.org/Data/Sites/1/media/39-1-climate-change.pdf
http://www.coneg.org/Data/Sites/1/media/39-1-climate-change.pdf
http://www.mass.gov/eea/docs/dep/air/climate/1990-2020-final.pdf
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by that time.5 To meet this requirement, “[t]he secretary shall update its plan for achieving the 
maximum technologically feasible reductions of greenhouse gas emissions at least once every 5 years, 
including plans to implement the 2030, 2040 and 2050 statewide emission limits.” GWSA § 4(h) 
(emphasis added). In conjunction, “the department shall promulgate regulations establishing a 
desired level of declining annual aggregate emission limits for sources or categories of sources that 
emit greenhouse gases” by January 1, 2012. GWSA § 3(d).  
 
 In 2010, the Secretary issued the Massachusetts Clean Energy and Climate Plan for 2020. The plan 
was updated in 2015.6 While the CECP relied on emission reduction programs, such as the RGGI 
and a low emission vehicles program, along with economic trends that have the effect of reducing 
greenhouse gas emissions, asserting these actions would fulfill the Commonwealth’s GWSA duties, 
the Supreme Judicial Court disagreed. Kain v. DEP, 474 Mass. 278 (2016).  
 
 The SJC in Kain held that GWSA § 3(d) “requires the department to promulgate regulations 
that address multiple sources or categories of sources of emissions, impose a limit on emissions that 
may be released, limit the aggregate emissions released from each group of regulated sources or 
categories of sources, set emission limits for each year, and set limits that decline on an annual 
basis.” Kain, 474 Mass. at 292. Further, the reductions must be “actual, measurable, and permanent 
emission reductions in the Commonwealth.” Id. at 300. In furtherance of the SJC’s Kain directive, 
the Department published these Proposed New and Amended Regulations on December 16, 2016.7  
  

b. Climate Change in the Commonwealth 
  
 The GWSA “established a comprehensive framework to address the effects of climate 
change in the Commonwealth by reducing emissions to levels that scientific evidence had suggested 
were needed to avoid the most damaging impacts of climate change.” Kain, 474 Mass. at 281-82. 
Global temperatures have continued to rise since the GWSA was enacted, with 2016 the hottest year 
on the historical record (See Fig. 1 below).8  
 
 

                                                 
5 See GWSA § 3(b)(4) (requiring “a 2050 statewide limit that is at least 80 percent below the 1990 level.”). 
 
6 Matthew a. Beaton, Secretary, Massachusetts Clean Energy and Climate Plan for 2020, (Dec. 3, 2015), available at: 
http://www.mass.gov/eea/docs/eea/energy/cecp-for-2020.pdf [hereinafter “CECP 2015”]. 
 
7 MA DEP, Background Document on Proposed New and Amended Regulation, (Dec. 16, 2016), available at: 
http://www.mass.gov/eea/agencies/massdep/air/climate/section3d-comments.html [hereinafter “DEP 
Proposal TSD”].  
 
8 Jugal K. Patel, How 2016 Became Earth’s Hottest Year on Record, N.Y. TIMES, Jan. 18, 2017, at 
https://www.nytimes.com/interactive/2017/01/18/science/earth/2016-hottest-year-on-record.html. 
 

http://www.mass.gov/eea/docs/eea/energy/cecp-for-2020.pdf
http://www.mass.gov/eea/agencies/massdep/air/climate/section3d-comments.html
https://www.nytimes.com/interactive/2017/01/18/science/earth/2016-hottest-year-on-record.html
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Fig. 1. Source: Jugal K. Patel, How 2016 Became Earth’s Hottest Year on Record, N.Y. TIMES, Jan. 18, 2017, at 
https://www.nytimes.com/interactive/2017/01/18/science/earth/2016-hottest-year-on-record.html. 
 
 Between 1895 and 2011, temperatures in the Northeast increased by almost 2˚F and 
precipitation increased by approximately five inches, or more than ten percent.9 Coastal flooding has 
increased due to a rise in sea level of approximately one foot since 1900.10 The National Climate 
Assessment concluded that “[h]eat waves, coastal flooding, and river flooding will pose a growing 
challenge to the [Northeast’s] environmental, social, and economic system.11 Sea level rise, coastal 
flooding and extreme precipitation will also stress the region’s infrastructure.12 The 
Commonwealth’s agriculture and fishery industries will also be increasingly compromised over the 
next century due to climate change impacts.13  
 
 Bold action must be taken if the Commonwealth is to do its part to stave off the worst 
effects associated with climate change. 
 

c. Legal Standard for Promulgating Regulations 
 
 The Department must base its GWSA § 3(d) regulations on a robust record supporting its 
decisions and explaining how it determined which sources, or categories of sources, of greenhouse 
gases to regulate, as well as, the level at which emission limits were set. The court may set aside or 

                                                 
9 J. M. Melillo, et. al., Eds., U.S. Global Change Research Program, Climate Change Impacts in the United States: 
The Third National Climate Assessment, Radley Horton, et al., Ch. 16: Northeast, at 371 (2016). 
 
10 Id. 
 
11 Id. at 377-78. 
 
12 Id. at 379-80. 
 
13 Id. at 380-81. 

https://www.nytimes.com/interactive/2017/01/18/science/earth/2016-hottest-year-on-record.html
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modify an agency’s decision that is (1) unsupported by substantial evidence, (2) unwarranted by facts 
found by the Court in the record, (3) or arbitrary or capricious, an abuse of discretion, or otherwise 
not in accordance with law. M.G.L. c. 30A, § 14(7)(e)-(g); see also DSCI Corp. v. Dep’t of Telecoms. & 
Energy, 449 Mass. 597, 603 (2007) (describing scope of review of an agency decision). These rules are 
aimed at ensuring that a “reviewing court may determine what the agency did.” Eastern Edison Co. v. 
Dep’t of Pub. Utils., 388 Mass. 292, 303-04 (1983). Basing an agency decision on “substantial 
evidence,” requires “such evidence as a reasonable mind might accept as adequate to support a 
conclusion.” Singer Sewing Machine Co. v. Assessors of Boston, 341 Mass. 513, 517 (1960). 
  
II. Power Plant Regulations 

 
a. Background 

 
 Power plants emitted 28.2 MMT CO2e  (29.8% of greenhouse gas emissions in the 
Commonwealth) in 1990 and 15.8 MMT CO2e (21.9%) in 2012. While the electricity sector has 
accomplished the largest emission decrease during this period, it still accounts for over 20 percent of 
all emissions in the Commonwealth and meeting the 80 percent reduction requirement in 2050 will 
require decarbonization of the sector.  
 
 The Department proposed two complementary regulations to reduce greenhouse gas 
emissions from fossil fuel-fired power plants: 
 
 The first requires retail sellers of electricity consumed in the Commonwealth to purchase an 
increasing amount of clean energy. This CES expands the Renewable Portfolio Standard (“RPS”) by 
relying on an emission-based performance standard to identify eligible technologies. The 
Department has defined eligible clean generation units as those which have received a RPS 
statement of qualification as an RPS Class I renewable generation unit, or a generation unit that has 
net lifecycle greenhouse gas emissions, over a 20 year life cycle, that yields at least 50 percent 
reduction of greenhouse gas emissions per unit of useful energy relative to the lifecycle greenhouse 
gas emissions from a new combined cycle natural gas electric generating unit using the most efficient 
commercially available technology as of the date of application. 310 CMR § 7.75(7)(a)(1) (proposed). 
To show compliance, the electricity provider must procure clean energy credits corresponding to a 
percentage of their electricity sales. The standard would require 16 percent of electricity sales to 
come from clean energy in 2018, and increase by 2 percent every year until 2050.  
 
 Second, the Department is also creating an aggregate, declining emission cap for fossil fuel-
fired power plants, as well as individual facility limits. The 2018 cap is set at 9.12 MMT CO2e. The 
cap will decline by 2.5 percent each year, resulting in a limit of 2.17 MMT CO2e in 2050 (a 92.5% 
reduction from 1990 levels). The Department proposes to reserve 1.5 MMT CO2e of the 9.12 MMT 
CO2e annual cap for new sources until 2025, thereafter the level will fall to a level consistent with an 
annual decline of 2.5 percent of 2018 emissions each year. The remaining cap (7.62 MMT CO2e) is 
divided amongst the Commonwealth’s 22 existing power plants. Any unused new source credits will 
be credited proportionally to the existing sources. If a power plant is unable to meet its individual 
emission limit, it may purchase over-compliance credits created when another facility’s emissions are 
lower than their limit. These credits are available to offset any emissions in excess of a plant’s limit 
for purposes of compliance.  
 



 6 

b. Technology neutral approaches result in more cost-effective decarbonization 
and diversified generation mixes 

 
 As discussed in more detail below at Section II.c., Clean Air Task Force strongly supports 
the Department’s technology neutral approach to the Clean Energy Standard and power plant 
emissions cap. Anything less than this kind of approach will not allow the Commonwealth to meet 
its GWSA 2050 mandate. And, as a policy matter, the electricity sector must be drastically 
decarbonized if the larger goal of staving off the worst climate change effects is to be realized. 
Limiting the technologies that can receive CES credits or forcing power plants to comply with 
emission caps within their own fence lines would undermine that goal and stifle the innovation of 
potentially game-changing technologies—innovations in which Massachusetts has been and must 
continue to be a leader.  
 
 Technology neutral, market-based programs create the proper conditions for companies and 
technologies to innovate and refine new technologies for emissions reductions, and for low- and 
zero-emitting energy production, which in turn leads to greater emission reductions at lower costs. A 
frequently cited article reviewed different methods of regulating sulfur dioxide (“SO2”) and nitrogen 
oxides and found that flexible, technology-neutral approaches lower costs and lead to greater 
emission reductions. Byron Swift, How Environmental Laws Work: An Analysis of the Utility Sector's 
Response to Regulation of Nitrogen Oxides and Sulfur Dioxide Under the Clean Air Act, 14 TUL. ENVTL. L.J. 
309 (2001). For example, the study estimated that mandating scrubbers for SO2 reduction from 
power plants would cost $7 billion per year, while an emission cap with trading would result in 
compliance costs of $1.2 billion per year for equivalent emission reduction. Id. at 381. Cap and trade 
programs allow “use of any technology that could reduce emissions, and so promote the application 
of, refinement, and innovation in the broadest set of potential technologies.” Id. at 384. While cap 
and trade programs are not appropriate for pollutants which (unlike CO2), have local effects, these 
programs allow “use of any technology that could reduce emissions, and so promote the application 
of, refinement, and innovation in the broadest set of potential technologies.” Id. at 384. 
 

The major benefits of a good cap-and-trade system are that it enacts a stringent and 
permanent cap on emissions, which serves society’s interest in pollution reductions, 
while allowing the widest possible breadth of compliance options, hence allowing 
firms to reduce costs. Cap-and-trade approaches…also are technology-neutral, 
helping to move compliance away from the end-of-pipe controls promoted by rate 
standards toward the use of cleaner technologies. Because any reduction creates 
economic value to a firm, firms also face a continuous driver to reduce emissions 
and develop innovative technologies and methods. Cap-and-trade approaches also 
remove government from making case-by-case decisions about technologies, 
redirecting business effort away from contesting regulatory authority and towards 
competing in the marketplace. 
 

Id. at 390-91. 
 
  “[T]he purpose [of using market mechanisms] is to allow least-cost avoiders in the 
private sector to determine strategies on the theory that market incentives (rather than 
government agencies) can more efficiently select among emissions reduction options.” 
Katherine Trisolini, Holistic Climate Change Governance: Towards Mitigating and Adaptation 
Synthesis, 85 U. COLO. L. REV. 615, 640 (2014).  
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c. Clean Energy Standard: Requiring an Increasing Amount of Low- or 

Zero-Emitting Generation  
 

i. The Clean Energy Standard must be supported by a robust record  
 
 The Department indicates that it designed the proposed CES “in consultation with the 
department of energy resources, based on consumption and purchases of electricity from the 
regional electric grid, taking into account the regional greenhouse gas initiative.”14 Further, the 
Department indicates that “the standard appears appropriate and achievable given the RPS standards 
for [the corresponding years] and the fact that DOER has identified additional RPS-eligible RECs 
available over that time frame in amounts that correspond to an additional 3% - 5% of sales.”15  
 
 Regulations, however, may not merely “appear” appropriate, they must be based on 
substantial evidence made available in the public record. ALM GL ch. 30A, § 14(7)(e)-(g). There is 
insufficient (no) evidence on the record to indicate that a 2 percent annual increase in clean energy is 
available. And more so, the record does not support a finding that the Department fulfilled its 
statutory mandate to achieve “maximum technologically feasible reductions of greenhouse gas 
emissions.” GWSA § 4(h).  
 
 The “MassDEP Clean Energy Standard” website indicates that the current CES proposal is 
based, in part, on a proposal from January 2015, but it is not clear what part. For the 2015 proposal, 
the Department commissioned a study from Synapse Energy Economics, Inc.16 But this study is 
now well over three years old and would need to be updated for this current proposal.  
 
 CATF urges the Department to release the data it obtained from the Department of Energy 
and Resources, inventory the CES-eligible resources expected to come online given the CES-
incentive, as well as perform modeling to show how much could be made available given sufficiently 
stringent regulations to achieve maximum emission reductions. This information should be made 
available at the Department’s “Reducing GHG Emissions under 3(d) of the Global Warming 
Solutions Act (GWSA)” website. All materials utilized to support the 2018-2050 CES standard 
setting must be made publicly available. 
 

ii. Including dispatchable low- or zero-carbon power sources like CCS 
and nuclear in the CES will likely lower total system costs, increase 
the feasibility of meeting an 80 percent CES, and help ensure that the 
proposed overall emissions cap is met. 

 
 The Department proposes to allow multiple technologies to qualify under the Clean Energy 
Standard, including fossil energy with CCS, and nuclear energy, as long as they meet the emissions 
standard. This is good policy for three reasons:  First, including dispatchable zero-carbon energy 
                                                 
14 MA DEP, Background Document on proposed New and Amended Regulations: 310 CMR 7.00, 310 CMR 60.00, at 
24 (Dec. 16, 2016), available at: http://www.mass.gov/eea/agencies/massdep/air/climate/section3d-
comments.html [herineafter “Background Document”]. 
 
15 Id. at 27 (emphasis added). 
 
16 See Elizabeth A. Stanton, PhD, et al., A Clean Energy Standard for Massachusetts: Final Report, (Oct. 25, 2013). 

http://www.mass.gov/eea/agencies/massdep/air/climate/section3d-comments.html
http://www.mass.gov/eea/agencies/massdep/air/climate/section3d-comments.html
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sources like CCS and nuclear will likely reduce the overall cost of achieving a very low-carbon 
electric system in Massachusetts by reducing the amount of variability that must be compensated for 
by more expensive, low-capacity factor generation and storage; second, allowing more low-carbon 
energy sources to compete under the CES will mitigate the risk that wind, solar and hydroelectric 
power alone will be unable to meet the scale required to achieve an 80 percent CES; and 
Third, including dispatchable low- and zero-carbon energy sources will increase the likelihood that 
the power plant emission cap will be met, by providing balancing resources other than unscrubbed 
natural gas combustion turbines to meet the remaining 20 percent of energy. 
 

iii. Including low- or zero-carbon on demand power sources will reduce 
costs by lowering the amount of variable generation that needs to be 
offset by low-capacity factor on-demand power, or storage. 

 
 Wind and solar are zero carbon, but the wind does not always blow, and the sun does not 
always shine. This creates a variability problem – large swaths of time when power will need to be 
provided by either on-demand, dispatchable generation or storage. This effect can be seen in Figures 
2 and 3 below, in which CATF has modelled the New England grid assuming that 80 percent of 
annual power is provided by wind and solar for the months of May and December.17 
 
 As can be seen, there are considerable daily gaps in coverage, but, even more importantly, 
multi-day and even weekly gaps. While these gaps exist in May, they are even more pronounced in 
December. As a result of these gaps, the region needs on hand some form of dispatchable energy 
equal or exceeding the 15-16 GW of peak demand – 12.7 GW on the case of May, and 16.2 GW in 
December. This means that a highly variable generation system would require not just a large 
amount of wind and solar capacity but essentially a peak-sized back up system of capacity that can 
be dispatched on demand to meet these gaps – almost the same amount of capacity that would be 
needed if the wind and solar capacity never existed. That will add significant per kwh costs to the 
system, because such on-demand power sources will by definition run at very low capacity factor – 
on average, collectively, 20 percent or less. 
 

                                                 
17 For this modelling, CATF assumed an 80 percent CES met half by wind and half by utility scale PV. Load 
data was obtained from the NY ISO, adjusted for New England Peak and Energy, reduced by 25% to 
account for increased energy efficiency. Wind data is actual data from ISO-NE for 2014, and solar PV output 
is taken from NREL regional calculator, http://pvwatts.nrel.gov/pvwatts.php.  
 

http://pvwatts.nrel.gov/pvwatts.php
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Fig. 2. Modelled wind and solar vs load for New England in May at an 80% Clean Energy Standard (Y axis is megawatts 
of capacity; X axis is hours in the month).  
 
 

 
Fig. 3. Modelled wind and solar vs load for New England in December at an 80% Clean Energy Standard (Y axis is 
megawatts of capacity; X axis is hours in the month). 
 
 
 Some have posited that this kind of variability can be compensated for by emerging battery 
storage technologies. However, batteries are only able to store and discharge energy on a cycle that is 
less than 24 hours. And, as can be seen from Figures 2 and 3, the low capacity periods can stretch 
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on for days and even weeks. This means that, even with battery storage, significant installed capacity 
of on-demand power would be needed to meet these multi-day gaps. In any event, storage is also 
expensive, and would add significant cost to firm renewables, even to the limited daily extent they 
can ultimately do so. 
 
 Even adding a significant amount of firm zero-carbon power to the CES mix would still 
leave a large residual requirement for on-demand capacity to provide reliable supply but would 
reduce it. Figure 4 below shows the amount and type of capacity required for Massachusetts in two 
CES cases: (a) an “HQ” case (40% of annual power is met by Hydro Quebec at 80% capacity factor 
and 40% by wind and solar); and (b) a “wind and PV” case (80% of annual power is met by wind 
and PV). In both cases, a significant amount of on-demand capacity is required to fill in the wind 
and solar troughs, in this case assumed to be combustion turbines (“CT”): about 7.6 GW in the 
wind and solar case, and about 4.7 GW in the mixed PV/wind/Hydro Quebec case. And this 
capacity would be operated at very low capacity factors -- in the Hydro Quebec case, the CTs would 
operate at a capacity factor 15 percent. That is expensive capital to operate at a low utilization rate. 
 

  
 
Figure 4. Capacity needs for Massachusetts in two CES cases: “HQ” (40% of annual power met by Hydro Quebec at 
80% capacity factor and 40% by wind and solar) and “wind and PV” (80% of annual power met by wind and PV). Load 
and supply data downscaled to Massachusetts from New England Figures 1 and 2, proportional to historical 
Massachusetts share of the New England total. 
 
 The critical point to note is the large requirement for residual, essentially duplicative and 
expensive, on-demand capacity even in the 40 percent wind and solar case. To the extent that more 
of the CES share can be taken up by dispatchable zero-carbon capacity such as gas CCS and nuclear 
energy, the lower will be the requirement, and associated costs, of duplicative back up capacity.18 As 
                                                 
18 Because of the diminished capacity value of intermittent renewables such as wind and solar as penetration 
into a system increases, and the need for offsetting multi-day or seasonal storage, it has been suggested that 
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noted later, a higher share of on-demand low-carbon power will also likely be essential to meeting 
the Department’s proposed total emissions cap independent of the proposed CES. 
 

iv. Allowing diverse energy sources to qualify for the CES increases the 
chance of achieving a CES of 80%. 

 
 Achieving a CES for Massachusetts is a challenging task. Figure 5 below illustrates the 
volume of zero-carbon power that would be required to meet this target— roughly 40 TWH per 
year.  
 

1. Hydro 
 
 Current Hydro Quebec imports total only about 7.7 TWh per year. If fully half of the 2050 
CES target were met by Hydro Quebec imports, this would require an incremental 10 TWh of 
Hydro Quebec imports – an increase of 230 percent. Such a substantial increase in supply would be 
both very expensive – perhaps roughly double current New England wholesale prices -- and entail 
significant construction of new dam capacity and new, exclusively dedicated high voltage 
transmission lines, which have proven contentious to site.19 See proposed 310 CMR 7.75 (2) & (7) & 
(7)(b)(5)(together, defining a dedicated transmission line as one with a commercial operation date 
after Dec. 31, 2017, and noting that out of region electricity that is carried on a ‘dedicated 
transmission line’ can be considered an eligible Clean Generation Unit). While possible, such a 
substantial increase is a shaky foundation for a full 80 percent CES compliance strategy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                                                                                                             
the optimal share of intermittent renewable capacity in any system may approximate the capacity factor of the 
sources utilized. See Jesse Jenkins, “A Look at Wind and Solar part 2: Is There an Upper Limit to Variable 
Renewables?,” (May 28, 2015) http://www.theenergycollective.com/jessejenkins/2233311/look-wind-and-
solar-part-2-there-upper-limit-intermittent-renewables. Given capacity factors of wind and solar in New 
England, this number is likely to be under 40%.  
 
