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I. INTRODUCTION AND PURPOSE OF TESTIMONY1

Q. Please state your name and occupation.2

A. My name is Ranajit (Ron) Sahu.  I am an engineering, environmental, and energy 3
consultant. 4

Q. Please summarize your work experience and educational background.5

A. I have Bachelor’s degree in Mechanical Engineering from the Indian Institute of 6
Technology (B.Tech), and Master’s and Doctorate degrees from the California Institute 7
of Technology.8

I have thirty years of engineering and consulting experience working on environmental, 9
engineering, and energy matters for a range of clients including federal agencies (the 10
United States Environmental Protection Agency and the Department of Justice), various 11
states and local agencies and municipalities, and industrial and non-profit clients. My 12
resume is attached as Exhibit RS-A.13

Q. On whose behalf are you testifying in this case?14

A. Intervenor Sierra Club.15

Q. Have you previously testified before the Ohio Power Siting Board?16

A. No.17

Q. Please identify and briefly describe any other proceedings before state utility 18
regulatory bodies in which you have provided testimony.19

A. I am currently working on a matter before the Oregon Public Utility Commission and 20
expect to testify on that matter in the next few months.  I have testified in a power plant21
siting matter before the Florida Department of Environmental Protection, Division of 22
Administrative Hearings.23

Q. What is the purpose of your testimony in this proceeding?24

A. I reviewed and evaluated Ohio State University’s (“OSU’s”) proposal for a combined 25
heat and power plant on its Columbus, Ohio campus.  I assessed the fundamental design26
of OSU’s proposal and contrasted it with alternative and better approaches being taken by 27
other institutions to meet their energy needs.  Based on my review, I have concluded that 28
the OSU proposal contains numerous deficiencies and lacks support for many of its 29
assumptions.  I have also assessed and comment on the environmental impact of this 30
proposal, if it were built. 31

32
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Q. What documents do you rely on for your analysis, findings, and observations?1

A. I base my understanding of the proposed Combined Heat and Power (“CHP”) facility at 2
OSU’s Columbus, Ohio campus on my review of the record in this proceeding, including 3
the Application to the Ohio Power Siting Board for a Certificate of Environmental 4
Compatibility and Public Need, The Ohio State University Combined Heat and Power 5
Facility, submitted by the Ohio State University, November 4, 2019 (hereafter 6
“Application”), the CHP Feasibility Study prepared by Ohio State Energy Partners 7
(Public Version) February 20, 2018 (attached as Exhibit RS-B) and other documents 8
produced in response to discovery requests by Intervenor Sierra Club. I rely to a limited 9
extent on publicly available information. I provide citations to all documents that I have 10
relied upon and documents not readily publicly available are attached as Exhibits RS-B11
through RS-P to this testimony.12

II. FINDINGS AND RECOMMENDATIONS13

Q. Please summarize your findings.14

A. I offer these findings for the Siting Board’s consideration:15

1. The proposed CHP facility is an inappropriate “solution” to OSU’s current and 16
future needs. As the most basic level, the design of the proposed system is flawed and 17
did not consider alternatives that other institutions are using when faced with meeting 18
their energy needs.  I reach this overall conclusion based on several discrete findings.19

2. The CHP design is based on work initiated in 2014 by Burns and McDonnell and 20
the design incorporated into the Application has only minor differences from what was 21
proposed in 2014.  Many of the assumptions are therefore stale, especially given the rapid 22
reductions in costs of renewable energy as well as thermal and electrical energy storage 23
options available to OSU.124

3. The proposed CHP facility represents an older technology that has been rejected 25
by other educational institutions. OSU’s own CHP Feasibility Study (hereafter “Study”) 26
recognizes that hot water “is the clear choice” as compared to steam heat—as heated hot 27
water provides greater generation efficiency, lower distribution heat losses, can 28
incorporate energy storage potential, and can be powered by a wider variety of renewable 29

                                                            
1 Ohio State Energy Partners, CHP Feasibility Study, February 20, 2018 (“Study”), attached as 
Exhibit RS-B, at 2-17.
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energy sources—yet inexplicably, rejects the possibility of conversion to hot water 1
heating out of hand.22

4. OSU did not consider either geothermal or heat exchange technologies as a means 3
of providing its heating needs which, in conjunction with off-site renewable electricity 4
generation, could have replaced the proposed CHP facility with none of the emissions 5
and associated adverse environmental effects of a gas-fired facility. OSU’s analysis of 6
even the few alternatives (such as off-site solar for electricity generation) it did purport to7
“consider” are not supported by data and therefore were inappropriately rejected.8

5. OSU has not conducted an hourly-level data analysis of its thermal energy needs 9
or loads.  As other universities have demonstrated, analysis at this level of granularity 10
generally supports the use of heating and cooling systems that do not rely on gas-fired 11
generation and its environmental impacts.  A proper data analysis would lead to the 12
rejection of CHP in favor of these alternate solutions with smaller environmental impact.13

6. OSU can and should make use of a superior alternate system to meet its stated 14
electrical energy and heating needs.  Such alternative systems include: (i) low-exergy315
and more efficient district heating provided by heated water (hot water) only rather than 16
steam for all of OSU’s heating needs; (ii) maximizing hot water generation by first using 17
reject heat from the cooling system (i.e., chillers); (iii) using ground-based resources (i.e., 18
geothermal and heat pumps, etc.) for the rest of its heating needs; (iv) using renewable 19
resources for off-site electricity generation (i.e., solar or additional wind); and (v) 20
incorporation of battery energy storage systems. None of these are new options.  In fact 21
other universities in the United States located in similar or more extreme climates have 22
implemented or are in the process of implementing many of these options.23

7. Construction of the CHP will have avoidable adverse impacts on the immediate, 24
regional, and broader environment.25

8. OSU’s analysis of the carbon emissions did not consider or include any of the 26
life-cycle impacts of producing and delivering natural gas.  OSU’s proposed supplier, 27
Columbia Gas of Ohio (a subsidiary of NiSource4), like most gas utilities in the Midwest,28

                                                            
2 Ohio State Energy Partners, CHP Feasibility Study, February 20, 2018, Appendix N.

3 Exergy is a term in thermodynamics and, in simple terms, represents the available energy 
capable of doing work (and being degraded in the process).

4 See https://investors.nisource.com/company-information/default.aspx
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obtains some of its gas from shale deposits through fracking.5 While any extraction 1
process of natural gas causes environmental impacts, fracking of shale deposits causes2
severe environmental impacts associated with: (i) methane (a potent greenhouse gas) 3
leakage during production and transmission; (ii) depletion of scare groundwater 4
resources; and (iii) impacts due to mining for fracking sand; and many others.  These 5
impacts were not included in OSU’s analysis and were not accounted for in OSU’s claims 6
regarding the relative carbon emission reductions attributable to construction of the 7
proposed plant.  OSU’s environmental impact analysis, based solely on purported 8
combustion-related “benefits” relative to the emissions associated with generation on the 9
PJM grid is therefore incorrect and distorting.  The analysis is even more misleading 10
because OSU has not compared the purported combustion benefits of the proposed 11
natural gas based electrical power generation with renewable alternatives for electrical 12
power generation.13

9. The proposed facility will have significant and detrimental effects on ambient air 14
quality for the surrounding area which are not adequately accounted for in OSU’s 15
proposal.  These effects are inadequately addressed in OSU’s Application and supporting 16
documents. Significant PM2.5 emissions will be emitted (almost 40 tons per year, per 17
OSU itself), affecting everyone at OSU and in particular patients at the many OSU 18
medical facilities.  PM2.5 is a dangerous pollutant, for both respiratory and cardiac 19
systems at any level of incremental exposure.  Although OSU provides some analysis of 20
the effects of these emissions on ambient air quality around the proposed facility, this 21
analysis cannot be relied upon because it relies on unsupported meteorological 22
assumptions and failed to consider the effects on ambient air quality at times when 23
emissions are likely to be greatest.24

10. OSU’s “analysis” of critical future costs, such as the price of natural gas6 are not 25
realistic and not supportable given recent developments.26

                                                            
5 See also Study at 1-7 (“At the national level, the seven major shale plays have and will 
continue to account for nearly all the incremental U.S. production [of natural gas] over the long-
term.”)

6 Study, Figure 1-5 (prices of natural gas at the Henry Hub are anticipated to remain roughly 
between $2.5 and $2.9 through 2047).  Also, as stated in Study at 1-7, OSU’s analysis assumes 
that US shale will continue to dominate natural gas production into the future.  The Study states 
“…the seven major shale plays have and will continue to account for nearly all the incremental 
US production over the long term.”  Developments since the summer of 2019 and more recently 
show the error of such assumptions.  Shale (or “tight” formation gas) development requires 
enormous quantities of capital and is accompanied by significant resources such as scarce water 
and sand, among others.  That capital is simply unlikely to be deployed by investors anymore 
given its lack of returns since the beginning of shale “plays” in the US.    
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11. In sum, OSU failed to consider reasonable alternatives to meeting its energy 1
needs with lower environmental impacts. 2

Q. Please summarize your recommendations.3

A. I offer these recommendations for the Siting Board’s consideration:4

1. I recommend that the Siting Board reject OSU’s request for a certificate for 5
construction of the proposed facility.6

2. All of the goals of the CHP facility, including affordability, reliability/resiliency, 7
sustainability, and predictability can be met by alternate means, at lower environmental 8
impact.  Therefore, the Siting Board should not issue a certificate for construction of the 9
proposed facility because it does not represent “minimum adverse environmental impact, 10
considering the state of available technology and the nature of economics of the various 11
alternatives[.]” 12

3. This proposed project should not be approved at this time.  At a minimum, OSU 13
should properly analyze alternative electrical generation resources along with a14
conversion from steam to hot water to meet heating needs.15

III. THE ANALYSIS PROVIDED BY OSU DOES NOT SUPPORT THE NEED FOR 16
THE PROPOSED CHP SYSTEM17

Q. Please describe the proposed Combined Heat and Power system.18

A. The Ohio State University is proposing to install a Combined Heat and Power major 19
utility facility on the Ohio State campus in Columbus, Ohio. Pursuant to the terms of an 20
existing concession agreement between Ohio State and Ohio State Energy Partners 21
(“OSEP”), the CHP real estate and the CHP facility will be leased to OSEP. The purpose 22
of the CHP is to be the primary source of electricity and heating for the Columbus 23
campus. If approved, heating will be provided in the form of steam, either through 24
integration with the existing steam network for buildings east of the river or for heating 25
hot water for newer buildings west of the Olentangy River.26

In addition the Application states that “[T]he CHP facility will produce thermal energy 27
powered by natural gas while introducing electricity generation on campus and will serve 28
as a primary source of heating and electricity to the Columbus campus... The heating 29
capacity of the CHP facility will be 285 klbs/hour of superheated steam. The CHP facility 30
will have a nameplate maximum output capacity of 105.5 MW and will include the 31
installation of two natural gas combustion turbine generators and one steam turbine 32
generator….Using the exhaust energy of the combustion turbines, high pressure 33
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superheated steam will be generated in the heat recovery steam generators (HRSGs), 1
which then will be used to: 2

i. Produce power in the steam turbine, or,3
ii. Supplement the main campus steam network, or,4
iii. Produce HHW through a heat exchanger and feed a new district heating and 5
cooling (DHC) network to be built west of the Olentangy River, or6
iv. Achieve any combination of the above.”77

8
Q. What has OSU identified as the reason(s) for constructing the system?9

A. OSU does not identify a specific insufficiency or gap in current utility services the 10
proposed CHP facility will address.  However, the Application does identify reliability 11
and resiliency of electrical power to “critical buildings on campus, including the12
University’s Wexner Medical Center,” as contrasted with reliance on the grid, as a 13
primary reason for the CHP’s proposed construction.8 OSU also claims the proposed 14
facility will reduce its “Levelized Cost of Energy (LCOE) over 25 years, reduce the 15
University’s carbon footprint by 38%, provide a path to carbon neutrality by 2050, and 16
deliver a reliable source of energy.”9 As I discuss later, the Application’s reference to the 17
Medical Center is misleading, as the CHP system cannot provide the reliability required 18
by state regulations and the medical center will be required to continue to maintain 19
diesel-powered generators as backup.  I address OSU’s claims about the environmental 20
and cost benefits of the proposed CHP facility, particularly in relation to off-site 21
renewable alternatives, in greater detail below.22

Q. In your view, is OSU’s analysis of its load, reliability, and resiliency adequate?23

A. No.24

Q. Why is OSU’s load analysis inadequate?25

A. OSU’s analysis of its utility system is discussed in the Study (Exhibit RS-B) at Figures 2-26
1 through 2-3.  Electrical and thermal loads are shown on a monthly basis.  Thermal loads 27
are not divided into separate heating and cooling loads.  And, importantly, the analysis is 28
not conducted on an hourly basis.  I provide more discussion on this later in connection 29
with how others (specifically Stanford University and Ball State University) have 30

                                                            
7 Application, p. 2.

8 Application, p. 1-2.

9 Study at i.



 

7
 

conducted required granular analysis. Essentially, OSU’s load analysis was too 1
simplistic to support the construction of such a large project because OSU failed to 2
appropriately describe in detail, with temporal granularity, its actual heating and cooling 3
energy needs and loads. By failing to conduct this analysis, OSU missed the possibility 4
of taking advantage of obtaining a significant portion of its heating needs from the waste 5
heat of its cooling system and then supplementing the rest of its heating needs via other 6
sources such as geothermal or ground-based sources.  7

Q. Why is important to analyze both heating and cooling loads?8

A. The OSU campus has both types of loads, at all times in the year, with variability.  It is 9
important to track both of these types of loads because much of the campus’s heating 10
loads can likely be met by using the reject heat from its cooling system.  As discussed 11
below, other similar institutions have concluded, after conducting an analysis that parses 12
out heating and cooling as separate loads, that a significant portion of their heating needs 13
can be met in this way.  And, that means any additional heating loads that need to be met 14
can be satisfied by a smaller and low-exergy (i.e., hot water, not steam) system, with 15
significant environmental advantages as compared to a steam system.  Therefore, options 16
for a proper design of the overall system cannot be analyzed without conducting a 17
detailed, granular, analysis of both loads. 18

Simply put, careful analysis of heating and cooling loads is necessary because the lowest 19
cost, least-environmental impact option for meeting both of those loads might not be, and 20
in fact likely will not be, the traditional CHP design as has been assumed by OSU.21

Q. Why is important to conduct load analysis on an hourly basis?22

A. The ability to determine the overlap between the rejected heat from the cooling system 23
and the heating loads (and their temperatures) requires that the analysis be conducted on 24
an hourly or even more granular basis.25

Q. Does OSU accurately support its characterization of the proposed CHP’s 26
contribution to overall resiliency on its campus?27

A. The Study simply assumes, without any support or data, that generating its own power 28
using the CHP system will make OSU’s electrical energy supply more resilient.10 OSU 29
does not discuss why its CHP system will be more reliable for electricity generation 30

                                                            
10 Study, Section 3.2, beginning at 3-7.
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compared to electrical power obtained from the PJM grid, which includes significant1
generation diversity and extensive spatial redundancies among its generating resources.112

OSU admits that its CHP system cannot provide all of the campus’s emergency needs.123
A significant portion of medical and non-medical emergency needs would continue to 4
need diesel backup as shown in Table 1 of the Study.  In addition, the Study admits that 5
since the CHP is “unable to meet the NFPA 110 level 1 requirements” all future medical 6
facilities will need their own diesel emergency backup equipment.  OSU does not 7
adequately explain what advantages on-campus large-scale electrical generation will 8
offer over the PJM grid in ensuring uninterrupted electricity on campus given that OSU 9
will continue to rely both on the grid for a significant portion of its energy needs and less 10
efficient diesel emergency backup equipment to ensure electrical supply to critical 11
infrastructure is not disrupted.12

In connection with its resiliency discussion, the Study pays lip-service to vague future 13
incorporation of alternative technologies such as renewables and storage.13 And it asserts 14
that alternative technologies to meet the University’s energy needs are not available, an 15
assertion that (as I show below) is not true.14 It does not discuss why these alternative 16
technologies cannot be incorporated into the system design now or why these 17
technologies should be “alternatives” and not the primary focus of the design.18

19

                                                            
11 Reliability and resiliency are improved with increased diversity of resources.  Thus, OSU’s 
claim that relying on a single fuel, as the CHP would, would provide more reliability and 
resiliency for power generation, is simply not true.  I note that PJM conducts extensive reliability 
and resiliency studies to ensure that its overall system remains reliable considering a wide-range 
of potential stressors.  See, for example, “PJM’s Evolving Resource Mix and System Reliability, 
March 30, 2017, available at https://www.pjm.com/~/media/library/reports-notices/special-
reports/20170330-pjms-evolving-resource-mix-and-system-reliability.ashx.

12 Study, Table 1.

13 Study at 3-13.  “Combining a cogeneration facility with renewable energy and energy storage 
technology that can be deployed in the future could offer the University the ability to become 
energy independent…Any future on site renewable generation, or smart demand response load 
reduction scheme can be added into the framework of this microgrid.”

14 Study at 3-19. “The University has set a goal to achieve carbon neutrality by 2050.  
Implementing this ambitious goal is currently cost prohibitive due to a lack of affordable and 
scalable technology (e.g. alternative energy solutions for thermal energy storage) capable of 
meeting the University’s critical energy needs.”  Other universities have implemented storage 
solutions and utility scale energy storage systems (i.e., battery) are now available. 
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IV. THE PROPOSED CHP FACILITY WILL HAVE SIGNIFICANT ADVERSE 1
ENVIRONMENTAL EFFECTS, BOTH LOCALLY AND AT FUEL 2
EXTRACTION SITES3

Q. What adverse environmental effects of the operation of the proposed facility has 4
OSU identified?5

A. OSU has identified emissions of various air pollutants as well as noise impacts.6

In the Application, it states that “[T]he type and quantities of air pollutant emissions 7
associated with the proposed CHP facility during operations are summarized in Table 4, 8
Table 5, and Table 6.”15 Table 4 states that PM2.5 emissions will be 40.32 tons/year from 9
the “steady state” operations of the two CHP units.  Startup and shutdown will add 10
another 0.45 tons/year (Table 5) and the cooling towers will add a further 1.02 tons/year 11
(Table 6).  Even considering the removal of a boiler at the McCracken plant, net 12
emissions for PM2.5 will increase by close to 39 tons/year.13

Tables 4 and 5 in the Application also show significant emissions of NOx, another criteria 14
pollutant under the Clean Air Act, which is not only a pollutant in its own right but is also 15
a precursor for other pollutants such as ozone and additional fine particulate matter, 16
PM2.5.  Table 4 shows NOx emissions at 39 tons/year for steady state operations and 17
Table 5 shows an additional 3.89 tons/year of NOx from startup and shutdown.18

Q. Based on the location of the proposed facility, do you have any concerns about the 19
effects of these air pollutant emissions on vulnerable populations?20

A. Yes. First, I note that the proposed CHP system will emit additional pollutants. These 21
pollutants include PM2.5 and NOx, both criteria pollutants, will be produced along with 22
additional criteria pollutants such as carbon monoxide, sulfur dioxide, also with adverse 23
health impacts. I also note that the proposed CHP facility will be located in a central 24
campus area and in close proximity to numerous medical facilities, where patients, 25
health-care workers, and the campus community at large will experience incremental 26
increases in concentrations of pollutants.27

Second, there is no safe threshold for PM2.5 and that any increase in exposure to fine 28
particles increases the adverse health risk.16 PM2.5 emissions have been regulated by the29

                                                            
15 Application, p. 11.

16 See, e.g., the California Air Resources Board’s summary of PM2.5 health impacts, available at
https://ww2.arb.ca.gov/resources/inhalable-particulate-matter-and-
health#:~:text=For%20PM2.,symptoms%2C%20and%20restricted%20activity%20days.
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EPA for more than two decades. More recent research has established that even so-called 1
“safe” levels such as the National Ambient Air Quality Standards (NAAQS) may still be 2
harmful.173

                                                                                                                                                                                                
“For PM2.5, short-term exposures (up to 24-hours duration) have been associated with 
premature mortality, increased hospital admissions for heart or lung causes, acute and 
chronic bronchitis, asthma attacks, emergency room visits, respiratory symptoms, and 
restricted activity days. These adverse health effects have been reported primarily in 
infants, children, and older adults with preexisting heart or lung diseases. In addition, of 
all of the common air pollutants, PM2.5 is associated with the greatest proportion of 
adverse health effects related to air pollution, both in the United States and world-
wide.…Long-term (months to years) exposure to PM2.5 has been linked to premature 
death, particularly in people who have chronic heart or lung diseases, and reduced lung 
function growth in children.”

For a general discussion on the harmful effects of PM (including smaller sizes such as PM2.5) see 
the U.S. EPA fact sheet, “Health and Environmental Effects of Particulate Matter (PM), at 
https://www.epa.gov/pm-pollution/health-and-environmental-effects-particulate-matter-pm

The nexus between COVID-19 and PM2.5 is also coming into focus.  See, e.g., Wu et al., 
“Exposure to air pollution and COVID-19 mortality in the United States: a nationwide cross-
sectional study,” available at https://projects.iq.harvard.edu/covid-pm/home.  Harvard 
researchers found that 

“…an increase of only 1 g/m3 in PM2.5 is associated with an 8% increase in the 
COVID-19 death rate (95% confidence interval [CI]).…[T]he results were 
statistically significant and robust to secondary and sensitivity analyses.”

17 See, e.g., 70 Fed. Reg. 65,983, 65,988 (Nov. 1, 2005) (“emissions reductions resulting 
in reduced concentrations below the level of the standards may continue to provide additional 
health benefits to the local population.”); 71 Fed. Reg. 2620, 2635 (Jan. 17, 2006) (U.S. EPA 
unable to find evidence supporting the selection of a threshold level of PM2.5 under which the 
death and disease associated with PM2.5 would not occur at the population level); Letter from 
Gina McCarthy, EPA, to Hon. Fred Upton, U.S. House of Representatives (Feb. 3, 2012), 
available at https://www.nrdc.org/sites/default/files/epa-letter-upton-pm-benefits-20120203.pdf
(“Studies demonstrate an association between premature mortality and fine particle pollution at 
the lowest levels measured in the relevant studies, levels that are significantly below the NAAQS 
for fine particles. These studies have not observed a level at which premature mortality effects do 
not occur. The best scientific evidence, confirmed by independent, Congressionally-mandated 
expert panels, is that there is no threshold level of fine particle pollution below which health risk 
reductions are not achieved by reduced exposure. Thus, based on specific advice from scientific 
peer-review, we project benefits from reducing fine particle pollution below the level of the 
NAAQS and below the lowest levels measured in the studies.”).

Significantly, studies have found that attaining the air quality standards does not necessarily 
mean that health-protectiveness is assured. Even at the lowest observed concentrations, PM2.5 is 
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Third, other pollutants that will be emitted by the CHP facility, such as oxides of nitrogen 1
(NOx), also have direct adverse health impacts.18 NOx is also a precursor pollutant for 2
other pollutants such as ozone and PM2.5 in the atmosphere, which are also harmful.3

Q. Has OSU adequately and accurately accounted for the air pollution effects of the 4
proposed facility?5

A. No.  At the time it filed its Application, OSU had not conducted a Prevention of 6
Significant Deterioration (“PSD”) analysis as would otherwise be required as part of its 7
Permit-to-Install based on the quantity of anticipated emissions for some of the pollutants 8
that will be emitted, instead relying on an exemption under state law for non-profit 9
educational institutions.  In part to address this deficiency, OSU has recently submitted 10
an updated modeling analysis19 focusing on impacts of PM2.5, NOx, and ozone (which is 11
created in the atmosphere in part by NOx), which included an assessment of impacts at12
nearby medical facilities and other sensitive receptors. For the reasons discussed below, 13
both OSU’s initial analysis and its updated modeling are premised on unsupported and 14
faulty assumptions about the meteorological data and background concentrations used in 15
the modeling and therefore the results presented are not reliable.16

Q. What is a PSD analysis and why is it important?17

A. PSD permitting is required for major (or higher emitting) sources under the Clean Air Act 18
and its implementing regulations located in areas that currently meet NAAQS.  It is 19

                                                                                                                                                                                                
responsible for increased number of deaths or lowered life expectancy. See generally Bennett et 
al., Particulate Matter Air Pollution and National and County Life Expectancy Loss in the USA: 
A Spatiotemporal Analysis (2019), available at https://doi.org/10.1371/journal.pmed.1002856.

18 As the U.S. EPA has stated:

“Breathing air with a high concentration of NO2 can irritate airways in the human 
respiratory system. Such exposures over short periods can aggravate respiratory 
diseases, particularly asthma, leading to respiratory symptoms (such as coughing, 
wheezing or difficulty breathing), hospital admissions and visits to emergency 
rooms. Longer exposures to elevated concentrations of NO2 may contribute to the 
development of asthma and potentially increase susceptibility to respiratory 
infections. People with asthma, as well as children and the elderly are generally at 
greater risk for the health effects of NO2.

NO2 along with other nitrogen oxides (NOx) reacts with other chemicals in the air 
to form both particulate matter and ozone. Both of these are also harmful when 
inhaled due to effects on the respiratory system.”

19 July 6 Model, attached as Exhibit RS-D.
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perhaps the most important permitting program, along with its counterpart Non-1
Attainment New Source Review for sources located in areas that do not meet NAAQS.  2
The goal of the PSD program is to ensure that areas that meet NAAQS continue to do so 3
without degrading the ambient air.  PSD permitting achieves this by requiring: 4
characterization of the existing or baseline air quality before construction; the application 5
of Best Available Control Technology (BACT) for emissions sources thereby minimizing 6
emissions to the maximum extent possible; detailed air dispersion modeling for all PSD 7
pollutants to demonstrate that the NAAQS and other applicable regulatory thresholds 8
such as increments will not be violated; analysis of impacts from the PSD source on 9
nearby pristine areas (including Federal Class I areas such as National Parks and 10
Wilderness Areas), including on visibility, acid deposition, and other impacts.11

Q. Did OSU conduct a PSD analysis?12

A. Relying on an exemption in the Ohio EPA regulations, OSU avoided conducting a proper 13
Prevention of Significant deterioration (PSD) analysis for the project.  As the Application 14
confirms:15

“The project was exempt from review under PSD, including the requirement to 16
complete a comprehensive air quality impact analysis pursuant to OAC rule 3745-17
31-16.  Area-wide figures showing isopleths for impact concentrations above 18
pollutant-specific NAAQS are not applicable and were not prepared.”2019

While I cannot comment on the legality of not doing this analysis, I note that, as a result, 20
none of the air quality impacts of the project such as those noted in the previous response,21
except for PM modeling, have been analyzed or quantified.  Thus, the impacts are simply 22
not flagged at all.  It is therefore premature to assume that there will be no adverse 23
impacts.24

Q. Did OSU model the effects of PM2.5 emissions from the proposed facility on 25
surrounding areas?26

It did.  It first did so in its Application and more recently as a separate modeling analysis.27

In both instances it used EPA’s AERMOD dispersion modeling program to conduct its 28
analysis.  29

Table 18 in the Application (shown below) provides the results of the first or initial 30
modeling for PM10 and PM2.5. Two sets of results are shown in the table – for 24-hour 31
average and annual average impacts.  As the results show, the acceptable value of PM2.532
24-hour average is shows as less than 4.5 micrograms per cubic meter.  While this 33

                                                            
20 Application, p. 61.



 

13
 

acceptable value is itself questionable given the kinds of exposures that might occur in 1
the vicinity of the proposed CHP plant (e.g., medical facilities, with sick patients, etc.), 2
even so, the results show that modeled impacts are not significantly below the 4.5 3
micrograms per cubic meter level; for example the results show concentrations of 3.94
micrograms per cubic meter based on 2014 meteorological and background data using5
75% load and 3.5 micrograms per cubic meter at 100% load.  As the Table confirms, 6
predicted impacts are higher as the load factor decreases, likely as a result of less flow 7
velocity out of the stack and resulting poor dispersion.  The modeling did not attempt to 8
understand the effects of increased emissions on ambient concentrations if and when the 9
load at the proposed facility is lower than 75% and whether that would exceed the 10
acceptable value.  The modeling does not address this question, even though there is no 11
prohibition in the final air permit number P0126155 issued on October 25, 2019 for the 12
project21 that restricts the units to run at or above 75% load at all times. OSU’s modeling 13
of PM2.5 impacts is therefore incomplete and misleading.14

2215

Only July 6, 2020, OSU also produced an updated modeling analysis for PM2.5, NOx, and 16
ozone (“July 6 Model,” attached as Exhibit RS-D), including impacts at sensitive 17

                                                            
21 Final Air Pollution Permit-to-Install (October 25, 2019), produced at OSU 000096 and 
attached as Exhibit RS-N.
22 Application, p. 66.
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receptors such as the nearby medical facilities.  This report claims that the increased 1
pollutant concentrations of PM2.5, NOx, and ozone are minor compared to the applicable 2
NAAQS and therefore do not pose any adverse health risks. In other words, the report 3
assumes that levels at or below NAAQS are safe.  I disagree.  The report fails to 4
recognize that NAAQS, while supposedly set at levels protective of human health, are a 5
result of complex technical, health, political, and other considerations.  They do not 6
reflect only toxicological or health considerations.  As previously noted, for PM2.5, for 7
example, there is overwhelming scientific evidence that there is no safe level of ambient 8
concentration.  Thus, as a threshold matter, any increase in pollutant concentrations, 9
which OSU’s analysis clearly admits will occur, represents increases in health risks.10

Q. What other errors and omissions have you identified in this modeling?11

A. There are at least two major potential problems with the modeling that was conducted 12
and which is described in the Application and the recent report.13

First, like any dispersion modeling, the modeling conducted by OSU has to rely on14
meteorological data.  This is an important input to any air dispersion model, such as 15
EPA’s AERMOD model (which was used by OSU).  However, no meteorological data 16
was collected at the site. OSU’s modeling simply assumes that the meteorological that is 17
used (which is collected not at OSU’s campus but at a weather station several miles away 18
from the proposed location of the CHP plant), is representative of the CHP location.19
There is no support for such a critical assumption.  Features at the site and in its vicinity 20
include the Olentangy River as well as the complex topography of the OSU campus itself 21
(i.e., the many buildings of different heights) which will affect the meteorology (i.e., 22
wind speeds and direction, etc.), as is true for any built environment.  Therefore the 23
results of the modeling, such as that shown in Table 18 of the Application, as well as the 24
tables shown in the updated July 6 Model, which depend on the assumed meteorological 25
data, are unreliable. One cannot use non-representative meteorological data and expect 26
the model to accurately predict impacts.  The July 6 Model compounds its error when it 27
misrepresents its results as being “conservative” meaning that actual impacts would be 28
lower.  That claim is without support because the modeling does not consider emissions 29
during so-called upset or malfunction events, for example, when pollutant emissions can 30
be significant. The modeling results cannot therefore be relied upon.31

Second, the modeling results presented by OSU are also unreliable because they include 32
“background” concentrations for each pollutant (and averaging period) collected by the 33
Ohio EPA at monitors approximately two miles from the proposed CHP site.23 However, 34

                                                            
23 July 6 Model at p. 6 notes that four PM2.5 monitors are located in Franklin County: at Korbel 
Avenue; at 7560 Smoky Road; at 58 Woodrow; and at 5750 Maple Canyon.  



 

15
 

none of these monitors, including the closest monitor at the Fairground (Korbel Avenue),1
are located in the area where the CHP will be located.  The proposed CHP will be located 2
next to a freeway (Hwy 315), with expected higher levels of PM2.5 due to traffic, 3
including toxic diesel particulate emissions. This localized impact could not have been 4
captured by any of the Ohio EPA background monitors, including the closest Korbel 5
Avenue monitoring site, which is located further east of campus. Therefore the 6
background concentrations used in OSU’s modeling understates the current and therefore 7
post-project impacts.8

Q. What is the significance of these errors and omissions for understanding the effects 9
of the proposed facility on air quality and health in the surrounding area?10

A. As discussed above, the results of the modeling conducted by OSU cannot be relied upon.  11
It is entirely plausible and likely that OSU’s modeling understates the impacts of the 12
proposed facility on ambient concentrations of air pollutants including PM2.5 for reasons 13
noted above.  Therefore, OSU’s conclusions that adverse health impacts particularly for 14
portions of the population in the vicinity who might be patients at the OSU medical 15
facilities nearby, is of no significance, is unfounded.16

Q. What technology does OSU propose to use to limit or control these emissions?17

A. OSU acknowledges the need for the project to meet best available technology 18
requirements.  In its request for a discretionary exception to PSD requirements, OSU 19
stated that it would “submit a complete permit application, which will address the two 20
primary requirements under PSD for PM10/PM2.5, best available control technology 21
(BACT) and an air quality analysis and BACT for GHG.  The requirement under OAC 22
3745-31-05 to employ best available technology (BAT) will satisfy the general PSD 23
requirement to employ best available control technology (BACT).”2424

What OSU characterizes as the NOx BAT is described as follows in the Application:25

“BAT for NOx emissions from CHP Units #1 and 2 is the following: 26
27

                                                                                                                                                                                                
A review of OhioEPA’s Ambient Monitoring site maps 
(https://epa.ohio.gov/Portals/27/ams/sites/D1-2020AMNP_NetworkMaps_Draft.pdf) shows that 
Site 81, the Fairgrounds site at Korbel Avenue) is the closest to OSU.  And based on monitoring 
site descriptions (available at https://epa.ohio.gov/Portals/27/ams/sites/E1-2020AMNP-
OhioSiteTemplates-Draft.pdf) the Korbel Avenue site is described as being located “5 miles 
north of downtown Columbus and just to the east of the Ohio State University.”

24 Correspondence from ENGIE NA to Ohio EPA Re: Request for Director’s Discretionary 
Exemption, dated December 20, 2018, produced at OSU_000192 and attached as Exhibit RS-O.
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• Turbine design with dry low-NOx combustion technology resulting in a design 1
NOx emission rate of 15 ppmv dry, corrected to 15 percent O2 and 0.054 2
lb/MMBtu heat input. 3
• Duct burner design with low-NOx combustion technology resulting in a design 4
NOx emission rate of 0.10 lb/MMBtu heat input. 5
• Installation and operation of an SCR system to reduce combustion NOx6
emissions from the combustion turbines and duct burners by a minimum of 85 7
percent.  Post-SCR NOx emissions at the stack(s) will be less than 3 ppmvd at 15 8
percent O2. BAT for NOx”259

Q. Do these proposed technologies in fact represent the best available technology for 10
controlling NOx emissions?11

A. No.  BACT is an emissions level.  While the types of technologies (i.e., dry low NOx12
combustion technology and SCR) can be used as BACT, the levels OSU has determined 13
to be BACT for NOx (i.e., less than 3 ppmvd at 15 percent oxygen) are not, since other14
agencies have determined that dry low NOx combustors along with SCR can achieve 15
levels as low as 2 ppm NOx corrected to 15% oxygen.26 Had OSU committed to 16
installing and operating an SCR system capable of meeting these levels (i.e., with 17
efficiencies greater than 85%, which SCR systems can routinely achieve), OSU could 18
have cut the allowable levels of NOx emissions from the CHP by one-third.  OSU’s claim 19
to employ NOx BAT is therefore incorrect. 20

Q. Please describe OSU’s fuel supply for the proposed facility.21

A. The Study states that natural gas will be provided by Columbia Gas of Ohio, a subsidiary 22
of NiSource.  23

Q. What is the source of the natural gas the proposed facility will use?24

A. While it is not clear where Columbia Gas of Ohio procures its natural gas, given its 25
location and the other sister subsidiaries of NiSource, it is reasonable to conclude that 26
some or a substantial portion of this gas originates from fracked shale gas.  While OSU 27
mentions that the turbines at the CHP would, someday, be able to combust natural gas 28

                                                            
25 Application, p. 52.

26 See Title V permit ID 3-3356-00136/00001 issued August 1, 2013 by the New York State 
Department of Environmental Conservation (NYSDEC) for the CPV Valley Energy Center in 
Middletown, NY, attached as Exhibit RS-E.  Although this limit was issued as a LAER limit, it 
was deemed to be technically feasible and should have been evaluated as part of the BAT 
analysis.
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derived from biomass or green hydrogen,27 it is unclear where such fuels would be 1
procured from and why they would be deemed to be environmentally superior to truly 2
renewable fuels such as solar and wind.  Thus, any claims by OSU as to environmental 3
advantages of the proposed facility based on the use of these fuels are simply speculative.4

Q. Did OSU include the adverse environmental consequences associated with the 5
extraction and transportation of natural gas as part of its analysis of the adverse 6
environmental impacts of the proposed facility?7

A. No. Neither the Application nor the Study mentions any environmental impacts 8
associated with the extraction and transportation of natural gas, whether such gas is 9
extracted from conventional (i.e., non-shale) or unconventional (i.e., shale) formations.  10
As a result, it simply does not consider the life-cycle environmental impacts of using 11
natural gas at the CHP and thereby understates the benefits of using natural gas as 12
compared to any other options.  As far as it could be determined, only the carbon 13
emissions associated with the combustion of natural gas at the CHP have been accounted 14
for.  15

Q. What adverse environmental consequences are associated with natural gas 16
extraction?17

A. There are many adverse environmental consequences associated with natural gas 18
extraction.  These include water quantity and quality issues, air quality issues, waste 19
management issues, and other general environmental issues.  Included in the air quality 20
issues are the emissions of methane at the point of extraction and initial separation at/near 21
the well head.  Fugitive methane emissions which are not captured, even under current 22
best management practices associated with natural gas extraction, from both conventional 23
and non-conventional formations, end up in the atmosphere and are detrimental because 24
methane is a significant greenhouse gas. Studies have concluded that the largest portion 25
of carbon emissions associated with shale gas are emitted at extraction, rather than 26
combustion,28 and that “shale-gas production in North America over the past decade may 27

                                                            
27 See Path to Carbon Neutrality: Ohio State Climate Action Plan (April 2020), attached as 
Exhibit RS-B, at p. 24.

28 Howarth, R.W., Santoro, R. & Ingraffea, A. Methane and the greenhouse-gas footprint of 
natural gas from shale formations. Climatic Change 106, 679 (2011). 
https://doi.org/10.1007/s10584-011-0061-5.
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have contributed more than half of all the increased emissions from fossil fuels 1
globally.”292

Q. How feasible is OSU’s plan to replace natural gas extracted through fracking with 3
green hydrocarbons at some point in the future?4

A. The Study mentions in passing that certain campus loads “can be filled with the 5
procurement of green energy and/or the procurement of Green E-RECs…”30 There is no 6
analysis of where such “green” hydrocarbons would be sourced or procured or why they 7
would be green.  Therefore, it is fair to conclude that the use of “green” hydrocarbons is 8
not feasible and OSU has no plans to switch from fracked gas in the foreseeable future.9

V. OSU’S CLAIMS ABOUT REDUCED CARBON EMISSIONS AS A RESULT OF 10
THE CONSTRUCTION OF THE PROPOSED FACILITY ARE MISLEADING11

Q. What claims do OSU and/or OSEP make regarding reductions in carbon emissions 12
attributable to the operation of the CHP facility?13

A. OSU’s analysis on this point is shown in Figure 3-18 from the Study, shown below.14

15

                                                            
29 Howarth, R. W., “Ideas and perspectives: is shale gas a major driver of recent increase in 
global atmospheric methane?”, Biogeosciences, 16, 3033–3046, available at
https://doi.org/10.5194/bg-16-3033-2019, 2019.

30 Study at 3-18.
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Without any support for the numbers shown on the slide, OSU claims that 120,000 tons 1
per year of carbon emissions would be reduced by the CHP facility.  I reiterate, however, 2
that OSU did not include life-cycle carbon emissions associated with natural gas that will 3
be used by the CHP facility.  Therefore, this benefit is overstated.4

Q. On what basis do OSU and/or OSEP make these claims?5

A. It is not clear.  However, OSU and OSEP do not discuss life-cycle carbon emissions 6
associated with natural gas at all.  So, it is presumed that the claimed benefit from the use 7
of natural gas at the CHP is due to combustion benefits.  8

Q. Do you find this explanation adequate?9

A. No.  10

Q. Do you find OSU and/or OSEP’s claims about the reduction in carbon emissions as 11
a result of the construction of the proposed facility plausible?12

A. I have excerpted Figure 3-18 in a prior response where the Study shows the baseline 13
carbon emissions of 395,000 tons/year and the reduction of 120,000 tons/year due to the 14
CHP.  However, the Study (or the record) provides no details of how either of these 15
numbers was calculated.  So, these data are unsupported.16

Further, there is inadequate support in the record as to the assumed carbon levels 17
associated with continuing to obtain electricity from the PJM grid – which would be the 18
rationale for claiming that the proposed CHP is less carbon intensive than the grid.19
Although OSU assumes a “grid carbon footprint of 1510 lb/MWh” as the basis for its 20
claims regarding reduction in carbon emissions attributable to the proposed facility, OSU 21
does not provide citation or support for its use of that figure.31 Current electrical 22
generation on the PJM grid is approximately 50% from natural gas, roughly 25% from 23
coal, and the rest from nuclear and renewables.  These estimated percentages are based 24
on PJM’s website, which provides a real-time update of the generation fuel mix based on 25
successful bids into the generation market.  The fuel distribution reported by PJM as of 26
4:00 p.m. on July 7 is reproduced below as an example.32 This snapshot is consistent 27
with the Independent Market Monitor’s State of the Market Report, which reported that 28
in the first three months of 2020, coal units provided 18.0% of electric generation, 29

                                                            
31 See “Summary” Tab of Carbon Footprint worksheet, produced at OSU 003930, attached as 
Exhibit RS-P.

32 Downloaded on July 7 from https://www.pjm.com/markets-and-operations.aspx.
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nuclear units 34.5%, and natural gas 39.7%.33 This mix is expected to include even less 1
coal (which is more carbon intensive than any of the fuels) and more renewables in the 2
future, including by the time the CHP begins operations.3

4

OSU attributes the carbon emissions savings associated with the CHP to efficiencies 5
associated with combined heating and electricity generation and the relative carbon 6
intensity of coal versus natural gas.34 These savings must be attributed to, in turn, any 7
retirement of current heating resources (i.e., McCracken) and the relative carbon footprint 8
of electricity generated on the PJM grid versus the proposed facility.  The retirement of 9
McCracken Boiler #5 (the only planned retirement prior to 2035 of current heating 10
facilities) accounts for approximately 50,000 tons per year.35 It is unclear as a matter of 11
basic mathematics how the gas-fired CHP will produce carbon savings relative to the 12
PJM grid to account for the remaining putative carbon savings when the share of coal in 13
the grid is at 25% now and likely to decrease in the future, and the remaining generation 14

                                                            
33 Monitoring Analytics, LLC, State of the Market Report for PJM (May 14, 2020), p. 21, 
available at 
https://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2020/2020q1-som-
pjm.pdf and excerpted at Exhibit RS-F.

34 Study at 3-16.

35 Application, p. 21.
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mix has either no carbon emissions (in the case of nuclear, which makes up nearly a third 1
of the grid, and renewables, which are a growing percentage) or emissions approximately 2
equal (in the case of natural gas) to the proposed CHP facility.3

For these reasons, I find OSU’s analysis of carbon benefits to be unsupported and 4
suspect.5

VI. OSU’S REJECTION OF RENEWABLE ALTERNATIVES WITHOUT THESE 6
ADVERSE EFFECTS IS NOT SUPPORTED7

Q. Are there currently available technologies that do not have the above-described 8
adverse environmental impacts?9

A. Yes. Simply, OSU could meet all of its heating needs by converting the entire campus to 10
a hot water heating system and by continuing to rely either on the grid or off-site 11
renewable (e.g., solar) for its electricity needs.  All of the hot water heating needs can be 12
met by: (i) extracting as much waste heat from the cooling system (i.e., the chillers); and 13
(ii) supplementing this by geothermal or ground-based heating, as needed.  Other 14
universities, as I discuss later, have met their campus heating needs in this manner.  And, 15
there is simply no need for OSU to enter the electricity generating market, locked into 16
using a single fuel whose environmental impacts are far worse than alternative, 17
renewable, technologies such as solar in combination with storage.  Indeed, OSU’s Study 18
acknowledges that this type of mix is preferable and could be relied on at some indefinite 19
point in the future but does not account for why the campus cannot convert to this 20
superior mix now instead of proceeding with the proposed CHP system.21

Q. Based on the documents available to you, what renewable strategies did OSU 22
consider in lieu of the proposed CHP facility?23

A. OSU considered offsite solar for electricity.24

Q. On what basis did OSU reject an offsite renewable procurement strategy?25

A. On the basis of cost.26

Q. Did you identify any errors or inaccuracies in OSU’s analysis of renewable 27
alternatives?28

A. Yes.  Errors and inaccuracies include the following:29
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(i) The Study states that “an offsite renewable procurements strategy by itself provides 1
less carbon offset that a strategy combined with a CHP solution...”36 The basis for this is 2
shown in Table 5 of the Study, shown below.3

4

However, in making this assertion, OSU does not take into account the carbon emissions 5
associated with the life-cycle impacts of natural gas procurement beginning with 6
extraction and continuing all the way through final combustion.  Thus, impacts such as 7
methane leakage during extraction, collection, and distribution of shale gas are not 8
included in the analysis. Therefore claim that renewables provide “less carbon offset” is 9
not correct.10

Nor are adverse impacts such as depletion of groundwater resources (due to the need for 11
vast quantities of injection water needed to extract shale gas by fracking) or the 12
tremendous, adverse impacts due to mining for sand (used as a “proppant” for shale gas 13
fracking), included in the Study.  While these may not have direct adverse carbon 14
emissions impacts, there are significant, adverse, environmental impacts, nonetheless.15

Moreover, the comparison is not “apples-to-apples,” as it compares 50 MW in offsite 16
procurement to 100 MW of on-site generation.17

(ii) The Study concludes that offsite renewables are not economically attractive, relying 18
on data shown in Table 6 of the Study.  That table shows four line items comprising the 19
“all-in delivered cost” of solar at $64/MWh.  However, the Study provides no backup or 20
support for any of the four line items, and especially for: “PPA Capacity Tag,” which is 21
assumed to be $5.2/MWh; “Ancillary, RPS, Shape costs, others,” which is assumed to be 22
$10.1MWh; and “Utility Delivery Costs,” which is assumed to be $13.7/MWh.  23
Therefore the total $64/MWh estimated cost for offsite solar cannot be relied upon. This 24
cost estimate is also inconsistent with, and considerably higher than, well-regarded 25
market analyses and bids by solar generators to utility companies.  Lazard’s Levelized 26

                                                            
36 Study at 3-18.
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Cost of Energy Analysis 2019, shows solar costs at utility scale between $32 and $43 per 1
MWh (and wind at $28 to $54 per MWh).37 The Annual Technology Baseline, compiled 2
by analysts at the National Renewable Energy Laboratory, puts the levelized cost of 3
energy for utility-scale solar at approximately $40/MWh and anticipates that cost 4
decreasing over time.38 NIPSCO, a utility in Indiana, solicited bids for solar purchase 5
power agreements in 2018 and received 26 bids averaging $35.67/MWh.396

(iii) The Study provides no support for statements regarding the lack of reliability or 7
resiliency due to the “intermittent nature of renewable generation.” However, other 8
district energy systems have successfully integrated renewable generation without 9
undermining reliability or resiliency. Developments in storage technologies complement 10
the intermittency of renewable energy resources such as solar.  And, as I have indicated 11
earlier, the PJM grid, with its mix of fuels and spatial locations of many generators offers 12
a far more resilient system than the proposed CHP, which is solely reliant on a single fuel 13
for all of its generation.14

Moreover, as OSU itself acknowledges, the putative reliability and resiliency gains 15
associated with the construction of on-campus generation will not and are not intended to 16
facilitate complete campus independence.  Critical facilities such as the hospital will 17
continue to rely on diesel generators for backup power.40 Thus, by requiring renewables 18
such as offsite solar provide total independence for the campus’s electrical needs, OSU is 19
not engaging in an “apples-to-apples” comparison with the proposed CHP facility.20

(iv) The Study notes that renewables “do not provide for thermal generation” without 21
considering the overall thermal needs (i.e., for district heating, which can be met using 22
hot water) of the campus.  The Study simply assumes, without explanation, that thermal-23
based electric generation must be a core mission of its energy supply.24

In summary, the Study rejects offsite renewables such as wind and solar without proper 25
or supported analysis. OSU overstates the cost of off-site solar generation, ignores better 26
alternatives to steam heating systems (per its own admission, as I will explain), and fails 27
to account for currently available technological options (including storage) that, in 28

                                                            
37 Available at https://www.lazard.com/perspective/lcoe2019 and attached as Exhibit RS-H

38 See NREL, “Utility-Scale PV,” 2019 ATB, available at 
https://atb.nrel.gov/electricity/2019/index.html?t=su.

39 NIPSCO Integrated Resource Plan 2018 Update (July 24, 2018), attached as Exhibit RS-G.

40 Study at 3-10 (“Based on the current configuration the CHP is unable to meet the NFPA 110 
level 1 requirements. Therefore, we are assuming that all current and future medical facilities 
will have emergency diesel generation equipment.”)
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conjunction with solar and/or wind generation, can ensure electrical generation reliability 1
comparable to that of gas-generation.2

Q. What else did you find in your review of OSU’s analysis of renewable alternatives?3

A. OSU failed to consider on-site geothermal at all, in conjunction with waste heat from its 4
cooling system to meet the campus’s heating needs.  Other universities, as I discuss later, 5
have adopted such systems to meet their campus heating needs.6

VII. THE CONSTRUCTION OF A GAS-FIRED FACILITY IS NOT NECESSARY TO 7
OBTAIN THE CLAIMED BENEFITS ASSOCIATED WITH CO-GENERATION8

Q. Have other universities met heating needs similar to what OSU seeks to meet 9
through construction of the proposed facility without reliance on fossil fuels?10

A. Yes.  I am aware of at least seven colleges or universities (Stanford University; 11
University of British Columbia; University of California, Davis; Brown University; Ball 12
State University; University of Rochester; and Carleton College) that have achieved 13
campus heating and energy goals without relying on the construction of gas-fired 14
facilities. At least one of these universities utilized off-site solar generation to meet its 15
electrical energy needs, thereby reducing its carbon footprint.  In all cases, these 16
campuses discarded steam-based heating systems in favor of hot water systems, 17
generating substantial portions of their hot water needs from chiller waste heat, and used 18
geothermal heat storage and recovery along with storage to meet their remaining needs.  I 19
discuss four examples below.20

Ball State University4121

Ball State University is approximately 150 miles due west of OSU’s Columbus campus.  22
Before beginning its conversion to a geothermal energy system (which began operations 23
in 2012),42 Ball State first conducted a thorough assessment of its heating and cooling 24
loads year round and found considerable overlap as shown in the figure below.25

                                                            
41 Discussions and figures taken from Luster, M., Ball State University Campus Conversion to 
Geothermal, available at 
https://www.districtenergy.org/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFil
eKey=b0f3ed01-7c78-e7bd-df18-f5a9213efec9&forceDialog=0, attached as Exhibit RS-I.