19 Sue Tierney, Proposed Senate Bill No. 1965: An Act Relative to Energy Sector Compliance with the Global Warming 
Solutions Act: Potential costs and other implications for Massachusetts consumers and the state’s and region’s electric system, 
(Sept. 2015), available at: http://www.lawandenvironment.com/wp-
content/uploads/sites/5/2015/09/Tierney-Report-on-Cost-Implications-of-Senate-Bill-1965-9-5-2015-
final.pdf; see also M.G.L. c. 21N § XX (requiring that incremental imported hydro energy be carried on 
dedicated transmission lines). 

http://www.theenergycollective.com/jessejenkins/2233311/look-wind-and-solar-part-2-there-upper-limit-intermittent-renewables
http://www.theenergycollective.com/jessejenkins/2233311/look-wind-and-solar-part-2-there-upper-limit-intermittent-renewables
http://www.lawandenvironment.com/wp-content/uploads/sites/5/2015/09/Tierney-Report-on-Cost-Implications-of-Senate-Bill-1965-9-5-2015-final.pdf
http://www.lawandenvironment.com/wp-content/uploads/sites/5/2015/09/Tierney-Report-on-Cost-Implications-of-Senate-Bill-1965-9-5-2015-final.pdf
http://www.lawandenvironment.com/wp-content/uploads/sites/5/2015/09/Tierney-Report-on-Cost-Implications-of-Senate-Bill-1965-9-5-2015-final.pdf
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Fig. 5. Electricity production from wind, water and solar versus CES clean energy standard. Source: CATF from EIA 
Massachusetts load data, NE ISO.  
 

2. Wind and Solar 
 
 Similarly, meeting the entire 40 TWh CES requirement – or even half of it -- with wind and 
solar presents significant feasibility challenges. To put this 40 TWh number in perspective, consider 
that Cape Wind would have produced about 1.5 TWh20; that the world’s largest offshore windfarm, 
                                                 
20 174 average MW x 8760; see BOEM, “Cape Wind Energy Project, Fact Sheet,” (Sept. 2015), 
https://www.boem.gov/Cape-Wind-Fact-Sheet/. 
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the London Array, produced 2.5 Twh in 2015;21 and that the largest US onshore windfarm, the Alta 
wind array in California, has an output of 2.8 TWh.22 Assuming that only half of the 40 TWh goal 
were to be achieved by wind, then Massachusetts would need to site the equivalent of 13 Cape 
Winds, or 8 London arrays or 7 of the largest US onshore windfarms. Turning to solar, the world’s 
largest grid-connected PV farm is the Longyangxia project in China, producing about .82 TWh per 
year23 – Massachusetts would need 24 of those to meet half its CES requirement. And if 
Massachusetts cannot increase its Hydro Quebec purchases by 230 percent, those project equivalent 
amounts will need to nearly double. These relationships are shown visually in Figure 6 below. 
 

 
 
Fig. 6. Massachusetts CES versus mega-project production. Sources: text, infra. 
 
 Mobilization of the equivalent of dozens of such mega-projects in a crowded and dense 
region such as New England in the next 35 years -- dedicated exclusively to Massachusetts 
consumption -- is not beyond possibility. But the substantial difficulty in siting and financing even 
one large windfarm in our region – Cape Wind, at present a moribund project – gives pause. 
Moreover, given limited land and ocean space in the region, and the increasing pressure from 
climate change that triggers parallel energy policies in neighboring states, it cannot be assumed that 
Massachusetts will be able to claim more than its share of the region’s space for large scale 
renewables development. These factors both suggest it may be wise to diversify the qualifying CES 
low carbon technology options if wish to increase our chances of achieving the CES target. 
 

                                                                                                                                                             
 
21 Wikipedia, The Free Encyclopedia, “The London Array,” https://en.wikipedia.org/wiki/London_Array.  
 
22 Wikipedia, The Free Encyclopedia, “Alta Wind Energy Center,” 
https://en.wikipedia.org/wiki/Alta_Wind_Energy_Center.  
 
23 State Power Investment Corporation, “World’s Largest Hydro/PV Hybrid Project Synchronized,” 
http://eng.spic.com.cn/NewsCenter/CorporateNews/201501/t20150116_242766.htm.  
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3. Including dispatchable zero-carbon capacity may be critical to 
meeting the Department’s proposed CO2 emissions cap cost 
effectively. 

 
 As noted above, a significant amount of dispatchable capacity will be required to ensure 
reliability in Massachusetts regardless of the share of the CES met by it. However, there is a further 
reason to encourage dispatchable low carbon sources under the CES. Without such sources, the 
system balancing required -- and the residual 20 percent of GWH (10 TWh) not supplied by hydro, 
wind and sun -- will likely be comprised of combustion turbines, which have lower capital cost that 
aligns with low utilization (15% or so in the CES scenarios outlined above) However, with an 
emissions rate of roughly 1,000 lbs per MWh of CO2, these turbines would add about 5 million tons 
of CO2 annually, well over the proposed cap of 2,170,000 metric ton cap in 2050. Even if this 
residual load were provided by state of the art combined cycle gas turbines without CCS, at an 
emissions rate of 780 lbs/MWh24, the cap would be exceeded.  
 
 By allowing dispatchable low-carbon sources to qualify under the 80 percent CES target, the 
Department can bring forward low-carbon dispatchable technologies that can operate at higher 
capacity factor both to achieve the CES, balance intermittent supply and help achieve the cap more 
cost effectively. The alternative is to force all dispatchable supply into the non-CES portion of 
annual supply where, as must-run for reliability, it will breach the carbon cap or, if required to be 
fitted with CCS, will add costs that otherwise would have been offset by using this capacity to 
partially displace more expensive supply under the 80 percent CES requirement. 
  

4. Current generation nuclear energy is available to meet the CES 
targets in New England at a cost competitive with many renewable 
energy options, especially considering their much higher capacity 
value, and advanced reactors are likely to be available at lower cost 
during the CES compliance period. 

 
 Nuclear power plants provide the largest source of reliable, zero-carbon, baseload generation 
to our electric grid – nearly double the power of wind, solar and hydro combined.25 Providing 20 
percent of the country’s electricity with no attendant carbon emissions, nuclear avoids over 531 
million tons of CO2 per year and preserving and expanding this zero-carbon energy is essential to 
any long-term climate strategy. Id. Further, nuclear has very high capacity factors and does not 
experience the variability some other zero-emitting resources do. Id. at 4-6.  

 The last nuclear energy plant to be brought online in New England was Seabrook Unit 1, in 
1990. That plant, with a nameplate capacity of 1,244 MW, produces 10.7 TWh of on-demand 
carbon-free energy each year – more than twice all the wind and solar power produced in 2016 in 

                                                 
24 NETL, Cost and Performance Baseline for Fossil Energy Plants Volume 1a: Bituminous Coal (PC) and Natural Gas to 
Electricity Revision 3, at 15 (July 6, 2015) available 
at: https://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Publications/Rev3Vol1aPC_N
GCC_final.pdf. 
 
25 The Horinko Group, Nuclear Power and the Clean Energy Future, at 3 (Sept. 2016) , 
http://www.nuclearmatters.com/resources/reports-
studies/document/Nuclear_Power_and_the_Clean_Energy_Future.PDF.  
 

https://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Publications/Rev3Vol1aPC_NGCC_final.pdf
https://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Publications/Rev3Vol1aPC_NGCC_final.pdf
http://www.nuclearmatters.com/resources/reports-studies/document/Nuclear_Power_and_the_Clean_Energy_Future.PDF
http://www.nuclearmatters.com/resources/reports-studies/document/Nuclear_Power_and_the_Clean_Energy_Future.PDF
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New England, and five times the wind and solar energy consumed by Massachusetts. (See Figure 7 
below). Nuclear power has many challenges. But, in a carbon constrained world, one of its major 
virtues is the ability to provide carbon free energy in large increments from a single project. Largely 
using nuclear (which provides 75% of its grid energy), France has the least carbon intensive grid of 
any major industrialized nation. 
 

 
 
Fig. 7. The Massachusetts CES energy requirement versus various sources of zero carbon supply. Sources: NE-ISO, and 
various sources in text infra. 
 
 Since Seabrook 1 was commissioned, light water nuclear technology has moved forward, 
with advanced passive safety designs such as the Westinghouse AP-1000 now commercially 
available. Four AP-1000 units are presently under construction in Georgia and South Carolina. As 
Figure 7 demonstrates, modern advanced passive safety units are expected to produce energy at a 
levelized cost comparable to various renewable options. Subsequent iterations of the same design, it 
has been shown, are likely to decrease in cost.26 Of course, the “levelized cost of energy” is an unfair 
comparison in the context of an ambitious CES, since, as noted above, intermittent resources such 
as wind and solar, at high penetrations, require significant additional capital investment in on-
demand back up power, even if daily energy storage were available.  
 
 

                                                 
26 Jessica R. Loverling, et al., Historical construction costs of global nuclear power reactors, 91 ENERGY POLICY 371 
(Apr. 2016). 
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Fig. 8. Unsubsidized levelized cost of energy from various electricity sources. Sources: Lazard’s Levelized Cost of Energy 
Analysis – Version 10.0 (Dec. 2016); US EIA, Levelized Cost and Levelized Avoided Cost of New Generation 
Resources in the Annual Energy Outlook 2016 (Aug. 2016). Figures do not include cost for back up capacity for 
intermittent renewable energy sources. 
 

Small modular reactors (“SMRs”) potentially provide an additional option.27 SMRs are 
smaller, less capital-intensive, and more flexible than their large-scale counterparts.”28 These models 
can be built in factories allowing for standard designs and decreasing construction time 
significantly.29 Modular designs allow the plant to expand over time to accommodate demand.30 As 
compared with traditional technology, SMRs also have increased thermal efficiency, a shorter and 
more efficient supply chain, lower operation and maintenance costs and simpler decommissioning.31 
The levelized cost of a 45 MWe SMR ranges from $77 to $240 per MWh, and a 225 MWe is $65 to 
$120 per MWh.32 Maintaining our nuclear fleet and developing advanced nuclear, which provide 
zero-emitting, baseload electric generation, is critical to our long term climate strategies. A 2014 

                                                 
27 See Mary Anne Sullivan, et al., The Future of Nuclear Power, 27 ELEC. J. 7, 10-14 (May 2014). 
 
28 Id. at 13. 
 
29 Id. 
 
30 Id. 
 
31 Travis S. Carless, et al., The Environmental Competitiveness of Small Modular Reactors: A Life Cycle Study, 114 
ENERGY 84, 85 (2016). 
 
32 Ahmed Abdulla, Expert Assessment of the Cost of Light Water Small Modular Reactors, 110 PROC. NAT’L ACAD. 
SCI. 9686-91 (2013). 
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study found that the costs of keeping global mean temperature rise below 2°C are lower with SMRs 
than without.33 
 
 Several companies are developing SMR designs including Babcock & Wilcox, Holtec, 
NuScale Power, and Toshiba-Westinghouse.34 A 2012 technology review concluded that “new small 
reactors have no insurmountable technical and regulatory issues to hinder their development and 
deployment,”35 and that conclusion has only been reinforced since that time.36  

 NuScale Power indicates that given the proper incentives to accelerate investment in 
fabrication and construction, a reactor could be in commercial operation in the next five years.37 The 
NRC is updating its regulations to accommodate SMRs38, and has engaged with various companies 
on pre-application activities. NuScale Power39 received funding from the Department of Energy 
(“DOE”) and this partnership anticipates a complete reactor design by mid-2019. DOE indicates 
that the NuScale design is an impressive mix of safety, scalability, transportability, and economics, as 
well as an advanced state of design maturity.40 The NRC issued the final sections of the NuScale 
Small Modular Reactor Design Specific Review Standard on August 5, 2016,41 which is designed to 
provide NRC technical staff with guidance when it reviews the Design Certification Application 
(“DCA”). NuScale’s proposed reactor building is designed to hold 12 SMRs, each 50 MWe for a 
total capacity of 600 MWe.42 NuScale submitted its DCA to the NRC by December 31, 2016.43 Utah 

                                                 
33 Gokul Iyer, et al., Implications of Small Modular Reactors for Climate Change Mitigation, 45 ENERGY ECONOMICS 
144 (2014). 
 
34 Id. 
 
35 Jasmina Vujic, et al., Small Modular Reactors: Simpler, Safer, Cheaper?, 45 ENERGY 288, 295 (2012) 
36 Marcin Karol Rowinski, et al., Small and Medium Sized Reactors (SMR): A Review of Technology, 44 RENEWABLE 
AND SUSTAINABLE ENERGY REVIEWS 643 (2015) (reviewing 25 original small and medium sized reactor 
designs currently under development). 
 
37 Christopher Colbert, Chief Strategy Officer, NuScale, Personal Communication (Oct. 27, 2016). 
 
38 US NRC, “Policy Issues Associated with Licensing Advanced Reactor Designs,” 
http://www.nrc.gov/reactors/advanced/policy-issues.html (database housing Commission papers and staff 
requirements memoranda related to licensing advanced reactor designs). 
 
39 See “Comment Submitted by Chris Colbert, Chief Strategy Officer, NuScale Nonproprietary, NuScale 
Power, LLC,” (Sept 26, 2016), Doc. ID: EPA-HQ-OAR-2016-0033. 
 
40 US DOE, “Initiatives > Nuclear Reactor Technologies > Small Modular Reactors (SMRs),” 
http://www.energy.gov/ne/nuclear-reactor-technologies/small-modular-nuclear-reactors.  

41 US NRC, “Design-Specific Review Standard for NuScale Small Modular Reactor Design” (Aug. 5, 2016), 
available at: http://www.nrc.gov/docs/ML1535/ML15355A295.html.  
 
42 US NRC, “NuScale” http://www.nrc.gov/reactors/advanced/nuscale.html; see also NuScale Power, “How 
NuScale Technology Works,” http://www.nuscalepower.com/our-technology/technology-overview; see also 
D.T. Ingersoll, et al., NuScale Small Modular Reactor for Co-generation of Electricity and Water, 340 DESALINATION 
84, 85-87 (2014) (providing an overview of the NuScale SMR plant). 
 

http://www.nrc.gov/reactors/advanced/policy-issues.html
http://www.energy.gov/ne/nuclear-reactor-technologies/small-modular-nuclear-reactors
http://www.nrc.gov/docs/ML1535/ML15355A295.html
http://www.nrc.gov/reactors/advanced/nuscale.html
http://www.nuscalepower.com/our-technology/technology-overview
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Associated Municipal Power Systems recently chose a location at the DOE’s Idaho National 
Laboratory to site a nuclear plant utilizing NuScale technology.44  
 
 NRC has also engaged in pre-application design certification interaction on SMRs with 
BWXT mPower, which is teamed with Bechtel Power and the Tennessee Valley Authority and in a 
cooperative partnership with DOE.45 The BWXT mPower reactor is 180 MWe and up to ten can be 
placed at each plant.46 NRC is also in pre-application design certification discussions with Holtec on 
their SMR-160 design.47  
 
 On May 12, 2016, the Tennessee Valley Authority submitted an application to NRC for an 
Early Site Permit for SMR units at the Clinch River Nuclear Site in Oak Ridge Tennessee. 81 Fed. 
Reg. 40,929 (June 23, 2016). The particular SMR has not yet been selected although the application 
indicates that four different designs are being considered: 

                                                                                                                                                             
43 US NRC, “Nuclear Reactors > New Reactors > Design Certification Applications > NuScale” 
https://www.nrc.gov/reactors/new-reactors/design-cert/nuscale.html.  
 
44 World Nuclear News, “Preferred Site Chosen for NuScale SMR,” (Aug. 11, 2016), http://www.world-
nuclear-news.org/NN-Preferred-site-chosen-for-NuScale-SMR-1108167.html.  
 
45 US DOE, “Initiatives > Nuclear Reactor Technologies > Small Modular Reactors (SMRs),” 
http://www.energy.gov/ne/nuclear-reactor-technologies/small-modular-nuclear-reactors. 
 
46 BWXT, http://www.bwxt.com/nuclear-energy/utility-solutions/smr/bwxt-mpower.  
 
47 US NRC, “SMR-160,” http://www.nrc.gov/reactors/advanced/holtec.html.  

https://www.nrc.gov/reactors/new-reactors/design-cert/nuscale.html
http://www.world-nuclear-news.org/NN-Preferred-site-chosen-for-NuScale-SMR-1108167.html
http://www.world-nuclear-news.org/NN-Preferred-site-chosen-for-NuScale-SMR-1108167.html
http://www.energy.gov/ne/nuclear-reactor-technologies/small-modular-nuclear-reactors
http://www.bwxt.com/nuclear-energy/utility-solutions/smr/bwxt-mpower
http://www.nrc.gov/reactors/advanced/holtec.html
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• The BWXT mPower SMR is an advanced iPWR that generates 530 MWt, with an estimated 
power output of 180 MWe. The mPower reactor uses standard PWR fuel with a shorter fuel 
assembly length. The iPWR is located in a below-grade containment. The mPower SMR is 
designed to be built in multiples of two reactors per plant, and up to two plants (four 
reactors) would be placed on the CRN Site. 
 

• The NuScale SMR is an advanced iPWR that generates 160 MWt, with an estimated power 
output of 50 MWe. The NuScale SMR uses standard light water reactor fuel with a shorter 
fuel assembly length. The reactor sits within a containment vessel, and up to 12 reactors can 
be housed in one below-grade shared pool. The NuScale SMR is a multi-unit configuration 
that is designed to include up to 12 reactors per plant, and up to 12 reactors would be placed 
on the CRN Site. 
 

• The Holtec Inherently-Safe Modular Underground Reactor (HI-SMUR) SMR-160 is an 
advanced pressurized water reactor design that generates 525 MWt, with an estimated power 
output of 160 MWe. This reactor design does not use standard fuel. Instead, it uses a unitary 
cartridge containing all fuel that is replaced entirely each refueling. The reactor, steam 
generator, and spent fuel pool are located inside the containment structure. The reactor core 
is located below grade. Each unit is built as a stand-alone plant, and up to four SMR-160 
reactors would be placed on the CRN Site. 
 

• The Westinghouse SMR is an advanced iPWR that generates 800 MWt, with an estimated 
power output of 225 MWe. It uses standard PWR fuel, with a shorter fuel assembly length. 
The iPWR vessel is housed in a containment located below grade. Each unit is built as a 
stand-alone plant, and up to three Westinghouse SMRs would be placed on the CRN Site.48 

 
 
 Further out in the coming decade, it is highly likely that even more advanced reactor 
technology will become commercially available, with the potential to substantially reduce cost, speed 
time to realization, and improve safety. Typically using non water coolants such as molten salts, 
sodium and metals, such reactors are likely be safer because their coolants cannot boil off like water 
(the process which drove the Fukushima, Chernobyl and Three Mile Island accidents); less 
expensive because they can operate at atmospheric pressure and therefore reduce the need for 
expensive and hard to construct concrete- and steel-intensive containment structures; and fast to 
realize because they can be mass-manufactured in factories and shipyards, rather than primarily 

                                                 
48 Barry Castle, Four Nuclear Designs Being Evaluated for TVA’s Clinch River Project in Tennessee, Power Engineering 
(June 22, 2016), available at: http://www.power-eng.com/articles/2016/06/four-nuclear-designs-
being-evaluated-for-tva-s-clinch-river-project-in-tennessee.html. 

 

http://www.power-eng.com/articles/2016/06/four-nuclear-designs-being-evaluated-for-tva-s-clinch-river-project-in-tennessee.html
http://www.power-eng.com/articles/2016/06/four-nuclear-designs-being-evaluated-for-tva-s-clinch-river-project-in-tennessee.html
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constructed on site.49 
 

5.  Carbon Capture Utilization and Storage is Critical to Deep 
Decarbonization of the Power Sector and is Available in the 
Commonwealth  

 In 2015, Massachusetts generated 64 percent of its electricity from natural gas.50 With low 
natural gas prices expected to continue, natural gas combined cycle (“NGCC”) plants represent the 
leading technology option for power generation due to their “high efficiency, low investment cost 
and high operational flexibility.”51 Massachusetts generated nearly 10 percent of its electricity from 
renewable power in 2015 and the CES and RPS will continue to increase those numbers.52 In the 
absence of large scale energy storage, this increased reliance on renewable energy will also require 
the Commonwealth’s NGCC power fleet to quickly switch from base load to intermediate load to 
firm up renewable generation.  