42 See Ball State, “Geothermal Energy System,” available at 
https://www.bsu.edu/About/Geothermal.
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1

After conducting the load analysis, Ball State chose a heating system that utilizes as 2
much heat exchange with the chiller exhaust, supplemented by a geothermal system to 3
meet all of its heating needs.  This system was installed in the beginning of 2009 and is 4
now substantially complete, with continued replacement of building HVAC systems with 5
more efficient units over time.6

Notably, the climate at Ball State is similar to that of OSU.  Despite relatively extreme 7
winter and summer temperatures, Ball State still concluded that simultaneous heating and 8
cooling load was significant throughout the calendar year. A schematic of Ball State’s 9
system is shown below.10

[remainder of this page intentionally left blank]11
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1

Stanford University432

Stanford constructed a facility similar to OSU’s proposed CHP plant back in 1987 (i.e., 3
over 30 years ago), installing a 50 MW natural gas-fired cogeneration plant to provide 4
electricity, steam and chilled water for its campus. However, Stanford recently decided to 5
replace this aging cogeneration facility with a new Stanford Energy System Innovations 6
(SESI) project, an even more efficient system that immediately reduced its campus 7
greenhouse gas emissions by 68 percent, decreased total campus water use by 18 percent, 8
and is, based on the University’s own analysis, anticipated to save the university 9
hundreds of millions of dollars over the next three decades compared to other options.  10
Stanford notes and I agree that “shifting from gas cogeneration to grid electricity may be 11

                                                            
43 This discussion is drawn substantially from Stagner, J.C., “Stanford University’s “fourth-
generation” district energy system,” in District Energy (2016), available at 
https://sustainable.stanford.edu/sites/default/files/IDEA_Stagner_Stanford_fourth_Gen_DistrictE
nergy.pdf and attached as Exhibit RS-J.
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contrary to current trends, but heat recovery and renewable power are the keys to 1
economic and sustainable energy for Stanford University.”  2

Executive Director of Sustainability and Energy Management at Stanford, Joseph C. 3
Stagner, refers to Stanford’s  new heat recovery system, which began operation in March 4
2015,  as “CHC” (combined heating and cooling) in contrast to the more widely known 5
SHP (separate heat and power, e.g., gas  boilers, electric chillers and grid  electricity) and 6
CHP (combined heat and power, e.g., gas-fired cogeneration) district energy options. He 7
noted in describing the project that “[K]ey features of the CHC system include replacing 8
steam production and distribution with hot water; large heat recovery chillers (heat 9
pumps); both hot and cold water thermal energy storage; and advanced “model predictive 10
control” energy management software.”11

Stanford has reported that the CHC system “improves the reliability of the campus 12
district energy system through simplification by eliminating gas and steam turbines…”  13
Notably, this observation contrasts with OSEP’s claims that moving to the CHP system—14
which depends on gas and steam turbines subject to malfunction—will increase 15
resiliency.16

Carleton College4417

Carleton College in Minnesota has an even more demanding heating load than does OSU 18
during the winter months due to Carleton’s location. Despite these relatively extreme 19
heating needs, Carleton has elected to shift to geothermal cooling and heating, moving 20
from a steam-based system dating back to over 100 years.  Crucial to this shift will be an 21
“overhaul and transformation of the existing steam distribution system to a 120-degree 22

23
to take advantage of simultaneous heating and cooling loads in addition to building 24
upgrades.”25

Carleton has already turned off steam to portions of its campus in 2019 and expects to 26
need no steam at all by 2021.27

                                                            
44 See “Carleton shifts to geothermal cooling, heating for east side of campus, in Carleton Now 
(May 24, 2019), available at https://apps.carleton.edu/now/stories/?story_id=1835223; see also 
Carleton College Utility Master Plan, available at https://apps.carleton.edu/geothermal/, and 
attached as Exhibit RS-K.
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Brown University451

As one more example, I discuss the changes at Brown University, in Providence, Rhode 2
Island.  Brown explicitly states greenhouse gas reduction as a goal to “increase energy 3
efficiency across campus by replacing its central heating system with one that will 4
generate heat using hot water instead of steam.”  Brown notes that its “50-year-old steam 5
heating system was due for replacement already” and that “conversion to a medium-6
temperature hot water system will markedly increase the thermal efficiency of campus 7
while creating the building blocks for future heat recovery and the use of low-carbon 8
energy sources.”  Brown goes on to note that “[N]ot only will the conversion to hot water 9
further decrease Brown’s energy consumption by approximately 11 percent, it will enable 10
the future implementation of other efficiency measures such as recovery systems in 11
which emitted heat is captured and reused, Powell said. In addition, a hot water system, 12
unlike a steam-based one, could potentially be supplied by high-tech heating and cooling 13
technology, which in turn could be powered by non-fossil fuel energy sources such as 14
solar, wind or geothermal.”15

Q. Did OSU consider any of the above-described technologies or a CHC system prior to 16
selecting gas-fired cogeneration for its heating needs?17

A. Based on the materials available to me, no. Crucially, and as discussed above, OSU did 18
not conduct an hourly analysis of its heating and cooling needs, and thus could not have 19
accurately evaluated whether a CHC system could meet its stated heating needs.20

In the Stanford CHC system described above, for example, “the cornerstone of [the 21
system] is the recovery of waste heat from the campus district chilled-water system to 22
meet building heating and hot water needs…. With cooling occurring mostly in summer 23
and heating in winter, the opportunity for heat recovery was assumed to be modest until 24
Stanford engineers compared the simultaneous delivery of heating and cooling from the 25
cogeneration plant over all hours of the year.”  Stanford’s analysis of its hourly loads is 26
shown in the Figure below excerpted from Stagner.27

                                                            
45 “Brown launches three-year, $24 million project to boost thermal energy” (November 28, 
2017), available at https://www.brown.edu/news/2017-11-28/thermal, and attached as Exhibit 
RS-L.
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1

Stagner notes that “[T]he  large thermal overlap [shown in the yellow band in the figure]  2
that was revealed opened up a major new opportunity for improvement in the efficiency, 3
economics and sustainability of the university’s energy system – namely, a heat recovery-4
based heating and cooling system that could be powered by renewable electricity instead 5
of natural gas.”6

A similar analysis was also conducted by Ball State University as I described earlier, 7
showing the overlap of its heating and cooling demands.8

That is exactly the type of analysis that OSU should have done and did not do at all.9
Instead, the Study simply presents the overall monthly thermal load in Figure 2-3,10
without even breaking it down into cooling and heating loads.  11

Q. Is a similar CHC system feasible at OSU?12

A. In my opinion, yes.  I see no OSU-specific factors that would prevent such as system, 13
including geothermal and storage features from being implementable at OSU.  Indeed, 14
Appendix N to OSEP’s feasibility study concludes that a 4th Generation heating system15
similar to those described above will eventually be needed to replace the current steam 16
system and associated CHP facility. Implementing such a system now would also allow 17
OSU to avoid the costs and downtime associated with maintaining the legacy steam 18
heating system at McCracken.19

Other universities that have conducted more thorough load studies than OSU have 20
concluded that CHC is sufficient to meet at least half of a typical campus’s heating and 21
cooling needs over the course of a year without additional steam generation.  The 22
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remainder of heating needs can be met using a combination of geothermal or ground-1
based features and thermal storage.  2

Stagner, for example, states that “Stanford conducted a review of thermal load studies 3
done by campus utilities engineers at several major universities including in the Midwest 4
and Northeast – very different climates than that of the university in California. All 5
indicated a 50 percent or more annual overlap in heating and cooling and a greater-than-6
expected opportunity for a renewable electricity-based heat recovery system, ratifying the 7
findings of Stanford….At first this seems counterintuitive given the extremely cold  8
winters in the Midwest and Northeast; however, the studies reveal that much of the 9
opportunity for heat recovery occurs in the summer and shoulder seasons, which makes 10
sense given that the lower 48 states have a net environmental heat surplus for half the 11
year….During that time there is no  need to generate additional heat, and heat recovery 12
can typically meet 100 percent of heating and hot water needs in most locations. The  13
magnitude of heat recovery potential in the colder half of the year varies by location, but 14
it is present everywhere year-round and not to an insignificant degree. In colder climates, 15
large-scale ground source heat exchange, such as is implemented at Ball State University, 16
offers a great complement to heat recovery by utilizing the same equipment that is used 17
for heat recovery from campus buildings. Ground source heat exchange can boost annual 18
sustainable heat supply from 50 percent up to almost 100 percent via building heat 19
recovery alone.” (emphasis added)20

Thus, a combination from using reject heat from the cooling system, supplemented by 21
geothermal or ground-based heat pumps, can meet 100% of the campus’s heating needs 22
using a hot water heating system,46 with the small exception of certain targeted steam 23
loads such as sterilizers, etc. whose needs can be met by local, small boiler(s).24

Q. Is a CHC system consistent with OSU’s current steam heating system?25

A. No. However, the use of steam is not necessary and outdated.  Indeed, the feasibility 26
study prepared by OSEP describing the proposed facility reaches the same conclusion.27

                                                            
46 It is important to point out that while OSU notes that newer buildings on campus will use hot 
water heating, this hot water will be created not from using waste heat from the chillers or from 
ground-based systems.  Rather steam from the CHP will be used to generate the hot water, with 
associated heat transfer inefficiencies.  This is not the type of systems that I have described 
above at Ball State or Carleton College, which don’t use any steam in their hot water systems.
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Q. What conclusions did OSU and OSEP reach regarding replacing its current steam 1
system with a heating hot water system?2

A. Table 1 in Appendix N, shown below, correctly notes that current 4th Generation District 3
heating systems rely on low temperature hot water at 120 – 140 F, while steam-based 4
systems (i.e., 1st Generation) date back to 1900.  Yet, in spite of this, the Study proposes 5
to perpetuate the same 100+ year technology for the next many decades.  The feasibility 6
study provides no basis or reasoning for this conclusion.7

8

The Study correctly recognizes that “[T]oday, most first-generation systems outside the 9
United States have been converted to hot water systems or have been closed, since steam 10
is now considered an inefficient heat carrier due to heat losses and O&M costs.”47 The 11

                                                            
47 For more discussion on why steam-based district heating systems are inferior from a 
thermodynamic and heat transfer standpoint given the low temperature loads at issue, please see 
Mikler, V., District Energy 101, Integral, Vancouver BC.  Available at 
https://www.integralgroup.com/wp-content/uploads/2017/06/IntegralGroup_District-Energy-
101.pdf, and attached as Exhibit RS-M.  Mikler discusses the role of exergy, which is the quality 
or usability of energy and how, in the context of District energy systems, the “High Ex” form 
includes “high-grade forms of energy, such as steam, high-temperature hot water, or electricity” 
in which the heating portion of the system operates with temperatures higher than 140 F, which 
limits the consideration of “integrating recovery of various forms of low-grade (Low-Ex) “free 
waste” thermal energy or low-grade renewable energy.” 

In contrast, the Low-Ex District energy category “includes all versions of district energy systems 
that distribute low temperature heating water (< 140 F) as the heating medium. Using low-
temperature water opens the possibilities for integrating recovery of various forms of free low-
grade waste energy or low-grade renewable energy.”  Mikler then makes the crucial point, that 
many large-scale systems, such as the energy system at OSU, “…have a significant amount of 
heating and cooling demand simultaneously“ and that “Low-Ex systems are ideally suited for 
these applications as they effectively provide both services with a single technology: heat-
recovery chillers or heat pumps capable of utilizing available low-grade thermal energy sources 
or sinks (i.e. recovered waste heat from cooling, or from the surrounding environment; ambient 
air, geoexchange, sewer, or solar thermal). In the Centralized Low-Ex district energy system, the 
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Study goes on to note that in the U.S., while heating hot water may not be the most 1
common system, “the clear majority of new district heating systems are [heating hot 2
water] HHW’ and that “an ever-increasing number of facilities have committed to 3
investing in the conversion of steam to HHW.”  In fact, in Table 2 in its own Appendix 4
N, the Study provides the following examples of universities where conversions to 5
heating hot water have taken place: Stanford (2015); University of British Columbia 6
(2015); University of California, Davis (initiated in 2017); Brown University (initiated in 7
2017); and University Rochester (initiated in 2004).  8

In fact, Table 3 in Appendix N provides a useful side-by-side comparison of heated hot 9
water versus steam systems for District heating, concluding, as others have done, that 10
there is simply no contest and that hot water systems are vastly superior for such District 11
heating.  I reproduce Table 3 below.12

[remainder of this page intentionally left blank]13

                                                                                                                                                                                                
heat recovery chillers or heat pumps are the core of the central plant, and are the common 
technology serving two parallel distribution networks — a low-temp heating network and a 
chilled water network.” (emphasis added)
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1

2

Although there may be specific and targeted needs at a university that require steam (such 3
as for sterilization at certain medical facilities, etc.), these targeted direct steam loads can 4
be met using small package boilers just for that application.  5

Based on all of this, Appendix N in the Study properly concludes that “HHW is the clear 6
choice.”7
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Q. Given the recognized benefits of converting steam heating systems to HHW, why did 1
OSEP not recommend doing so?2

A. The feasibility study provided by OSEP recommending the construction of the proposed 3
facility does not offer any explanation for its rejection of hot water heat.  Appendix N 4
states “[W]hile hot water has many advantages over steam, its biggest weakness at Ohio 5
State is evident: a steam system is currently utilized in the campus network hot water has 6
very limited, localized application.  The coordination and planning of conversion to 7
minimize disruption to the campus itself as well as building heating services would be 8
critical to the system’s implementation.”   Setting aside the grammatical errors, this 9
statement makes no sense.  Of course, moving to the 4th Generation system would require 10
conversion from the current 1st Generation steam system to hot water system.  That is 11
what others, including the examples provided in the Study’s Appendix N itself have 12
recognized and done.  Therefore stating that because “a steam system is currently 13
utilized” a much better hot water system cannot be implemented, is plainly illogical, and 14
is inconsistent with what elsewhere OSU has characterized as an ambitious 15
transformation of its campus electrical and heating systems. OSEP’s dismissal of HHW 16
conversion is like stating that while an electric car may have clear advantages over a 17
horse-and-buggy, it cannot be implemented because the horse-and-buggy is still in use.  18
In fact, stretching the analogy a bit, the current CHP system would perpetuate the horse-19
and-buggy for many more years at OSU by sinking close to $200 million into the 20
construction of a facility whose only efficiency benefit is steam cogeneration—21
effectively investing in a horse farm.22

Simply put, the Study does not provide a coherent or even semi-logical rationale for why 23
the current 1st Generation system should be perpetuated at OSU, as would be the case by 24
implementing the CHP system.  OSU should recognize, as its own Study does, and as 25
others have/are doing, that moving to a hot water system is far superior and that the 26
university does not need to enter the electric generation business when far superior 27
alternatives such as offsite solar, coupled with geothermal, storage, and similar 28
technologies can meet all of its current and future heating and electricity needs, with far 29
less environmental impacts, among other advantages.30

Moreover, over a reasonable lifetime of an energy system, replacement of steam with hot 31
water and a CHC system is likely to cost less than the construction and operation of the 32
proposed facility – and especially so if any reasonable carbon price is included in the cost 33
calculations.34

Stagner notes that Stanford did not just assume the superiority of the CHC system.  35
Rather, it was based on careful, life-cycle analysis.  Stagner states “[P]rior  to proceeding 36
with CHC, Stanford also developed SHP and CHP system options and compared all using 37
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a total lifecycle present value cost analysis including fuel, O&M and capital costs. Long-1
term gas and electricity prices, inflation and discount rates have a large impact on the 2
comparisons; so to assure objectivity, multiple sources for these were utilized, including 3
consultants, the U.S. Energy Information Administration and Stanford faculty. 4
Assumptions for these and other key factors were then developed for the analysis, 5
including sensitivity bands. Multiple internal and external peer reviews of the models 6
were also performed…The best gas-based option was a hybrid internal combustion 7
engine and heat recovery scheme that presented long-term costs similar to that of CHC. 8
Given the better sustainability performance of the CHC option and the long-term 9
flexibility it provides in energy sourcing by using electricity instead of gas, Stanford 10
selected the combined heating and cooling option” (emphasis added).11

Q. What would be the environmental benefits of adopting a combined heating and 12
cooling system similar to those installed or planned to be installed at Ball State, 13
Stanford, Carleton, and Brown?14

A. Adoption of combined heating and cooling, including geothermal heat storage and heat 15
exchanges, will avoid the need to generate steam for either power generation or for 16
campus heating needs. Electricity from renewable sources off-campus can be procured 17
today to meet campus electricity needs, with no loss of reliability.  Doing so would avoid 18
the adverse environmental impacts associated with both extracting and burning natural 19
gas, including hundreds of thousands of tons of carbon dioxide and methane emissions 20
and significant PM2.5 and NOx emissions in an urban location adjacent to multiple 21
medical facilities. Finally, as discussed below, adoption of a CHC heating system will 22
allow retirement of McCracken far sooner than 2035 and will allow OSU to meet its 23
stated goal carbon neutrality much sooner than 2050.24

VIII. MCCRACKEN’S RETIREMENT COULD BE ACCELERATED WITH 25
ALTERNATIVE GENERATION AND HEATING CHOICES26

Q. Please describe the McCracken Plant and its current role within OSU’s energy and 27
heat systems.28

A. McCracken Power Plant is currently part of the utility facility at OSU and includes 29
boilers, chillers, air compressors, as well as office space and staff.  It provides both steam 30
heating and cooling to various campus loads.31
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Q. What do the relevant documents conclude about the retirement of the McCracken 1
facility?2

A. The Study concludes that McCracken can be retired as early as 2021 based on its meeting 3
chilled water/cooling needs of the campus48 but that although the proposed CHP facility 4
will allow the retirement of two McCracken boilers, the facility as a whole cannot be 5
retired consistent with the campus’s heating needs under 2035 even on an accelerated 6
schedule with the CHP.49.7

Indeed, the Study anticipates that retirement of McCracken will be contingent on 8
constructing technologies “including hot water heaters, geothermal wells, heat pump 9
chillers, and hot water storage”—i.e., those technologies Ball State, Stanford, Carleton, 10
and Brown have already implemented or are implementing now.11

Q. Could McCracken be retired sooner consistent with OSU’s heating needs?12

A. Yes.  If the campus converted to a hot-water based heating system along with geothermal 13
wells similar to those adopted by other universities, there would be no need for a central 14
steam plant and McCracken could retire much sooner than 2035 as currently proposed.  15
The actual retirement date would depend on when such an alternate design is 16
implemented.  17

Q. Does this conclude your testimony?18

A. Yes.19

                                                            
48 Study at 6-3.

49 Study at 6-5.
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RANAJIT (RON) SAHU, Ph.D, QEP, CEM (Nevada) 

CONSULTANT, ENVIRONMENTAL AND ENERGY ISSUES 

311 North Story Place 
Alhambra, CA 91801 
Phone:  702.683.5466 

e-mail (preferred): ronsahu@gmail.com; sahuron@earthlink.net

EXPERIENCE SUMMARY

Dr. Sahu has over thirty years of experience in the fields of environmental, mechanical, and chemical 
engineering including: program and project management services; design and specification of pollution 
control equipment for a wide range of emissions sources including stationary and mobile sources; soils and 
groundwater remediation including landfills as remedy; combustion engineering evaluations; energy 
studies; multimedia environmental regulatory compliance (involving statutes and regulations such as the 
Federal CAA and its Amendments, Clean Water Act, TSCA, RCRA, CERCLA, SARA, OSHA, NEPA as 
well as various related state statutes); transportation air quality impact analysis; multimedia compliance 
audits; multimedia permitting (including air quality NSR/PSD permitting, Title V permitting, NPDES 
permitting for industrial and storm water discharges, RCRA permitting, etc.), multimedia/multi-pathway 
human health risk assessments for toxics; air dispersion modeling; and regulatory strategy development and 
support including negotiation of consent agreements and orders. 

He has over twenty seven years of project management experience and has successfully managed and 
executed numerous projects in this time period.  This includes basic and applied research projects, design 
projects, regulatory compliance projects, permitting projects, energy studies, risk assessment projects, and 
projects involving the communication of environmental data and information to the public.   

He has provided consulting services to numerous private sector, public sector and public interest group 
clients.  His major clients over the past twenty five years include various trade associations as well as 
individual companies such as steel mills, petroleum refineries, cement manufacturers, aerospace 
companies, power generation facilities, lawn and garden equipment manufacturers, spa manufacturers, 
chemical distribution facilities, and various entities in the public sector including EPA, the US Dept. of 
Justice, several states, various agencies such as the California DTSC, various municipalities, etc.).  Dr. 
Sahu has performed projects in all 50 states, numerous local jurisdictions and internationally. 

In addition to consulting, for approximately twenty years, Dr. Sahu taught numerous courses in several 
Southern California universities including UCLA (air pollution), UC Riverside (air pollution, process 
hazard analysis), and Loyola Marymount University (air pollution, risk assessment, hazardous waste 
management).  He also taught at Caltech, his alma mater (various engineering courses), at the University of 
Southern California (air pollution controls) and at California State University, Fullerton (transportation and 
air quality). 

Dr. Sahu has and continues to provide expert witness services in a number of environmental areas 
discussed above in both state and Federal courts as well as before administrative bodies (please see Annex 
A). 

EXPERIENCE RECORD

2000-present Independent Consultant.  Providing a variety of private sector (industrial companies, 
land development companies, law firms, etc.), public sector (such as the US Department 
of Justice), and public interest group clients with project management, environmental 



consulting, project management, as well as regulatory and engineering support consulting 
services. 

1995-2000 Parsons ES, Associate, Senior Project Manager and Department Manager for Air 
Quality/Geosciences/Hazardous Waste Groups, Pasadena.  Responsible for the 
management of a group of approximately 24 air quality and environmental professionals, 
15 geoscience, and 10 hazardous waste professionals providing full-service consulting, 
project management, regulatory compliance and A/E design assistance in all areas. 

Parsons ES, Manager for Air Source Testing Services.  Responsible for the 
management of 8 individuals in the area of air source testing and air regulatory permitting 
projects located in Bakersfield, California. 

1992-1995 Engineering-Science, Inc.  Principal Engineer and Senior Project Manager in the air 
quality department.  Responsibilities included multimedia regulatory compliance and 
permitting (including hazardous and nuclear materials), air pollution engineering 
(emissions from stationary and mobile sources, control of criteria and air toxics, 
dispersion modeling, risk assessment, visibility analysis, odor analysis), supervisory 
functions and project management. 

1990-1992 Engineering-Science, Inc.  Principal Engineer and Project Manager in the air quality 
department.  Responsibilities included permitting, tracking regulatory issues, technical 
analysis, and supervisory functions on numerous air, water, and hazardous waste projects.  
Responsibilities also include client and agency interfacing, project cost and schedule 
control, and reporting to internal and external upper management regarding project status. 

1989-1990 Kinetics Technology International, Corp.  Development Engineer.  Involved in thermal 
engineering R&D and project work related to low-NOx ceramic radiant burners, fired 
heater NOx reduction, SCR design, and fired heater retrofitting. 

1988-1989 Heat Transfer Research, Inc.  Research Engineer.  Involved in the design of fired 
heaters, heat exchangers, air coolers, and other non-fired equipment.  Also did research in 
the area of heat exchanger tube vibrations. 

EDUCATION

1984-1988 Ph.D., Mechanical Engineering, California Institute of Technology (Caltech), Pasadena, 
CA.

1984 M. S., Mechanical Engineering, California Institute of Technology (Caltech), Pasadena,
CA.

1978-1983 B. Tech (Honors), Mechanical Engineering, Indian Institute of Technology (IIT)
Kharagpur, India 

TEACHING EXPERIENCE

Caltech

"Thermodynamics," Teaching Assistant, California Institute of Technology, 1983, 1987. 

"Air Pollution Control," Teaching Assistant, California Institute of Technology, 1985. 

"Caltech Secondary and High School Saturday Program," - taught various mathematics (algebra 
through calculus) and science (physics and chemistry) courses to high school students, 1983-1989. 

"Heat Transfer," - taught this course in the Fall and Winter terms of 1994-1995 in the Division of 
Engineering and Applied Science. 

“Thermodynamics and Heat Transfer,” Fall and Winter Terms of 1996-1997. 



U.C. Riverside, Extension

"Toxic and Hazardous Air Contaminants," University of California Extension Program, Riverside, 
California. Various years since 1992. 

"Prevention and Management of Accidental Air Emissions," University of California Extension 
Program, Riverside, California. Various years since 1992. 

"Air Pollution Control Systems and Strategies," University of California Extension Program, Riverside, 
California, Summer 1992-93, Summer 1993-1994. 

"Air Pollution Calculations," University of California Extension Program, Riverside, California, Fall 
1993-94, Winter 1993-94, Fall 1994-95. 

"Process Safety Management," University of California Extension Program, Riverside, California. 
Various years since 1992-2010. 

"Process Safety Management," University of California Extension Program, Riverside, California, at 
SCAQMD, Spring 1993-94. 

"Advanced Hazard Analysis - A Special Course for LEPCs," University of California Extension 
Program, Riverside, California, taught at San Diego, California, Spring 1993-1994. 

“Advanced Hazardous Waste Management” University of California Extension Program, Riverside, 
California. 2005. 

Loyola Marymount University 

"Fundamentals of Air Pollution - Regulations, Controls and Engineering," Loyola Marymount 
University, Dept. of Civil Engineering. Various years since 1993. 

"Air Pollution Control," Loyola Marymount University, Dept. of Civil Engineering, Fall 1994. 

“Environmental Risk Assessment,” Loyola Marymount University, Dept. of Civil Engineering.  Various 
years since 1998. 

“Hazardous Waste Remediation” Loyola Marymount University, Dept. of Civil Engineering.  Various 
years since 2006. 

University of Southern California 

"Air Pollution Controls," University of Southern California, Dept. of Civil Engineering, Fall 1993, Fall 
1994. 

"Air Pollution Fundamentals," University of Southern California, Dept. of Civil Engineering, Winter 
1994. 

University of California, Los Angeles 

"Air Pollution Fundamentals," University of California, Los Angeles, Dept. of Civil and Environmental 
Engineering, Spring 1994, Spring 1999, Spring 2000, Spring 2003, Spring 2006, Spring 2007, Spring 
2008, Spring 2009. 

International Programs 

“Environmental Planning and Management,” 5 week program for visiting Chinese delegation, 1994. 

“Environmental Planning and Management,” 1 day program for visiting Russian delegation, 1995. 

“Air Pollution Planning and Management,” IEP, UCR, Spring 1996. 

“Environmental Issues and Air Pollution,” IEP, UCR, October 1996. 



PROFESSIONAL AFFILIATIONS AND HONORS

President of India Gold Medal, IIT Kharagpur, India, 1983. 

Member of the Alternatives Assessment Committee of the Grand Canyon Visibility Transport 
Commission, established by the Clean Air Act Amendments of 1990, 1992. 

American Society of Mechanical Engineers: Los Angeles Section Executive Committee, Heat Transfer 
Division, and Fuels and Combustion Technology Division, 1987-mid-1990s. 

Air and Waste Management Association, West Coast Section, 1989-mid-2000s. 

PROFESSIONAL CERTIFICATIONS

EIT, California (#XE088305), 1993. 

REA I, California (#07438), 2000. 

Certified Permitting Professional, South Coast AQMD (#C8320), since 1993. 

QEP, Institute of Professional Environmental Practice, since 2000. 

CEM, State of Nevada (#EM-1699).  Expiration 10/07/2021. 

PUBLICATIONS (PARTIAL LIST)

"Physical Properties and Oxidation Rates of Chars from Bituminous Coals," with Y.A. Levendis, R.C. 
Flagan and G.R. Gavalas, Fuel, 67, 275-283 (1988).   

"Char Combustion: Measurement and Analysis of Particle Temperature Histories," with R.C. Flagan, 
G.R. Gavalas and P.S. Northrop, Comb. Sci. Tech. 60, 215-230 (1988). 

"On the Combustion of Bituminous Coal Chars," PhD Thesis, California Institute of Technology 
(1988). 

"Optical Pyrometry:  A Powerful Tool for Coal Combustion Diagnostics," J. Coal Quality, 8, 17-22 
(1989). 

"Post-Ignition Transients in the Combustion of Single Char Particles," with Y.A. Levendis, R.C. Flagan 
and G.R. Gavalas, Fuel, 68, 849-855 (1989). 

"A Model for Single Particle Combustion of Bituminous Coal Char." Proc. ASME National Heat 
Transfer Conference, Philadelphia, HTD-Vol. 106, 505-513 (1989). 

"Discrete Simulation of Cenospheric Coal-Char Combustion," with R.C. Flagan and G.R. Gavalas, 
Combust. Flame, 77, 337-346 (1989). 

"Particle Measurements in Coal Combustion," with R.C. Flagan, in "Combustion Measurements" (ed. 
N. Chigier), Hemisphere Publishing Corp. (1991). 

"Cross Linking in Pore Structures and Its Effect on Reactivity," with G.R. Gavalas in preparation. 

"Natural Frequencies and Mode Shapes of Straight Tubes," Proprietary Report for Heat Transfer 
Research Institute, Alhambra, CA (1990). 

"Optimal Tube Layouts for Kamui SL-Series Exchangers," with K. Ishihara, Proprietary Report for 
Kamui Company Limited, Tokyo, Japan (1990). 

"HTRI Process Heater Conceptual Design," Proprietary Report for Heat Transfer Research Institute, 
Alhambra, CA (1990). 

"Asymptotic Theory of Transonic Wind Tunnel Wall Interference," with N.D. Malmuth and others, 
Arnold Engineering Development Center, Air Force Systems Command, USAF (1990). 



"Gas Radiation in a Fired Heater Convection Section," Proprietary Report for Heat Transfer Research 
Institute, College Station, TX (1990). 

"Heat Transfer and Pressure Drop in NTIW Heat Exchangers," Proprietary Report for Heat Transfer 
Research Institute, College Station, TX (1991). 

"NOx Control and Thermal Design," Thermal Engineering Tech Briefs, (1994). 

“From Purchase of Landmark Environmental Insurance to Remediation: Case Study in Henderson, 
Nevada,” with Robin E. Bain and Jill Quillin, presented at the AQMA Annual Meeting, Florida, 2001. 

“The Jones Act Contribution to Global Warming, Acid Rain and Toxic Air Contaminants,” with 
Charles W. Botsford, presented at the AQMA Annual Meeting, Florida, 2001. 

PRESENTATIONS (PARTIAL LIST)

"Pore Structure and Combustion Kinetics - Interpretation of Single Particle Temperature-Time 
Histories," with P.S. Northrop, R.C. Flagan and G.R. Gavalas, presented at the AIChE Annual Meeting, 
New York (1987). 

"Measurement of Temperature-Time Histories of Burning Single Coal Char Particles," with R.C. 
Flagan, presented at the American Flame Research Committee Fall International Symposium, 
Pittsburgh, (1988). 

"Physical Characterization of a Cenospheric Coal Char Burned at High Temperatures," with R.C. 
Flagan and G.R. Gavalas, presented at the Fall Meeting of the Western States Section of the 
Combustion Institute, Laguna Beach, California (1988). 

"Control of Nitrogen Oxide Emissions in Gas Fired Heaters - The Retrofit Experience," with G. P. 
Croce and R. Patel, presented at the International Conference on Environmental Control of Combustion 
Processes (Jointly sponsored by the American Flame Research Committee and the Japan Flame 
Research Committee), Honolulu, Hawaii (1991). 

"Air Toxics - Past, Present and the Future," presented at the Joint AIChE/AAEE Breakfast Meeting at 
the AIChE 1991 Annual Meeting, Los Angeles, California, November 17-22 (1991). 

"Air Toxics Emissions and Risk Impacts from Automobiles Using Reformulated Gasolines," presented 
at the Third Annual Current Issues in Air Toxics Conference, Sacramento, California, November 9-10 
(1992). 

"Air Toxics from Mobile Sources," presented at the Environmental Health Sciences (ESE) Seminar 
Series, UCLA, Los Angeles, California, November 12, (1992). 

"Kilns, Ovens, and Dryers - Present and Future," presented at the Gas Company Air Quality Permit 
Assistance Seminar, Industry Hills Sheraton, California, November 20, (1992). 

"The Design and Implementation of Vehicle Scrapping Programs," presented at the 86th Annual 
Meeting of the Air and Waste Management Association, Denver, Colorado, June 12, 1993. 

"Air Quality Planning and Control in Beijing, China," presented at the 87th Annual Meeting of the Air 
and Waste Management Association, Cincinnati, Ohio, June 19-24, 1994. 



Annex A 

Expert Litigation Support 

A. Occasions where Dr. Sahu has provided Written or Oral testimony before Congress:

1. In July 2012, provided expert written and oral testimony to the House
Subcommittee on Energy and the Environment, Committee on Science, Space,
and Technology at a Hearing entitled “Hitting the Ethanol Blend Wall –
Examining the Science on E15.”

B. Matters for which Dr. Sahu has provided affidavits and expert reports include:

2. Affidavit for Rocky Mountain Steel Mills, Inc. located in Pueblo Colorado –
dealing with the technical uncertainties associated with night-time opacity
measurements in general and at this steel mini-mill.

3. Expert reports and depositions (2/28/2002 and 3/1/2002; 12/2/2003 and
12/3/2003; 5/24/2004) on behalf of the United States in connection with the Ohio
Edison NSR Cases. United States, et al. v. Ohio Edison Co., et al., C2-99-1181
(Southern District of Ohio).

4. Expert reports and depositions (5/23/2002 and 5/24/2002) on behalf of the United
States in connection with the Illinois Power NSR Case.  United States v. Illinois
Power Co., et al., 99-833-MJR (Southern District of Illinois).

5. Expert reports and depositions (11/25/2002 and 11/26/2002) on behalf of the
United States in connection with the Duke Power NSR Case. United States, et al.
v. Duke Energy Corp., 1:00-CV-1262 (Middle District of North Carolina).

6. Expert reports and depositions (10/6/2004 and 10/7/2004; 7/10/2006) on behalf of
the United States in connection with the American Electric Power NSR Cases.
United States, et al. v. American Electric Power Service Corp., et al., C2-99-1182,
C2-99-1250 (Southern District of Ohio).

7. Affidavit (March 2005) on behalf of the Minnesota Center for Environmental
Advocacy and others in the matter of the Application of Heron Lake BioEnergy
LLC to construct and operate an ethanol production facility – submitted to the
Minnesota Pollution Control Agency.

8. Expert Report and Deposition (10/31/2005 and 11/1/2005) on behalf of the
United States in connection with the East Kentucky Power Cooperative NSR Case.
United States v. East Kentucky Power Cooperative, Inc., 5:04-cv-00034-KSF
(Eastern District of Kentucky).

9. Affidavits and deposition on behalf of Basic Management Inc. (BMI) Companies
in connection with the BMI vs. USA remediation cost recovery Case.

10. Expert Report on behalf of Penn Future and others in the Cambria Coke plant
permit challenge in Pennsylvania.



11. Expert Report on behalf of the Appalachian Center for the Economy and the
Environment and others in the Western Greenbrier permit challenge in West
Virginia.

12. Expert Report, deposition (via telephone on January 26, 2007) on behalf of
various Montana petitioners (Citizens Awareness Network (CAN), Women’s
Voices for the Earth (WVE) and the Clark Fork Coalition (CFC)) in the
Thompson River Cogeneration LLC Permit No. 3175-04 challenge.

13. Expert Report and deposition (2/2/07) on behalf of the Texas Clean Air Cities
Coalition at the Texas State Office of Administrative Hearings (SOAH) in the
matter of the permit challenges to TXU Project Apollo’s eight new proposed
PRB-fired PC boilers located at seven TX sites.

14. Expert Testimony (July 2007) on behalf of the Izaak Walton League of America
and others in connection with the acquisition of power by Xcel Energy from the
proposed Gascoyne Power Plant – at the State of Minnesota, Office of
Administrative Hearings for the Minnesota PUC (MPUC No. E002/CN-06-1518;
OAH No. 12-2500-17857-2).

15. Affidavit (July 2007) Comments on the Big Cajun I Draft Permit on behalf of the
Sierra Club – submitted to the Louisiana DEQ.

16. Expert Report and Deposition (12/13/2007) on behalf of Commonwealth of
Pennsylvania – Dept. of Environmental Protection, State of Connecticut, State of
New York, and State of New Jersey (Plaintiffs) in connection with the Allegheny
Energy NSR Case. Plaintiffs v. Allegheny Energy Inc., et al., 2:05cv0885
(Western District of Pennsylvania).

17. Expert Reports and Pre-filed Testimony before the Utah Air Quality Board on
behalf of Sierra Club in the Sevier Power Plant permit challenge.

18. Expert Report and Deposition (October 2007) on behalf of MTD Products Inc., in
connection with General Power Products, LLC v MTD Products Inc., 1:06 CVA
0143 (Southern District of Ohio, Western Division) .

19. Expert Report and Deposition (June 2008) on behalf of Sierra Club and others in
the matter of permit challenges (Title V: 28.0801-29 and PSD: 28.0803-PSD) for
the Big Stone II unit, proposed to be located near Milbank, South Dakota.

20. Expert Reports, Affidavit, and Deposition (August 15, 2008) on behalf of
Earthjustice in the matter of air permit challenge (CT-4631) for the Basin Electric
Dry Fork station, under construction near Gillette, Wyoming before the
Environmental Quality Council of the State of Wyoming.

21. Affidavits (May 2010/June 2010 in the Office of Administrative
Hearings))/Declaration and Expert Report (November 2009 in the Office of
Administrative Hearings) on behalf of NRDC and the Southern Environmental
Law Center in the matter of the air permit challenge for Duke Cliffside Unit 6.
Office of Administrative Hearing Matters 08 EHR 0771, 0835 and 0836 and 09
HER 3102, 3174, and 3176 (consolidated).



22. Declaration (August 2008), Expert Report (January 2009), and Declaration (May
2009) on behalf of Southern Alliance for Clean Energy in the matter of the air
permit challenge for Duke Cliffside Unit 6.  Southern Alliance for Clean Energy
et al., v. Duke Energy Carolinas, LLC, Case No. 1:08-cv-00318-LHT-DLH
(Western District of North Carolina, Asheville Division).

23. Declaration (August 2008) on behalf of the Sierra Club in the matter of Dominion
Wise County plant MACT.us

24. Expert Report (June 2008) on behalf of Sierra Club for the Green Energy
Resource Recovery Project, MACT Analysis.

25. Expert Report (February 2009) on behalf of Sierra Club and the Environmental
Integrity Project in the matter of the air permit challenge for NRG Limestone’s
proposed Unit 3 in Texas.

26. Expert Report (June 2009) on behalf of MTD Products, Inc., in the matter of Alice
Holmes and Vernon Holmes v. Home Depot USA, Inc., et al.

27. Expert Report (August 2009) on behalf of Sierra Club and the Southern
Environmental Law Center in the matter of the air permit challenge for Santee
Cooper’s proposed Pee Dee plant in South Carolina).

28. Statements (May 2008 and September 2009) on behalf of the Minnesota Center
for Environmental Advocacy to the Minnesota Pollution Control Agency in the
matter of the Minnesota Haze State Implementation Plans.

29. Expert Report (August 2009) on behalf of Environmental Defense, in the matter
of permit challenges to the proposed Las Brisas coal fired power plant project at
the Texas State Office of Administrative Hearings (SOAH).

30. Expert Report and Rebuttal Report (September 2009) on behalf of the Sierra Club,
in the matter of challenges to the proposed Medicine Bow Fuel and Power IGL
plant in Cheyenne, Wyoming.

31. Expert Report (December 2009) and Rebuttal reports (May 2010 and June 2010)
on behalf of the United States in connection with the Alabama Power Company
NSR Case. United States v. Alabama Power Company, CV-01-HS-152-S
(Northern District of Alabama, Southern Division).

32. Pre-filed Testimony (October 2009) on behalf of Environmental Defense and
others, in the matter of challenges to the proposed White Stallion Energy Center
coal fired power plant project at the Texas State Office of Administrative
Hearings (SOAH).

33. Pre-filed Testimony (July 2010) and Written Rebuttal Testimony (August 2010)
on behalf of the State of New Mexico Environment Department in the matter of
Proposed Regulation 20.2.350 NMAC – Greenhouse Gas Cap and Trade
Provisions, No. EIB 10-04 (R), to the State of New Mexico, Environmental
Improvement Board.

34. Expert Report (August 2010) and Rebuttal Expert Report (October 2010) on
behalf of the United States in connection with the Louisiana Generating NSR



Case. United States v. Louisiana Generating, LLC, 09-CV100-RET-CN (Middle 
District of Louisiana) – Liability Phase. 

35. Declaration (August 2010), Reply Declaration (November 2010), Expert Report
(April 2011), Supplemental and Rebuttal Expert Report (July 2011) on behalf of
the United States in the matter of DTE Energy Company and Detroit Edison
Company (Monroe Unit 2). United States of America v. DTE Energy Company
and Detroit Edison Company, Civil Action No. 2:10-cv-13101-BAF-RSW
(Eastern District of Michigan).

36. Expert Report and Deposition (August 2010) as well as Affidavit (September
2010) on behalf of Kentucky Waterways Alliance, Sierra Club, and Valley Watch
in the matter of challenges to the NPDES permit issued for the Trimble County
power plant by the Kentucky Energy and Environment Cabinet to Louisville Gas
and Electric, File No. DOW-41106-047.

37. Expert Report (August 2010), Rebuttal Expert Report (September 2010),
Supplemental Expert Report (September 2011), and Declaration (November
2011) on behalf of Wild Earth Guardians in the matter of opacity exceedances and
monitor downtime at the Public Service Company of Colorado (Xcel)’s Cherokee
power plant.  No. 09-cv-1862 (District of Colorado).

38. Written Direct Expert Testimony (August 2010) and Affidavit (February 2012) on
behalf of Fall-Line Alliance for a Clean Environment and others in the matter of
the PSD Air Permit for Plant Washington issued by Georgia DNR at the Office of
State Administrative Hearing, State of Georgia (OSAH-BNR-AQ-1031707-98-
WALKER).

39. Deposition (August 2010) on behalf of Environmental Defense, in the matter of
the remanded permit challenge to the proposed Las Brisas coal fired power plant
project at the Texas State Office of Administrative Hearings (SOAH).

40. Expert Report, Supplemental/Rebuttal Expert Report, and Declarations (October
2010, November 2010, September 2012) on behalf of New Mexico Environment
Department (Plaintiff-Intervenor), Grand Canyon Trust and Sierra Club
(Plaintiffs) in the matter of Plaintiffs v. Public Service Company of New Mexico
(PNM), Civil No. 1:02-CV-0552 BB/ATC (ACE) (District of New Mexico).

41. Expert Report (October 2010) and Rebuttal Expert Report (November 2010)
(BART Determinations for PSCo Hayden and CSU Martin Drake units) to the
Colorado Air Quality Commission on behalf of Coalition of Environmental
Organizations.

42. Expert Report (November 2010) (BART Determinations for TriState Craig Units,
CSU Nixon Unit, and PRPA Rawhide Unit) to the Colorado Air Quality
Commission on behalf of Coalition of Environmental Organizations.

43. Declaration (November 2010) on behalf of the Sierra Club in connection with the
Martin Lake Station Units 1, 2, and 3. Sierra Club v. Energy Future Holdings
Corporation and Luminant Generation Company LLC, Case No. 5:10-cv-00156-
DF-CMC (Eastern District of Texas, Texarkana Division).



44. Pre-Filed Testimony (January 2011) and Declaration (February 2011) to the
Georgia Office of State Administrative Hearings (OSAH) in the matter of Minor
Source HAPs status for the proposed Longleaf Energy Associates power plant
(OSAH-BNR-AQ-1115157-60-HOWELLS) on behalf of the Friends of the
Chattahoochee and the Sierra Club).

45. Declaration (February 2011) in the matter of the Draft Title V Permit for RRI
Energy MidAtlantic Power Holdings LLC Shawville Generating Station
(Pennsylvania), ID No. 17-00001 on behalf of the Sierra Club.

46. Expert Report (March 2011), Rebuttal Expert Report (June 2011) on behalf of the
United States in United States of America v. Cemex, Inc., Civil Action No. 09-cv-
00019-MSK-MEH (District of Colorado).

47. Declaration (April 2011) and Expert Report (July 16, 2012) in the matter of the
Lower Colorado River Authority (LCRA)’s Fayette (Sam Seymour) Power Plant
on behalf of the Texas Campaign for the Environment.  Texas Campaign for the
Environment v. Lower Colorado River Authority, Civil Action No. 4:11-cv-00791
(Southern District of Texas, Houston Division).

48. Declaration (June 2011) on behalf of the Plaintiffs MYTAPN in the matter of
Microsoft-Yes, Toxic Air Pollution-No (MYTAPN) v. State of Washington,
Department of Ecology and Microsoft Corporation Columbia Data Center to the
Pollution Control Hearings Board, State of Washington, Matter No. PCHB No.
10-162.

49. Expert Report (June 2011) on behalf of the New Hampshire Sierra Club at the
State of New Hampshire Public Utilities Commission, Docket No. 10-261 – the
2010 Least Cost Integrated Resource Plan (LCIRP) submitted by the Public
Service Company of New Hampshire (re. Merrimack Station Units 1 and 2).

50. Declaration (August 2011) in the matter of the Sandy Creek Energy Associates
L.P. Sandy Creek Power Plant on behalf of Sierra Club and Public Citizen. Sierra
Club, Inc. and Public Citizen, Inc.  v. Sandy Creek Energy Associates, L.P., Civil
Action No. A-08-CA-648-LY (Western District of Texas, Austin Division).

51. Expert Report (October 2011) on behalf of the Defendants in the matter of John
Quiles and Jeanette Quiles et al.  v. Bradford-White Corporation, MTD Products,
Inc., Kohler Co., et al., Case No. 3:10-cv-747 (TJM/DEP) (Northern District of
New York).

52. Declaration (October 2011) on behalf of the Plaintiffs in the matter of American
Nurses Association et. al. (Plaintiffs), v. US EPA (Defendant), Case No. 1:08-cv-
02198-RMC (US District Court for the District of Columbia).

53. Declaration (February 2012) and Second Declaration (February 2012) in the
matter of Washington Environmental Council and Sierra Club Washington State
Chapter v. Washington State Department of Ecology and Western States
Petroleum Association, Case No. 11-417-MJP (Western District of Washington).

54. Expert Report (March 2012) and Supplemental Expert Report (November 2013)
in the matter of Environment Texas Citizen Lobby, Inc and Sierra Club v.



ExxonMobil Corporation et al., Civil Action No. 4:10-cv-4969 (Southern District 
of Texas, Houston Division). 

55. Declaration (March 2012) in the matter of Center for Biological Diversity, et al.
v. United States Environmental Protection Agency, Case No. 11-1101
(consolidated with 11-1285, 11-1328 and 11-1336) (US Court of Appeals for the
District of Columbia Circuit).

56. Declaration (March 2012) in the matter of Sierra Club v. The Kansas Department
of Health and Environment, Case No. 11-105,493-AS (Holcomb power plant)
(Supreme Court of the State of Kansas).

57. Declaration (March 2012) in the matter of the Las Brisas Energy Center
Environmental Defense Fund et al., v. Texas Commission on Environmental
Quality, Cause No. D-1-GN-11-001364 (District Court of Travis County, Texas,
261st Judicial District).

58. Expert Report (April 2012), Supplemental and Rebuttal Expert Report (July
2012), and Supplemental Rebuttal Expert Report (August 2012) on behalf of the
states of New Jersey and Connecticut in the matter of the Portland Power plant
State of New Jersey and State of Connecticut (Intervenor-Plaintiff) v. RRI Energy
Mid-Atlantic Power Holdings et al., Civil Action No. 07-CV-5298 (JKG) (Eastern
District of Pennsylvania).

59. Declaration (April 2012) in the matter of the EPA’s EGU MATS Rule, on behalf
of the Environmental Integrity Project.

60. Expert Report (August 2012) on behalf of the United States in connection with
the Louisiana Generating NSR Case. United States v. Louisiana Generating, LLC,
09-CV100-RET-CN (Middle District of Louisiana) – Harm Phase.

61. Declaration (September 2012) in the Matter of the Application of Energy Answers
Incinerator, Inc. for a Certificate of Public Convenience and Necessity to
Construct a 120 MW Generating Facility in Baltimore City, Maryland, before the
Public Service Commission of Maryland, Case No. 9199.

62. Expert Report (October 2012) on behalf of the Appellants (Robert Concilus and
Leah Humes) in the matter of Robert Concilus and Leah Humes v.
Commonwealth of Pennsylvania Department of Environmental Protection and
Crawford Renewable Energy, before the Commonwealth of Pennsylvania
Environmental Hearing Board, Docket No. 2011-167-R.

63. Expert Report (October 2012), Supplemental Expert Report (January 2013), and
Affidavit (June 2013) in the matter of various Environmental Petitioners v. North
Carolina DENR/DAQ and Carolinas Cement Company, before the Office of
Administrative Hearings, State of North Carolina.

64. Pre-filed Testimony (October 2012) on behalf of No-Sag in the matter of the
North Springfield Sustainable Energy Project before the State of Vermont, Public
Service Board.

65. Pre-filed Testimony (November 2012) on behalf of Clean Wisconsin in the matter
of Application of Wisconsin Public Service Corporation for Authority to



Construct and Place in Operation a New Multi-Pollutant Control Technology 
System (ReACT) for Unit 3 of the Weston Generating Station, before the Public 
Service Commission of Wisconsin, Docket No. 6690-CE-197. 

66. Expert Report (February 2013) on behalf of Petitioners in the matter of Credence
Crematory, Cause No. 12-A-J-4538 before the Indiana Office of Environmental
Adjudication.

67. Expert Report (April 2013), Rebuttal report (July 2013), and Declarations
(October 2013, November 2013) on behalf of the Sierra Club in connection with
the Luminant Big Brown Case.  Sierra Club v. Energy Future Holdings
Corporation and Luminant Generation Company LLC, Civil Action No. 6:12-cv-
00108-WSS (Western District of Texas, Waco Division).

68. Declaration (April 2013) on behalf of Petitioners in the matter of Sierra Club, et
al., (Petitioners) v Environmental Protection Agency et al. (Resppondents), Case
No., 13-1112, (Court of Appeals, District of Columbia Circuit).

69. Expert Report (May 2013) and Rebuttal Expert Report (July 2013) on behalf of
the Sierra Club in connection with the Luminant Martin Lake Case. Sierra Club v.
Energy Future Holdings Corporation and Luminant Generation Company LLC,
Civil Action No. 5:10-cv-0156-MHS-CMC (Eastern District of Texas, Texarkana
Division).

70. Declaration (August 2013) on behalf of A. J. Acosta Company, Inc., in the matter
of A. J. Acosta Company, Inc., v. County of San Bernardino, Case No.
CIVSS803651.

71. Comments (October 2013) on behalf of the Washington Environmental Council
and the Sierra Club in the matter of the Washington State Oil Refinery RACT (for
Greenhouse Gases), submitted to the Washington State Department of Ecology,
the Northwest Clean Air Agency, and the Puget Sound Clean Air Agency.

72. Statement (November 2013) on behalf of various Environmental Organizations in
the matter of the Boswell Energy Center (BEC) Unit 4 Environmental Retrofit
Project, to the Minnesota Public Utilities Commission, Docket No. E-015/M-12-
920.

73. Expert Report (December 2013) on behalf of the United States in United States of
America v. Ameren Missouri, Civil Action No. 4:11-cv-00077-RWS (Eastern
District of Missouri, Eastern Division).

74. Expert Testimony (December 2013) on behalf of the Sierra Club in the matter of
Public Service Company of New Hampshire Merrimack Station Scrubber Project
and Cost Recovery, Docket No. DE 11-250, to the State of New Hampshire
Public Utilities Commission.