 Unfortunately, while gas-fired power plants are less carbon intensive at the stack than coal, 
they are not carbon-free and their emissions must be reduced significantly if they are to continue to 
play a role in the electricity generation mix and allow Massachusetts to meet is reduction 
requirements.  

 CCS is a technology that separates CO2 from fossil combustion emissions, in this case power 
plants, compresses it into a liquid-like state and injects it into secure deep geological formations for 
permanent storage. It is the only technology currently available that allows fossil fuel-fired power 
plants to operate without emitting CO2. Therefore, CCS is undoubtedly critical to any long-term 
climate strategy. “If CCS is removed from the list of emissions reduction options in the electricity 
sector, the capital investment needed to meet the same emissions constraint is increased by 40 
[percent].”53 In fact, if CCS is not part of the international emission reduction strategy, the ability ever 
to achieve target [CO2] levels, is reduced by 0.5°C – or 25 percent of the 2.0°C target.54 

                                                 
49 See Clean Air Task Force, “Advanced Nuclear Energy: Need, Characteristics, Projected Costs, and 
Opportunities,” http://www.catf.us/resources/publications/view/232 
 
50 US EIA, “Massachusetts: State Profile and Energy Estimates,” http://www.eia.gov/state/?sid=MA. 
 
51 Roberto Carapellucci, et al., Application of an amine-based CO2 capture system in retrofitting combined gas-steam power 
plants, 118 ENERGY 808 (2017). 
 
52 US EIA, “Massachusetts: State Profile and Energy Estimates,” http://www.eia.gov/state/?sid=MA. 
 
53 US IEA, Technology Roadmap: Carbon Capture and Storage, at 8 (2013); See also generally Krishna Priya G.S. et al., 
Power system planning with emission constrains: Effects of CCS retrofitting, 92 PROCESS & SAFETY ENVTL. PROT. 
447 (2014) (finding that allowing CCS retrofit of existing plants reduces costs significantly).  

54 Gunnar Luderer et al., Economic mitigation challenges: how further delay closes the door for achieving climate targets, 8 
ENVTL. RESEARCH LETTERS 034033 at 7 (2014) (finding that existing sources have already consumed 
much of the 2.0°C target and delaying comprehensive emissions reductions another 15 years may push the 
target out of reach). Ruth Nataly Echevarria Huaman and Tian Xiu Jun, Energy related CO2 emissions and progress 
on CCS projects: A review, 31 RENEWABLE AND SUSTAINABLE ENERGY REVIEW 368, 369 (2014) 

http://www.catf.us/resources/publications/view/232
http://www.eia.gov/state/?sid=MA
http://www.eia.gov/state/?sid=MA
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 CCS on NGCC is both technically feasible, and in many cases, economically reasonable. 
Carbon capture technology for power plants is commercially available from vendors such as Fluor, 
Mitsubishi Heavy Industries Kerr-McGee, Aker, Cansolv and HTC.55 These vendors offer capture 
technology for gas plants. For example, Fluor’s Ecoamine technology was used at Bellingham, in 
Massachusetts, as well as on 27 other plants around the world, many of which were natural gas 
boilers.56 MHI technology has been used at 11 large-scale commercial plants that operate on flue gas 
from both natural gas and heavy oil sources.57 Cansolv identifies their technology as commercially 
available for natural gas power plants.58 

 Carbon capture on dilute sources such as NGCC is also economically acceptable compared 
with the cost of electricity from a new coal plant that meet EPA’s section 111(b) new source carbon 
pollution standards. NETL calculates the cost of a new NGCC plant with 90 percent capture CCS 
operating at 85 percent capacity factor to be $87.3 per MWh.59 The NETL cost of electricity 
estimate for a 16 percent partial capture new coal plant is $99.1 per MWh.60 Using NETL’s cost 
estimates, the cost of a full capture NGCC plant is almost $12 per MWh cheaper than a new coal 
plant meeting EPA’s new source performance standard of 1,000 lbs./MWh. 
 

a. Advanced CCS Technologies May Be Available in the Near 
Term 

 
 Recent developments in CCS turbine-based oxy-combustion cycle technology61 may lead to 

                                                                                                                                                             
(each year of delay will result in a global cost of $500 billion in terms of mitigation costs from 2014 to 2030).  

55 Edward S. Rubin, et.al, The Outlook for Improved Carbon Capture Technology, 
38 PROGRESS IN ENERGY & COMBUSTION SCI. 630 (2012). 
 
56 Satish Reddy, Fluor, Technologies for CCS on Natural Gas Power Systems, (Apr. 2014), available at: 
https://www.usea.org/sites/default/files/event-/Reddy%20USEA%20Presentation%202014.pptx; see also 
Fluor, “Econamine FG Plus Sites,” http://www.econamine.com/projectsites.  
 
57 Takashi Kamijo, Current Status of MHI CO2 Capture Plant Technology & Commercial Experiences, (Dec. 8, 2015), 
available at: http://www.co2conference.net/wp-content/uploads/2015/12/3-Kamijo-Mitsubishi-Kamijo-
Plant-Tech-and-Experiences-Dec-8-15.pdf. 
 
58 Shell Global, CANSOLV carbon dioxide (CO2) capture system, available at: http://www.shell.com/business-
customers/global-solutions/shell-cansolv-gas-absorption-solutions/cansolv-co2-capture-system.html. 
 
59 NETL, Cost and Performance Baseline for Fossil Energy Plants Volume 1a: Bituminous Coal (PC) and Natural Gas to 
Electricity Revision 3, at 17 (Jul. 6, 2015), available at: https://www.netl.doe.gov/File Library/Research/Energy 
Analysis/Publications/Rev3Vol1aPC_NGCC_final.pdf. 
 
60 NETL, Cost and Performance Baseline for Fossil Energy Plants Supplement: Sensitivity to CO2 Capture Rate in Coal-
Fired Power Plants, at 18, (June 22, 2015), available at: https://www.netl.doe.gov/energy-
analyses/temp/SupplementSensitivitytoCO2CaptureRateinCoalFiredPowerPlants_062215.pdf. 
 
61 See generally, Luca Mancuso, et al., IEAGHG, Oxy-combustion Turbine Power Plants, (Aug. 2015) (reviewing 
available oxy-combustion cycle options); see also Fernando Climent Barba, et al., A Technical Evaluation, 
Performance Analysis and Risk Assessment of Multiple Novel Oxy-Turbine Power Cycles with Complete CO2 Capture, 133 

https://www.usea.org/sites/default/files/event-/Reddy%20USEA%20Presentation%202014.pptx
http://www.econamine.com/projectsites
http://www.co2conference.net/wp-content/uploads/2015/12/3-Kamijo-Mitsubishi-Kamijo-Plant-Tech-and-Experiences-Dec-8-15.pdf
http://www.co2conference.net/wp-content/uploads/2015/12/3-Kamijo-Mitsubishi-Kamijo-Plant-Tech-and-Experiences-Dec-8-15.pdf
http://www.shell.com/business-customers/global-solutions/shell-cansolv-gas-absorption-solutions/cansolv-co2-capture-system.html
http://www.shell.com/business-customers/global-solutions/shell-cansolv-gas-absorption-solutions/cansolv-co2-capture-system.html
https://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Publications/Rev3Vol1aPC_NGCC_final.pdf
https://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Publications/Rev3Vol1aPC_NGCC_final.pdf
https://www.netl.doe.gov/energy-analyses/temp/SupplementSensitivitytoCO2CaptureRateinCoalFiredPowerPlants_062215.pdf
https://www.netl.doe.gov/energy-analyses/temp/SupplementSensitivitytoCO2CaptureRateinCoalFiredPowerPlants_062215.pdf
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dramatic cost reductions in capturing 100 percent of CO2 emissions when coupled with storage (or 
sequestration). Generally, capturing carbon from a fossil-fired power plant requires the addition of a 
separate carbon capture and compression facility, however NET Power’s cutting-edge, new design 
uses technology called the Allam Cycle62 and captures CO2 as part of the combustion process itself.63 
 
 NET Power incorporates several design changes that allow it to offer literally zero stack 
emissions. 8Rivers’ (NET Power developer) current sales plan, has plant commercial operation dates 
of one in 2020, five in 2023, six in 2024, six in 2025.64 Eligibility for CES credits could help 
accelerate that deployment schedule. NET Power uses oxy-combustion to produce an emissions 
stream of inherently pure CO2. But unlike other oxy-combustion systems that operate at 
atmospheric pressure, NET Power operates at extremely high pressures. NET Power does this by 
substituting supercritical CO2 for steam as the working fluid in the plant.65 This makes NET Power 
more efficient because it avoids the phase changes (and resultant energy loses) from boiling water 
and then recondensing it.66 And because the CO2 must be compressed to supercritical conditions for 
NET Power to run, there is no further compression costs to make the CO2 ready for transport and 
injection. As a result, Net Power is inherently clean because it produces a highly pure CO2 stream 
that is injection ready.67 It does so without post-combustion capture or compression equipment that 
is required with other CCS approaches. 
 
 Because both the inputs (natural gas fuel and oxygen used for combustion) and the outputs 
(water and CO2) are under extremely high pressure, the gases that must be managed in the NET 
Power system occupy a very small volume. This allows Net Power to reduce the size and footprint 
of the plant, reducing capital costs (less steel and concrete). NET Power eliminates the costly steam 
heat recovery systems used at conventional plants and applies these cost savings to help offset the 
expensive air separation unit (“ASU”) that Net Power needs to supply O2.68 The technology can 

                                                                                                                                                             
J. OF CLEANER PRODUCTION 971 (2016) (examining nineteen different oxy-turbine cycles, identifying the 
main parameters regarding their operation and development). 
 
62 R.J. Allam, et al., High Efficiency and Low Cost of Electricity Generation from Fossil Fuels While Eliminating 
Atmospheric Emissions, Including Carbon Dioxide, 37 ENERGY PROCEDIA 1135 (2013). 
 
63 See, Powerpoint, NET Power, Truly Clean, Cheaper Energy, at 3, California Energy Commission CO2 Capture 
Technology Workshop (Apr. 16, 2015); see also Roberto Scaccabarozzi, et al., Thermodynamic Analysis and 
Numerical Optimization of the NET Power Oxy-combustion Cycle, 178 APPLIED ENERGY 505 (2016) (presenting a 
thorough thermodynamic analysis and optimization of the NET Power Cycle). 
 
64 Walker Dimmig, 8Rivers, Personal Communication (Oct. 24, 2016). 
 
65 “Gearing up for a New Supercritical CO2 Power Cycle System: Toshiba has Almost Completed Detailed 
Design in Preparation for a Turbine that will use Carbon Dioxide as the Working Fluid,” Gas Turbine World, 
available at: http://www.gasturbineworld.com/gearing-up.html. 
 
66 See, supra note 64 at 5. 
 
67 Fernando Climent Barba, et al., A Technical Evaluation, Performance Analysis and Risk Assessment of Multiple Novel 
Oxy-Turbine Power Cycles with Complete CO2 Capture, 133 J. OF CLEANER PRODUCTION 971, 972 (2016). 
 
68 See, supra note 64 at 6. 
 

http://www.gasturbineworld.com/gearing-up.html
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generate power at a levelized cost comparable to NGCC: $60 – 80/MWh.69 

 
Fig. 9. Comparing levelized costs of NET Power plants with conventional power plants with and without carbon 
capture and sequestration. Source: NET Power. 
 
 In March 2016, NET Power broke ground in La Porte, Texas on a 50 MW natural gas power 
plant, which will demonstrate the viability of this new technology.70 Exelon Generation will operate 
the plant and Toshiba developed the key components, including the turbine. Toshiba sent the 
turbine to Texas today and the demonstration plant will start operation next year.71 NET Power and 
its collaborators also are in the process of developing a full-size 295 MW plant, scheduled to enter 
operation in 2020, during the CEIP period (see Fig. 10 below describing commercialization plan).72 

                                                 
69 See, supra note 64 at 7. 
 
70 “NET Power Breaks Ground on Demonstration Plant for World’s First Emission-Free, Low-Cost Fossil 
Fuel Power Technology,” PR Newswire (Mar. 9, 2016), available at: http://www.prnewswire.com/news-
releases/net-power-breaks-ground-on-demonstration-plant-for-worlds-first-emissions-free-low-cost-fossil-
fuel-power-technology-300233131.html.  
 
71 Toshiba, Press Release, “Toshiba Ships Turbine for World’s First Direct-Fired Supercritical Oxy-
Combustion CO2 Power Cycle Demonstration Plant,” (Nov.1, 2016) 
http://www.toshiba.co.jp/about/press/2016_11/pr0101.htm#PRESS. 
 
72 David Roberts, “Fossil Fuel Electricity with No Pollution? This Company is Building a Power Plant to 
Prove it,” Vox (Apr. 5, 2016), available at: http://www.vox.com/2016/4/5/11347962/net-power.  
 

http://www.prnewswire.com/news-releases/net-power-breaks-ground-on-demonstration-plant-for-worlds-first-emissions-free-low-cost-fossil-fuel-power-technology-300233131.html
http://www.prnewswire.com/news-releases/net-power-breaks-ground-on-demonstration-plant-for-worlds-first-emissions-free-low-cost-fossil-fuel-power-technology-300233131.html
http://www.prnewswire.com/news-releases/net-power-breaks-ground-on-demonstration-plant-for-worlds-first-emissions-free-low-cost-fossil-fuel-power-technology-300233131.html
http://www.toshiba.co.jp/about/press/2016_11/pr0101.htm#PRESS
http://www.vox.com/2016/4/5/11347962/net-power
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NET Power reports that a pre-FEED study for this facility is underway, and several sites have 
already been selected for initial plants.73 

Fig. 10. Demonstrating NET Power commercialization timeline. Source: NET Power. 

 While NET Power is currently the most developed oxy-combustion technology, many other 
advanced CCS technologies are currently under development: 

 
• Inventys74: Inventys is the developer of the VeloxoTherm™ process, a CO2 

removal system that uses “structured adsorbents” housed in equipment that is similar 
to rotary air preheaters. The rotating platform brings fresh structured absorbents into 
contact with the flue gas. CO2 is removed from the adsorbents with low-pressure 
steam. The temperature swing absorption process takes about 60 seconds. Inventys 
estimates that the price of the process could be significantly lower than existing post-
combustion CO2 capture technologies.  

                                                 
73 Walker Dimmig, 8Rivers, Personal Communication (Oct. 21, 2016). 
 
74 See Inventys, “The VeloxoTherm Process: Three Simple Steps,” http://inventysinc.com/veloxotherm/.  
 

http://inventysinc.com/veloxotherm/
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• CES75: Clean Energy Systems, Inc. (“CES”) has a patented power generation 

technology that combines hydrocarbons with oxygen. CES’s system produces high-
energy steam that powers turbines to generate electricity and allows for CO2 
sequestration using technologies from the aerospace industry. CES is an oxy-fuel 
combustor adapted from rocket propulsion technology. This combustor can burn 
either a liquid or gas fuel in the presence of near-stoichiometric oxygen levels and 
recycled water. The combustion products are primarily steam and high 
pressure/temperature CO2. Fuels that can be used for this technology include natural 
gas, syngas, and refinery wastes. 
 

• Ion Engineering76: Ion Engineering has developed a patented solvent that has been 
tested at the National Carbon Capture Center in Alabama. In 2016, the company 
expects to scale up their technology at a 12 MWe facility in Norway’s Technology 
Centre Mongstad. The company expects their highly efficient solvent will decrease 
the size (and cost) of capture equipment. 
 

• InnoSepra77: InnoSepra is developing a physical sorbent process that combines 
processes innovation with new physical sorbents to reduce total regeneration energy 
requirements. The system has been bench and field tested at NRG’s Indian River, 
Delaware plant. The company asserts that the process has the potential to capture 
carbon at less than $45 per metric ton and can be installed either before or after flue-
gas desulfurization systems. 

 

 
 Recognizing that electricity will likely be generated from fossil fuels for decades to come, 
CCS is a crucial part of longer-term climate strategies. New developments in CCS technology have 
led to shorter lead times, which renders NET Power and other zero-emitting technologies relevant 
to helping the Commonwealth achieve the emission reductions milestones in the current regulation 
and the overall targets in the Global Warming Solution Act. 

b.  Onshore Geologic Carbon Storage May Accommodate 
Hundreds of Millions of Tons of CO2 in Massachusetts. 

 
 For CCS to present a viable option for low carbon electricity generation in Massachusetts, 
there must be a way to permanently store the captured carbon dioxide. Deep carbon sequestration 
technology involves injection of compressed carbon dioxide, in fluid form, deep into geologic 
                                                 
75 See Clean Energy Systems, Inc., “Oxyfuel Combustion,” 
http://www.cleanenergysystems.com/technology/.  
 
76 See Ion Engineering, “Our Technology – The Ion Advantage,” http://ion-engineering.com/our-
technology/. 
 
77 See Ravi Jain, InnoSepra, PowerPoint, “InnoSepra’s Physical Sorbent-Based CO2 Capture Process,” (Aug. 
2016) (Attachment 1). 
 

http://www.cleanenergysystems.com/technology/
http://ion-engineering.com/our-technology/
http://ion-engineering.com/our-technology/
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formations containing non-potable brine water, that are, in turn, covered by an impermeable 
sequence of rocks such that injected CO2 remains permanently sequestered in the subsurface, usually 
well over a kilometer in depth. Geologic carbon storage technology is based on methods that were 
developed in the oil industry over the past half-century.78 As part of the Massachusetts Clean Energy 
Study, the University of Massachusetts identified potential geologic carbon storage formations in 
central Massachusetts (sedimentary saline storage formations, and unmineable coal seams) and 
applied commonly utilized screening criteria to estimate their storage potential.79 The most 
promising storage formations identified are sandstone brine aquifers in the Connecticut River Valley 
in south-central Massachusetts. The study suggests that the water-bearing formations would have 
sufficiently high salinities to meet threshold criteria for legally allowable injections of CO2, for the 
purposes of permanent sequestration. (A formation appropriate for CO2 storage water must have 
high dissolved solids and therefore not be a drinkable water resource). These geologic formations in 
could provide up to a half billion tonnes of deep geologic CO2 storage. Furthermore, unmineable 
coal formations in the Narragansett Basin of southeastern Massachusetts may be able to store up to 
an additional 100 Mt of CO2. Basins assessed for saline storage include:  
 

• Deerfield basin: (100 m. thick sandstone aquifer) 5-20 Mt storage  
• Hartford Basin (500 m. thick sandstone aquifer) 125-500 Mt storage  
• Sugarloaf and New Haven Arkose: 130 Mt 

 

 
Fig. 11. Map showing general areas (gray areas) where potential targets for geologic carbon sequestration in 
Massachusetts might be possible. These include: A) deep saline aquifers in the New Haven arkose and Sugarloaf arkose 
in the Connecticut Valley; B) Organic rich shales in the Connecticut Valley; C) unmineable coal beds in the Narragansett 

                                                 
78 Bruce Hill, et al., Geologic carbon storage through enhanced oil recovery, 37 ENERGY PROCEDIA 6808 (2013), 
available at: http://www.catf.us/resources/publications/files/201301-
Geologic_carbon_storage_through__enhanced_oil_recovery.pdf.  
 
79 Stephen B. Mabee, et al., Carbon sequestration: developing an assessment of potential CO2 storage resources in 
Massachusetts, (May 12, 2011), available at: 
http://www.geo.umass.edu/stategeologist/Products/reports/CarbonSequestrationReport.pdf. 
 

http://www.catf.us/resources/publications/files/201301-Geologic_carbon_storage_through__enhanced_oil_recovery.pdf
http://www.catf.us/resources/publications/files/201301-Geologic_carbon_storage_through__enhanced_oil_recovery.pdf
http://www.geo.umass.edu/stategeologist/Products/reports/CarbonSequestrationReport.pdf
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basin; D) deep basalts in the Connecticut Valley; and, E) carbon- bearing graphitic schists in the Berkshires. Source: 
Stephen B. Mabee, et al., at note 80. 