75. Expert Report (January 2014) on behalf of Baja, Inc., in Baja, Inc., v. Automotive
Testing and Development Services, Inc. et. al, Civil Action No. 8:13-CV-02057-
GRA (District of South Carolina, Anderson/Greenwood Division).

76. Declaration (March 2014) on behalf of the Center for International Environmental
Law, Chesapeake Climate Action Network, Friends of the Earth, Pacific



Environment, and the Sierra Club (Plaintiffs) in the matter of Plaintiffs v. the 
Export-Import Bank (Ex-Im Bank) of the United States, Civil Action No. 13-1820 
RC (District Court for the District of Columbia). 

77. Declaration (April 2014) on behalf of Respondent-Intervenors in the matter of
Mexichem Specialty Resins Inc., et al., (Petitioners) v Environmental Protection
Agency et al., Case No., 12-1260 (and Consolidated Case Nos. 12-1263, 12-1265,
12-1266, and 12-1267), (Court of Appeals, District of Columbia Circuit).

78. Direct Prefiled Testimony (June 2014) on behalf of the Michigan Environmental
Council and the Sierra Club in the matter of the Application of DTE Electric
Company for Authority to Implement a Power Supply Cost Recovery (PSCR)
Plan in its Rate Schedules for 2014 Metered Jurisdictional Sales of Electricity,
Case No. U-17319 (Michigan Public Service Commission).

79. Expert Report (June 2014) on behalf of ECM Biofilms in the matter of the US
Federal Trade Commission (FTC) v. ECM Biofilms (FTC Docket #9358).

80. Direct Prefiled Testimony (August 2014) on behalf of the Michigan
Environmental Council and the Sierra Club in the matter of the Application of
Consumers Energy Company for Authority to Implement a Power Supply Cost
Recovery (PSCR) Plan in its Rate Schedules for 2014 Metered Jurisdictional
Sales of Electricity, Case No. U-17317 (Michigan Public Service Commission).

81. Declaration (July 2014) on behalf of Public Health Intervenors in the matter of
EME Homer City Generation v. US EPA (Case No. 11-1302 and consolidated
cases) relating to the lifting of the stay entered by the Court on December 30,
2011 (US Court of Appeals for the District of Columbia).

82. Expert Report (September 2014), Rebuttal Expert Report (December 2014) and
Supplemental Expert Report (March 2015) on behalf of Plaintiffs in the matter of
Sierra Club and Montana Environmental Information Center (Plaintiffs) v. PPL
Montana LLC, Avista Corporation, Puget Sound Energy, Portland General
Electric Company, Northwestern Corporation, and Pacificorp (Defendants), Civil
Action No. CV 13-32-BLG-DLC-JCL (US District Court for the District of
Montana, Billings Division).

83. Expert Report (November 2014) on behalf of Niagara County, the Town of
Lewiston, and the Villages of Lewiston and Youngstown in the matter of CWM
Chemical Services, LLC New York State Department of Environmental
Conservation (NYSDEC) Permit Application Nos.: 9-2934-00022/00225, 9-2934-
00022/00231, 9-2934-00022/00232, and 9-2934-00022/00249 (pending).

84. Declaration (January 2015) relating to Startup/Shutdown in the MATS Rule (EPA
Docket ID No. EPA-HQ-OAR-2009-0234) on behalf of the Environmental
Integrity Project.

85. Pre-filed Direct Testimony (March 2015), Supplemental Testimony (May 2015),
and Surrebuttal Testimony (December 2015) on behalf of Friends of the
Columbia Gorge in the matter of the Application for a Site Certificate for the
Troutdale Energy Center before the Oregon Energy Facility Siting Council.



86. Brief of Amici Curiae Experts in Air Pollution Control and Air Quality 
Regulation in Support of the Respondents, On Writs of Certiorari to the US Court 
of Appeals for the District of Columbia, No. 14-46, 47, 48. Michigan et. al., 
(Petitioners) v. EPA et. al., Utility Air Regulatory Group (Petitioners) v. EPA et. 
al., National Mining Association et. al., (Petitioner) v. EPA et. al., (Supreme 
Court of the United States). 

87. Expert Report (March 2015) and Rebuttal Expert Report (January 2016) on behalf 
of Plaintiffs in the matter of Conservation Law Foundation v. Broadrock Gas 
Services LLC, Rhode Island LFG GENCO LLC, and Rhode Island Resource 
Recovery Corporation (Defendants), Civil Action No. 1:13-cv-00777-M-PAS 
(US District Court for the District of Rhode Island). 

88. Declaration (April 2015) relating to various Technical Corrections for the MATS 
Rule (EPA Docket ID No. EPA-HQ-OAR-2009-0234) on behalf of the 
Environmental Integrity Project. 

89. Direct Prefiled Testimony (May 2015) on behalf of the Michigan Environmental 
Council, the Natural Resources Defense Council, and the Sierra Club in the matter 
of the Application of DTE Electric Company for Authority to Increase its Rates, 
Amend its Rate Schedules and Rules Governing the Distribution and Supply of 
Electric Energy and for Miscellaneous Accounting Authority, Case No. U-17767 
(Michigan Public Service Commission). 

90. Expert Report (July 2015) and Rebuttal Expert Report (July 2015) on behalf of 
Plaintiffs in the matter of Northwest Environmental Defense Center et. al., v. 
Cascade Kelly Holdings LLC, d/b/a Columbia Pacific Bio-Refinery, and Global 
Partners LP (Defendants), Civil Action No. 3:14-cv-01059-SI (US District Court 
for the District of Oregon, Portland Division). 

91. Declaration (August 2015, Docket No. 1570376) in support of “Opposition of 
Respondent-Intervenors American Lung Association, et. al., to Tri-State 
Generation’s Emergency Motion;” Declaration (September 2015, Docket No. 
1574820) in support of “Joint Motion of the State, Local Government, and Public 
Health Respondent-Intervenors for Remand Without Vacatur;” Declaration 
(October 2015) in support of “Joint Motion of the State, Local Government, and 
Public Health Respondent-Intervenors to State and Certain Industry Petitioners’ 
Motion to Govern, White Stallion Energy Center, LLC v. US EPA, Case No. 12-
1100 (US Court of Appeals for the District of Columbia).  

92. Declaration (September 2015) in support of the Draft Title V Permit for 
Dickerson Generating Station (Proposed Permit No 24-031-0019) on behalf of the 
Environmental Integrity Project. 

93. Expert Report (Liability Phase) (December 2015) and Rebuttal Expert Report 
(February 2016) on behalf of Plaintiffs in the matter of Natural Resources 
Defense Council, Inc., Sierra Club, Inc., Environmental Law and Policy Center, 
and Respiratory Health Association v. Illinois Power Resources LLC, and Illinois 
Power Resources Generating LLC (Defendants), Civil Action No. 1:13-cv-01181 
(US District Court for the Central District of Illinois, Peoria Division). 



94. Declaration (December 2015) in support of the Petition to Object to the Title V
Permit for Morgantown Generating Station (Proposed Permit No 24-017-0014) on
behalf of the Environmental Integrity Project.

95. Expert Report (November 2015) on behalf of Appellants in the matter of Sierra
Club, et al. v. Craig W. Butler, Director of Ohio Environmental Protection
Agency et al., ERAC Case No. 14-256814.

96. Affidavit (January 2016) on behalf of Bridgewatch Detroit in the matter of
Bridgewatch Detroit v. Waterfront Petroleum Terminal Co., and Waterfront
Terminal Holdings, LLC., in the Circuit Court for the County of Wayne, State of
Michigan.

97. Expert Report (February 2016) and Rebuttal Expert Report (July 2016) on behalf
of the challengers in the matter of the Delaware Riverkeeper Network, Clean Air
Council, et. al., vs. Commonwealth of Pennsylvania Department of
Environmental Protection and R. E. Gas Development LLC regarding the Geyer
well site before the Pennsylvania Environmental Hearing Board.

98. Direct Testimony (May 2016) in the matter of Tesoro Savage LLC Vancouver
Energy Distribution Terminal, Case No. 15-001 before the State of Washington
Energy Facility Site Evaluation Council.

99. Declaration (June 2016) relating to deficiencies in air quality analysis for the
proposed Millenium Bulk Terminal, Port of Longview, Washington.

100. Declaration (December 2016) relating to EPA’s refusal to set limits on PM
emissions from coal-fired power plants that reflect pollution reductions
achievable with fabric filters on behalf of Environmental Integrity Project, Clean
Air Council, Chesapeake Climate Action Network, Downwinders at Risk
represented by Earthjustice in the matter of ARIPPA v EPA, Case No. 15-1180.
(D.C. Circuit Court of Appeals).

101. Expert Report (January 2017) on the Environmental Impacts Analysis associated
with the Huntley and Huntley Poseidon Well Pad on behalf citizens in the matter
of the special exception use Zoning Hearing Board of Penn Township,
Westmoreland County, Pennsylvania.

102. Expert Report (January 2017) on the Environmental Impacts Analysis associated
with the Apex Energy Backus Well Pad on behalf citizens in the matter of the
special exception use Zoning Hearing Board of Penn Township, Westmoreland
County, Pennsylvania.

103. Expert Report (January 2017) on the Environmental Impacts Analysis associated
with the Apex Energy Drakulic Well Pad on behalf citizens in the matter of the
special exception use Zoning Hearing Board of Penn Township, Westmoreland
County, Pennsylvania.

104. Expert Report (January 2017) on the Environmental Impacts Analysis associated
with the Apex Energy Deutsch Well Pad on behalf citizens in the matter of the
special exception use Zoning Hearing Board of Penn Township, Westmoreland
County, Pennsylvania.



105. Affidavit (February 2017) pertaining to deficiencies water discharge compliance
issues at the Wood River Refinery in the matter of People of the State of Illinois
(Plaintiff) v. Phillips 66 Company, ConocoPhillips Company, WRB Refining LP
(Defendants), Case No. 16-CH-656, (Circuit Court for the Third Judicial Circuit,
Madison County, Illinois).

106. Expert Report (March 2017) on behalf of the Plaintiff pertaining to non-
degradation analysis for waste water discharges from a power plant in the matter
of Sierra Club (Plaintiff) v. Pennsylvania Department of Environmental
Protection (PADEP) and Lackawanna Energy Center, Docket No. 2016-047-L
(consolidated), (Pennsylvania Environmental Hearing Board).

107. Expert Report (March 2017) on behalf of the Plaintiff pertaining to air emissions
from the Heritage incinerator in East Liverpool, Ohio in the matter of Save our
County (Plaintiff) v. Heritage Thermal Services, Inc. (Defendant), Case No. 4:16-
CV-1544-BYP, (US District Court for the Northern District of Ohio, Eastern
Division).

108. Rebuttal Expert Report (June 2017) on behalf of Plaintiffs in the matter of Casey
Voight and Julie Voight (Plaintiffs) v Coyote Creek Mining Company LLC
(Defendant), Civil Action No. 1:15-CV-00109 (US District Court for the District
of North Dakota, Western Division).

109. Expert Affidavit (August 2017) and Penalty/Remedy Expert Affidavit (October
2017) on behalf of Plaintiff in the matter of Wildearth Guardians (Plaintiff) v
Colorado Springs Utility Board (Defendant,) Civil Action No. 1:15-cv-00357-
CMA-CBS (US District Court for the District of Colorado).

110. Expert Report (August 2017) on behalf of Appellant in the matter of Patricia Ann
Troiano (Appellant) v. Upper Burrell Township Zoning Hearing Board (Appellee),
Court of Common Pleas of Westmoreland County, Pennsylvania, Civil Division.

111. Expert Report (October 2017), Supplemental Expert Report (October 2017), and
Rebuttal Expert Report (November 2017) on behalf of Defendant in the matter of
Oakland Bulk and Oversized Terminal (Plaintiff) v City of Oakland (Defendant,)
Civil Action No. 3:16-cv-07014-VC (US District Court for the Northern District
of California, San Francisco Division).

112. Declaration (December 2017) on behalf of the Environmental Integrity Project in
the matter of permit issuance for ATI Flat Rolled Products Holdings,
Breckenridge, PA to the Allegheny County Health Department.

113. Expert Report (Harm Phase) (January 2018), Rebuttal Expert Report (Harm
Phase) (May 2018) and Supplemental Expert Report (Harm Phase) (April 2019)
on behalf of Plaintiffs in the matter of Natural Resources Defense Council, Inc.,
Sierra Club, Inc., and Respiratory Health Association v. Illinois Power Resources
LLC, and Illinois Power Resources Generating LLC (Defendants), Civil Action
No. 1:13-cv-01181 (US District Court for the Central District of Illinois, Peoria
Division).

114. Declaration (February 2018) on behalf of the Chesapeake Bay Foundation, et. al.,
in the matter of the Section 126 Petition filed by the state of Maryland in State of



Maryland v. Pruitt (Defendant), Civil Action No. JKB-17-2939 (Consolidated 
with No. JKB-17-2873) (US District Court for the District of Maryland). 

115. Direct Pre-filed Testimony (March 2018) on behalf of the National Parks
Conservation Association (NPCA) in the matter of NPCA v State of Washington,
Department of Ecology and BP West Coast Products, LLC, PCHB No. 17-055
(Pollution Control Hearings Board for the State of Washington.

116. Expert Affidavit (April 2018) and Second Expert Affidavit (May 2018) on behalf
of Petitioners in the matter of Coosa River Basin Initiative and Sierra Club
(Petitioners) v State of Georgia Environmental Protection Division, Georgia
Department of Natural Resources (Respondent) and Georgia Power Company
(Intervenor/Respondent), Docket Nos: 1825406-BNR-WW-57-Howells and
1826761-BNR-WW-57-Howells, Office of State Administrative Hearings, State
of Georgia.

117. Direct Pre-filed Testimony and Affidavit (December 2018) on behalf of Sierra
Club and Texas Campaign for the Environment (Appellants) in the contested case
hearing before the Texas State Office of Administrative Hearings in Docket Nos.
582-18-4846, 582-18-4847 (Application of GCGV Asset Holding, LLC for Air
Quality Permit Nos. 146425/PSDTX1518 and 146459/PSDTX1520 in San
Patricio County, Texas).

118. Expert Report (February 2019) on behalf of Sierra Club in the State of Florida,
Division of Administrative Hearings, Case No. 18-2124EPP, Tampa Electric
Company Big Bend Unit 1 Modernization Project Power Plant Siting Application
No. PA79-12-A2.

119. Declaration (March 2019) on behalf of Earthjustice in the matter of comments on
the renewal of the Title V Federal Operating Permit for Valero Houston refinery.

120. Expert Report (March 2019) on behalf of Plaintiffs for Class Certification in the
matter of Resendez et al v Precision Castparts Corporation in the Circuit Court
for the State of Oregon, County of Multnomah, Case No. 16cv16164.

121. Expert Report (June 2019), Affidavit (July 2019) and Rebuttal Expert Report
(September 2019) on behalf of Appellants relating to the NPDES permit for the
Cheswick power plant in the matter of Three Rivers Waterkeeper and Sierra Club
(Appellees) v. State of Pennsylvania Department of Environmental Protection
(Appellee) and NRG Power Midwest (Permittee), before the Commonwealth of
Pennsylvania Environmental Hearing Board, EHB Docket No. 2018-088-R.

122. Affidavit/Expert Report (August 2019) relating to the appeal of air permits issued
to PTTGCA on behalf of Appellants in the matter of Sierra Club (Appellants) v.
Craig Butler, Director, et. al., Ohio EPA (Appellees) before the State of Ohio
Environmental Review Appeals Commission (ERAC), Case Nos. ERAC-19-6988
through -6991.

123. Expert Report (October 2019) relating to the appeal of air permit (Plan Approval)
on behalf of Appellants in the matter of Clean Air Council and Environmental
Integrity Project (Appellants) v. Commonwealth of Pennsylvania Department of
Environmental Protection and Sunoco Partners Marketing and Terminals L.P.,



before the Commonwealth of Pennsylvania Environmental Hearing Board, EHB 
Docket No. 2018-057-L.

124. Expert Report (December 2019) on behalf of Earthjustice in the matter of 
Objection to the Issuance of PSD/NSR and Title V permits for Riverview Energy 
Corporation, Dale, Indiana, before the Indiana Office of Environmental 
Adjudication, Cause No. 19-A-J-5073. 

125. Affidavit (December 2019) on behalf of Plaintiff-Intervenor (Surfrider 
Foundation) in the matter of United States and the State of Indiana (Plaintiffs), 
Surfrider Foundation (Plaintiff-Intervenor), and City of Chicago (Plaintiff-
Intervenor) v. United States Steel Corporation (Defendant), Civil Action No. 
2:18-cv-00127 (US District Court for the Northern District of Indiana, Hammond 
Division).

126. Declaration (February 2020) in support of Petitioner’s Motion for Stay of PSCAA 
NOC Order of Approval No. 11386 in the matter of the Puyallup Tribe of Indians 
v. Puget Sound Clean Air Agency (PSCAA) and Puget Sound Energy (PSE), 
before the State of Washington Pollution Control Hearings Board, PCHB No. 
P19-088.

C. Occasions where Dr. Sahu has provided oral testimony in depositions, at trial or in 
similar proceedings include the following: 

127. Deposition on behalf of Rocky Mountain Steel Mills, Inc. located in Pueblo, 
Colorado – dealing with the manufacture of steel in mini-mills including methods 
of air pollution control and BACT in steel mini-mills and opacity issues at this 
steel mini-mill. 

128. Trial Testimony (February 2002) on behalf of Rocky Mountain Steel Mills, Inc. in 
Denver District Court. 

129. Trial Testimony (February 2003) on behalf of the United States in the Ohio 
Edison NSR Cases, United States, et al. v. Ohio Edison Co., et al., C2-99-1181 
(Southern District of Ohio). 

130. Trial Testimony (June 2003) on behalf of the United States in the Illinois Power 
NSR Case, United States v. Illinois Power Co., et al., 99-833-MJR (Southern 
District of Illinois).  

131. Deposition (10/20/2005) on behalf of the United States in connection with the 
Cinergy NSR Case. United States, et al. v. Cinergy Corp., et al., IP 99-1693-C-
M/S (Southern District of Indiana). 

132. Oral Testimony (August 2006) on behalf of the Appalachian Center for the 
Economy and the Environment re. the Western Greenbrier plant, WV before the 
West Virginia DEP. 

133. Oral Testimony (May 2007) on behalf of various Montana petitioners (Citizens 
Awareness Network (CAN), Women’s Voices for the Earth (WVE) and the Clark 



Fork Coalition (CFC)) re. the Thompson River Cogeneration plant before the 
Montana Board of Environmental Review. 

134. Oral Testimony (October 2007) on behalf of the Sierra Club re. the Sevier Power
Plant before the Utah Air Quality Board.

135. Oral Testimony (August 2008) on behalf of the Sierra Club and Clean Water re.
Big Stone Unit II before the South Dakota Board of Minerals and the
Environment.

136. Oral Testimony (February 2009) on behalf of the Sierra Club and the Southern
Environmental Law Center re. Santee Cooper Pee Dee units before the South
Carolina Board of Health and Environmental Control.

137. Oral Testimony (February 2009) on behalf of the Sierra Club and the
Environmental Integrity Project re. NRG Limestone Unit 3 before the Texas State
Office of Administrative Hearings (SOAH) Administrative Law Judges.

138. Deposition (July 2009) on behalf of MTD Products, Inc., in the matter of Alice
Holmes and Vernon Holmes v. Home Depot USA, Inc., et al.

139. Deposition (October 2009) on behalf of Environmental Defense and others, in the
matter of challenges to the proposed Coleto Creek coal fired power plant project
at the Texas State Office of Administrative Hearings (SOAH).

140. Deposition (October 2009) on behalf of Environmental Defense, in the matter of
permit challenges to the proposed Las Brisas coal fired power plant project at the
Texas State Office of Administrative Hearings (SOAH).

141. Deposition (October 2009) on behalf of the Sierra Club, in the matter of
challenges to the proposed Medicine Bow Fuel and Power IGL plant in Cheyenne,
Wyoming.

142. Deposition (October 2009) on behalf of Environmental Defense and others, in the
matter of challenges to the proposed Tenaska coal fired power plant project at the
Texas State Office of Administrative Hearings (SOAH).  (April 2010).

143. Oral Testimony (November 2009) on behalf of the Environmental Defense Fund
re. the Las Brisas Energy Center before the Texas State Office of Administrative
Hearings (SOAH) Administrative Law Judges.

144. Deposition (December 2009) on behalf of Environmental Defense and others, in
the matter of challenges to the proposed White Stallion Energy Center coal fired
power plant project at the Texas State Office of Administrative Hearings (SOAH).

145. Oral Testimony (February 2010) on behalf of the Environmental Defense Fund re.
the White Stallion Energy Center before the Texas State Office of Administrative
Hearings (SOAH) Administrative Law Judges.

146. Deposition (June 2010) on behalf of the United States in connection with the
Alabama Power Company NSR Case. United States v. Alabama Power Company,
CV-01-HS-152-S (Northern District of Alabama, Southern Division).



147. Trial Testimony (September 2010) on behalf of Commonwealth of Pennsylvania
– Dept. of Environmental Protection, State of Connecticut, State of New York,
State of Maryland, and State of New Jersey (Plaintiffs) in connection with the
Allegheny Energy NSR Case in US District Court in the Western District of
Pennsylvania. Plaintiffs v. Allegheny Energy Inc., et al., 2:05cv0885 (Western
District of Pennsylvania).

148. Oral Direct and Rebuttal Testimony (September 2010) on behalf of Fall-Line
Alliance for a Clean Environment and others in the matter of the PSD Air Permit
for Plant Washington issued by Georgia DNR at the Office of State
Administrative Hearing, State of Georgia (OSAH-BNR-AQ-1031707-98-
WALKER).

149. Oral Testimony (September 2010) on behalf of the State of New Mexico
Environment Department in the matter of Proposed Regulation 20.2.350 NMAC –
Greenhouse Gas Cap and Trade Provisions, No. EIB 10-04 (R), to the State of
New Mexico, Environmental Improvement Board.

150. Oral Testimony (October 2010) on behalf of the Environmental Defense Fund re.
the Las Brisas Energy Center before the Texas State Office of Administrative
Hearings (SOAH) Administrative Law Judges.

151. Oral Testimony (November 2010) regarding BART for PSCo Hayden, CSU
Martin Drake units before the Colorado Air Quality Commission on behalf of the
Coalition of Environmental Organizations.

152. Oral Testimony (December 2010) regarding BART for TriState Craig Units, CSU
Nixon Unit, and PRPA Rawhide Unit) before the Colorado Air Quality
Commission on behalf of the Coalition of Environmental Organizations.

153. Deposition (December 2010) on behalf of the United States in connection with the
Louisiana Generating NSR Case. United States v. Louisiana Generating, LLC, 09-
CV100-RET-CN (Middle District of Louisiana).

154. Deposition (February 2011 and January 2012) on behalf of Wild Earth Guardians
in the matter of opacity exceedances and monitor downtime at the Public Service
Company of Colorado (Xcel)’s Cherokee power plant.  No. 09-cv-1862 (D. Colo.).

155. Oral Testimony (February 2011) to the Georgia Office of State Administrative
Hearings (OSAH) in the matter of Minor Source HAPs status for the proposed
Longleaf Energy Associates power plant (OSAH-BNR-AQ-1115157-60-
HOWELLS) on behalf of the Friends of the Chattahoochee and the Sierra Club).

156. Deposition (August 2011) on behalf of the United States in United States of
America v. Cemex, Inc., Civil Action No. 09-cv-00019-MSK-MEH (District of
Colorado).

157. Deposition (July 2011) and Oral Testimony at Hearing (February 2012) on behalf
of the Plaintiffs MYTAPN in the matter of Microsoft-Yes, Toxic Air Pollution-
No (MYTAPN) v. State of Washington, Department of Ecology and Microsoft
Corporation Columbia Data Center to the Pollution Control Hearings Board, State
of Washington, Matter No. PCHB No. 10-162.



158. Oral Testimony at Hearing (March 2012) on behalf of the United States in
connection with the Louisiana Generating NSR Case. United States v. Louisiana
Generating, LLC, 09-CV100-RET-CN (Middle District of Louisiana).

159. Oral Testimony at Hearing (April 2012) on behalf of the New Hampshire Sierra
Club at the State of New Hampshire Public Utilities Commission, Docket No. 10-
261 – the 2010 Least Cost Integrated Resource Plan (LCIRP) submitted by the
Public Service Company of New Hampshire (re. Merrimack Station Units 1 and
2).

160. Oral Testimony at Hearing (November 2012) on behalf of Clean Wisconsin in the
matter of Application of Wisconsin Public Service Corporation for Authority to
Construct and Place in Operation a New Multi-Pollutant Control Technology
System (ReACT) for Unit 3 of the Weston Generating Station, before the Public
Service Commission of Wisconsin, Docket No. 6690-CE-197.

161. Deposition (March 2013) in the matter of various Environmental Petitioners v.
North Carolina DENR/DAQ and Carolinas Cement Company, before the Office
of Administrative Hearings, State of North Carolina.

162. Deposition (August 2013) on behalf of the Sierra Club in connection with the
Luminant Big Brown Case.  Sierra Club v. Energy Future Holdings Corporation
and Luminant Generation Company LLC, Civil Action No. 6:12-cv-00108-WSS
(Western District of Texas, Waco Division).

163. Deposition (August 2013) on behalf of the Sierra Club in connection with the
Luminant Martin Lake Case.  Sierra Club v. Energy Future Holdings Corporation
and Luminant Generation Company LLC, Civil Action No. 5:10-cv-0156-MHS-
CMC (Eastern District of Texas, Texarkana Division).

164. Deposition (February 2014) on behalf of the United States in United States of
America v. Ameren Missouri, Civil Action No. 4:11-cv-00077-RWS (Eastern
District of Missouri, Eastern Division).

165. Trial Testimony (February 2014) in the matter of Environment Texas Citizen
Lobby, Inc and Sierra Club  v. ExxonMobil Corporation et al., Civil Action No.
4:10-cv-4969 (Southern District of Texas, Houston Division).

166. Trial Testimony (February 2014) on behalf of the Sierra Club in connection with
the Luminant Big Brown Case.  Sierra Club v. Energy Future Holdings
Corporation and Luminant Generation Company LLC, Civil Action No. 6:12-cv-
00108-WSS (Western District of Texas, Waco Division).

167. Deposition (June 2014) and Trial (August 2014) on behalf of ECM Biofilms in
the matter of the US Federal Trade Commission (FTC) v. ECM Biofilms (FTC
Docket #9358).

168. Deposition (February 2015) on behalf of Plaintiffs in the matter of Sierra Club
and Montana Environmental Information Center (Plaintiffs) v. PPL Montana LLC,
Avista Corporation, Puget Sound Energy, Portland General Electric Company,
Northwestern Corporation, and Pacificorp (Defendants), Civil Action No. CV



13-32-BLG-DLC-JCL (US District Court for the District of Montana, Billings 
Division).

169. Oral Testimony at Hearing (April 2015) on behalf of Niagara County, the Town 
of Lewiston, and the Villages of Lewiston and Youngstown in the matter of 
CWM Chemical Services, LLC New York State Department of Environmental 
Conservation (NYSDEC) Permit Application Nos.: 9-2934-00022/00225, 9-2934-
00022/00231, 9-2934-00022/00232, and 9-2934-00022/00249 (pending). 

170. Deposition (August 2015) on behalf of Plaintiff in the matter of Conservation
Law Foundation (Plaintiff) v. Broadrock Gas Services LLC, Rhode Island LFG 
GENCO LLC, and Rhode Island Resource Recovery Corporation (Defendants),
Civil Action No. 1:13-cv-00777-M-PAS (US District Court for the District of 
Rhode Island). 

171. Testimony at Hearing (August 2015) on behalf of the Sierra Club in the matter of 
Amendments to 35 Illinois Administrative Code Parts 214, 217, and 225 before 
the Illinois Pollution Control Board, R15-21. 

172. Deposition (May 2015) on behalf of Plaintiffs in the matter of Northwest
Environmental Defense Center et. al., (Plaintiffs) v. Cascade Kelly Holdings LLC, 
d/b/a Columbia Pacific Bio-Refinery, and Global Partners LP (Defendants), Civil 
Action No. 3:14-cv-01059-SI (US District Court for the District of Oregon, 
Portland Division). 

173. Trial Testimony (October 2015) on behalf of Plaintiffs in the matter of Northwest
Environmental Defense Center et. al., (Plaintiffs) v. Cascade Kelly Holdings LLC, 
d/b/a Columbia Pacific Bio-Refinery, and Global Partners LP (Defendants), Civil 
Action No. 3:14-cv-01059-SI (US District Court for the District of Oregon, 
Portland Division). 

174. Deposition (April 2016) on behalf of the Plaintiffs in UNatural Resources 
Defense Council, Respiratory Health Association, and Sierra Club (Plaintiffs) v. 
Illinois Power Resources LLC and Illinois Power Resources Generation LLC 
(Defendants), Civil Action No. 1:13-cv-01181 (Central  District of Illinois, Peoria 
Division).

175. Trial Testimony at Hearing (July 2016) in the matter of Tesoro Savage LLC 
Vancouver Energy Distribution Terminal, Case No. 15-001 before the State of 
Washington Energy Facility Site Evaluation Council.  

176. Trial Testimony (December 2016) on behalf of the challengers in the matter of the 
Delaware Riverkeeper Network, Clean Air Council, et. al., vs. Commonwealth of 
Pennsylvania Department of Environmental Protection and R. E. Gas 
Development LLC regarding the Geyer well site before the Pennsylvania 
Environmental Hearing Board. 

177. Trial Testimony (July-August 2016) on behalf of the United States in United 
States of America v. Ameren Missouri, Civil Action No. 4:11-cv-00077-RWS 
(Eastern District of Missouri, Eastern Division). 



178. Trial Testimony (January 2017) on the Environmental Impacts Analysis
associated with the Huntley and Huntley Poseidon Well Pad Hearing on behalf
citizens in the matter of the special exception use Zoning Hearing Board of Penn
Township, Westmoreland County, Pennsylvania.

179. Trial Testimony (January 2017) on the Environmental Impacts Analysis
associated with the Apex energy Backus Well Pad Hearing on behalf citizens in
the matter of the special exception use Zoning Hearing Board of Penn Township,
Westmoreland County, Pennsylvania.

180. Trial Testimony (January 2017) on the Environmental Impacts Analysis
associated with the Apex energy Drakulic Well Pad Hearing on behalf citizens in
the matter of the special exception use Zoning Hearing Board of Penn Township,
Westmoreland County, Pennsylvania.

181. Trial Testimony (January 2017) on the Environmental Impacts Analysis
associated with the Apex energy Deutsch Well Pad Hearing on behalf citizens in
the matter of the special exception use Zoning Hearing Board of Penn Township,
Westmoreland County, Pennsylvania.

182. Deposition Testimony (July 2017) on behalf of Plaintiffs in the matter of Casey
Voight and Julie Voight v Coyote Creek Mining Company LLC (Defendant) Civil
Action No. 1:15-CV-00109 (US District Court for the District of North Dakota,
Western Division).

183. Deposition Testimony (November 2017) on behalf of Defendant in the matter of
Oakland Bulk and Oversized Terminal (Plaintiff) v City of Oakland (Defendant,)
Civil Action No. 3:16-cv-07014-VC (US District Court for the Northern District
of California, San Francisco Division).

184. Deposition Testimony (December 2017) on behalf of Plaintiff in the matter of
Wildearth Guardians (Plaintiff) v Colorado Springs Utility Board (Defendant)
Civil Action No. 1:15-cv-00357-CMA-CBS (US District Court for the District of
Colorado).

185. Deposition Testimony (January 2018) in the matter of National Parks
Conservation Association (NPCA) v. State of Washington Department of Ecology
and British Petroleum (BP) before the Washington Pollution Control Hearing
Board, Case No. 17-055.

186. Trial Testimony (January 2018) on behalf of Defendant in the matter of Oakland
Bulk and Oversized Terminal (Plaintiff) v City of Oakland (Defendant,) Civil
Action No. 3:16-cv-07014-VC (US District Court for the Northern District of
California, San Francisco Division).

187. Trial Testimony (April 2018) on behalf of the National Parks Conservation
Association (NPCA) in the matter of NPCA v State of Washington, Department
of Ecology and BP West Coast Products, LLC, PCHB No. 17-055 (Pollution
Control Hearings Board for the State of Washington.

188. Deposition (June 2018) (harm Phase) on behalf of Plaintiffs in the matter of
Natural Resources Defense Council, Inc., Sierra Club, Inc., and Respiratory



Health Association v. Illinois Power Resources LLC, and Illinois Power 
Resources Generating LLC (Defendants), Civil Action No. 1:13-cv-01181 (US 
District Court for the Central District of Illinois, Peoria Division). 

189. Trial Testimony (July 2018) on behalf of Petitioners in the matter of Coosa River
Basin Initiative and Sierra Club (Petitioners) v State of Georgia Environmental
Protection Division, Georgia Department of Natural Resources (Respondent) and
Georgia Power Company (Intervenor/Respondent), Docket Nos: 1825406-BNR-
WW-57-Howells and 1826761-BNR-WW-57-Howells, Office of State
Administrative Hearings, State of Georgia.

190. Deposition (January 2019) and Trial Testimony (January 2019) on behalf of
Sierra Club and Texas Campaign for the Environment (Appellants) in the
contested case hearing before the Texas State Office of Administrative Hearings
in Docket Nos. 582-18-4846, 582-18-4847 (Application of GCGV Asset Holding,
LLC for Air Quality Permit Nos. 146425/PSDTX1518 and 146459/PSDTX1520
in San Patricio County, Texas).

191. Deposition (February 2019) and Trial Testimony (March 2019) on behalf of
Sierra Club in the State of Florida, Division of Administrative Hearings, Case No.
18-2124EPP, Tampa Electric Company Big Bend Unit 1 Modernization Project
Power Plant Siting Application No. PA79-12-A2.

192. Deposition (June 2019) relating to the appeal of air permits issued to PTTGCA on
behalf of Appellants in the matter of Sierra Club (Appellants) v. Craig Butler,
Director, et. al., Ohio EPA (Appellees) before the State of Ohio Environmental
Review Appeals Commission (ERAC), Case Nos. ERAC-19-6988 through -6991.

193. Deposition (September 2019) on behalf of Appellants relating to the NPDES
permit for the Cheswick power plant in the matter of Three Rivers Waterkeeper
and Sierra Club (Appellees) v. State of Pennsylvania Department of
Environmental Protection (Appellee) and NRG Power Midwest (Permittee),
before the Commonwealth of Pennsylvania Environmental Hearing Board, EHB
Docket No. 2018-088-R.

194. Deposition (December 2019) on behalf of the Plaintiffs in the matter of David
Kovac, individually and on behalf of wrongful death class of Irene Kovac v. Bp
Corporation North America Inc., Circuit Court of Jackson County, Missouri
(Independence), Case No. 1816-CV12417.

195. Deposition (February 2020) on behalf of Earthjustice in the matter of Objection to
the Issuance of PSD/NSR and Title V permits for Riverview Energy Corporation,
Dale, Indiana, before the Indiana Office of Environmental Adjudication, Cause
No. 19-A-J-5073.
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EXECUTIVE SUMMARY 

The Ohio State Energy Partners (OSEP) is pleased to present the feasibility study results 
and recommendation for multiple Combined Heat and Power (CHP) configurations that 
will  over 25 years, 

carbon footprint by 38%, provide a path to carbon neutrality by 
2050, and deliver a reliable source of energy. 

Optimized CHP Combined Heat and Power Solution

The installation of a CHP forms the cornerstone of a strategy to help The Ohio State 
University reach its energy and environmental goals and realize significant energy supply 
cost savings  similar to other major Universities that have implemented CHP facilities 
across the country listed in Appendix M. An on-site CHP facility can simultaneously 
generate heat (steam and/or hot water) and power in the most efficient thermodynamic 
cycle that cannot be matched by any other alternative technology.  It can also reduce or 
even eliminate the reliance on high-priced retail electricity and mitigate t
exposure to commodity price volatility, thereby making operating costs more predictable.   

The philosophy underpinning our proposed designs is predicated on right-sizing the CHP 
facility to provide power generation to match the summer average electric load as 
measured at the OSU substation and taking into consideration the Blue Creek Wind 
generation as shown in Figure i-1 below.  The CHP would be designed to meet the 

summer coincident steam demand and nearly all the average steam demand in the winter 
months. The external utility interconnection with AEP and the existing boilers at the 
campus will supply any shortfall in electricity or steam demand during normal operations, 

Figure i-1:
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as well as provide necessary backup supply should the CHP be off-line for maintenance. 
To meet energy reliability standards required by the University, this facility will have the 
capability to supply the campus with power and steam in island mode1 operation utilizing 
microgrid controls technology, to mitigate unplanned events such as regional power 
outages and weather-related disruptions. The CHP can also be configured to provide 
black start capability. 

OSEP has assessed the financial and technical aspects of the CHP configuration originally 
developed by Burns & McDonnell for the University and determined that there is potential 
to further optimize the design. By configuring the facility with an extraction steam turbine 
which results in power capacity above the minimum campus load and considering critical 
loads2, OSEP concluded that a higher capacity CHP facility with more steam/power output 
flexibility will be able to economically offset campus electric and thermal demand, while 
operating in a more fuel-efficient manner compared to the original design.  Multiple CHP 
cases shown in Figure i-2 have been evaluated to ensure an optimized solution for the 
University.   

Note 1: Value of added resiliency has not been included in the NPV calculation
Note 2: Added value of a district heating and cooling network in Midwest campus supplying existing and future buildings is
included in Case 3 and Case 4.
Note 3: Additional option value of adding a 3rd turbine of approximately  (resulting from West expansion) not included
in the Case 4 NPV above
Note 4: All cases assumed Wind PPA to be expired in 2032 and replaced by grid purchase thereafter
Note 5: All cases assumed a reasonably higher estimate of grid procurement costs (relative to As-is) for residual electric demand
(due to volume shrinkage) after the installation of the CHP. See section 1.4 for details

Figure i-2: Optimized cases to cover critical loads while providing economic benefit 

1

2
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The detailed technical and commercial analysis provided within this report will result in 
customized CHP facility designs at each of the three locations considered  south of Smith 
Substation, north of Smith Substation and in the Midwest area of campus.  In addition, 
the feasibility study will also highlight the enhanced energy savings, operational flexibility, 
reliability, grid resiliency, redundancy and touch on a risk-mitigating strategy for 
commodity (gas and power) procurement to the University.  
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1.0 FEASIBILITY METHODOLOGY 

Ohio State Energy Partners  approach and philosophy concentrates on meeting the needs 
of the University. OSEP is focused on providing a CHP design to create the greatest value 
and to bring the lowest energy costs to the University over the term. OSEP via ENGIE, 
brings its global CHP knowledge, operating experience and market knowledge to provide 
the best analysis for the selection of equipment and design configuration that leads to 
superior performance and reliability. 

1.1 Guiding Principles 

Ohio State Energy Partners has committed to provide a rigorous and continuous 
eval
strategy will create value, reduce cost and utilize innovative technologies tailored to meet 
the objectives of the University.  During this evaluation the following principles were used 
to address energy supply needs and risk resulting in an optimal CHP solution for the 
University. 

Affordability: Optimized CHP solution provides for Maximum Economic Value for 

the University -I

Reliability: Energy Resiliency to avoid disruption to critical and other campus 

load requirements 

Sustainability: Sustainable Solutions for long-term planning to mitigate risks 

and impacts related to the environment  

Predictability: Commodity Risk Management to allow for a cost-effective and 

risk-mitigating strategy for procurement of any supplemental retail electricity 

required by the campus 
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1.2 Cases 

Figure 1-1: Locations for the North, South and Midwest CHP.  While the North and South CHP locations are specific to the North and 
South of Smith Substation, the Midwest CHP location is rather flexible such that it can be located anywhere in the Midwest campus.

Location Technology Details 
Case 1 South of Smith 

Substation  
2x1 Titan 250 Two heat recovery steam generators

Condensing steam turbine with an
extraction for process steam.
Supplemental duct burners for increased
steam production.
The Siemens SGT 600 gas turbine
model was not considered due to its
footprint which is too large for this
location.

Case 2 North of Smith 
Substation   

2x1 Titan 250 
or  
2x1 SGT 600 

Two heat recovery steam generators
Condensing steam turbine with an
extraction for process steam.
Supplemental duct burners for increased
steam production.

Case 3 Midwest Campus 2x1 Titan 250 
or  
2x1 SGT 600

Two heat recovery steam generators
Condensing steam turbine with an
extraction for process steam.
Supplemental duct burners for increased
steam production.
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Case 4 Midwest 
Expansion 

(2+1) x1 Titan 250 
or 
(2+1) x1 SGT600  

Two heat recovery steam generators
Condensing steam turbine with an
extraction for process steam.
Supplemental duct burners for increased
steam production.
Provisions to expand with a third gas
turbine and HRSG in the future

1.3 Cost 

The Feasibility Study is based on indicative pricing based on ENGIE experience building 

and operating facilities similar in size and function to the proposed configurations 

conforming to Class 3 cost estimation per AACE. Black & Veatch Engineering (B&V), with 

its experience designing and building CHPs at several Big Ten Universities, provided 

technical support in the development of the capital cost (CAPEX) during the RFP and 

Feasibility Study. ENGIE developed the operational cost (OPEX) based on their experience 

operating CHP facilities in North America. 

Capital Cost  

The CAPEX estimate is based on the following 

Major Equipment quotes from original equipment manufacturer (OEM) for the gas

turbine generators (GTG), steam turbine generator (STG) and heat recovery

steam generator (HRSG).

Major Equipment installation, balance of plant (BOP) equipment and material

quantities from conceptual design and the cost estimate derived from B&V  cost

database of recent similar project/proposal experience

Labor man hours are based on B&V  experience on recent and similar projects.

Labor rates are based on labor studies conducted in the area.

The following are the cost estimate assumptions/clarifications: 

Natural gas compression is required without redundancy. N+1 thermal

redundancy achieved with utilization of existing boilers.  Electric redundancy is

achieved with import power from the grid.

Islanding (continuous operation of the CHP disconnected from the grid, providing

grid resiliency to the Campus) for critical loads will be included in the standard

design. Black start capability (starting the CHP in an island mode after a complete

blackout has occurred and the grid is not available) will be optional.
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Main control room, administrative offices and warehousing will remain inside

McCracken in all cases.

Construction is based on a facility located in Columbus, Ohio with union

construction labor.

Costs are in 2017 dollars with escalation unless otherwise specified

Handling or removal of any hazardous material is not considered in the estimate.

Construction Management & Indirects include costs associated all temporary

utilities, temporary facilities, bonds and insurance.

interconnects, environmental permitting, O&M team mobilization, costs, taxes,

start-up and commissioning fuel and consumable materials, and IDC3 is based on

similar recent project/proposal experience.

Project is assumed to be tax exempt (no State or Local taxes)

Piling for foundation assumed not to be required in the Smith Substation vicinity

locations based on Smith Substation soil borings. OSEP assumed piling will be

required for Midwest location.

Logistics and labor productivity cost adjustments are included in the CAPEX cost

for both main campus and Midwest campus cases.

No costs have been allocated for unknown underground issues in the CAPEX cost

estimate.

Project work schedule is assumed to be 10 hours a day, 5 days a week. Detailed

project schedule will be finalized during development period.

Interconnection to existing utilities will be performed during planned outages or

utilization of hot tap processes

The CHP CAPEX cost is summarized in Figure 1-2 below.  The detailed CAPEX estimate 
can be found in Appendix F.

3
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Operational Cost

The OPEX budget is based  experience operating CHP & district energy facilities 
on college campuses. The final OPEX budget will be determined after technology, location 
and final design are established during the Development period. The following are 
included in the Feasibility Study OPEX assumptions: 

Union O&M labor in the fixed operation and maintenance cost (FOM4)

Long term service agreement (LTSA) for the gas turbine generators

Chemicals for water treatment and emissions control operations

Difference in cost for equipment parts, consumables and utilities between

operating and maintaining the boilers and CHP are included in the variable non-

fuel operation and maintenance (VOM5) cost

The OPEX Cost is summarized in Table 16 below: 

Table 1:  LTSA: Long term service agreement for the gas turbines, based on $/FH (fired hours) 

1.4 Market Assumptions 

The PJM West Hub is one of the most liquid energy pricing points in the world and is used 
for financial and physical transactions in the PJM spot and long-term markets.  The hub 
represents the weighted average price of approximately 95 generation and load nodal 
pricing points across the PJM system.  It is viewed as the benchmark for long-term pricing 
within PJM due to its stability to the influence of system constraints and its location 
between large load areas and areas of generation within the PJM system. 

Locational Margin Pricing (LMP) in the PJM is a result from the operation of a market that 
is based on system constraints and least-cost dispatch in which marginal resources 
determine system LMP s based on the offers. As shown in Figure 1-3, in the first nine 
months of 2017, coal units were 32.5 percent and natural gas units were 52.9 percent of 
marginal resources compared to the first nine months of 2016 where coal units were 46.2 

4
5

6

Incremental Annual O&M Costs for CHP

Variable O&M Costs ($'000) 734

Fixed O&M Costs ($'000) 229

LTSA Costs ($'000)  1,357

Total Incremental Annual O&M Costs ($'000)  2,320
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percent and natural gas units were 41.4 percent of the total marginal resources7. Because 
of gradual coal shutdown, the fuel mix in Ohio is expected to lean more towards Natural 
Gas as the primary marginal fuel over time. 

Figure 1-3: Type of fuel used in PJM market from 2004 to 2017 

Base Case Market Projections 

The all-in grid price encompasses largely two categories of charges  Retail Supply and 
Delivery charges. In the PJM market, Retail Supply charges include energy and non-
energy components. These components are: (i) Energy: Wholesale Commodity Supply 
charges and (ii) Non-energy Supply charges: ICAP, ISO Ancillary charges
margin. 
to its customers. The wholesale supply charge depends on market conditions such as 
load growth, coal and nuclear retirement, generation mix, weather, and fuel prices 
(especially the marginal fuel).  

The delivered natural gas price is primarily comprised of two elements: Commodity and 
Delivery charges. natural gas pricing is becoming the primary driver of electricity prices 
in PJM with changes in the fuel mix. At the national level, the seven major shale plays 
have and will continue to account for nearly all the incremental U.S. production over the 
long-term. Vast natural gas reserve and low production costs, on one hand, and some 
increased Power Sector Demand and LNG export, on the other, are the major drivers for 
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low to moderate long-term natural gas price trends in the U.S. Considering natural gas 
becoming the long-term marginal fuel in the region, a somewhat similar trend can also 
be expected in the regional wholesale power price. 

OSEP utilized a conservative market-forward based approach in developing its market 
projection in its evaluation. The market forwards for PJM AEP wholesale prices are 
available through 2025 (although outer years are not very liquid) whereas market 
forwards for natural gas prices are available through 2030 (generally liquid). In its long-
term projection, OSEP utilized the market forwards, both power and natural gas, where 
available and took a conservative view thereafter, as provided in Figure 1-4 and Figure 
1-5.

Figure 1-4: LMP forward price projection

Figure 1-5: Henry Hub forward price projection
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Finally, OSEP utilized the existing AEP OH tariff structure to estimate the Electric Delivery 
charges (based on the evolution of campus peak demand) to build up the final delivered 

d CHP cases for the university. 

The resultant delivered nominal grid price in Figure 1-6 shows an annual growth of only 
1.9% compared to historical growth of 2.4% in Ohio. See Appendix L for growth in 
historical Grid Electric price. The 1.9% annual growth in end-user retail grid price is less 
than the assumed annual inflationary measure of 2%. Considering the needed 
infrastructure investment in natural gas fired and Renewable driven generation in the 
region, OSEP believes this is a conservative market assumption for a base case; OSEP 
believes that the end-user retail grid price will grow higher than 1.9% per year. 

Figure 1-6: CAGR for delivered retail electric cost is less than inflation of 2% and historical growth of 2.4% 

Figure 1-7: CAGR for natural gas is 2.2%; prices have come with vast natural gas reserve and Shale play in the U.S.
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After the implementation of the CHP,  unit cost of residual Retail Electric 
Supply as well as unit Delivery Charges are expected to go up relative to the unit 
procurement cost as depicted in Figure 1-8 below: 

Figure 1-8: Residual grid supply costs expected to increase after implementation of CHP

3rd Party Market Projections 

Apart from its own market projection, OSEP also utilized market projections developed 
by IHS CERA, an industry recognized leader and expert, in its valuation. However, OSEP 

ket projection are discussed in section 3 of this study. 
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Figure 2-2: Historical electric profile Main Campus (OSU + West SS) and available physical load after ECM 
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Figure 2-3: Historical steam profile and available physical load after ECM

0

50

100

150

200

250

300

350

400

450

500

Utility System Thermal Load (kpph)

2016 Actual 2021 Physical Load after ECM

CONFIDENTIAL

SC-Set 2-RFP 1
Public Version



SC-Set 2-RFP 1
Public Version



The Ohio State University 

Combined Heat and Power Project 

2-5

Steam and hot water utilization is expected to decrease with future buildings due to low 
temperature energy recovery and is considered in the projections shown in Figure 2-5. 

Figure 2-5: Load growth projections for the campus

Value-Added Idea to Utilize Existing Chiller Capacity 

Excess capacity of the existing chillers at McCracken can be utilized to cool the GTG inlet 
air during the summer to increase CHP output and reduce the import of grid electricity8. 
The STG design allows steam to be extracted for campus heating or condensed in the 
steam cycle to provide additional electrical output of 28MW at ISO conditions. Due to the 
high variability in steam loads during winter and summer and from day to day, this design, 
as depicted in Figure 2-3, provides operational and commercial flexibility, which can be 
utilized on a real-time basis determining the process steam to power ratio, giving the 
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be stored on site for use in the Selective Catalytic Reduction (SCR) process10. A 
Continuous Emissions Monitoring System (CEMS) will be installed in the HRSG stacks to 
monitor plant emissions levels and ensure compliance within the required operating limits. 

Several features are included in the CHP design to protect the equipment and, more 
importantly, personnel in and around the facility. Fire protection will be designed per 
NFPA code. Campus water is considered as the source for fire protection, except for areas 
where water can exacerbate the conditions of a fire such as in the GTG enclosure or in 
the oil storage building. The CHP distributed control system (DCS) will have many 
protection functions built in which will automatically unload and shutdown the plant if 
unsafe conditions are detected via instrumentation. 

The limiting factor for CHP production is natural gas consumption in the winter, which is 
restricted to 950 million BTU per hour (MMBTU/H). 

The area south of Smith Substation, at the intersection of Tuttle Park Place and Annie & 
John Glenn Avenue, is an ideal location for the CHP due to proximity with water, steam, 
and natural gas tie-points at McCracken and the Water Treatment Building. The small 
footprint of the site constrains the layout of equipment and requires the HRSGs to be 
placed on the second floor of the building, increasing structural costs. Due to the smaller 
area, the Siemens SGT-600, which requires a larger footprint, is excluded as an option.   

The existing water treatment facility will be utilized with the addition of a 2nd pass RO 
system and a mixed-bed demineralizer. 