 While these combined onshore storage resources would accommodate small to moderate 
amounts of captured CO2, which may be sufficient for initial commercial projects, if supplemented 
by offshore storage (described below), the geology of Massachusetts may accommodate very large 
volumes of CO2 for permanent sequestration. 
 

c. Large-Scale Commercial Scale CO2 Storage Potential in the 
Offshore is Promising 80, 81, 82 

 
 Offshore storage has been underway in the North Sea for several decades with Norway’s 
Statoil Sleipner project. Over 15 million metric tonnes of captured CO2 has been stored since 1996 
the Utsira Formation, with its estimated capacity of 600 billion metric tonnes in a section of strata 
200-250 meters thick, similar geologically to New England’s potential offshore storage formations.83 
Thus, there may be similarly massive potential to geologically store CO2 offshore of Massachusetts. 
Offshore storage of CO2 is available in Eastern Georges Bank Basin, which is southeast of 
Massachusetts, along the very shallow continental shelf, in a thick sedimentary rock sequence 
underlain by thousands of feet of sedimentary formations. U.S Department of Energy’s contractor, 
Battelle, along with a number of associated universities, are in the process of assessing offshore 
storage resources in the mid-Atlantic, based on an evaluation of geology, including core samples and 
well logs, seismic surveys, hydrologic properties, geographic extent, and an evaluation of risk factors. 
The analysis is, in large part, based on data from a group of ten wells drilled in the Mid Atlantic in 
the mid 1970s and early 1980s, by a consortium of oil companies and the Mineral Management 
Service (the Bureau of Ocean Energy Management, predecessor agency to BOEM), as wells as, by 
reprocessing data using new methods from seismic surveys undertaken in the 1970s and 1980s by 
BOEM.84  
 

                                                 
80 Gary M. Edson, et al., US Dept. of Interior, Georges Bank Petroleum Exploration, (May 2000), available at: 
https://www.boem.gov/OCS-Report-MMS-2000-031/. 
 
81 Lydia Cumming, et al., Battelle, Overview of the mid-Atlantic U.S. Offshore carbon storage resource assessment, (CCUS 
Conference, June 12, 2016) (Attachment 2).  
 
82 Neraj Gupta, Battelle, US DOE NETL, Mid Atlantic US Offshore carbon storage resource assessment project fact 
sheet: project overview, (June 2016) (Attachment 3). 
 
83 MIT at https://sequestration.mit.edu/tools/projects/sleipner.html  
 
84Gary M. Edson, et al., US Dept. of Interior, Georges Bank Petroleum Exploration, (May 2000), available at: 
https://www.boem.gov/OCS-Report-MMS-2000-031/. 
 

https://www.boem.gov/OCS-Report-MMS-2000-031/
https://sequestration.mit.edu/tools/projects/sleipner.html
https://www.boem.gov/OCS-Report-MMS-2000-031/
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Fig. 12. Map of 1) Georges Bank Basin; 2) Baltimore Canyon Trough; and 3) Long Island Platform. Source: Lydia 
Cumming, et al., at note 82. 

 Battelle’s analysis suggests that the Logan Canyon, Mississauga, and Mohawk Formations, at 
a geologic depth of 2,500-10,000 feet, are “promising” CO2 storage targets. Analysis indicates that 
the formations are many hundreds of feet thick, and separated by impermeable shales that would be 
a barrier to any upward buoyant migration of CO2. Pore space in the demonstrably permeable sands 
is excellent at 22-35 percent. Previous work in characterizing the offshore storage was undertaken 
during the development of the PurGen One project in Linden, New Jersey. This analysis suggested 
that the geologic storage formations in the mid-Atlantic offshore are massively thick and capable of 
very large-scale commercial storage, on the order of a trillion tonnes.85 
 

d. Congress May Expand CCS Tax Credits, Rendering 
Projects Even More Cost-Effective 

 
 Section 45Q of the tax code provides tax credits for carbon capture and sequestration. 26 
U.S.C. § 45Q. However, as currently structured, the section provides little benefit to CCS projects. 
The value of the credit is very low, at $10/ton of CO2, and the tonnage threshold to qualify for the 
credit is very high at 500,000 tons of CO2. Id. In 2016, three bipartisan pieces of legislation - with 20 
co-sponsers in the House and 50 in the Senate - were introduced in Congress to amend or expand 
                                                 
85 Zero Emission Resource Organisation, “PureGen One,” http://www.zeroco2.no/projects/scs-energy-
purgen-one. 
 

http://www.zeroco2.no/projects/scs-energy-purgen-one
http://www.zeroco2.no/projects/scs-energy-purgen-one
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45Q. Bills included language, among other things, to make 45Q permanent, increase the credit to 
$35/ton for CO2 sequestered in enhanced oil recovery and $50/ton for CO2 sequestered in saline 
formulations, and lower the threshold to 100,000 tons of CO2.86  
 
 In 2015, legislation was proposed that would make CCS projects eligible for tax exempt 
private activity bonds, which would lower project financing costs.87 Also, in 2015, legislation was 
introduced to make the Master Limited Partnership business structure available to CCS projects.88 
Master Limited Partnerships have access to capital at lower costs and are more liquid than traditional 
financing approaches to energy projects.  
 
 While none of this legislation has been passed to date, bipartisan efforts continue to pass 
legislation to further support CCS projects. The passage of any of these bills could decrease the cost 
of CCS projects significantly and improve their cost-effectiveness. It is critical that the Department 
finalize a technology-neutral CES program, which will accommodate the most cost-effective 
projects, which can lead to emission reductions.  
 

v.  Biomass  
 
 The GWSA requires DEP to implement regulations that will reduce GHG emissions to 80 
percent below 1990 levels by no later than 2050.89 Per Kain, the reductions must be “actual, 
measurable, and permanent.”90 In light of these requirements, CATF supports DEP’s proposal to 
determine the CES eligibility of biomass-based power generation using the same threshold that 
DOER currently uses to determine whether biomass generators qualify for the state RPS. 
 
 Burning biomass at an industrial facility to make energy results in a significant transfer of 
CO2 to the atmosphere, unless the emissions are controlled with CCS. Power plants that burn wood 
and other forms of biomass emit about 3,000 pounds of CO2 per megawatt-hour, an emissions rate 
that is more than 30 percent higher than that of a coal-fired power plant and more than 200 percent 
higher than that of a combined cycle gas plant. The CO2 emissions rate for biomass-burning 
facilities exceed the rates for fossil fuel-powered facilities mainly because biomass is less energy-
dense than fossil fuels.91 Consequently, in most instances a facility that burns biomass instead of 
natural gas or coal will increase the amount of CO2 it emits per kilowatt generated. 

                                                 
86 See e.g. H.R. 4622, Carbon Capture Act, (114th Cong. 2016); S. 3179 Carbon Capture Storage and Utilization Act, 
(114th Cong. 2016). 
 
87 S. 2305, Carbon Capture Improvement Act of 2015, (114th Cong. 2015). 
 
88 S. 1656, Master Limited Partnership Parity Act, (114th Cong. 2015). 
 
89 GWSA § 3(b). 
 
90 Kain, 474 Mass. at 300. 
 
91 Thomas Walker, et al. Biomass and Carbon Policy Study (report by the Manomet Center for Conservation 
Sciences) 103-104, (2010) available at: 
https://www.manomet.org/sites/default/files/publications_and_tools/Manomet_Biomass_Report_Full_Jun
e2010.pdf.  
 

https://www.manomet.org/sites/default/files/publications_and_tools/Manomet_Biomass_Report_Full_June2010.pdf
https://www.manomet.org/sites/default/files/publications_and_tools/Manomet_Biomass_Report_Full_June2010.pdf
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 NGCC NG Steam 

Generator 
Coal Steam 
Generator 

Biomass Steam 
Turbine 

Fuel CO2 per heat 
content 
(lbs/mmbtu)92 

117.00 117.00 210.20 206.83 

Heat rate 
(mmbtu/MWh)93 

7.655 10.372 10.059 14.22 

Lbs CO2/MWh94 896 1216 2114 2941 
Fig. 13: CO2 emissions rates for different types of combustion facilities. 
 
 Carbon dioxide emissions from biomass combustion are sometimes ignored based on a 
simplistic assumption that burning biomass to generate energy is “carbon neutral.” Under the rubric 
of “carbon neutrality,” the CO2 emitted by biomass-burning facilities can be overlooked because 
subsequent tree growth will fully “resequester” those emissions. 
                                                 
92 The CO2 emission factors for natural gas and coal (“all types”) is from US EIA, Carbon Dioxide Emission 
Coefficients (Feb. 2, 2016), http://www.eia.gov/environment/emissions/co2_vol_mass.cfm. The CO2 
emission factor for biomass fuel (“wood and wood residuals”) is from EPA, Emission Factors for Greenhouse Gas 
Inventories, Table 1: Stationary Combustion Emission Factors (Apr.4, 2014), 
https://www.epa.gov/sites/production/files/2015-07/documents/emission-factors_2014.pdf, (conversion: 
93.80 kg CO2/mmbtu * 2.205 lbs/kg = 206.83 lbs CO2/mmbtu). 
 
93 Heat rate data (presented here as the amount of input energy (in mmbtu) required for a specific type of 
power plant to generate 1 MWh of electricity) for natural gas combined cycle systems, natural gas steam 
generators, and coal steam generators is from US EIA, Average Tested Heat Rate by Prime Mover and Energy Source 
2007-2015 (2015 data) http://www.eia.gov/electricity/annual/html/epa_08_02.html. Heat rate value for 
biomass steam plants is calculated using the conversion efficiency reported in DOE/ORNL, Biomass Energy 
Data Book 83 (2011), http://info.ornl.gov/sites/publications/Files/Pub33120.pdf; (“actual [biomass] plant 
efficiencies are often in the low 20% range") to calculate the heat rate for a biomass plant, divide the energy 
content of 1 MWh electricity (3.412 mmbtu) by the facility’s conversion efficiency (approximately 24% for 
biomass) (3.412 / 0.24 = 14.21 mmbtu/MWh). 
 
94 The CO2 emissions rate is the product of a fuel type’s CO2 emissions factor multiplied by a facility type’s 
heat rate. See US EIA, How much carbon dioxide is produced per kilowatthour when generating electricity with fossil fuels?, 
https://www.eia.gov/tools/faqs/faq.cfm?id=74&t=11.   
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 As a general matter, though, biomass combustion cannot be credited with a reduction in 
CO2 emissions unless, at a minimum, three conditions are met. First, regulators must determine 
either that increased demand for biomass has caused or will cause an increase in plant growth-related 
CO2 sequestration that exceeds (i.e., is additional to) the amount of CO2 that plants would have 
sequestered anyway; alternatively, they must determine the energy is generated by burning biomass 
that would have otherwise decomposed and released its carbon into the atmosphere anyway.95 
Second, regulators must determine that the volume of CO2 that is either sequestered (by promoting 
additional plant growth) or prevented from reaching the atmosphere (by using “waste” biomass) 
more than makes up for the extra CO2 that is emitted when power plants burn biomass rather than 
other fuels (see Fig. 13 above). And third, they must determine that the net reduction in emissions is 
achieved within the relevant policy or geophysical timeframe. 
 
 Each of these determinations can be difficult to make, and the analyses are hobbled by 
uncertainty. Contrary to the requirements of Kain, the net CO2 reductions typically attributed to 
biomass power are neither “actual” nor “measurable;”96 instead, they are based on projections 
produced by complex, assumption-laden lifecycle models that become less and less reliable the 
further into the future they reach. Likewise, regulators cannot be sure that biomass-related 
reductions are “permanent,”97 as they often hinge on unrelated decisions by third party 
landowners—e.g., instead of allowing a forest to regrow after being harvested for wood fuel, a 
landowner might choose to sell the deforested land to a residential developer.  
 
 DEP’s proposal to base biomass power’s CEP eligibility on the same criteria that DOER 
uses to determine biomass’s eligibility for RPS RECs is therefore both warranted and reasonable.98 
Under the RPS, generators are required to demonstrate that their lifecycle GHG emissions are at 
least 50 percent lower than those of the most efficient natural gas-fired power plant.99 The analytic 
horizon for the lifecycle analysis is 20 years, meaning that a biomass power plant must show that its 
net emissions rate is 50 percent lower than that of an NGCC when measured over a 20-year 
period.100 
 

                                                 
95 Timothy Searchinger, Biofuels and the need for additional carbon, 5 ENVIRONMENTAL RES. LETT. 024007 (2010) 
doi:10.1088/1748-9326/5/2/024007 (a policy can satisfy the additionality requirement if, for example, it 
encourages land managers to double-crop farmland or increase the productivity of forestland). 
 
96 See Kain, 474 Mass. at 300. 
 
97 See id. 
 
98 See ALM GL ch. 30A, § 14(7)(f) (authorizing courts to set aside or modify agency decisions that are 
unwarranted by the facts); Singer Sewing, 341 Mass. at 517 (establishing a “reasonable mind” standard). 
 
99 MA DOER, Renewable Energy Portfolio Standard—225 C.M.R. 14.00, Guideline for the Calculation of 
Overall Efficiency and Lifecycle GHG Analysis (Aug.17, 2012), 
http://www.mass.gov/eea/docs/doer/renewables/biomass/ma-rps-regulation-overall-efficiency-and-ghg-
analysis-guideline-doer-081712.xlsx.   
 
100 See id.  
 

http://www.mass.gov/eea/docs/doer/renewables/biomass/ma-rps-regulation-overall-efficiency-and-ghg-analysis-guideline-doer-081712.xlsx
http://www.mass.gov/eea/docs/doer/renewables/biomass/ma-rps-regulation-overall-efficiency-and-ghg-analysis-guideline-doer-081712.xlsx
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 Both criteria make sense in the CES context. Given the high degree of uncertainty that 
surrounds lifecycle GHG analyses, the CES should exclude biomass power systems that claim only 
marginal CO2 reductions. The 50 percent-better-than-NGCC threshold ensures that biomass power 
systems that can deliver real, meaningful CO2 reductions—e.g., biomass-powered CHP facilities—
will qualify for the CES. Likewise, the 20-year timeframe for assessing net lifecycle emissions is long 
enough to allow combinations of feedstocks and conversion technologies that offer clear climate 
benefits to qualify, while not being so drawn out as to credit those systems that will not deliver net 
benefits until well after the GWSA 2050 deadline.  
 
 The report that the Manomet Center for Conservation Sciences conducted for 
Massachusetts in 2010 on the net climate impacts associated with different biomass power systems 
remains the most thorough analysis of its kind. According to the report, if utility-scale power plants 
burn biomass instead of coal to generate electricity, the net CO2 emissions would be higher for more 
than 40 years, even taking forest regrowth into consideration.101 When biomass substitutes for 
natural gas, the report found that net emissions would be higher for more than ninety years.102 
Neither of these timeframes is remotely consistent with GWSA requirement to reduce GHG 
emissions 80 percent by 2050. Because the research done by Manomet and others indicates that 
biomass power can play only a limited role, at best, in helping Massachusetts reach the 2050 
reduction requirement, DEP’s decision to carefully limit the types of biomass power plants that can 
qualify under the CES is entirely appropriate.  
 

d. Emission Cap: Drastically Reducing Greenhouse Gas Emissions from 
Electricity Generating Units 
 

i. The Emission Cap, Trajectory and Individual Power Plant Limits 
Must Be Supported by a Robust Record. 
 

 The Department indicates that the aggregate emission limit for fossil fuel-fired power plants 
is 9.12MMT CO2e in 2018 was “selected for consistency with other clean energy and energy and 
energy efficiency policies.” Background Document at 35. The Department considered the changes 
in load associated with retirements, new clean energy generation and energy efficiency for the years 
2013-2020 and found that the generation associated with retired coal-fired power plants can be 
replaced with clean generation or energy efficiency and therefore the emission limit for existing 
sources is 8.7 MMT CO2e in 2018. Id. The Department provides no indication that replacing 
planned retirements with clean energy achieves the maximum technologically feasible reductions. The 
Department then decides to reduce the emission limit by 2.5 percent every year, without explaining 
what this is based upon – one could assume that this merely corresponds with increased clean 
energy made available but that is not demonstrated.  
 
 In selecting a 1.5 MMT CO2e limit for new power plants in 2018, “MassDEP considered 
likely emissions of known potential new facilities and the fact that operations of these facilities is 
desirable because of their efficiencies and quick start capabilities.” Background Document at 37. The 
Department indicates that the new source cap is not set at the full amount of anticipated emissions 
because new sources can obtain over compliance credits. Id. The Background Document, however 

                                                 
101 Walker, et al. (2010) at 112. 
 
102 Id. at 112. 
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does not identify the anticipated plants or the expected emission rate. Therefore, the public cannot 
comment on whether these expectations are reasonable.  
 
 As noted above, regulations, must be based on substantial evidence made available in the 
public record. ALM GL ch. 30A, § 14(7)(e)-(g). The slim record available here leaves out 
information key to providing meaningful comments.  
 

ii. The Emission Cap Must Be Based on the Maximum Reductions 
Power Plants Can Achieve through Efficiency Improvements plus 
the Amount of Fossil-Fired Generation that can be Substituted with 
Low- or Zero-Emitting Generation 

 
 The GWSA requires emissions reduced to the “maximum technologically feasible.” 
However, it appears that the emissions cap for existing power plants merely relies on known 
retirements and ensuring that the clean energy procured under the RPS and CES programs results in 
corresponding emission reductions at existing power plants. First, as discussed above, it is unclear 
that the CES is as strong as it could be or that the emissions cap fully reflects the clean energy 
procured under it. Second, with so few power plants in the Commonwealth, accounting for such a 
great percentage of emissions, the Department should review each power plant and determine 
whether other, inside the fence, measures can also be taken to reduce emissions.  
 
 The US EPA recently determined the best system of greenhouse gas emission reductions 
from power plants, which while finalized under a different statutory standard than the relevant one 
here, is instructive. EPA reviewed various methods of improving heat rate at existing power plants 
and concluded that power plants in the Eastern Interconnect could achieve a 4.3 percent.103 
Admittedly, EPA’s heat rate improvement review was focused on coal-fired power plants and the 
power plants in Massachusetts are fired by natural gas, but the efficiency rates at many of the plants 
can be drastically improved. Historical emission rates at the Commonwealth’s power plants range 
widely, as shown in the table below, but national emissions data confirms that natural gas-fired 
power plants can meet the following emissions rates on a net output basis: 825 lbs. CO2/MWh for 
baseload units, 875 lbs. CO2/MWH for intermediate and load-following units, and 1,100 lbs. 
CO2/MWh for peaking units.104  
 
Facility 2013-2015 

Avg. 
Generation 
(MWh) 

2013-2015 
Avg. 
Emissions 
(MT) 

Historical 
Rate 
(lbs/MWh) 

ANP Bellingham Energy 
Company, LLC 2,238,927 

 
 
 

 
 
 

                                                 
103 See EPA, Technical Support Document, Greenhouse Gas Mitigation Measures, at 2-1 – 2-66 (Aug. 3, 2015). 
 
104 See EPA, Technical Support Document, Combustion Turbine Standard, (Sept. 2013), available at: 
https://www.regulations.gov/document?D=EPA-HQ-OAR-2013-0495-0082 (discussed in depth in Comment 
Submitted by Andres Restrepo, et al, Sierra Club, at 83-106, (May 9, 2014), available at: 
https://www.regulations.gov/document?D=EPA-HQ-OAR-2013-0495-9514).  
 
 

https://www.regulations.gov/document?D=EPA-HQ-OAR-2013-0495-0082
https://www.regulations.gov/document?D=EPA-HQ-OAR-2013-0495-9514)
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913,970 900 
ANP Blackstone Energy 
Company, LLC 2,049,400 

 
798,010 

 
858 

Bellingham 507,609 279,224 1,212 
Berkshire Power 1,137,483 457,002 885 
Canal Station 265,266 210,522 1,749 
Cleary Flood 131,311 84,045 1,411 
Dartmouth Power 125,833 61,093 1,070 
Deer Island Treatment 2,584 6,122 5,223 
Dighton 859,904 361,557 926 
Fore River Energy Center 3,236,599 1,500,000 1,021 
Kendall Square 1,219,559 641,163 1,159 
MASSPOWER 791,485 354,269 986 
Medway Station 4,172 8,019 4,237 
Milford Power, LLC 387,565 172,333 980 
Millennium Power Partners 1,723,289 688,675 881 
Mystic 3,946,410 1,666,666 931 
Pittsfield Generating 208,106 106,371 1,126 
Potter (Braintree Electric) 63,569 36,034 1,249 
Stony Brook 179,176 103,171 1,269 
Tanner Street Generation 95,400 46,726 1,079 
Waters River 4,131 7319 3,905 
West Springfield 39,933 29,391 1,622 

 
iii. The Emission Cap Should Be Updated Every Five Years Based on 

Output 
 
 The Department should update the emission cap every five years and distribute allowances 
based on output.105 This method is consistent with the requirement that the plan be updated every 
five years. But, also, this would be an output-based, updating system consistent with other cap and 
trade policies in the New England including RGGI and the NOx trading program. 106 
 

                                                 
105 Similar to the Commonwealth’s 310 CMR § 7.74 Emission Cap, the EPA proposed an emission target for 
existing power plants in the Clean Power Plan. CATF performed extensive analysis and submitted comments 
discussing various forms of leakage and potential remedies that may be instructive here. See CATF, Federal 
Plan and Model Trading Rule Comments, Section IV (Jan. 21, 2016), available at: 
http://catf.us/resources/filings/EGU_GHG_NSPS_Rule/CATF%20CLF%20-
%20CPP%20FP%20MTR%20Comments.pdf.  
 