The CHP will connect to Smith Substation via three 1500-amp (A) feeders. Existing 
connections between OSU and Smith Substations will distribute the electricity to buildings 
on the main campus utility network. If the option to connect the West Campus Substation 
is utilized, new duct banks will be required from the CHP site to the Olentangy River. 
Existing duct banks are available under the river near John Herrick Drive and will route 
the feeders to Olentangy River Road. Utilizing the existing duct bank will reduce the costs 
of crossing the river but 
to West Substation, new duct banks would be required along Kinnear and Kenny Road 
to make the final connection to West Campus Substation, crossing underneath Highway 
315 and a set of railroad tracks on Kinnear Road. 

While the location of the CHP is well-suited for the existing campus load profile, it is not 
an optimal fit with respect to campus expansion; most of which is considered in the 
Midwest and West campus based on Framework 2.0.  

10
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North of Smith Substation is also a suitable location for the CHP for the same reasons 
listed for Case 1, but also has additional benefits. Water, steam, and electrical tie-points 
are the same for both proposed sites. 

The advantage of Case 2 over Case 1 is the larger footprint (roughly 50% more area) 
allowing for improved equipment arrangement. The existing parking lot across from Ohio 
Stadium will be replaced in this scenario and existing electrical conduits will require 
relocation.  

The Midwest Campus CHP is a solution capable of delivering the existing campus 
demands and leveraging its location to support Midwest and West campus expansion as 
detailed in Section 5 of this Feasibility Study.   The CHP requires between 39k and 96k 
square feet of land and can be located anywhere within the Midwest campus.  OSEP will 
collaborate with the University to minimize impact and optimize the footprint within an 
agreed upon location. 

As an option, the cooling towers can be replaced with an air-cooled condenser (ACC).  
This would result in the following impact to price and performance of the CHP: 

Water-
Cooled 

Condenser 
Air-Cooled 
Condenser 

Incremental 
Value 

Percent 
Increase 

CHP CAPEX (MUSD) $139.6 $144.8 $5.2 3.7% 

Summer Output (kW) 67,385 65,922 (1,463) -2.2%

Summer Heat Rate 
(BTU/kWh) 8,755 8,949 194 2.2% 

Footprint (acre) 2.14 2.37 0.23 10.6% 

Water Consumption 
(gal/day) 606 365 (241) -39.7%

Additional infrastructure investments will be required to tie-in to the existing utility system. 
A new gas pipeline would be installed between the CHP location and the gas house on 
Olentangy River Road between Lane Avenue and Woody Hayes Drive, which is the same 
line that feeds McCracken. Condensate return from campus buildings will still be routed 
to McCracken. There, the condensate will be treated and combined with RO make-up 
water prior to being pumped to the CHP. A 2nd pass RO system and demineralizer will 
improve water quality to the necessary level for use in the STG, prior to being stored in a 
new demineralized water tank located in the CHP building. A new steam line across the 
river would be necessary to maintain sufficient pressure at eastern campus buildings. The 
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steam line is proposed to be routed along the planned extension of Annie and John Glenn 
Ave across the Olentangy River via a new bridge envisioned in  Master 
Plan Framework 2.0. 

Electrically, the CHP would connect to OSU Substation via Olentangy River Road, 
utilizing the existing duct banks under the river near John Herrick Drive. The new duct 
bank from the CHP to John Herrick Drive would be installed with sufficient capacity to 
connect the CHP to West Campus. If the connection to West Campus Substation is 
considered, new duct banks would be installed south of John Herrick Drive on Olentangy 
River Road, then along Kinnear and Kenny Road to the substation. 

Cost of this additional infrastructure is included in the CHP cost build up as shown in 
Figure 1-2, except for the Annie and John Glenn extension bridge. 

A final case is proposed which offers the same benefits as Case 3, with even greater 
opportunity to support campus expansion. The configuration includes three GTGs, three 
HRSGS, and a larger STG designed to handle the increased steam load. At full capacity, 
this option produces 108 MW.  

The CHP would be designed in two phases. The first phase would include two GTGs, two 
HRSGs, the STG, condenser, cooling tower, and corresponding balance of plant 
equipment (BOP) with provisions for a third GTG & HRSG. The building would also 
include space for subsequent expansion. The additional GTG and HRSG could be 
installed during the second phase  time to be decided by the University - to provide 
additional electrical and thermal output. 

The utility infrastructure investment required during the first phase is $4.2 MUSD more 
than Case 3 due to increased cost of BOP equipment and a larger building to support the 
third gas turbine. Given the fuel supply limit of 950 MMBTU/h, the third gas turbine would 
require an upgrade to the campus gas supply system. A high-level cost to increase the 
natural gas supply to 1,300 MMBTU/h was estimated at $25 MMUSD by Columbia Gas. 
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Environmental - Noise 

OSEP has considered OSHA regulations for sound emissions and proposes an 
incremental limit of 5 dB(A) for the increase at the CHP boundary relative to the current 
baseline. Additional University requirements regarding noise will be clarified during the 
development phase to determine the level of sound control necessary. 

Environmental - Emissions 

Potential to Emit (PTE) calculations were developed for particulate matter (PM), sulfur 
dioxide (SO2), nitrous oxides (NOx), carbon monoxide (CO), volatile organic compounds 
(VOC), and carbon dioxide (CO2). The calculations estimate the tons per year (tpy) 
emitted assuming the CHP runs fully loaded year-round including duct firing (hypothetical 
highest emissions case). GTG and HRSG duct burner emissions factors were used to 
evaluate the emissions levels upstream of the NOx and CO/VOC catalysts. To be 
conservative, the emissions are calculated at an ambient temperature of 30 °F, where 
the GTG exhaust flow and corresponding emissions flows would be the greatest. The 
effectiveness of the catalysts is assumed to be 85% for NOx and CO and 50% for VOC. 
Additional emissions because of startup/shutdowns and use of secondary fuels are also 
considered. The PTE calculation for the Solar Titan 250 and SGT-600 is shown in Figure 
2-8 below.

Figure 2-8: Emissions calculations

rate (SER) thresholds except for particulate matter (PM10 and PM2.5) and greenhouse 
gases (represented as carbon dioxide equivalents). Exceedance of the CO2 Major NSR 
SER threshold does not trigger a major modification if all other criteria pollutants do not 
exceed their respective Major NSR SER threshold. To avoid major NSR and to offset the 
PTE for PM10 and PM2.5, emission reduction credits would be required. The retirement 
of Boilers #1 and #5 provides a credit to the PTE values based on the Baseline Actual 
Emissions (BAE). The BAE credit is calculated from the greatest two-year average annual 
emissions in the 10-year lookback period for the two boilers to be retired. In 2013-2014, 
the total PM averaged 2.53 and 5.39 tpy for Boilers #1 and #5, respectively. The total 
emissions credit of 7.92 tpy for PM yields a net PM10 and PM2.5 emission increase of 
9.61 and7.37 tpy for the Solar and Siemens configurations, respectively. 
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The Net PTE is below the Major NSR threshold for PM, hence the CO2 NSR threshold is 
excluded from evaluation and based on our review of the permit approval process in Ohio, 
the allocated time for obtaining the required permit should be 9-12 months. 

Project Implementation Strategy 

There are several project delivery methods available which ENGIE considers and deploys 
globally based on project risk profile.  OSEP, in consultation with the University, will 
develop the project implement strategy and delivery method prior to execution based on 
optimum risk profile. The CAPEX calculations in this Feasibility Report are based on a 
turnkey, EPC delivery method.   

The campus being an active community with seasonal traffic and critical utility services 
will require complex coordination during the CHP implementation. ENGIE Services 
personnel on campus will be utilized to coordinate construction activities and minimize 
impact to the University. Construction sequencing and equipment/supplies shuttling has 
been proven in urban congested areas and will be utilized in the CHP construction. The 
project logistics cost and schedule have been considered in the feasibility study.  A 
detailed logistics plan will be developed in advance of construction and 
shared/coordinated with the University to minimize impact to the campus. The logistical 
c

Offsite laydown and erection areas for equipment and materials

Double handling and trucking during low volume traffic periods for transportation

of small equipment and material for erection. Just in time delivery of OEM supplied

large equipment directly to the site to minimize double handling.

Craft productivity for double handling and delays due to campus event scheduling

(i.e. home football games, graduation, and other special events),

CHP steam/condensate, natural gas and electrical utility services will be tied into

the existing campus facility system during planned outages which are scheduled

during the off season (i.e. steam lines and natural gas during summer break)

Construction fencing will be installed around the perimeter of the project to ensure

public safety and secure the site

A lifting plan will be developed to coordinate the use of stationary and mobile

lifting equipment with campus activity

Labor trailers to be off-site with shuttle transportation.

A live-cam can be made available for live observation of construction activities to

the campus community.
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Project Implementation Organization  

The Project organization with their respective functional responsibility is shown in Figure 
2-9 below. The leadership team is structured for single point accountability with direct
responsibility under the Project Manager.  Except for the Operations Manager  who is
going to be from the ENGIE Services team on campus  the project implementation team
will be provided by ENGIE North America.

Project Manager - direct responsibility for coordination with OSEP and the

University administration, 

(OE) contracts required for the project. The subcontractor project managers will

report directly to the Project Manager.

Construction Manager - responsible for on-site monitoring project activities to

assure the full compliance with performance, quality, safety, and

environmental standards.

Project Engineer - responsible for all aspects of the engineering and design of
the project, including but not limited to selection of major equipment (technically),
provide technical data for regulatory compliance (i.e. environmental permitting,
interconnection), design of facility including interface to existing systems.
Contract Manager - responsible for all aspects of contracting/procurement and
administration of project contracts/POs, including but not limited to securing major
equipment (commercial), EPC Contract (commercial), and OE.
Operations Manager - responsible for coordinating with the University, staffing,
training, and organizing the operations resources in preparation for the takeover
of the facility on the Commercial Operation Date. The Operations Manager will
also be responsible for administering all Post-COD obligations.
Corporate support of the following areas will be administered from the ENGIE
North American offices:

o Accounting/Finance  cost control and reporting
o Environmental  secure permits and develop permitting compliance

process
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OSEP has taken the difference between operating and maintaining the boilers and CHP 
under consideration and based on a high-level assumption, determined the delta. The 
delta for equipment parts, consumables and utilities required to operate and maintain the 
CHP are included in the non-fuel variable operation and maintenance (VOM) cost. The 
incremental O&M labor is included in the fixed operation and maintenance cost (FOM). 

Transmission services associated with the CHP operation is included in the ISO 
capacity/ancillary price. 

Schedule 

The CHP project schedule covers activities from development approval through start of 
commercial operation. Development process is in accordance with University 
requirements to provide a ready to execute package for approval. Project package will 
include but not be limited to firm CAPEX price, negotiated EPC or other construction 
contracts, financing, evaluation of non-environmental regulatory requirements, 
environmental permit (application, modeling, public notice (if required) and permit 
language, interconnection agreement (completion of the Facility Study which will identify 
risk) and detailed operation cost. 

The total project schedule is 36 months which consist of a 14-month development period 
and 22-month implementation (including 12-month construction and 2 months 
commissioning).  The 36-month detailed schedule provided in Appendix G is based on 
the following activities: 

Development Phase

o Selection and negotiation of Owner s Engineer and Environmental Consultant

o Identification of Implementation Contractors

o Selection and negotiation of purchase contract for owner supplied major
equipment (release contingent on  final approval) for selected
site

o Development of project delivery method and project schedule
o Owner s Engineer development of sufficient design for firm pricing, or, project

functionality development and selection of EPC contractor, depending on
project delivery method.

o Contractor selection and establishment of firm pricing, negotiations of all

o Interconnection Agreement
o Receive air and other environmental permits (Minor Permit Amendment)
o Architectural design approval during development period
o Develop and finalize detailed project schedule
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o Assist/work with the University for communications, public outreach, and
stakeholder management.

Implementation Phase

o Detailed design for construction
o Detailed Commissioning and Testing Plan
o Procurement of owner-supplied major equipment
o Detailed safety, security and quality programs
o Construction and project management teams site
o Construction with 10-hour days, 5 days a week (5x10)
o Stakeholder management
o Local and state agency management in collaboration with related departments

of the University

Activity Start Completion

University CHP Development Approval Jun 2018 

Owner Engineer Selection Jun 2018 Jul 2018 

Environmental Consultant Selection Jun 2018 Jul 2018 

Interconnection Process Jun 2018 Aug 2019 

Air Permitting Process Jun 2018 Jul 2019 

Implementation Contractor Selection Sep 2018 Jan 2019 

Final Package to the University Aug 2019 

University Approve CHP Implementation Aug 2019 

Order Major Equipment Aug 2019 Oct 2019 

Detailed Design Aug 2019 Apr2020 

Mobilization to Site Mar 2020 

Construction Period Mar 2020 Jun 2021 

COD Jun 2021 

 Figure 2-10: Project milestone schedule

Comparison to Burns and McDonnell CHP Case 

The CHP configuration proposed by Burns & McDonnell in the 2014 Infrastructure Master 
Plan Update includes two Solar Titan 250 GTGs and two HRSGs with supplemental firing 
to produce steam for process use. The key difference between the Burns & McDonnell 
co -
condensing STG and the additional equipment required for the steam turbine operations. 
Burns and McDonnell considered consistent wind energy production across all months in 
their analysis.  Based on historical data, wind production from the wind PPA is lowest 
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during the summer when campus electric load is highest.  CHP without a STG would have 
to be turned down during the summer  when the demand for power is highest - to match 

highest economic value, operational flexibility, reliability and optionality. 

Heating and power loads have opposite seasonal peaks on Campus. Heating is at a 
minimum during the summer while electric-driven cooling is at its peak. Conversely, when 
steam usage peaks in the winter, electric loads are at near minimum. Without an 
extraction-condensing STG the electric and thermal production of the CHP are chained 
together, restricting the ability of the CHP to produce one service independent of the 
other. The OSEP configuration is not encumbered by this restriction. When the campus 
heating demand is low, steam can be utilized to produce more power. 

The importance of flexibility is compounded given the nature of the Concession 
Agreement. ECM implementation will steadily decrease campus energy consumption, 
while expansion and campus growth will act as a restoring force. Design versatility is 
required not only to handle variability in seasonal loads, but also the uncertainty of future 

situation of significant thermal load reduction. Because OSEP will be managing the EUI 
reduction, it has visibility into ensuring the CHP design is the best long-term fit for the 
University. 
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3.0 COMMERICAL EVALUATION 

Ohio State Energy Partners developed multiple CHP configurations with the focus on 
maximizing value, increasing reliability and resiliency and mitigating supply cost risks 

tprint.   

The summary of the results for the multiple solutions are provided in Figure 3-1 below. 
While Case 2 (North of Smith) provides substantial improvement to its predecessors, Case 
3 provides a larger value creation and other incremental benefits including the 
establishment of a new anchor for the central utility plant on Midwest campus and 
economic viability of a more efficient district energy network considering expansion of 
the Midwest campus. Finally, Case 4 is an enhanced version of Case 3 with built in 
optionality that preserves substantial upside with respect to campus expansion. 

Note 1: Value of added resiliency has not been included in the NPV calculation
Note 2: Added value of a district heating and cooling network in Midwest campus supplying existing and future buildings is
included in Case 3 and Case 4.
Note 3: Additional option value of adding a 3rd turbine of approximately  (resulting from West expansion) not included
in the Case 4 NPV above
Note 4: All cases assumed Wind PPA to be expired in 2032 and replaced by grid purchase thereafter
Note 5: All cases assumed a reasonably higher estimate of grid procurement costs (relative to As-is) for residual electric demand
(due to volume shrinkage) after the installation of the CHP. See section 1.4 for details
Note 6: The incremental benefits of $34 million from Midwest DHC under Case 3 and 4 assumed, and net of, an incremental
investment of $10 million (total $80 million in DHC vs. $70 million investment in building level thermal under status quo)

Figure 3-1: Summary of optimized cases provided by OSEP
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Figure 3-4: Payback Period for Case 2 is realized in approximately 9 years using 20-yr Recovery Period for the Variable Fee. 

Figure 3-5: Payback Period for Case 4 is realized in approximately 11 years using 20-yr Recovery Period for the Variable Fee.

Sensitivity Analysis Around Market Curves 

Figure 3-6 below provides a sensitivity analysis around the base case power and natural 
gas curves that OSEP utilized in its valuation. The analysis below concludes that the 
reduction in real LCOE is expected to be at least % - under an ultra-conservative and 

 (assuming the commodity prices 
do not vary more than +/- 20% of the base case across 25 years).  
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Case 2: Annual and Cumulative Net Utility Savings

Annual Utility Savings Annual Incr. Variable Fee Annual Net Savings Cumulative Net Savings
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Case 4: Annual and Cumulative Net Utility Savings

Annual Utility Savings Annual Incr. Variable Fee Annual Net Savings Cumulative Net Savings
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Operational Flexibility to Respond to Market Conditions 

Equally as important as supply cost savings, the design of the CHP facility, with 
supplemental duct firing and a condensing/extracting steam turbine, lends itself to 
significant operational flexibility to independently balance the power and steam demands. 
The facility will be dispatched in an economic manner, factoring the marginal cost of 
electrical and thermal production and market prices of energy and ancillary products, 
while also adequately satisfying campus thermal demands. In a high electricity price 
environment, the CHP facility can throttle down the amount of process steam extraction 
so that the same steam can be routed through the steam turbine to produce electricity. 
This mechanism can be used as a peak-shaving strategy which reduces the exposure to 
more expensive electricity purchased from the market and can also be offered for sale, 
as an additional stream of revenue, in the PJM markets to take advantage of these high 
prices. The steam shortfall resulting from this diversion can be supplemented by existing 
boilers. 

As an example, for the given month of June with low thermal demand, during the of-
peak hours when the CHP has a surplus capacity, the CHP dispatch can be turned down, 
as shown in Figure 3-9 below. 

Figure 3-9:  Wind generation for the month of June 

3.2 Reliability and Energy Resiliency 

campus infrastructure.  The proposed CHP solutions will provide with certainty, a reliable 
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and secure source of generation should the supply of electricity from the grid to the 
University be disrupted due to unforeseen events, such as natural disasters and/or terror 
threats.  The implementation of the proposed CHP project will form the cornerstone of a 
strategy that will provide for a reliable and resilient energy solution with the ability to 
operate disconnected from the PJM grid and the ability to re-synchronize to the grid. 

Electrical Resiliency & Reliability 

The abundance of inexpensive natural gas and its low carbon footprint allows for 
dispatchable generation using proven gas turbine CHP technology. By optimizing the size 
of the CHP facility, the minimum critical electrical loads (medical, research, administration 
defined as critical loads) 
thermal load throughout the year as shown in Figure 3-10 below. 

Figure 3-10:  Critical loads are met using optimized CHP solution 

Unlike the Blue Creek Wind generation (which is accounted for in the generation stack), 
the CHP facility will be operated in a dispatchable and flexible basis for continuity of 
supply.    
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Table 1: University onsite back-up generation

University on Campus Back-up Generation 

Building Services Number of 
Buildings 

Total Capacity Fuel Type 

Medical 
(Emergency 
Generation) 

26 31 MW Diesel 

Non-Medical (Back-
up Generation) 

47 30 MW Diesel 

73 17 MW Natural Gas 

The medical facilities are the most critical loads on campus as they provide life critical 
services. The facilities represent the  emergency generation at 31 MW. Medical 
facility emergency electric services are governed by NFPA 110 Emergency Generations 
Level 1.  NFPA states that Level 1 systems shall be installed where failure of the 
equipment to perform could result in loss of human life or serious injuries. Error! R
eference source not found. summarizes the main NFPA requirements regarding 
emergency generation.

Table 2: NFPA Requirements - Emergency Generation

NFPA Level 1 

Requirements CHP Configuration 

Permanently installed emergency 
generation 

CHP meets criteria 

Onsite fuel to allow 48 hours of 
continuous operation 

Fuel oil operation option included in CHP 
study. Medical Center expansion project 
architect indicated University Medical 
Facilities would require 96-hour onsite 
storage. 

Emergency generation starts within 10 
seconds of loss of electric power 

If CHP is down for any reason it cannot 
start within the 10 sec criteria.  

Temporary emergency generators in 
place when emergency generators out of 
service 

Temporary electric generator can be 
provided during full plant outages 

Based on the current configuration the CHP is unable to meet the NFPA 110 level 1 
requirements. Therefore, we are assuming that all current and future medical facilities 
will have emergency diesel generation equipment. 

Non-medical critical load requiremen
necessities. Except for extraordinary circumstances, the CHP should be able to provide 
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back-up electric power to the non-medical critical load, thereby replacing the existing 
back-up generators. 

The main operating cost for any generation is fuel and equipment major maintenance, 
the remaining OPEX is minimal. For this evaluation OSEP makes the following 
assumptions: 

Reciprocating engine heat rates are 10 MMBTU/MWh regardless of size or fuel.  

Back up diesel generators operate 60 hours per year. One-hour back-up generator 
test per week and 8 hours of Back up operations 
Diesel fuel $22/MMBTU 
Natural gas $3/MMBTU 
Diesel back-up generator average size 600 kW 
Natural gas back-up generator average size 222 kW 
600 kW unit major maintenance cost per unit $1k/yr  
222 kW unit major maintenance cost per unit $0.350k/yr 

Since the current CHP configuration does not meet the medical facility regulatory 
requirements, OSEP assumes only non-medical critical load back-up generators will be 
displaced by the CHP.  

Table 3 is a summary of the cost savings of displacing non-medical back-up generators 
with the CHP on existing buildings. 

Table 3: Existing Building Back-up Generator Cost Savings 

Existing Building Back up Generator Cost Savings (2017 $ )

Diesel during test 
$       322 KUSD 

Diesel during back up 
operations 

$           1KUSD 

Annual Major maintenance 
$        47 KUSD 

Natural gas during test 
$        26 KUSD 

Natural gas during back up 
operations 

$          0 KUSD    

                       (Note 1)

Natural gas during back up 
operations $         26KUSD 

Total Annual Cost $     422 KUSD 

Note 1  natural gas price during back-up operations is considered to be negligible 

The CHP will not require weekly testing. During the eight hours of back-up operation, the 
fuel cost would be: 
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 = $ 8KUSD 

Based on the OPEX cost (adjusted for CHP fuel cost during back-up operations) the 
University would have a net savings of around $414 KUSD annually by utilizing the CHP 
to serve the non-medical critical loads for existing buildings. 

The University Master Plan indicates new buildings in Midwest Campus and several 
building expansions on Main Campus that will require back-up generation. The CHP will 
be able to meet theses loads, avoiding capital expenditure to the affected buildings. 
OSEP has made the following assumptions to calculate capital expenditure: 

3 buildings classified as critical load buildings 
Average electrical load of each building 1445 kW 
Capital cost for installing 1445 kW diesel back-up generator $384 KUSD  

Capital avoided cost for new and expansion buildings: 

 = $1.2 MUSD 

OSEP used the same assumptions as existing building OPEX except average back-up 
generation capacity of 1445 kW and $3000/unit annual major maintenance cost. 
Operational expenditure savings on new and expansion buildings is summarized in Table 
4 below.

Table 4: New and Expansion Back up Generator Cost Savings 

New and Expansion Back-up Generator Cost Savings (2017 $ )

Diesel during test $       50 KUSD 

Diesel during back up 
operations 

$         3 KUSD 

Annual Major 
maintenance 

$          9 KUSD 

Total OPEX $        62 KUSD 

The CHP will not require weekly testing. During the eight hours of back up operation, the 
fuel cost would be calculated using the following formula: 

 = $ 0.710 
KUSD 

Based on the avoided CAPEX and OPEX cost savings (adjusted for CHP fuel cost during 
back up operations) the University would have an avoided $2.11 million CAPEX cost and 
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hedge plan could include energy, capacity, 
ancillary components priced at market, 
hedged on a rolling 5-year basis, net of CHP 
and generation. Based on the hourly 
electricity load profile and the projected 
output of the CHP plant ENGIE could provide 
a solution to hedge the residual power 
exposure (~30%of requirement). The 
University could also consider hedging 
forward blocks of power for a rolling 1 month 
to five-
(Figure 3-13) strategy is useful for those customers that want some level of price certainty 
without incurring a risk premium associated with load-following, fixed price supply 
contracts. 

Based on the OSE -diligence to date, it believes that a combination of medium-
term to long-term customized rolling natural gas hedges, combining both physical and 
financial, could achieve economic budget certainty and a compelling supply risk 
management solution for the University.  

3.4 Sustainability  

According to a study released by the US Energy Information Administration, the state of 
Ohio is the 5th largest producer of CO2 emissions and the 20th largest producer of CO2

emissions per capita shown in Figure 3-14 below.  Ohio  grid reliance on coal-fired 
electricity  59% of net electricity generation as of June 2017  drives the production of 
air pollution that negatively affects the environment and the quality of life for current and 
future Ohio residents. 

Figure 3-13: Hedge solution to reduce 

exposure to commodity pricing
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Figure 3-14: State of Ohio is 5th largest producer of CO2 emissions

Installation of the clean and efficient natural gas fired CHP will significantly reduce the 
carbon footprint of the University. The reduction comes from two sources: 1) Improved 
efficiency in the production of steam and electricity through cogeneration, and 2) Offset 
of carbon-intensive (coal) Ohio grid electricity with natural gas. The CO2 reduction 
estimate considers net effects of campus EUI reduction, campus expansion, and the 
procurement of wind from Blue Creek. Over the first twenty-five years of the project, the 

The 2015 Energy Information Administration (EIA) CO2 emission factor for the state of 
Ohio, in pounds of CO2 generated per MWh produced, determines the carbon footprint 
of imported electricity. Annual grid emission factors are interpolated between the 2015 
value (1,511 lb. CO2/MWh) and the targeted 2030 value (1,190 lb. CO2/MWh) from the 
Public Utilities Commission of Ohio (PUCO). Subsequent values after 2030 assume the 
same linear reduction for the duration of the analysis. Imported electricity associated with 
the Blue Creek wind contract is considered CO2 neutral. 