106 Analysis by researchers at Resources for the Future suggests that including new and existing sources within 
the state emission trading budget and allocating allowances on an updating output basis could mitigate 
“seams” leakage as well. See Dallas Burtraw, et al., A Proximate Mirror: Greenhouse Gas Rules and Strategic Behavior 
Under the US Clean Air Act, (Mar. 2015), available at: 
http://www.rff.org/files/sharepoint/WorkImages/Download/RFF-DP-15-02.pdf.  
 

http://catf.us/resources/filings/EGU_GHG_NSPS_Rule/CATF%20CLF%20-%20CPP%20FP%20MTR%20Comments.pdf
http://catf.us/resources/filings/EGU_GHG_NSPS_Rule/CATF%20CLF%20-%20CPP%20FP%20MTR%20Comments.pdf
http://www.rff.org/files/sharepoint/WorkImages/Download/RFF-DP-15-02.pdf
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 CATF urges the Department to provide all background information and data used to update 
the cap. This tailored and transparent analysis will result in additional and achievable emission 
reductions.  
 
 

Every Five Years the Cap is Updated 
 

1. The emissions associated with retired units are removed from the cap and credits 
associated with those emissions are permanently retired 

2. The Department reviews the remaining units and requires emissions associated with 
any remaining efficiency improvements to be removed from the cap 

3. The Department determines the maximum available clean energy generation. The 
average emission rate for the fleet is determined. The MWh of available clean energy is 
multiplied by the emission rate and the resulting tons are removed from the cap. 

4. The Department determines the maximum available energy efficiency. The MWh of 
available energy efficiency is multiplied by the emission rate and the resulting tons are 
removed from the cap. 

 
 
 

iv. Massachusetts should set a standard for new gas-fired power plants 
consistent with 90 percent carbon capture, or ~ 200lbs./MWh by 
2026. 

  
 Section II.c.iv.5 demonstrates that carbon capture and sequestration is available and feasible 
for natural gas-fired power plants. And even moreseo, as discussed above, at Section II.c.iv.3, gas-
fired power plants must be equipped with carbon capture technology if Massachusetts is to meet its 
emission reduction goals while maintaining a reliable grid. To firm the renewable generation and 
meet demand, 10 TWh of fossil-fired capacity would be necessary in 2050. If the capacity had an 
emission rate of 1,000 lbs./MWh of CO2, this capacity would emit about 5 MMT of CO2 annually 
and exceed the 2.17 MMT cap by more than double.  
 
 The Department proposes to use the most recent data starting in 2026 to update each 
facility’s emission limit. CATF proposes that at that point, any new gas-fired power plants should be 
required to capture carbon such that the plant’s rate of emissions is 200lbs CO2/MWh, to allow 
sufficient firming capacity and still meet the GWSA emission mandate – the emission cap for new 
sources in 2050 is merely 300,000 lbs. of CO2. While new sources can purchase emissions from 
over-complying existing sources, the margins are very tight and a strict standard is necessary to 
achieve 80 percent emission reduction by 2050. 
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III. DEP’s Proposed Methane Emissions Limitation Requirements are Insufficient to 
the Task, and Must Be Expanded in Scope. 

 
DEP proposes methane reductions from oil and gas systems in the Commonwealth based 

only on the reduction of leaks from distribution mains and service lines, and also only from 
companies for which a Gas System Enhancement Plan (“GSEP”) has been approved by the 
Department of Public Utilities, pursuant to M.G.L. c. 164 §145. DEP Proposal TSD at 19; proposed 
310 CMR 7.73(2). The proposal is projected to yield a 0.05 percent reduction from the 1990 state 
greenhouse gas totals level – and less than one tenth of a percent of the total CO2e reductions 
projected for 2020 under the DEP rules.107 DEP’s proposal does not in any way address emissions 
from natural gas transmission, liquefied natural gas (“LNG”) storage or import facilities, or 
aboveground natural gas distribution equipment. The Department does not initially propose 2030, 
2040, or 2050 leak reduction goals or requirements even for this small part of the oil and gas delivery 
industry, nor does the Department set declining emissions caps to 2050 for this industry in the 
proposed rule, although comment is sought on those aspects of the proposal.  
 

According to DEP, between 1.1 and 1.3 percent of gross GHG emissions from 
Massachusetts in recent years (2011-2013), and 2.4 percent in 1990 on a CO2e global warming 
potential (“GWP”) basis, were from natural gas systems in the Commonwealth.108 Natural gas 
systems included in this assessment are “the transmission and distribution systems of natural gas… 
[including] leaks from miles of pipeline and numbers of services, customer meters, 
metering/regulating stations and venting.”109 While these percentages may appear small, methane 
(the greenhouse gas component of natural gas, and the majority of natural gas air emissions), even in 
small amounts causes significant near term climate damage. Methane’s global warming potential is 
87 times that of CO2 in the twenty years after it is emitted. Therefore, taking strong steps to control 
methane emissions is imperative if Massachusetts is to meet its GWSA mandated greenhouse gas 
emissions reduction of 80 percent from 1990 levels by 2050.  

While the Department has some discretion to consider which sources of greenhouse gases to 
regulate in order to achieve the GWSA goals, Kain, 474 Mass. at 291-292, that discretion must be 
reasonably exercised. Id. at 286 (citing Moot v. DEP, 448 Mass. 340, 346 (2010)). Failing to address 
leaks from all parts of the oil and gas system infrastructure within the Commonwealth leaves 
significant amounts of readily controllable methane releases unabated. Such a decision if finalized, 
would be an unreasonable exercise of the Department’s discretion, flaunting the statutory directive 
for “maximum technologically feasible reductions,” GWSA §4(h), nevermind the central purpose of 
the statute to “effect significant reductions in emission sin the Commonwealth,” Kain, 474 Mass. at 
290-91 (emphasis added). This is particularly true given that emissions from transmission, LNG, and 
aboveground natural gas distribution facilities can be reduced using proven techniques that can be 
readily implemented. 

Additionally, while setting maximum annual methane limits for the active mains and services 
at each regulated distribution company out to 2020, the proposal fails to look beyond 2020 to set 

                                                 
107 DEP Proposal TSD at 8, Table 1.  
 
108 Statewide Greenhouse Gas Emissions Level, at 5, Table 1 & Appendix C, supra  note 4.  And as noted infra at 
Section III.c.i. this figure is significantly underestimated. 
 
109 Id. at 11, Appendix A.  
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2030, 2040, and 2050 limits – or even goals. Not only does this fail to satisfy the statutory 
requirement that the Department issue interim limits aimed at achieving 80 percent emissions 
reduction by 2050, GWSA §§ 3(b), (d), Kain, 474 Mass. at 289, 292, it also bears repeating that as a 
practical matter the Commonwealth is unlikely to be able to meet that mandate without broadening 
the collection of regulated methane sources to include not just certain distribution pipelines, but also 
transmission, LNG, and aboveground facilities located within the Commonwealth, as we discuss 
below.  

 
a. The Global Warming Solutions Act neither requires nor justifies the proposal’s 

limited approach to controlling oil and gas systems methane; nor is there any 
federal statutory prohibition on a more expansive approach to regulation.  

 
While Governor Baker’s directive to the Department was to “consider limits on emissions 

from … leaks from the natural gas distribution system,” Executive Order at 3 section 2.c., that 
directive does not amend or revoke the Secretary’s statutory mandate to regulate multiple “sources 
or categories of sources” of greenhouse gas emissions. GWSA §3(d). Nor does the order by its own 
terms direct the Department to exclusively consider the distribution system.  

 
The Department does not claim, nor can it, that transmission system infrastructure 

emissions are “de minimis.” While the statute would allow the State’s plan to describe (with sufficient 
factual support) a de minimis threshold emissions level below which emissions reductions 
requirements would not apply, GWSA §4(e), the proposal does not include this argument. 
Additionally, there is no suggestion by the Department in this proposal that emissions from any oil 
and gas transmission facilities in the Commonwealth could be considered de minimis. Indeed, DEP’s 
inventory reports that in 2014, half of the methane emitted by natural gas systems in the 
Commonwealth was from leaks from the transmission system.110 

 
There is furthermore no substantive jurisdictional limitation imposed by the federal Clean 

Air Act on Massachusetts’ regulation of the air emissions from existing oil and gas systems in the 
state. While US EPA has regulated methane emissions from new oil and gas development activities, 
it has declined to regulate existing sources of methane emissions in the oil and gas industry.111 In any 
event, Clean Air Act Section 116 expressly reserves the authority of states to “adopt or enforce (1) 
any standard or limitation respecting emissions of air pollutants or (2) any requirement respecting 
control or abatement of air pollution,” so long as it is not “less stringent” than federal regulations. 
42 U.S.C. § 7416.  

 
The DEP therefore can and should expand the applicability of these rules to cover other 

methane sources from natural gas distribution systems, such as leaks from aboveground 
metering/regulating station, and sources from transmission and LNG facilities, including 
component leaks, excess venting from pneumatic controllers, and excess emissions from 
compressor seals. Doing so will yield significantly more reductions than less than one tenth of a 
percent of 1990 emissions by 2020 as proposed by DEP. For this broader collection of facilities, 
                                                 
110 Statewide Greenhouse Gas Emissions Level supra note 4 at Appendix C. 
 
111 US EPA, Oil and Natural Gas Sector: Emission Standards for New, Reconstructed, and Modified Sources 
- Background Technical Support Document for the Final New Source Performance Standards 40 CFR Part 
60, subpart OOOOa, (2016), available at: https://www.regulations.gov/document?D=EPA-HQ-OAR-2010-
0505-7631). 

https://www.regulations.gov/document?D=EPA-HQ-OAR-2010-0505-7631)
https://www.regulations.gov/document?D=EPA-HQ-OAR-2010-0505-7631)
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DEP also must project emissions reductions from this sector beyond 2020, and set interim goals for 
the years 2030, 2040, and 2050, reflecting an assessment of maximum technologically feasible 
emissions reductions.   

 
b. Other States are Moving to Regulate Methane Emissions from Natural Gas 

Transmission Systems. 
 

While DEP’s proposal would leave methane emissions from existing natural gas 
transmission facilities in Massachusetts unregulated, other states are moving to address the emissions 
from these sources. In 2015, the state of Wyoming finalized existing source regulations that cover oil 
and gas facilities in the Upper Green River Basin of Wyoming.112 These regulations require operators 
of transmission compressor stations in that area to implement LDAR programs.113  
 

California is moving forward with a proposal, first drafted in 2015, to regulate emissions of 
greenhouse gases from new and existing crude oil and natural gas facilities statewide.114 This 
proposed regulation would regulate many sources of emissions, including leaks, pneumatic 
controllers, compressors, and a number of other sources, at natural gas transmission compressor 
stations.115 
 

Finally, Pennsylvania has recently proposed a revised General Permit for new and modified 
compressor stations that includes methane standards for equipment at natural gas transmission 
compressor stations.116 While some provisions of this General Permit would just serve to implement 
in Pennsylvania aspects of EPA’s New Source Performance Standard Subpart OOOOa, it is 
important to note that the proposed General Permit is more stringent than Subpart OOOOa in 
several important respects. 
 

These regulatory actions demonstrate that other states have found it appropriate to reduce 
greenhouse gas (particularly methane) air pollution with enforceable standards for natural gas 
transmission and storage facilities – a more expansive collection of natural gas infrastructure than is 
covered by the Massachusetts proposal. We note that this list may not be comprehensive, as we have 

                                                 
112 Wyoming Department of Environmental Quality, Air Quality Division, Standards and Regulations, 
Chapter 8, Section 6, available at: https://rules.wyo.gov/Search.aspx?mode=1. 
 
113 Id. §§ 6(b) & (g) (defining “Compressor Station” as “any permanent combination of one or more 
compressors that move natural gas at increased pressure from fields, in transmission pipelines, or into storage.” 
(emphasis added)).  
 
114 California Air Resources Board, “Proposed Regulation Order, California Code of Regulations, Title 17, 
Division 3, Chapter 1, Subchapter 10 Climate Change, Article 4, Subarticle 13: Greenhouse Gas Emission 
Standards for Crude Oil and Natural Gas Facilities, available at: https://www.arb.ca.gov/cc/oil-
gas/Oil%20and%20Gas%20Appx%20A%20Regulation%20Text.pdf.  
 
115 Id. § 95666(a)(6). 
 
116 Pennsylvania Department of Environmental Protection, “General Plan Approval and/or General 
Operating Permit: Natural Gas Compression Stations, Processing Plants, and Transmission Stations,” available 
at: http://www.elibrary.dep.state.pa.us/dsweb/Get/Document-116053/2700-PM-BAQ0267_GP-5%20.pdf.  

https://rules.wyo.gov/Search.aspx?mode=1
https://www.arb.ca.gov/cc/oil-gas/Oil%20and%20Gas%20Appx%20A%20Regulation%20Text.pdf
https://www.arb.ca.gov/cc/oil-gas/Oil%20and%20Gas%20Appx%20A%20Regulation%20Text.pdf
http://www.elibrary.dep.state.pa.us/dsweb/Get/Document-116053/2700-PM-BAQ0267_GP-5%20.pdf
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not systematically searched for applicable air emission standards for natural gas transmission and 
storage facilities.  

 
c. DEP has sufficient data to move forward on standards for transmission sources; if 

needed DEP can readily obtain improved data. 
 

DEP’s inventory includes estimates that over 16,000 metric tons of methane was emitted 
from natural gas transmission systems in Massachusetts; in the twenty years after release, this 
amount of methane warms the Earth’s climate as much as the carbon dioxide from energy use in all 
the homes in Worcester and Springfield combined.117 DEP bases the inventory estimate for 
transmission systems on a downscaling of US EPA’s inventory of GHG emissions for the US as a 
whole, a document which is updated yearly. The transmission and storage aspects of the US GHG 
Inventory has been significantly revised and updated, based on recent research, in the past year.118  
 

Additionally, as described infra, records from DEP, US EPA, and the US Pipeline and 
Hazardous Materials Safety Administration confirm that there are a number of natural gas 
transmission compressor stations and LNG storage and import facilities in the Commonwealth, and 
that data exists on emissions from these facilities sufficient to support proposed emissions 
reductions from the transmission system. 
 

Finally, there is ample evidence that there are many cost-effective measures available to 
reduce methane emissions from natural gas transmission and storage infrastructure. This is 
demonstrated by EPA’s 2016 issuance of New Source Performance Standards for crude oil and 
natural gas system facilities, 40 CFR part 60, subpart OOOOa (NSPS Subpart OOOOa). The 
federal rule sets standards for emissions of methane from new and modified natural gas transmission 
and storage facilities, among other facility types, and is based on an extensive record.   
 

DEP must assess this record and issue appropriate standards for methane emissions from 
gas transmission and storage facilities in the Commonwealth.  

 
i. While the information the Department has is sufficient to the task 

before it in this rule – including expanding the regulated source 
category, DEP must work to improve the inventory of emissions data 
from natural gas distribution systems. 

 
There is ample data to demonstrate that outdated and unreliable natural gas pipelines and 

services, such as those made from cast iron or cathodically unprotected steel, are a significant source 
of methane emissions, and that replacing them with pipelines and services made with modern 
                                                 
117 Using the 20-year GWP for methane from fossil sources, 87, from IPCC’s latest assessment report (AR5), 
16,000 tons of methane corresponds to 1.4 million metric tons of CO2e. The equivalency in terms of energy 
usage (1.4 million metric tons of CO2 is equivalent to energy usage from 149,000 households) is from EPA’s 
Greenhouse Gas Equivalencies Calculator, https://www.epa.gov/energy/greenhouse-gas-equivalencies-
calculator. The data on households in Springfield and Worcester is from the US Census.  
 
118 U.S. EPA, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990 - 2014: Revisions to Natural Gas 
Transmission and Storage Emissions, (2016) available at: https://www.epa.gov/sites/production/files/2016-
08/documents/final_revision_ng_trans_storage_emissions_2016-04-14.pdf 
 

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
https://www.epa.gov/sites/production/files/2016-08/documents/final_revision_ng_trans_storage_emissions_2016-04-14.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/final_revision_ng_trans_storage_emissions_2016-04-14.pdf
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materials is an effective strategy for reducing methane emissions.119 Furthermore, industry directly 
reports that almost 6,000 miles of outdated pipelines remained in Massachusetts as of 2016. Clearly, 
there is adequate data to support DEP’s proposed methane standards for underground distribution 
infrastructure in the Commonwealth. Additionally, as described infra section III. D., there is 
sufficient data to support expanding the proposed regulated source category to include elements of 
the transmission system and also the above-ground distribution system. 
 

Indeed, there is ample evidence that DEP’s inventory vastly underestimates the amount of 
methane emitted by natural gas systems in Massachusetts – such that the imperative to make early 
and available reductions in these emissions is even stronger. Here we only briefly mention two 
important factors that support this conclusion. 
 

First, DEP’s inventory estimates that, on average, 35,400 metric tons of methane was 
emitted by natural gas systems in the Commonwealth in 2012-2013. Over the same period, McKain, 
et al. (2015) monitored methane and ethane in ambient air at a number of locations in 
Massachusetts.120 Combining these measurements with a high-resolution atmospheric model and 
measurements of the composition of natural gas (proportions of ethane and methane in the gas) 
delivered to eastern Massachusetts, they were able to independently estimate the amount of gas 
released from natural gas systems in their study area, most of which (68%) was in Massachusetts. 
They conclude that 2.7 ± 0.6% of the natural gas delivered to the study area leaks, which is 
equivalent to 200,000 - 300,000 metric tons of methane. Obviously, this far larger amount of 
methane, when compared to the DEP estimate, strongly suggests that the DEP estimate is too low.  
 

Second, DEP’s inventory uses emissions factors for emissions per mile of pipeline of various 
types that are flawed. The emissions factors are from EPA’s US GHG Inventory, and they rely on a 
flawed calculation of the number of leaks per mile of pipeline. (The emissions per mile of pipeline of 
each type is calculated by multiplying the figures for the number of number of leaks per mile for the 
pipeline type by the average emissions rate per leak for each pipeline type). As we described 
previously,121 the studies that EPA used for inputs for the number of leaks per mile of pipe, Lamb, et 
al. (2015)122 and the studies performed in the 1990s by the Gas Research Institute for EPA,123 both 
use an incorrect formula to convert leak counts from surveys that gas distribution firms perform of 
their systems to leaks per mile figures. Furthermore, actual surveys of urban areas show higher 
                                                 
119 Gallagher, M.E., et al., Natural Gas Pipeline Replacement Programs Reduce Methane Leaks and Improve Consumer 
Safety, 2 ENVIRON. SCI. TECHNOL. LETT. 286 (2015).  
 
120 McKain, K., et al., Methane emissions from natural gas infrastructure and use in the urban region of Boston, 
Massachusetts 112, PROC. NATL. ACAD. SCI. USA 941 (2015).  
 
121 McCabe, D., CATF, “Comment on EPA’s December 2015 Memo, ‘Inventory of U.S. Greenhouse Gas 
Emissions and Sinks: Revisions under Consideration for Natural Gas Distribution Emissions.’” (2016) 
(Attachment 4). 
 
122 Lamb, B.K., et al, Direct Measurements Show Decreasing Methane Emissions from Natural Gas Local Distribution 
Systems in the United States, 49 ENVIRON. SCI. TECHNOL. 5161 (2015).  
 
123 Gas Research Institute/Environmental Protection Agency, “Emissions from the Natural Gas Industry Vol. 1: 
Executive Summary; Doc. ID No. 94/0257” (Harrison, M.R., et al., Eds.), Chicago (1996), available at: 
https://www.epa.gov/sites/production/files/2016-08/documents/1_executiveummary.pdf. 
 

https://www.epa.gov/sites/production/files/2016-08/documents/1_executiveummary.pdf
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counts of leaks in urban areas than would be predicted based on the EPA/DEP figures for the 
number of leaks per mile of pipeline of various types.124 
 

In summary, there is credible evidence that DEP’s estimate of methane emissions from 
natural gas systems in Massachusetts is considerably too low. DEP should focus on improving the 
accuracy of their emissions data for this industry, as they work towards further 5 year updates to the 
required plan for achieving the maximum technologically feasible reductions of greenhouse gas 
emissions by the 2030, 2040, and 2050 deadlines. Specifically, one improvement that could 
immediately be adopted would be to no longer use the factors for the number of leaks per mile from 
the EPA inventory, and instead use data directly from Massachusetts utilities on the number of leaks 
in the Commonwealth. This would be much more direct, based solely on Massachusetts utilities (and 
account for all utilities in the Commonwealth), and it would avoid the problem of factors based on 
the incorrect formulas used by Lamb, et al. and the 1990s GRI studies. A more long-term solution 
would be for DEP to undertake by 2020 a study based on the best available science, and considering 
both top-down and bottom-up methods for estimating leaks, and then to update these rules and set 
new 2030, 2040, and 2050 limits based on the study and on expected improvements in distribution 
and transmissions leak reduction methods and techniques. 

 
d. Regulating Natural Gas Transmission and LNG Facilities, and Aboveground Gas 

Distribution Systems in the Commonwealth Would Yield Significant Emissions 
Reductions.  
 

i. Natural gas transmission and LNG facilities 
 

A significant number of natural gas transmission and LNG facilities are located in 
Massachusetts. These include facilities for the Tennessee Gas Pipeline, the Algonquin Gas 
Transmission pipeline, the Distrigas LNG import facility in Everett, and 18 in-service satellite or 
peak-shaving facilities that store LNG (one of which also liquefies natural gas).125 Other 
transmission and LNG facilities may exist in the Commonwealth; we have not conducted an 
exhaustive search for these facilities. Indeed, DEP estimates that methane emissions from natural 
gas transmission are half of all natural gas system methane emissions from the Commonwealth, or 
400,000 metric tons CO2e per year. Based on the general usage of “Transmission” in inventories of 
methane from natural gas systems, we assume that DEP intends to include emissions from LNG 
import and storage facilities in the “transmission” category.  
 

Many transmission and LNG facilities can readily reduce emissions of methane. Indeed, US 
EPA requires a number of measures to reduce emission from new and modified compressor stations in 
the “transmission and storage” segment of the industry, which includes LNG storage and import 
facilities, under the New Source Performance Standards for oil and gas facilities, 40 CFR part 60, 
subpart OOOOa (NSPS OOOOa). Among other requirements, under NSPS OOOOa, operators of 
transmission and storage compressor stations must: 

 

                                                 
124 McCabe (2016), supra n. 121. 
 
125 Information on the number and type of LNG facilities is based on data from US Pipeline and Hazardous 
Materials Safety Administration, accessed from http://www.phmsa.dot.gov/pipeline/library/data-
stats/distribution-transmission-and-gathering-lng-and-liquid-annual-data.  

http://www.phmsa.dot.gov/pipeline/library/data-stats/distribution-transmission-and-gathering-lng-and-liquid-annual-data
http://www.phmsa.dot.gov/pipeline/library/data-stats/distribution-transmission-and-gathering-lng-and-liquid-annual-data
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o Implement Leak Detection and Repair (“LDAR”) programs to limit fugitive 
emissions from static components such are flanges, valves, and threaded connectors 
(40 CFR § 60.5397a); 

o Use low-bleed (i.e., low-emitting) models of pneumatic controllers, as opposed to 
high-bleed controllers (pneumatic controllers are automated devices to control valves 
which vent pressurized natural gas to the atmosphere by design) (40 CFR § 
60.5390a); and 

o Control or capture emissions from seals on reciprocating compressors and 
centrifugal compressors with wet seals, or use lower-emitting dry seals instead of wet 
seals on centrifugal compressors (40 CFR § 60.5380a). 

 
However, there are no federal requirements for operators to control these emissions at existing 
transmission and storage compressor stations, as noted supra.  

 
Importantly, it is simple and low-cost to implement these measures at existing facilities – no 

complex retrofit is required.  Because leak detection and repair is no more complex or costly to 
implement at an existing facility than a new facility, it would generally be expected to yield larger 
emissions reductions at older facilities than new facilities, and therefore a lower cost per ton of 
abated emissions. For reciprocating compressors, NSPS OOOOa requires simple maintenance 
measures (regular replacement of seals subject to wear); like the LDAR provisions these measures 
are even cheaper from a cost per ton of avoided pollution perspective for existing compressors than 
they are for new compressors.  

 
High-bleed pneumatic controllers can easily be replaced with lower-emitting controllers, and 

emissions from wet-seal centrifugal compressors can readily be captured with low-cost retrofits; at 
most facilities both of these technologies pay for themselves over a short time period, by conserving 
gas which increases operator revenue.126 A number of jurisdictions have required these measures for 
existing “upstream” sources such as gathering and boosting compressor stations and gas processing 
plants.127 For example, as described supra, Wyoming requires these measures for existing natural gas 
                                                 
126 For example, the Colorado Department of Public Health and Environment found that replacing a high-
bleed pneumatic controller has a payback time of fourteen months (see Colorado Department of Public 
Health and Environment (2014), “Cost- Benefit Analysis, Submitted Per § 24-4-103(2.5), C.R.S., For 
proposed revisions to Colorado Air Quality Control Commission Regulation Number 3 (5 CCR 1001-5) and 
Regulation Number 7 (5 CCR 1001-9),” at 32. BP reported that systems to capture emissions from wet seals 
on centrifugal compressors can have payback times of a month or less. See Reid Smith and Kevin Ritz, 
“Centrifugal Compressor Wet Seals Seal Oil De-gassing & Control” (presentation at Natural Gas Star Annual 
Implementation Workshop, San Antonio Texas), at 21.  (2014), available at: 
https://www.epa.gov/sites/production/files/2016-04/documents/experiences_wet_seal.pdf. While 
operators of some natural gas transmission facilities may not be able to directly increase revenue through 
increased sales by decreasing leaks and venting from their facilities, since they do not own the gas that they 
move through their pipelines, the conserved gas will nevertheless reach the downstream customer (typically a 
local gas utility) and will therefore ultimately reduce costs for consumers in Massachusetts.  
 
127 Colorado required replacement of high-bleed pneumatic controllers at gathering compressor stations in 
the Denver ozone non-attainment area in 2009 (See 5 C.C.R. § 1001-9 XVIII.C.1 (2009), available at: 
http://www.sos.state.co.us/CCR/GenerateRulePdf.do?ruleVersionId=5670&fileName=5%20CCR%201001
-9). In 2015, this requirement became applicable statewide. See 5 C.C.R. § 1001-9 XVIII.C.2 (2014). Colorado 
also requires capture (or control) of emissions from centrifugal compressor wet seals, statewide. See 5 C.C.R. § 
1001-9 XVII.B.3.b (2014). Wyoming existing source rules require the use of only low-bleed controllers in the 

https://www.epa.gov/sites/production/files/2016-04/documents/experiences_wet_seal.pdf
http://www.sos.state.co.us/CCR/GenerateRulePdf.do?ruleVersionId=5670&fileName=5%20CCR%201001-9)
http://www.sos.state.co.us/CCR/GenerateRulePdf.do?ruleVersionId=5670&fileName=5%20CCR%201001-9)
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transmission compressor stations in the Upper Green River Basin, and California has proposed 
requiring these measures for transmission compressor stations statewide.128 In Colorado, where the 
retrofit requirement has been in place for some time in a large portion of the state, industry has 
reported no significant challenges in implementation.129  
 

Nevertheless, many oil and gas facilities continue to use the outdated equipment, as directly 
documented by operator reports to EPA’s Greenhouse Gas Reporting Program (“GHGRP”). 
Unfortunately, only facilities with calculated emissions above 25,000 metric tons CO2e per year 
report emissions to the GHGRP; as a result most transmission and LNG facilities in Massachusetts 
do not report to the program. However, the detailed information reported to the GHGRP for the 
facilities that do report demonstrates that Massachusetts transmission facilities are using outdated 
equipment.  
 

Two compressor stations for the Tennessee Gas Pipeline in Massachusetts report emissions 
to the GHGRP – TGP Station 261 in Agawam and TGP Station 264 in Charlton. (We are not aware 
of comprehensive public list of TGP compressor stations, but at least two other TGP compressor 
stations (Hopkinton and Mendon) are in Massachusetts, as evidenced by DEP Title V permits.) 
Together, these stations report several hundred tons of methane emissions; much of it from 
outdated equipment. For example, at station 261, three of four centrifugal compressors have wet 
seals, instead of lower-emitting dry seals. Eighteen of the twenty-five pneumatic controllers at these 
stations are high-bleed controllers.130 As described above, this equipment could readily be cleaned 
up. Additionally, these stations report emissions from leaks and reciprocating compressors; as 
described above, measures that are required for new compressor stations under NSPS OOOOa can 
reduce these types of emissions from existing stations for very low costs.  

 
  

                                                                                                                                                             
Upper Green River Basin (effective Jan. 1, 2017). See Wyoming Department of Environmental Quality, Air 
Quality Division, Standards and Regulations Chapter 8, Section 6(f), available at: https://rules.wyo.gov/. As 
mentioned supra, the Wyoming rules also apply to transmission compressor stations in the Upper Green River 
Basin. 
  
128 Wyoming DEQ, Standards and Regulations, Ch. 8, § 6 supra at note 112, California ARB, “Proposed 
Regulation Order,” supra at note 114. 
 
129 For example, in the 2009 regulation requiring operators to replace existing high-bleed pneumatic 
controllers in the Denver non-attainment area, Colorado included a provision allowing operators to request 
approval from the State for controllers that operators felt must remain in service for “safety and / or process 
purposes.” See 5 C.C.R. § 1001-9 XVIII.C.1.c (2009). No operator even requested such approval from the 
State. See David McCabe, et al., CATF, Waste Not: Common Sense Ways to Reduce Methane Pollution from the Oil and 
Natural Gas Industry, at 26 (Dec. 2014), available at: 
http://www.catf.us/resources/publications/files/WasteNot.pdf.   
 
130 GHGRP information on equipment at stations 261 and 264 was downloaded from EPA’s Envirofacts data 
portal. See 
https://oaspub.epa.gov/enviro/GHGReport.html?pFacId=1010498&pSp=0&pReportingYear=2015#subpa
rtW; and 
https://oaspub.epa.gov/enviro/GHGReport.html?pFacId=1009333&pSp=0&pReportingYear=2015#subpa
rtW.  

https://rules.wyo.gov/
http://www.catf.us/resources/publications/files/WasteNot.pdf
https://oaspub.epa.gov/enviro/GHGReport.html?pFacId=1010498&pSp=0&pReportingYear=2015#subpartW
https://oaspub.epa.gov/enviro/GHGReport.html?pFacId=1010498&pSp=0&pReportingYear=2015#subpartW
https://oaspub.epa.gov/enviro/GHGReport.html?pFacId=1009333&pSp=0&pReportingYear=2015#subpartW
https://oaspub.epa.gov/enviro/GHGReport.html?pFacId=1009333&pSp=0&pReportingYear=2015#subpartW
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Table 1 presents estimates of the abatement costs for addressing these types of emissions at 
transmission and storage facilities. 

 
Table 1: Costs for methane abatement measures at existing transmission/storage compressor  

  stations 
Emissions Source  Abatement Cost 

($ per short ton of 
avoided CH4 emissions) 

Citation 

Leak Detection and Repair Programs (with Quarterly Inspections) 
Transmission Compressor Stations $847 Final OOOOa TSD, table 4-11 
Storage Compressor Stations $369 Final OOOOa TSD, table 4-11 
Replace High-Bleed Pneumatic Controllers with Low-Bleed Controllers  
Transmission and Storage Stations $82 Calculated from EPA data – see notes. 
Reduce Reciprocating Compressor Emissions 
Transmission Compressor Stations $81 Final OOOOa TSD, table 7-5 
Storage Compressor Stations $95 Final OOOOa TSD, table 7-5 
Reduce Centrifugal Compressor Emissions 
Transmission and Storage  
Compressor Stations $3 

Calculated from data presented by BP at 
EPA Natural Gas Star implementation 
workshop. See notes. 

Notes: Abatement costs do not include any increased revenue for operators from sale of gas that would have otherwise 
been lost to the atmosphere, since transmission facility operators often do not own the gas that the facility handles. 
However, we note that keeping gas in the system, instead of letting it leak or vent, will ultimately reduce costs for natural 
gas consumers. “Final OOOOa TSD” refers to the Technical Support Document that US EPA published as NSPS 
Subpart OOOOa was finalized in 2016 (available at: https://www.regulations.gov/document?D=EPA-HQ-OAR-2010-
0505-7631). Costs for replacing high-bleed controllers with low bleed controllers were calculated using EPA figures for 
the replacing controllers in the production segment (from finalized Control Techniques Guidelines for the Oil and 
Natural Gas Industry, table 6-4, available at: https://www.epa.gov/sites/production/files/2016-10/documents/2016-ctg-
oil-and-gas.pdf). These figures were converted from $ / ton VOC to $ / ton CH4 using the ratio of methane to CH4 in 
natural gas production facilities. They represent an overestimate of the cost for replacing pneumatic controllers in 
transmission and storage, because transmission and storage high-bleed pneumatic controllers emit more methane than 
production segment high-bleed pneumatic controllers. Costs for reducing centrifugal compressor emissions at 
transmission and storage sites were calculated from capital cost and methane emissions reductions presented by BP at a 
2014 EPA Natural Gas STAR Implementation Workshop in San Antonio (presentation available at: 
https://www.epa.gov/sites/production/files/2016-04/documents/experiences_wet_seal.pdf). The capital costs from 
the presentation for the project ($22,000) were used as is, and annualized over 15 years with a five year rate of return. 
The gas savings from the presentation (100 MMSCF per year from two wet seals) were divided by two to conservatively 
calculate the costs for capturing gas from a single wet seal, and converted to methane tonnage assuming 93% methane in 
the natural gas for transmission and storage facilities.  

 
 Given the data the DEP currently has on these sources, and the statutory directive to find 

the “maximum technologically feasible reductions,” GWSA §4(h), as well as the feasibility and low 
cost of implementing the measures we describe, it is clear that DEP must set declining annual 
standards for methane emissions from existing transmission segment facilities including LNG 
storage and import facilities.  

 
ii. Aboveground Natural Gas Distribution Facilities. 

 
 DEP’s proposal creates standards for emissions from underground pipelines and services in 
natural gas distribution that have the effect of requiring some operators in the Commonwealth to 
increase the rate at which they replace outdated cast iron and unprotected steel pipelines (relative to 
the average historical rate of replacement for the period 1990-2014). This assertedly would reduce 

https://www.regulations.gov/document?D=EPA-HQ-OAR-2010-0505-7631)
https://www.regulations.gov/document?D=EPA-HQ-OAR-2010-0505-7631)
https://www.epa.gov/sites/production/files/2016-10/documents/2016-ctg-oil-and-gas.pdf)
https://www.epa.gov/sites/production/files/2016-10/documents/2016-ctg-oil-and-gas.pdf)
https://www.epa.gov/sites/production/files/2016-04/documents/experiences_wet_seal.pdf)
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emissions in 2018-2020, even compared to a baseline which accounts for the fact that operators are 
already replacing outdated pipeline and services to some extent. However, there are other 
technologically feasible opportunities to reduce emissions from gas distribution systems which DEP 
must consider. 
 
 Leaks from some aboveground distribution facilities are large enough that LDAR programs 
may be appropriate at those facilities. For example, the DEP and EPA inventories report that the 
highest pressure (>300 psig) Meter/Regulator (M/R) facilities (city gates) leak over 110,000 cubic 
feet of natural gas per year, or over two tons of methane (assuming 93% methane by weight). 
Somewhat lower pressure M/R facilities (100-300 psig) leak about 1 ton per year, and the highest 
pressure aboveground regulating stations (>300 psig) leak just under 1 ton methane per year. These 
emissions are similar to the level of emissions that US EPA calculated from oil wellsites in the NSPS 
OOOOa rulemaking (1.23 – 2.75 tpy, depending on the ratio of gas and oil production from the 
well131). EPA found that LDAR programs and oil and gas wellsites are cost-effective for methane 
abatement. We note that many other studies have found that LDAR costs are considerably lower 
than EPA’s estimates.132  
 
 DEP’s inventory shows that there are 104 of these larger aboveground distribution facilities 
in Massachusetts, including 92 of the highest-emitting high-pressure (>300 psig) M/R facilities. 
Together these facilities leak hundreds of tons of methane. Given these emissions and the finding 
the LDAR is cost effective at oil wells, which have similar-scale emissions, and given the statutory 
directive to find the “maximum technologically feasible reductions,” GWSA §4(h), and the feasibility 
and low cost of implementing the measures we describe, it is clear that DEP must set declining 
standards for methane emissions from larger aboveground distribution facilities in Massachusetts.   
 

 
 
 
 
   
 

                                                 
131 US EPA, “Oil and Natural Gas Sector: Emission Standards for New, Reconstructed, and Modified 
Sources - Background Technical Support Document for the Final New Source Performance Standards 40 
CFR Part 60, subpart OOOOa” (“TSD accompanying final subpart OOOOa standards”) at Table 4-5, 
available at: https://www.regulations.gov/document?D=EPA-HQ-OAR-2010-0505-7631.   
 
132 U.S. EPA calculated that the semiannual LDAR program required at wellsites by its New Source 
Performance Standards subpart OOOOa would have a net cost of $1183 per short ton of avoided methane 
pollution (see id. at table 4-10). In comparison, Carbon Limits found that quarterly LDAR programs at wellsites 
have a net cost of just $143 per metric ton of avoided methane pollution (see Carbon Limits, “Quantifying 
Cost-effectiveness of Systematic Leak Detection and Repair Programs Using Infrared Cameras” (2014), 
available at: http://www.catf.us/resources/publications/view/198). Similarly, ICF estimated that quarterly 
LDAR programs at wellsites have a net cost of just $133 per metric ton of avoided methane pollution (see 
ICF International, “Economic Analysis of Methane Emission Reduction Opportunities in the U.S. Onshore 
Oil and Natural Gas Industries” (2014), available at: 
https://www.edf.org/sites/default/files/methane_cost_curve_report.pdf. Even these costs are high 
compared to reports from industry on the costs of their programs. See Waste Not: Common Sense Ways to Reduce 
Methane Pollution from the Oil and Natural Gas Industry, supra note 129 at 22  

https://www.regulations.gov/document?D=EPA-HQ-OAR-2010-0505-7631
http://www.catf.us/resources/publications/view/198)
https://www.edf.org/sites/default/files/methane_cost_curve_report.pdf
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We are grateful for the opportunity to add to the record for these essential rules. CATF 
looks forward to working with DEP and other stakeholders in the future to achieve our shared goals 
of achieving deep emission reductions in the Commonwealth. Thank you for considering our 
comments. 

Respectfully submitted,  

   
BY:  FOR: Clean Air Task Force: 

  Armond Cohen, Executive Director 
_________________________  James P. Duffy, Associate Attorney  
James P. Duffy, Associate Attorney  Bruce Hill, Chief Geoscientist 
Clean Air Task Force    Jonathan F. Lewis, Senior Counsel 
(617) 624-0234, ext. 159   David McCabe, Senior Scientist 
jduffy@catf.us Conrad Schneider, Advocacy Director   
aweeks@catf.us John Thompson, Director, Fossil Transition Project 
 Ann Brewster Weeks, Legal Director 
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Executive Summary 
•  The InnoSepra process utilizes physical sorption to produce dry CO2 

at high purity (>98%) and high recovery (>90%) from the flue gas 
before or after the FGD 
•  Applicable to plants without SOX, Hg and NOX removal equipment 

•  The process combines several innovative features and has an 
impurities removal stage followed by a CO2 adsorption stage 
•  Both the stages have been extensively tested in the lab and in the field (up to 

100 scfm flue gas flow) for over 6 years. 
•  The impurities removal stage can remove SOX and acids to <1 ppm levels and 

can be used with other CO2 capture process such as a solvent-based process. 

•  Field testing, simulation and detailed engineering studies indicate the 
potential for more than 40% reduction in the capital and more than 
40% reduction in parasitic power for CO2 capture compared to MEA 

•  The estimated energy required, excluding compression, is 82-92 kJ/
mol of CO2. 

•  Potential to provide CO2 at a cost (<$45/tonne) and quality (<1 
ppm H2O, <1 ppm SOX, <10 ppm O2) suitable for EOR 

•  Process can be used for capture from dilute sources (<1% CO2) 



About InnoSepra!
•  Started in 2007 by founders with 70+ years of industrial gas 

experience 
•  > 50 commercialized technologies in > 150 plants (20-2,000 

tons per day) at BOC (>$10 B in sales in 2006) 
•  PSA and TSA Air purification, UHP N2 production for electronics, 

Nitrogen PSA, Oxygen PSA and VSA, CO2 production and 
purification, and NOX control 

•  >>$100 million in value creation at BOC 
•  110 U.S. and over 500 international patents at BOC, and two 

major technology awards 
•  2001 Kirkpatrick Award for an ozone-based NOX control process 
•  1997 Kirkpatrick Award for olefin / paraffin separation 
•  IR 100 Award of R&D Magazine for In-transit Atmosphere 

Control process, more than 10 major BOC Group awards 
•  Current focus is on CO2 capture, removal of pollutants from 

power plant flue gas, biogas purification and reduction in 
water usage for power production 



Sorbent-Based Processes for CO2 Capture 
•  Capture CO2 by physical sorption 

•  140-240 kcal/kg (26-44 kJ/mol) heats of adsorption  
•  Potential for significantly lower parasitic power than the total energy for amine 

systems (heat of reaction + sensible heat + latent heat) even after adding the 
heating requirements for sieve and the vessel  

•  Capture CO2 by chemical reaction with amines / carbonates 
•  740-940 kcal/kg (136-174 kJ/mol) heats of reaction  

•  Similar to the amine-based absorption systems  

•  Ex. Na2CO3 + CO2 + H2O -------> 2 NaHCO3     ΔHrxn = -740 Kcal/kg of CO2 
•  The actual energy required will be higher, at least 1.5-2X 
•  CO2 removed by reaction at 60-80oC and the material regenerated at 

>120oC 
•  Possible degradation due to SOX, NOX, and O2 
•  May not result in energy savings compared to the amines  

 



InnoSepra Process Overview 

•  Flue gas pretreatment to remove moisture and SOX to <1 ppm each, adsorption 
at 25-40oC and regeneration at 90-100oC 

•  High purity CO2 (>98% CO2, <10 ppm O2) at ~90% recovery 

•  Key innovation is the combination of process and materials (physical sorbents) 
that provides performance similar to or better than reactive systems and a total 
regeneration energy requirement of less than 500 Kcal/Kg of CO2 

•  The key scale up challenges are likely to be engineering based  

Moisture 
+

SOx
Removal

Compressor

Flue Gas

Blower

 CO2-Depleted Flue Gas  Heat + Power

High-Purity CO2 for EOR,
or sequestration 



Bench Scale Unit Skid Layout

Heating and 
Cooling Skid 

Adsorption 
Skid 



Adsorption Skid 



Cooling Tower 



Heating and Cooling Skid 



Field Demonstration of the Bench Unit 
•  The bench unit testing at NRG’s Indian River, DE plant 

•  Flue gas from unit 4 at Indian River 
•  Nominal 400 MW capacity 
•  SCR for NOX control, dry FGD with recycle for SOX control 

•  The flue gas after the dry FGD was taken for the 
bench unit testing 

•  The feed to bench unit was saturated at about 60oC  

•  About 50 ppm SO2, 10-12% CO2 

•  The bench unit was installed and commissioned with 
significant help from NRG 
•  Testing started in May and completed in September 

 

 



Field Demonstration of the Bench Unit 
•  Process conditions for testing 

•  Two different flue gas flow rates (80 & 100 scfm) 
•  22-32oC feed temperature 
•  Three different cycles for each flow rate and temperature 

•  More than eight weeks of testing was done 
•  Field performance is better than the performance in 

the lab 
•  8-10.5 wt% net CO2 capacity in the field 

•  CO2 recovery over 94% for product CO2 purities between 
98.5 and 99.5% 

•  The flue gas exiting the dryer beds had less than 5 ppm 
of moisture and SOX 

 
 



Summary of Adsorbent Tests (Lab & Field) 

•  Significantly higher CO2 recovery in the field compared to lab 
experiments 
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Post-Testing Adsorbent Evaluation & 
EH&S Evaluation 

 •  Virtually no change in the adsorbent structure based on XRD 
patterns 

•  No presence of heavy metals on various adsorbents based on 
SEM-EDX results 

•  Crush strength measurements showed very little difference 
between the original and used adsorbents 

•  CO2 adsorption isotherms for the fresh and used adsorbents 
are virtually identical 

•  Except for used adsorbents no new solid, liquid or gaseous 
wastes are created 

•  Acid gases (NOX, SOX) and metals in the flue gas are likely to 
end up in the DCC water or the CO2-depleted flue gas 

 

 

 



Techno-economic Analysis for 
a 550 MW Supercritical PC Power Plant1 

Estimated Capital Cost2      $388 MM           

Parasitic Power including Compression    99 MW 

Electricity Cost for the Base Plant    $0.064/kWh 

Annual Capital Charge      20% 

Annual Maintenance Cost, % of Capital    4% 

CO2 Production Rate, million tons/yr    3.5  

CO2 Recovery Cost3       $44.0/MT 
185% plant utilization factor, 2011 cost basis  

2The capital for the MEA process on the same basis is over $620 MM. 

3Includes capital charge, maintenance, and parasitic power.  The CO2 capture cost for 
MEA on the same basis (DOE baseline report, Case 12, 2011 update) is over $65/MT.   



Applicability to Plants without Existing SOX and  
Hg Control (500 MW Plant) 

•  Significant overlap between the InnoSepra CO2 capture technology 
and the InnoSepra SOX and Hg removal technology 
•  Possible to capture CO2 and remove SOX and Hg for less than the 

cost of amine based CO2 capture 
•  Possible to do this in a stepwise fashion to hedge against future 

climate legislation 



Summary 
•  The InnoSepra CO2 capture process combines several 

innovative features to reduce the capital cost and parasitic 
power for CO2 capture 

•  It is possible to obtain very high recovery (>90%), and high 
purity (>99%) CO2 with physical sorbents while meeting the 
EOR/sequestration product specifications 

•  ΔHads<200 Kcal/kg, parasitic power <500 Kcal/kg 
•  High net CO2 capacity (>8 wt%) 
•  <1 ppm each of SOX and H2O, <10 ppm O2 

•  A techno-economic analysis indicates that the process has the 
potential to capture CO2 for less than $45/MT 

•  Successful field testing at the one ton per day scale has further 
validated the technology 



www.ccusconference.com #CCUS 

Overview of the Mid-Atlantic U.S. Offshore  
Carbon Storage Resource Assessment 

Lydia Cumming, Isis Fukai, 
and Neeraj Gupta 

 

Battelle, 505 King Ave, 
Columbus, Ohio 
 
 
DOE Project Number: DE-FE0026087 

 
 
 
 

 
 

June 14-16, 2016  Tysons, VA, USA 



Acknowledgement 
This material is based upon work supported by the Department of Energy 
under Award Number DE-FE0026087. The Project Team is led by Battelle and 
includes the state geological surveys of Delaware, Maryland, and 
Pennsylvania; United States Geological Survey; Lamont-Doherty Earth 
Observatory (LDEO) at Columbia University; and Rutgers University. In 
addition, Harvard University, Texas Bureau of Economic Geology, and Virginia 
Department of Mines, Minerals, & Energy serve as technical advisors.  

2 



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

• Introduction 
 Background 

 About the study 
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• Discussion 
 Progress made 

 Preliminary results 

 Summary 

• Implementation 
 Goals and objectives 

 Organization 

 Methodology 

Battelle– Mid-Atlantic 
U.S. Offshore Carbon 

Storage Resource 
Assessment Project 



What is a carbon storage resource assessment? 
Defining Terminology & Classification Systems 

US-DOE-NETL, 2010 

CSLF, 2008 

IEAGHG, 2008 
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What is a carbon storage resource assessment? 

CO2 Storage Resource: The pore volume of a potential storage formation 
that is accessible to injected CO2 via drilled and complete wellbores. Can 
have subset of qualifiers (e.g. Theoretical, Effective, Prospective, Contingent). 
Exploration phase 

Resource vs Capacity 

CO2 Storage Capacity: Quantity of 
CO2 that can be commercially stored in 
a formation in a given timeframe under 
specific economic & regulatory 
constraints such as: land use, 
field/operational conditions, costs, 
proximity to CO2 source.  
Implementation phase 

US-DOE-NETL, 2010 
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Since 2009 all major methodologies (DOE, 
CSLF, USGS, IEAGHG) have adopted the 
“Storage Resource” vs “Storage Capacity” 
distinction in their terminology .  



DOE recently funded 5 projects to assess 
prospective offshore storage resources  

• October 1, 2016 start date 

• ~$14M Federal Funds (21% cost share) 

• Studies include depleted O&G fields and 
saline formations in State and Federal 
waters on East Coast and Gulf of Mexico 

• Projects are using existing geologic and 
geophysical data 
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Battelle – Mid-Atlantic 
U.S. Offshore Carbon 

Storage Resource 
Assessment Project 

GeoMechanics Technologies – 
Assessment of CO2 Storage Resources 

in Depleted O&G Fields in the Ship 
Shoal Area, Gulf of Mexico 

NITEC, LLC.– Offshore Storage Resource 
Assessment (Federal offshore – Gulf of Mexico) 

The University of Texas at Austin – 
Offshore CO2 Storage Resource 

Assessment of the Northern Gulf of 
Mexico (Upper Texas – Western 

Louisiana Coastal Areas) 

Southern States Energy Board 
– Southeast Offshore Storage 

Resource Assessment 



Offshore storage resources assessments are 
becoming increasingly important 

• Paris Agreement open for signature 
on April 22, 2016 

• Public is figuring out how to achieve 
these significant GHG reductions 

• CCS is 1 of 7 strategies needed to 
restrain climate warming to 1.5 - 2ºC 

• Offshore storage provides additional 
storage potential in the U.S. and 
globally 

• Carbon storage resource 
assessments are necessary 1st steps 
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U.S. official signing ceremony in NY 
(Image source: Morning Consult) 

Emission Reduction Strategies 
(Source: IEA Energy Technology Perspective 2014) 

2ºC 

6ºC 



This project supports DOE’s CO2 storage 
infrastructure development technology area 

• This project aims to provide data 
needed for decision-making:  
 Identification of offshore reservoirs 

with the greatest potential for 
storage 

 Identification of geological, 
logistical, and public perception 
issues  

 Guidelines/roadmap to promote 
future CCS activities 
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Source: Atlas V, NETL, 2015 



The Mid-Atlantic U.S. is characterized by 
numerous point sources 

• Our study addresses heavily 
populated mid-Atlantic States: 
Virginia, Maryland, Delaware, New 
Jersey, Pennsylvania, New York 

• Potential storage within BOEM’s 
mid- and north-Atlantic Planning 
Areas 

• Study area extends 100-200 miles 
from shore 

• Area covers ~39,000 square miles 
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Project Location Map 



The project study area is comprised of three 
major sub basins 

1. Georges 
Bank Basin 

2. Baltimore 
Canyon 
Trough 

3. Long Island 
Platform 
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Mid-Atlantic U.S. 
Offshore Carbon 
Storage Resource 
Study Area 

1 

3 

2 
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Project objectives are aligned with DOE goals 
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DOE Goals Mid-Atlantic U.S. Project Objectives 

Support 
Industry’s 
ability to 

predict CO2 
storage 
capacity 

• Define geologic characteristics of candidate storage sites 

• Use seismic data to better define continuity of reservoirs 

• Catalog hydrogeologic properties of offshore storage sites 
• Determine appropriate efficiency parameters for offshore 

lithologies 

• Calculate Prospective CO2 Storage Resource 

Develop Best 
Practices 

• Examine risk factors 

• Engage stakeholders to guide future projects 



A diverse team of experts is responsible for 
project implementation 
 

13 Project Organizational Chart 



Completing these tasks requires working with 
disperse data sets 

• Physical and electronic data currently 
housed in a number of institutions 

• Large volume of disparate data 
requires strategic planning to focus 
efforts cost effectively 
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Screenshot of region in the map 
functions from the LDEO site 

Large inventory of 
physical samples 
 
Photo of Delaware 
OCS Core Repository 

Vintage 1970s 
seismic data (BOEM) 

Source: LDEO 

Source: DGS 



The first task is to define the geologic 
characteristics within the study area 

• Compilation and review of all 
existing geologic and geophysical 
data from previous coring, 
exploration programs 

• Interpretation of the porosity and 
mineralogy via well log and core 
analysis 

• Correlation with seismic data 

• Development of formation maps 
and cross sections 
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Lithologic correlation using well-tops, 
Baltimore Canyon Trough (Source: 

Rutgers) 



The second task is to utilize seismic data to 
define reservoir continuity 
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 Bureau of Ocean Energy Management (BOEM) newly released 
multichannel seismic data from 1970s-1980s 

  Augmented with lines from USGS, 
academic, and other seismic surveys 

 Strategic selection of seismic lines for 
reprocessing 

− Modern workflow processing will be 
applied to enhance resolution 

 

 
 



The third task is to catalog 
hydrogeologic properties 
 

• Lithologic, porosity, and permeability 
data from core and well logs to 
determine the amount of pore space 
available for storage 
 Data from existing data sets 

 New analysis of core material located 
at Delaware Geo Survey 
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Core from the COST G-2 well currently being 
inventoried and assessed for additional analysis 
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GCO2 = At hg φtot ρCO2Esaline
   
total pore  
volume 

fluid  
properties 

storage 
efficiency 

factor 

Data from the previous tasks will be integrated 
to calculate prospective CO2 storage resources 
 

• Following DOE 
methodology 
• Open Boundaries 

• Regional Scale 

• Physical Trapping 

• Determining storage 
efficiencies specific to 
offshore storage 
environments 



Risk factors that may affect storage resource 
estimates also will be identified 
 
• Geological and other risk factors impacting operations will 

be considered. 
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(Source: BOEM) (Source: USGS) 



The final task is to engage stakeholders 

• Several stakeholder workshops 
will be held in the future to: 
 Identify public perception issues  

 Solicit stakeholder input for 
guidelines/roadmap to help future 
CCS activities 
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Information Workflow 

Stakeholder 
Presentations 

Resource 
Calculations 

Data Integration, 
Visualization, Simulation 

Upload Results and Complete 
Project Database 

Organize and Select Data for Further 
Processing or Analysis 

Mine Data Collections to Build Project 
Database  



The remainder of this presentation discusses 
progress made and initial results 

• Lithologic and biostratigraphic 
correlations underway in BCT and 
GBB 

• Reprocessing seismic data yielding 
promising results 

• Extensive inventory of the DGS OCS 
repository nearing completion 

• Data is being compiled into one 
project database 
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Seismic 
Properties 

Hydrogeologic 
Properties 

Geologic 
Properties 

Project database components 



Characterization of the Baltimore Canyon 
Trough is being expanded 

• Characterization of BCT began 
under another DOE funded project 
(MRCSP Program) 

• Expanding study across the BCT 

• Cenozoic- & Mesozoic- age 
carbonates, sandstones, shales 
 Compiling well data 

 Performing well-top correlations 

 Locating potential reservoir sands 

− Logan Canyon Sands, Mississauga Fm, 
Mohawk Fm 
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(Source: Rutgers) 



Source: Rutgers 

Logan Canyon Sandstones (upper & lower) 

Correlation more difficult with 
wider well spacing (15+ km) 



Data from 10 wells located in Eastern Georges 
Bank Basin (EGBB) has been compiled 
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Public data published by: 
- USGS, BOEM 
Types of data: 
- Gamma Ray, Porosity, 

Density, Sonic logs 
- Biostratigraphic 



Potential sequestration targets in saline sand 
reservoirs in the EGBB have been identified 

• Saline sand reservoirs located 2,500-10,000 ft in depth   
 Logan Canyon, Missisauga, Mohawk Formations 

 Sands hundreds of feet thick, separated by shales and coals 
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 Porosity ranges from 22% 
to 35% 

 Permeability ranges from 
300 mD to 3 D (Amato & 
Bebout, 1980) 

Logan 
Canyon 

Missis. 

Mohawk 



The initial seismic reprocessing plan spanning 
entire study area was developed 

• LDEO consulted with USGS, Rutgers and Absolute Imaging to 
identify: 
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 key targets and best-
quality seismic lines for 
further analysis 

 location and quality of 
available metadata 

• Presented plans to 
entire team for review, 
comment 

• 4000 line km total, 
completed in 3 batches 

Source: LDEO 



Reprocessing seismic data is yielding 
promising results 
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Before reprocessing 
(legacy result) 

After reprocessing 

Future research: Using pre-stack 
waveform inversion to translate velocity 
into rock properties (e.g., porosity) 



Hydrogeologic characterization task has been 
initiated 
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• Core Inventory (90% complete) 
• Washed cuttings inventory (80% complete) 
• Prepared sample inventory (slides, vials) (50% complete)  
• Unwashed cuttings inventory  

1. Inventory the 
DGS OCS 

Sample 
Repository 

• Injectivity, permeability, flow properties, etc. 
• Identify gaps in existing data and assess analytical 

methods that could supplement older analyses 

2. Compile existing 
data on 

hydrologeologic 
properties 

• Work with all project team members to select samples in 
focus areas 

3. Select sample 
material for new 

analysis of 
hydrologic and other 

properties 



Core 
Data 

Seismic 
Data 

Log Data 

flow zones, rates 
flow boundaries 

fluid density, salinity 
saturation 

permeability 

   elastic moduli  
   acoustic velocities 

density 
   fracture gradients 
   pore pressures 

temperature 
   in situ stress 

lithology 
biostratigraphy 

mineralogy 
chemistry 

area 
depth 

thickness 
porosity 

CO2 Storage Resource Assessment  
(Battelle*) 

Offshore 
Database 

(Battelle*) 

* Task Leader 

Input by Project Team Members 
Delaware, Harvard, Lamont, Maryland, Pennsylvania, Rutgers, USGS 

The project database is being constructed 

Geologic 
Characterization 

(Rutgers*) 

Hydrogeologic 
Characterization 

 (Delaware*) 

Risk 
Assessment 

(Battelle*) 

Seismic 
Evaluation 
(Rutgers*) 
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Summary 

• Mid-Atlantic Offshore study area includes three major sub basins 
• Methodologies developed will support CO2 storage assessment 

in mid-Atlantic U.S. offshore areas 
• Diverse and highly qualified project team leverages institutional 

knowledge 
• The project includes an assessment of risk, safety, and 

deployment factors 
• Initial results show promising storage targets 
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Project Overview 
The greatest potential for carbon storage in the northeastern United States lies in the offshore geologic formations 

comprising the continental shelf1. Offshore storage can be implemented close to large point-sources of carbon 

dioxide (CO2) while avoiding many of the logistical difficulties and potential risks encountered when siting onshore 

projects, especially in densely populated areas of the East Coast. The technical, social and economic factors 

associated with offshore carbon storage have been discussed in literature2.  Recent assessments of domestic 

offshore CO2 storage suggests a majority of the storage potential is in sandstone and carbonate saline reservoirs, 

with less potential in depleted oil fields and enhanced oil recovery projects (e.g., Gulf of Mexico), as oil and gas 

development is currently prohibited in ~87% of U.S. offshore federal water1,3. Other potential storage formations, 

such as basalts, have not been comprehensively assessed, although they may become significant reservoir 

candidates in the Atlantic and Pacific1,4. 

Internationally, offshore CO2 storage has 

been underway in Norway for the past 20 

years and considerable research has been 

completed in countries including Japan, 

Australia, Brazil, and South Africa.  

Offshore CO2 storage assessment and 

research in the United States is still in its 

infancy, with significant uncertainty in potential storage resources resulting from a lack of geologic/petrophysical 

data and other unconstrained variables, particularly in the mid- and north- Atlantic offshore area1. 

Given the current knowledge base and access to publicly available data, the objectives of the Mid-Atlantic U.S. 

Offshore Carbon Storage Resource Assessment Project are fourfold:  1) complete a systematic carbon storage 

resource assessment of the mid-Atlantic Offshore coastal region from the Georges Bank Basin through the Long 

Island Platform to the southern Baltimore Canyon Trough; 2) define key input parameters to reduce uncertainty 

for offshore storage resource and efficiency estimates; 3) perform a preliminary assessment of risk factors, 

uncertainties and data gaps; and 4) engage industry and regulatory stakeholders through development of a road 

map to assist future project planning and implementation.  

Global estimates suggest that 40% of the potential CO2 

storage resource in deep saline aquifers is located offshore in 

widespread porous and permeable sandstones and shelf 

carbonates (IEAGHG, 2009). 

Image showing existing core material from the Continental Offshore Stratigraphic Test (COST) wells, which will be correlated 
with geophysical logs used to characterize rock properties relevant to carbon storage resource assessments 
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This project will prepare a realistic portrayal related to offshore CO2 storage resource assessment by: 

• Defining the geologic characteristics of candidate storage sites 

• Using existing seismic data to better define the continuity of the storage zone and seals 

• Cataloguing the hydrogeologic properties of mid-Atlantic offshore storage sites  

• Calculating prospective CO2 storage resources using net effective pore volumes and fluid displacement 
properties specific to offshore lithologies  

• Examining risk factors related to offshore storage  

• Communicating with industry and other stakeholders about the future prospects for offshore storage  

• Ensuring technology transfer to industry and other stakeholders  

Led by Battelle, this project is being 

conducted by public and private entities 

with expertise in offshore geology and 

resources for the study region, including 

state geological surveys of Delaware, 

Maryland and Pennsylvania; United States 

Geological Survey-Woods Hole Coastal 

and Marine Science Center; Rutgers 

University; Harvard University; and 

Lamont-Doherty Earth Observatory at 

Columbia University. This project team 

provides the U.S. Department of Energy 

with multi-disciplinary expertise to 

complete storage resource assessment for 

a broad region offshore of the U.S. East 

Coast, from Massachusetts to Virginia. The 

team will build on the success of the 

Midwest Regional Carbon Sequestration 

Partnership program (www.mrcsp.org), 

using a regional approach for screening 

and identifying candidate offshore storage sites with the potential to deliver the most value for the East Coast. 

Anticipated outcomes are high-level storage resource assessments of areas not previously characterized and 

improved storage resource estimates for geographically expansive portions of offshore geologic units.  

Point of Contact 

Neeraj Gupta, Battelle Principal Investigator, gupta@battelle.org.    

References Cited 
1 Vidas, H., B. Hugman, A. Chikkatur, and B. Venkatesh, 2012. Analysis of the costs and benefits of CO2 sequestration on the U.S. Outer 

Continental Shelf. U.S. Department of the Interior, Bureau of Ocean Energy Management. Herndon, VA. OCS Study BOEM 2012-100. 

2 Schrag D.P., 2009. Storage of carbon dioxide in offshore sediments. Science 325, 1658-1659. DOI: 10.1126/science.1175750. 

3 US-DOE-NETL, 2012. Carbon Utilization and Storage Atlas.  U.S. Department of Energy, Office of Fossil Energy, National Energy 

Technology Laboratory. 

4 Goldberg, D.S., D.V. Kent, and P.E. Olsen, 2010. Potential on-shore and off-shore reservoirs for CO2 sequestration in Central Atlantic 

magmatic province basalts, Proc. Nat. Acad. Sci., www.pnas.org/cgi/doi/10.1073/pnas.0913721107. 

5 Ryan, W.B.F., S.M. Carbotte, J.O. Coplan, S. O'Hara, A. Melkonian, R. Arko, R.A. Weissel, V. Ferrini, A. Goodwillie, F. Nitsche, J. 

Bonczkowski, and R. Zemsky, 2009. Global multi-resolution topography synthesis, Geochem. Geophys. Geosyst., 10, Q03014, 

doi:10.1029/2008GC002332.  

Map of the eastern United States coastal region showing location of the mid-

Atlantic U.S. offshore study area, as well as locations of stationary CO2 sources3, 5 

http://www.mrcsp.org/
mailto:gupta@battelle.org
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Clean Air Task Force appreciates the opportunity to comment on US EPA’s December 2015 
Memo, “Inventory of U.S. Greenhouse Gas Emissions and Sinks: Revisions under Consideration 
for Natural Gas Distribution Emissions.”  
 
Our comments are focused on the Pipeline Leaks section of the Memo.  
 
We support EPA’s efforts to base the USGHGI on the most up-to-date and highest quality information, 
and it is encouraging that EPA and researchers are re-examining emissions factors and activity data for 
natural gas distribution, as described in the December 2015 Memo (referred to as the “2015 Memo” 
below). 
 
However, we are concerned that the methodology used to calculate the frequency of leaks – the number 
of equivalent leaks per mile of pipeline of a given material – from natural gas distribution pipelines and 
services in the Lamb et al. 2015 paper is flawed.  As described below, the methodology appears to have 
conceptual issues, and the data from partner utilities used with the methodology does not appear to be 
consistent with the methodology.  Furthermore, the assumption that utility surveys find 85% of leaks in 
an area when they survey the area is not supported by recent data. 
 
Our methodological concerns are described in section 1 below.  By and large, the methodology in 
Lamb et al. 2015 is the same as the methodology in the GRI report from the 1990s, so our 
methodological concern would apply to that work as well. However, using the questionable 
methodology and new data from partner groups, Lamb et al. 2015 report calculated figures for 
equivalent leaks per mile or service which are lower, or considerably lower, than the figures from the 
GRI report (with the exception of protected steel services) (2015 Memo, Table 8).  These data for 
equivalent leaks per mile of main or service are then combined with new emissions factors for 
emissions per leak to produce new, lower emissions factors per mile of pipeline or service (Lamb et al. 
2015 emissions factors are slightly higher than the GRI results for protected steel mains and plastic 
services; for other types of mains and services, Lamb et al. 2015 emissions factors are lower than the 
GRI results).   
 
As we show below in section 2, the figures for equivalent leaks per mile reported by Lamb et al. 2015 
are not consistent with recent independent vehicle-based survey research quantifying the number of 
leaks from natural gas distribution systems in a number of US cities.  As discussed briefly in section 3, 
top-down studies of methane emissions from urban areas have also reported that emissions from 
distribution systems are higher than would be expected based upon EPA’s current estimates (in the 
2015 GHG Inventory) of emissions from natural gas.   
 
The use of the figures for equivalent leaks per mile from Lamb et al. 2015, which disagree with results 
from the vehicle-based studies, will widen the disagreement between the top-down studies and the US 
GHG Inventory.  Given the flaws we observe in the methodology and data used to calculate lower 
figures for equivalent leaks per mile in Lamb et al 2015, the inconsistency with the vehicle-based 
surveys, and the fact that independent top-down studies have estimated higher emissions from natural 
gas distribution than predicted by the current US GHG Inventory, it would not be appropriate to revise 
the 2016 US GHG Inventory using data from Lamb et al. 2015 on the number of equivalent leaks per 
mile of main or service.   
 
 



 2 

1.  Methodological Concerns 
The GRI study and Lamb et al. 2015 both use this formula, or similar, for equivalent leaks: 

 
TEL = OL + LI + UDL + URL – 0.5 * RL 

 
See section 9.1 of volume 5 of the GRI report and SI sections S4.3 and Appendix D of Lamb et al.  
There are two differences between the formula in the GRI report and Lamb et al.  First, GRI defines 
OL (outstanding leaks) as leaks present at the beginning of the year, while Lamb et al. defines OL as 
leaks remaining at the end of the year.  (It is not clear whether this difference affects the outcome of the 
calculation).  Second, Lamb et al. 2015 uses (-0.4 * RL) as for the last term in the formula, instead of 
(-0.5 * RL), for reasons that are not clear. 
 
Calculation of UDL.  UDL is defined as leaks that exist in areas that are surveyed for leaks but not 
found due to the lower detection limit.  GRI reports, based on a single company’s reports, that 85% of 
all leaks are identified during surveys.  (See GRI, volume 5, p 81.)  Lamb et al. 2015 adopts this 
assumption.   
 
Newer methodologies and data indicate that traditional surveys (with an FID, or a similar devices) 
identify less than 85% of leaks.  PG&E reports that their surveys with newer, more sensitive 
technologies find 81% more leaks than traditional surveys,1 and find leaks in almost twice as many 
services.2  A recent paper describing a 2013 survey of Washington DC by Jackson et al. identified 
5,893 leaks,3 while the utility in the city only reported repairing 1,019 mains and services in that year, 
with an additional 499 leaks remaining at the end of the year.4  The lower count in the utility data may 
occur because the utility only surveyed a small portion of the city in that year, but it also may reflect 
the fact that less than 85% of leaks are identified in utility surveys.  Finally, another recent paper from 
Phillips et al. identified 3,356 leaks in Boston in 2011.5  The utility for Boston reported 8,747 leaks 
repaired in 2011, with 205 remaining leaks at the end of the year,6 while only 4.3% of the utility’s 
customers in Massachusetts were in Boston.7  If identified leaks were distributed evenly throughout the 
system, about 4.3% of the 8,952 leaks identified by the utility (including the leaks remaining at years 
end), or 388 leaks, would have been in Boston.  This is a far lower number than the 3,356 leaks found 
by Phillips et al., again suggesting that utility surveys are finding less than 85% of actual leaks. 
 

                                                        
1 See Redding, S., “Road Map to...Redefining the Leak Management Process.” 2014 Natural Gas STAR Annual 
Implementation Workshop, San Antonio (13 May 2014), at slide 14 (1.81 times more leaks found).  Available at: 
http://www3.epa.gov/gasstar/documents/workshops/2014_AIW/Advances_Leak_Detection.pdf. 
2 Id, at slide 12 (traditional surveys find leaks in 3.4% of services; surveys with Picarro instrumentation find leaks in 6.4% 
of services). 
3 See Jackson, R.B. et al (2014), “Natural Gas Pipeline Leaks Across Washington, DC,” Environ. Sci. Technol. 48, 2051.  
Available at http://pubs.acs.org/doi/abs/10.1021/es404474x.   
4 PHMSA (Pipeline and Hazardous Material Safety Agency), (2016) “Gas Distribution Annual Data (2010−present).”  
Available from: http://www.phmsa.dot.gov/pipeline/library/data-stats (accessed Jan 14, 2016).  Operator ID #22182. 
5 Phillips, N.G., et al. (2013), “Mapping urban pipeline leaks: methane leaks Across Boston.” Environ. Pollut., 173, 1.  
Available at http://www.sciencedirect.com/science/article/pii/S0269749112004800.  
6 PHMSA 2016, Operator ID #1640. 
7 Annual Return of the Boston Gas Company, D/B/A National Grid Energy Delivery New England, to the Department of 
Public Utilities of Massachusetts, For the Year Ended December 31, 2011.  Available online at 
http://www.mass.gov/eea/docs/dpu/gas/bostongasco2011.pdf.  See page 7 (28,211 customer meters in Boston, out of 
650,978 customer meters for the utility in Massachusetts).   

http://www3.epa.gov/gasstar/documents/workshops/2014_AIW/Advances_Leak_Detection.pdf
http://pubs.acs.org/doi/abs/10.1021/es404474x
http://www.phmsa.dot.gov/pipeline/library/data-stats
http://www.sciencedirect.com/science/article/pii/S0269749112004800
http://www.mass.gov/eea/docs/dpu/gas/bostongasco2011.pdf
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Calculation of URL.  In the formula for Equivalent Leaks, URL is the count of leaks that exist in areas 
that were not surveyed in a given year.  The GRI and Lamb et al. calculate URL as a function of the 
sum of leaks detected in the area surveyed and leaks not detected in the survey area (LI + UDL in the 
formula above).  The formulas for URL are given on page S65 of the Lamb et al Supplementary 
Information, and on page 82 of GRI volume 5.  The formulas presented are different for the different 
years in a utility’s survey program.  It is not clear why this is the case. 
 
CATF believes that most gas utilities deploy leak survey programs continuously.  For example, a 
company may survey its system every three years.  In one year, they will survey one third of their 
mains and services.  In the next year, they will survey a second third of their system.  In the next year, 
they will survey the remaining third of their mains and services.  In the following year, they will re-
survey the first third of the system – and so on. 
  
Absent large changes in the survey program, the formula for the ratio of actual leaks to 
identified leaks should not change based on the year in the survey cycle, because the survey 
program is continuous.  It is not clear why the formulas for URL vary from year to year. 
 
The calculated results presented in the supplementary information for Lamb et al. do not appear to be 
consistent with the terms as they are defined.  For example, consider company B in table D-1 in the 
Lamb et al SI.  This company only surveys a given area every 5 years.  As a result, the average leak 
identified by this company has been leaking for 2.5 years (half the time since the last survey) when it is 
identified.  Company B takes an average of 6 months to repair a leak after identification, so a typical 
leak will emit for 3 years before being fixed.  Since an equivalent leak is defined as a leak that 
continues for one year, the ratio of equivalent leaks to identified leaks for a given year should be about 
3:1.  However, the ratio for company B in table D is 857:1444, or 0.59.  This appears to be incorrect.  
Several of the companies listed in Table D have calculated equivalent leaks figures that similarly 
appear to be far too low.  It seems that the algebra is erroneous.   
 
The data in Table D is also not internally consistent.  For example, Company F identified 13,241 leaks, 
fixed 6,623, but only had 519 outstanding at the end of the year.  There are a remaining 6,099 leaks that 
have “disappeared” in this accounting.  There are similar issues in table 9-2 in the GRI report – at least 
one company has data that appears to be inconsistent with the definitions.  It appears that in both cases, 
companies were misinterpreting the survey questions.  The fact that three companies in the Lamb 2015 
survey results reported precisely the same number of leaks identified and repaired, which is very 
improbable, further supports the notion that companies misinterpreted survey questions.    
 
Therefore, the calculation of Equivalent Leaks in Lamb 2015 appears to be flawed. 
 
2.  Inconsistency of proposed leak factors with Vehicle-based surveys 
In recent years, independent academic researchers have surveyed a number of US cities for leaks of 
natural gas.  The surveys of Boston8 and Washington DC9 have been mentioned above.  In 2015, 
researchers from the same group reported results from surveys in Manhattan, Durham NC, and 
Cincinnati.10  These studies provide extensive evidence that their observations of elevated methane are 
                                                        
8 Phillips et al. (2013). 
9 Jackson et al. (2014).  
10 Gallagher, M.E., et al., (2015), “Natural Gas Pipeline Replacement Programs Reduce Methane Leaks and Improve 
Consumer Safety.” Environ. Sci. Technol. Lett., 2, 286. 
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due to natural gas pipeline leaks.  The surveys found higher numbers of leaks than would be predicted 
from the equivalent leak per mile figures that EPA presents in table 8 of the 2015 Memo.  
The Washington results are clearest, since data just for Washington is available from PHMSA, and 
Jackson et al. reports results from a survey of every road in the city.  PHMSA reports that in 2013 
Washington had 419.2 miles of Cast Iron (CI) mains, 94.5 miles of non-cathodically protected steel 
(NCPS) mains, 317.4 miles of cathodically protected steel (CPS) mains, and 366 miles of plastic 
mains.11  The city had 20,468 NCPS services, 4,720 CPS services, 86,621 plastic services, and 11,445 
copper services.12  If each class of pipeline / service has the number of leaks predicted by the factors in 
Table 8 of the 2015 Memo, the city would have 2,530 equivalent leaks.  If the city had 2,530 equivalent 
leaks, surveys at any time should observe about this many leaks.  Instead, 132% more leaks – 5,893 
leaks – were observed. 
 
The Boston and Manhattan results are less definitive, because to our knowledge the main/service 
materials in place for the surveys’ specific routes are not available – PHMSA only provides data for the 
entire territory within a state for each utility.  As noted above, for Boston, only 4.3% of the utility’s 
Massachusetts customers were in Boston.  The corresponding figure is not known for Manhattan. 
 
Nevertheless, the data still demonstrate that the leaker factors in Table 8 in the 2015 memo are too low 
to predict the number of leaks observed in the vehicle-based surveys.  We can illustrate this by 
assuming that all of the mains and services in the areas surveyed in these studies were the highest-
emitting materials.  That is, we are assuming that all mains in Boston (the Boston study surveyed every 
street in the city) are CI, and all of the services are CPS, as these are the highest-emitting types of 
mains and services; the same assumptions are made for the portion of Manhattan surveyed.13  With 
these extreme assumptions, we can calculate the expected number of leaks in the areas with the Table 8 
factors.14   
 
Under these extreme assumptions, the Table 8 factors suggest that 3,898 leaks should be expected in 
Boston, and 1,300 leaks should be expected in the Manhattan survey.  These figures are only 16% and 
24% higher, respectively, than the actual number of leaks observed in the two cites, 3,356 and 1,050.15  
If we instead assume that the population of mains and services in the study area reflects the mix of 
mains and services materials in the utilities’ entire service areas, as would be expected since the utility 
is very likely to be replacing outdated pipe with newer material throughout its service area instead of 
just in some areas, the number of leaks expected using the factors in Table 8 would be much lower than 
the observed numbers.  Like the Washington DC survey, the results of these surveys suggest that the 
factors in Table 8 are too low.   
 
 
 
                                                        
11 PHMSA 2016, Operator ID #22182. 
12 Id. 
13 The PHMSA data for the Boston (Operator ID #1640) and Manhattan (Operator ID #2704) utilities show that these 
utilities had more miles of CI mains in their entire service area than the vehicle surveys measured in these studies, so this 
extreme assumption is arithmetically possible.  The utilities also have a higher count of CPS services in their entire service 
area than the likely count of services surveyed in the study (see next note). 
14 To estimate the number of services in the area surveyed in these studies, we multiplied the number of miles surveyed in 
each city by the ratio of the total service count to total main mileage in the utility’s service area.  Both of these total figures 
were obtained from the PHMSA data. 
15 Gallagher et al. (2015). 
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3.  Inconsistency with top-down studies 
As the 2015 Memo notes, the top-down study of methane emissions in the Boston area by McKain et 
al16 concluded that emissions from natural gas distribution in September 2012 – August 2013 were 
significantly higher (two to three times) than predicted using a Massachusetts state inventory which 
accounts for the higher population of older pipeline materials in natural gas distribution in this area, 
relative to national averages.  The Massachusetts inventory is tied to the older emissions factors and 
leak frequencies from the GRI study, which of course are higher than those which EPA is currently 
considering based on Lamb et al. 2015.  Adoption of the newer emissions factors and leak frequencies 
will of course widen this gap. 
 
Previous studies of methane emissions in the Los Angeles basin similarly concluded that methane 
emissions from natural gas infrastructure was higher than would be expected based on bottom-up 
inventories.17 There is significant evidence, such as a close match to the expected methane:ethane ratio, 
that the excess methane from oil and gas observed by Wennberg et al. is originating from natural gas 
distribution in the LA Basin.18 Data reported to PHMSA suggests that the distribution systems in the 
Los Angeles basin do not have terribly high proportions of outdated pipelines.  The four LA County 
utilities did not have any cast iron mains in 2009 (nationwide, 3% of mains were cast iron), but they 
did have somewhat higher proportion of unprotected steel (17% of mains and 20% of services) 
compared to the nationwide figures (6% and 8%, respectively).19  This suggests that emissions from 
distribution in LA should be in line with national emissions, but Wennberg et al. suggests that as much 
as 2% of natural gas consumed in the LA basin is leaking,20 which is a far higher leak rate than the 
EPA GHG Inventory for natural gas distribution (based on the GRI emissions factors and leak 
frequencies) would suggest. As with the McKain study for the Boston area, adoption of emissions 
factors and leak frequencies based upon Lamb et al. would only wide the gap between these 
observations and the GHG Inventory (assuming that the updated factors are applied, to some degree, to 
emissions for 2009). 
  
 
Conclusion 
 
Considering: 
  
a) the flaws in the methodology used by Lamb et al., 
b) the fact that the leak frequencies calculated based on Lamb et al. predict fewer leaks than are 
observed in vehicle-based surveys, and  
c) the fact that top-down studies already indicated that distribution emissions are higher than the US 
GHG Inventory predicts, prior to any reductions in the estimates for distribution emissions based on 
Lamb et al.,  
 

                                                        
16 McKain, K. et al., (2015) “Methane emissions from natural gas infrastructure and use in the urban region of Boston, 
Massachusetts.” Proc. Natl. Acad. Sci. USA 112, 1941.  Available at: http://www.pnas.org/content/112/7/1941. 
17 Wennberg, P.O., et al. (2012) “On the sources of methane to the Los Angeles atmosphere.” 
Environ. Sci. Technol. 46 9282; Peischl J., et al. (2013) “Quantifying sources of methane using light alkanes in the Los 
Angeles basin, California.” J. Geophys. Res. Atmos. 118 1. 
18 Wennberg et al. (2012). 
19 PHMSA 2016, Operator ID numbers 11712, 18480, 18484, and 31955. 
20 Wennberg et al. (2012). 
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we believe it is premature to adjust the factors for leak frequency for distribution mains and services 
used in the GHG Inventory based on data from Lamb et al. 2015.   
 
Thank you for considering these comments. 
 
David McCabe 
Scientist 
Clean Air Task Force 
18 Tremont St. 
Boston, MA 02108 
626-710-6542 
dmccabe@catf.us 
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