Reduction in imported electricity is offset by an increase in fuel consumption in the CHP. 
The carbon footprint of natural gas combustion is 117 lb. CO2 per MMBTU of fuel. Fuel 
usage has been broken into two components for comparison, fuel chargeable to steam 
and fuel chargeable to power. Fuel chargeable to steam is the measure of the fuel that 
would be consumed in a boiler to produce a specified amount of steam. Because the 
steam load is the same regardless of whether a CHP is installed, the fuel chargeable to 
steam is also the same. For the CHP, additional fuel consumed above the fuel chargeable 
to steam is denoted as fuel chargeable to power. 

A summary of the analysis for the first year of operation of the CHP is detailed in Figure 
3-16 below. 
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        Figure 3-15: 38% CO2 reduction by 2021 with CHP 

Campus Energy Consumption

Figure 3-16: Wind procurement is not sufficient to offset campus load

Wind procurement is not sufficient to supply more than 25% of the power the University 
consumes as illustrated in Figure 3-16 and is not dispatchable.  As a result, the campus 
must draw a large majority of its current power from the PJM grid.  The CHP Project 
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natural gas, a fuel source that is not only more economical than coal, but also cleaner, 
producing up to 48% less CO2 emissions for the same amount of electric production.  The 
proposed CHP is expected to reduce CO2 emissions by 1.3 million tons by 2032 and 2 
million tons by 2045, which is equivalent to the following: 

Figure 3-17: EPA greenhouse equivalencies (https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator)

The Peak campus loads as illustrated in the table above can be filled with the procurement 
of green energy and/or the procurement of Green E-
carbon footprint. 

Offsite Renewable Procurement 

An Offsite Renewable procurement strategy by itself provides less carbon offset than a 
strategy combined with a CHP solution (Table 5), is not economically attractive (Table 6), 
and lacks other benefits: 

Does not provide for the reliability or resiliency that the University desires due to 

the intermittent nature of renewable generation  

Wind generation is high in the winter and low in the summer which is opposite of 

campus electrical load requirements   

Renewables have a much lower energy generation intensity (i.e. generation is not 

base load) 

Renewable projects do not provide for thermal generation 

Renewable projects are not dispatchable into the market 

In front-of-the-meter commercial scale renewable generation does not eliminate 

the delivery as well as other non-energy charges (such as ICAP and ancillary) for 

the University. For example, the delivered cost of energy for solar with $35/MWh 

PPA price would be around $64/MWh compared to a CHP LOCE of ~ $47/MWh 
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Table 5: Carbon Reduction Totals CO2

Carbon Offset Comparison (2021) by Alternative Energy Sources

As-is + incremental 50 MW Offsite Solar* 15% 

As-is + incremental 50 MW Offsite Wind* 21% 

Proposed CHP Solution + Grid Procurement 38% 

Proposed CHP Solution + REC** Procurement 41% 

* As-is includes existing Blue Creek wind contract 

** Renewable Energy Credit 

Table 6: Delivered Cost of Energy for Solar PPA, assuming a $35/MWh PPA price, much higher than $50/MWh 

Solar: All-in Delivered Cost of Energy $/MWh 

Solar Commodity PPA $35.0  

PPA Capacity Tag $5.2  

Ancillary, RPS, Shape costs, others $10.1  

Utility Delivery Costs $13.7  

Estimated Delivered Cost of Electric Energy $64.0  

As demonstrated above, the proposed CHP solution, coupled with REC (Renewable 
Energy Credit) procurement for the residual energy (net of CHP), provides for largest 
carbon offset in the most economical way. OSEP does understand the importance of the 

energy when technically and economically feasible. The section below further discusses 
a more long-term viable path to a complete carbon neutrality.   

Bridge to Achieving Carbon Neutrality

The University has set a goal to achieve carbon neutrality by 2050.  Implementing this 
ambitious goal is currently cost prohibitive due to a lack of affordable and scalable 
technology (e.g. alternative energy solutions for thermal energy storage) capable of 

.  A CHP plant can provide a bridge to the 
future by balancing the trade-off of emissions reductions while achieving long-term 
economic returns and providing the campus with reliable energy. The CHP solution, 
coupled with ECM, can provide about 50% carbon reduction most economically in 
the near term. Integration of CHP will also enable the ability to convert from steam to 
hot water system for heating as detailed in Appendix N.  However, to meet the carbon 
reduction goal, OSEP in collaboration with the University, will develop creative solutions 
such as a second phase of ECM implementation11 beyond the requirements in the 

11
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4.0 OTHER TECHNOLOGIES 

4.1 Behind the Meter Solutions 

Onsite Renewables 

Onsite natural gas fired cogeneration represents the optimal solution to meet the energy 
demands of the university in a cost-efficient manner. Alternative energy sources either 
cannot meet the capacity demands of the university or are not financially viable. Behind-
the-meter solar generation is limited in capacity and would not be able to meet campus 
electricity demands. A solar farm with the same capacity as the average campus load 
would require a footprint of 700 acres of land (and circa $300m worth of battery storage 
system). Systems such as fuel cells lack maturity and scale, so they are limited in capacity 
and are twice as expensive on a $/kW basis compared to a natural gas CHP. The key 
advantage of a CHP is the ability to deliver significant electrical and thermal energy 
simultaneously in an efficient and dispatchable manner. While renewable options must 
be oversized due to low capacity factors and require batteries to circumvent dispatch 
concerns, a CHP can be optimally sized to match a specified load. 

Storage  

In recent years, battery storage has been coupled with other technologies to help store 
renewable and conventional energy to increase energy availability when generation is 
greater than demand; however, this is a nominal increase due to market viability (see 
illustration below).  Currently, these renewables plus storage systems is a capital-
intensive solution on a $/kW basis to maintain resilient and continuous operation and is 
only viable in certain markets with significant state and local subsidies as illustrated in Fi

Figure 4-1: Combination of storage and solar are viable in certain markets
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5.0 MIDWEST & WEST CAMPUS DHC 

 growth plans with Framework 2.0, a district heating and 
cooling network (DHC) in the Midwest and West campuses would generate significant 
savings as well as carbon reduction compared to in-building heating and cooling solutions.  

The following methodology 
and West campuses, separately.  Detailed cost build-up and calculations can be found in 
Appendix K. 

Table 5-1: Impact of DHC on CAPEX and OPEX 

No DHC DHC Net Result 

Existing 
buildings 

As is Capital cost of heat exchangers and 
necessary piping added to calculation 

CAPEX added to DHC 
solution 

Existing 
buildings 

O&M cost DHC will reduce O&M costs - OPEX subtracted from DHC 
solution 

Existing 
buildings 

As is Optimized chilled & hot water network 
subtracted from fuel and power 
cost 

Network As is CAPEX cost of installing new piping. 
$25m existing steam pipe replacement 
avoided.  
(Note 1) 

, 
$25m avoided cost subtracted 

Network 
Connections 

N/A Costs of crossing Olentangy River & 
315 are included in CAPEX 

CAPEX added to DHC 
solution 

New 
buildings 

Heating & cooling 
equipment CAPEX 

New central chiller plant adjacent to 
CHP 

+  CAPEX added to DHC 
solution 

New 
buildings 

O&M cost DHC will have minimal incremental 
O&M cost 

-
solution 

New 
Buildings 

Latest thermal 
efficiency equipment 

Optimized chilled & hot water network 
subtracted from fuel and power 
cost 

New 
Buildings 

Back up Diesel 
Generation 

DHC and CHP provide electricity in 
back up situations 

Avoided CAPEX of diesel 
generators 

New 
technology 

Very limited potential Significant potential to take advantage 
of solar, geothermal, or any new 
technology that can be applied to the 
low temp hot water network, or chilled 
water network. 

Very high potential but 
quantification is subjective.  
Therefore, financial value not 
included at the moment. 

Peak load In-building equipment 
sized for peak load, 
operating at part load 
most of the year with 
suboptimal efficiency 

System operates at high efficiency 
with incremental central equipment 
going in and out of service as needed. 

subtracted from fuel and power 
cost. 

Redundancy In-building equipment 
requires 2N 
redundancy, resulting 
in rarely utilized capital 
investment 

N+1 redundancy -
DHC 

Note 1: Existing steam and condensate lines will be abandoned in place and vaults decommissioned 
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The methodology used for the West Campus DHC is also very similar to the one used for 
Midwest campus. 

A Midwest campus-located CHP coupled with a new chiller plant would be the anchor for 
this infrastructure. The CHP would provide sufficient thermal capacity to heat all existing 
and planned buildings on Midwest and West campus, while still delivering steam to main 
campus in the amount specified in the table below This integration unlocks synergies in 
O&M cost reduction, EUI reduction (although will not count toward 
EUI calculation) and lays the groundwork for the conversion of existing Midwest campus 
steam networks to hot water12. The alternative to a West Campus DHC is building-level 
heating and cooling which is sub-optimal in terms of carbon footprint, energy costs, and 
O&M costs.  Detailed cost calculations along with network map for the West Campus DHC 
is illustrated in Appendix K. 

Excess Capacity  Main Campus (kpph / million sq. ft) 

Configuration 2x1 3x1 

Average Conditions 137 / 18.6 234 / 31.8 

Peak Conditions 45 / 6.1 142 / 19.3 

Although a total expansion of 5.8 million square feet during a fifteen-year period to 
Midwest and West Campus is possible, only the Midwest campus expansions 
(Interdisciplinary Research and Academic Research in Midwest Phase I and Phase II) are 

considered for the evaluation of Case 3 and Case 4. Average building electrical, heating, 
and cooling loads were projected using EIA guidelines and historical data from 
representative buildings on campus. 

The structure of capital injection also differs between the two options. Upfront investment 
is required for the centralized DHC system, while building-level heating and cooling 
leverages a linear employment of capital as campus expands (see Figure 5-1).  

Centralized utilities provide major savings in the ongoing Operation and Maintenance cost 
with lower staffing, maintenance and lifecycle cost than individual building utilities. 
Fulltime equivalent employees (FTE) for centralized utilities will be 33% of the individual 
building utility systems as most of the O&M activities will be performed by existing 
employees. While centralized heating and cooling equipment have higher upfront costs, 
they provide higher economies of scale and have longer useful life resulting in lower cost 
over the life of the facility.  

12
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Centralized heating and cooling unlocks additional value through efficiency improvements 
and corresponding EUI reductions.  A centralized system can sequence the operation of 
equipment such that the load is carried by units near base load capacity. An estimated 
30% reduction in chilled water electrical consumption is expected when compared to 
building-level cooling.

Figure 5-1: Cumulative CAPEX over time: Centralized DHC system vs. Building Level Thermal (Case 3 & 4)

Figure 5-2 below shows the benefits of a Centralized heating and cooling system in terms 
of operational savings that makes Case 3 & 4 (an enabler of a centralized heating and 
cooling system) more economically attractive, despite higher CAPEX, than other cases.  

Figure 5-2: Annual O&M Savings & Synergies: Centralized DHC system vs. Building Level Thermal (Case 3 & 4)
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6.0 MCCRACKEN RETIREMENT EVALUATION 

McCracken Utility Facility Retirement 

McCracken Power Plant (McCracken) is the oldest utility facility on campus housing 
boilers, chillers, air compressors, and office space for staff. OSEP evaluated the feasibility 
of retiring utility equipment in McCracken such that the facility can be repurposed by the 
University. Two strategies are explored: 

1) Retirement of equipment either at the end of lifecycle, or sooner if practicable, or, 
2) Accelerated retirement of equipment for earlier repurposing of McCracken.  

Load growth was projected by considering future campus expansions and the impact of 
ECMs. The necessary Utility System upgrades to enable retirement in each scenario while 
maintaining system redundancy are detailed in the following sections. 

Chilled Water Evaluation 

Currently, the three utility chilled water networks (McCracken, South, East) are operated 
independently of one another. The McCracken and East networks are connected, however 
the point of interconnect is isolated. Connecting the networks (in Five-Year Plan as 38-
22-LFC Chilled Water Optimization) will enhance the system redundancy, improve 
production efficiency, and will help enable the retirement of McCracken chillers by 

displacing lost capacity with the two remaining chilled water plants. The East and South 
Chilled Water Plants have space provisions available to increase capacity by 2,500 and 
10,000 tons, respectively. In combination with the connection of the chilled water 
networks, additional ECMs will reduce the chilled water load of existing buildings by 18% 
over the next ten years. Increases in chilled water load for the Academic Core, Advanced 
Materials Corridor, Arts District, Northeast Oval, and Medical Center expansions are 
accounted for in the analysis. Chilled water loads due to expansion on Midwest and West 
campus will be covered by the future installation of chillers on Midwest campus. 
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Figure 6-3: Chilled Water Production (2021 Retirement Strategy)

Chilled Water Evaluation Conclusion 

As can be seen in Figure 6-2 and Figure 6-3 above, only 4,000 tons of additional cooling 
capacity will be required to enable the retirement of McCracken after building East and 
South Chiller plants up to their design capacity.  This additional 4,000 tons of chilled water 
can be produced with a new chiller elsewhere on campus, geothermal wells, chilled water 
storage, or a combination of the above.  Therefore, the chilled water analysis concludes 
that McCracken can be retired in 2027 or even earlier, in 2021 (accelerated). 

Heating Evaluation 

McCracken is the primary heating source for the Utility System. The proposed CHP facility 
will add 250 MMBTU/h of heating capacity, allowing the retirement of two boilers while 
maintaining N-1 capacity. ECMs for steam consumption will greatly offset the increase in 
steam load expected due to the Medical Center, Arts District, and Cannon Drive expansion 
projects as shown in Figure 6-4 below. 
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in 2045. Once the final McCracken boiler is retired, the N-1 criteria is based on the future 
heating sources. 

Similar to the McCracken chillers, the retirement of boilers can be completed prior to the 
exhaustion of equipment life. Figure 6-6 displays the required installation timing to 
facilitate the retirement of McCracken in 2035. This process will be more difficult than the 
chilled water retirement acceleration due to a lack of existing assets to provide for the 
remaining heating load.  

Figure 6-6: Heating Production (2035 Retirement Strategy)

Heating Evaluation Conclusion 

Figures 6-5 and 6-6 illustrate the need to install 29013 MMBTU/h of heating capacity to 
retire the McCracken boilers. This capacity can be generated by a diverse set of 
technologies including hot water heaters, geothermal wells, heat pump chillers, and hot 
water storage. Under a natural retirement scenario, this would occur in 2045. An 
accelerated retirement in 2035 is also viable.  
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Cost Estimate 

To fully realize the capability to repurpose McCracken, the following cost considerations 
are necessary: 

Note 1: Hot water boiler total installed cost is $10.6MUSD, the cost to install steam boilers is $21.2 for a net savings 
of (-$10.6) 

Accelerating the retirement of McCracken assets prior to the end of their lifecycle will 
incur value loss. Complete retirement of McCracken chillers in either 2021 or 2027 would 
result in a loss of 6.0 and 2.7 MUSD, respectively. McCracken boiler retirement in 2035 

or 2045 would cause a loss of 5.0 or 3.0 MUSD, respectively.

Summary and Recommendation 

As detailed in this section, many options exist to replace the existing heating and cooling 
capacity installed in McCracken. Retirement of the chilled water system is achievable as 
early as 2021, or in 2027.  Retirement of the steam system on the other hand requires 
investment in new heating sources and possibly conversion of campus steam system to 
heating hot water.   

To evaluate the feasibility of the repurposing of McCracken in more detail and certainty, 
a more detailed study is required. OSEP proposes performing a feasibility study to develop 
a long-term strategy for the Utility System that delivers the greatest value for the 
University. 

McCracken Retirement Cost Summary ($ million) 

Replacement of McCracken steam boilers with hot water heaters at Midwest 
campus facility 

$6.30

Chilled water storage tank with distribution piping $2.00 

Interconnection of chilled water loops $6.00 

Conversion of steam to hot water distribution  $25.00 

Conversion of existing primary steam heat exchangers to primary hot water 
heat exchangers 

$16.90 

Conversion of Schottenstein arena from central steam/hot water to local gas 
water boiler 

$2.00 

Conversion of building steam humidification systems $4.00 

Replacement of steam heat tracing and cooling tower basin heaters $0.38 

Total $ 62.58 
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7.0 CONCLUSIONS AND RECOMMENDATION 

7.1 Results and Value Proposition 

The detailed feasibility study for the University concluded that the on-site CHP facility is 

can 

simultaneously reduce or even eliminate the reliance on high-priced retail electricity 

providing for maximum economic value and mitigating 

commodity price volatility, thereby making operational costs more predictable. The 

analysis conducted by OSEP took into consideration the case provided by Burns and 

McDonnell and further optimized the configuration based on size and location to address 

future campus expansion.   

Figure 7-1: Full Expansion with addition of a 3rd turbine could create value up to $269 million in NPV savings 

A full expansion (Midwest plus West) will result in $214 million NPV savings under Case 
3.  The Case 4 has an option 6 million over the Case 3; however, Case 4 
would preserve an additional upside of $61 million NPV savings ($55 million net of 

269 

62 

86 
13 

53 

61 

6 

Burns and

McDonnell

Design

Optmization

(Case 2)

Location

Optimization

(Case 3)

Expansion

Upside

(Case 3)

Case 4

Option

Premium

Case 4

Option

Value

Total

Maximum

Value

Value Addition Through Optimizations and Option 

Preservation ($million)

Case 3 Max

Case 4 Max

CONFIDENTIAL

SC-Set 2-RFP 1
Public Version



The Ohio State University

Combined Heat and Power Project

7-8

additional Case 4 option premium over Case 3) or a total realizable value of $118 from 
West campus expansion, as shown in Figure 7-1 above. To conclude, the Case 4 can 
create up to a total of $269 million in value considering the West Campus expansion and 
addition of a 3rd turbine (net of addition of 3rd turbine capex).  

Figure 7-2: Recommended cases based on technical and economic viability 

Figure 7-2 above illustrates that all cases provide varying degrees of resiliency and 

reliability regardless of size, configuration or location. The Burns and McDonnell solution, 

albeit reliable, lacks commercial and operational flexibility and less economic benefit than 

Cases 1-4.  Case 1, due to lower efficiency, higher $/KW CAPEX and higher LTSA costs 

from the Solar Turbine (Titan 250) does not provide the University with the most 

economic benefit. 
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Figure 7-3: Recommended cases provide for best LCOE 

To conclude, from a Levelized Cost of Energy (LCOE) viewpoint in Figure 7-3, all options 

are less than the as-is baseline case that the University is currently achieving.  LCOE for 

the recommended cases 2 and 4 are around  lower than the University 

baseline.  The utility cost savings (in NPV) the University will realize ranges 

from $147M to $154M (Recommended Cases 2 and 4) over the life, net of 

Variable Fees. In additional to the above, Case 4 preserves the full upside of $114 

million NPV from West Campus expansion.  

OSEP has provided an analysis for different cases that include multiple configurations, 

technologies and locations toto offer the University a holistic view on reliable and resilient 

CHP solutions.  The cases allow for optionality, enhanced energy savings and operational 

flexibility while also having a substantial positive impact on the CO2 footprint 

(38% reduction) compared to the University  baseline.   

OSEP is well aligned with the University with their vision of the future.  The development 

and implementation of an optimized CHP facility is a major achievement and will be the 

steppingstone for the University to achieve its overall energy and carbon goals.   
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Dear Ohio State Community and Partners: 

The Ohio State University is deeply committed to 
solving sustainability challenges in our 
communities and beyond. To be successful, we 
know we need to address these challenges from 
multiple angles – from our curriculum and 
research to community engagement and 
innovative operations. 

The students at Ohio State motivate our actions, 
and they give me hope on so many fronts. We 

are educating the leaders of the future. They want to be engaged in addressing the 
most pressing issues of our time, and climate change is certainly one of the most 
pressing issues facing us all. 

Climate change is most certainly that. Since Ohio State’s 2008 commitment to achieve 
climate neutrality by 2050, and the release of our first Climate Action Plan in 2011, 
global climate conditions have rapidly escalated into a pending crisis for many 
communities. 

Ohio State continues to take actions to advance scientific knowledge, social 
understanding, and model operational techniques that will propel new solutions to 
climate change.    

In 2019, Ohio State approved the most significant overhaul of our undergraduate 
general education requirements in the past 30 years. Our new approach will include a 
focus on citizenship, with sustainability as a primary theme. This will bring future thought 
leaders of all backgrounds into a wider discussion on how we can better balance our 
social, economic, and environmental resources. 

We also need to continue to attract the very best scientists and empower their 
discoveries. I’m proud that Ohio State’s oldest research center is the Byrd Polar Climate 
and Research Center. Since 1960, our scientists have been collecting and preserving  
 

  

President Michael V. Drake President Michael V. Drake 
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glacial ice cores, some from glaciers that no longer exist. This work continues to help 
form the bedrock understanding of how humans are changing our climate. 

As institutions dedicated to providing affordable and excellent education, we must 
operate as good stewards, fiscally and environmentally. Our recent public-private 
partnership in energy management is one way that Ohio State is bringing new expertise 
and financial resources to meet our energy demand and reduce our carbon footprint. 

As one of the largest research universities in North America, Ohio State is committed to 
creating a deeper understanding of climate change and working with our communities to 
implement solutions. 

This updated Climate Action Plan will help guide our work in the coming years to 
achieve our carbon neutrality goal, while helping others achieve theirs as well.  

Sincerely, 

 

Michael V. Drake 

President 

 

 

 

 

 

  
President Drake visited with the Ohio State Venturi Buckeye Bullet student team as it attempted to set  
a new world land speed record at the Bonneville Salt Flats in Utah. 
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I. Executive Summary 

 
Introduction 

For decades, researchers at The Ohio State University and other leading institutions 
around the world have studied how global climatic conditions are changing as a result of 
human activity. While the dramatic increase in global energy consumption since the 
Industrial Revolution has powered incredible advancements for humanity, the 
associated releases of greenhouse gasses into our atmosphere is threatening our 
current living conditions. 

In fact, the number and severity of changes we are witnessing across the world are 
outpacing even moderate projected impacts. Forests in the American West are 
becoming dryer landscapes, feeding increasingly deadly fires, while heavier rain events 
in the American Midwest and East are driving more nutrient runoff into increasingly 
warmer freshwater bodies causing more widespread harmful algal blooms. 

In an alarming clarion call, the International Panel on Climate Change (IPCC) reported 
in October 2018 that in order to contain global warming to just 1.5 degrees Celsius, 
global carbon dioxide emissions would need to be reduced by 45% by 2030 (from 2010 
levels), and “net zero” by 2050. Just seven months after that report, in May 2019, 
atmospheric carbon dioxide exceeded 415 parts per million. That is an unprecedented 
threshold in modern human history.   

It is against this larger social backdrop that Ohio State’s commitment to carbon 
neutrality rises in importance. No single institution, or even country, can solve climate 
change on its own. Society will have to work collectively, across all sectors and 
disciplines, to avoid the worst impacts of climate change. 

In that context, an institution such as Ohio State can serve as an example and living 
laboratory of how to achieve mission-oriented growth and success while shrinking its 
carbon emission footprint. Further, as a land-grant institution, Ohio State is charged with 
the responsibility to educate the state’s citizens and help them implement strategies for 
wider social success. Addressing climate change through its teaching, research, 
outreach, and demonstrative actions will help achieve the university’s land-grant 
mission by providing students of all ages and backgrounds with a breadth of  
awareness, knowledge and skills across disciplinary boundaries to prepare them to be 
global citizens. 
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Goal Statement 

Over a decade ago, in 2008, Ohio State committed to achieving carbon neutrality by 
2050. 

This public commitment was made by then-Ohio State President E. Gordon Gee 
through signature onto the American College & University Presidents Climate 
Commitment, now referred to as the Presidents’ Climate Leadership Commitment.  
Shortly into his new tenure as Ohio State President, Michael V. Drake reaffirmed the 
university’s carbon neutrality commitment in 2015.  Later in 2015, Ohio State issued a 
broader suite of university-wide sustainability goals, with the carbon neutrality goal 
forming the cornerstone of its operational resource stewardship goals: 

Goal 7a. Achieve carbon neutrality by 2050 per Presidents’ Climate  
 Leadership Commitment 
 

The Presidents’ Climate Leadership Commitment brings visibility to the issue of climate 
change and the role of higher education institutions.  Currently, over 400 signatories 
have now committed to a carbon neutrality goal through the Commitment.       
 

Objectives 

The Climate Action Plan is an active document, meaning it will be reviewed and 
updated regularly, that outlines Ohio State’s progress and strategy moving forward to 
meet the carbon neutrality goal. 

Within the Presidents’ Climate Leadership Commitment, carbon neutrality is defined as 
“having no net greenhouse gas emissions, to be achieved by either: a) eliminating net 
greenhouse gas emissions, or, b) by minimizing greenhouse gas emissions as much as 
possible, and using carbon offsets or other measures to mitigate the remaining 
emissions.”1       

While the Climate Action Plan details the university’s emission sources, trends, 
accomplishments, challenges, and opportunities for improvement, there are two primary 
objectives to achieve the carbon neutrality goal: 

 Address University Building Energy Use.  Ohio State’s use of electricity, 
natural gas, and fuel oil for heating, cooling, lighting, and powering its campus 
buildings accounts for roughly 73% of the university’s carbon footprint.  Given 
the different energy sources and ways in which energy is used throughout the 
campus setting, there is no single action that can be deployed to reduce the 
university’s carbon footprint to neutral.  Therefore, a number of strategies and 
tactics need to be implemented together into a coherent strategy that 
incorporates financial and social impacts.  

 Address Transportation Related Emissions.  Transportation (all modes, 
including air travel) accounts for nearly all the university’s remaining carbon 
emissions.  However, the majority of those transportation related emissions are 
generated by faculty, students, and staff driving to the university’s various 
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campuses.  This activity is outside of the university’s direct control, and, again, 
no singular tactic will reduce all transportation related emissions.   As a result, 
the university will need to implement numerous tactics to address these 
emissions.   

Recommendations 

To achieve the university’s carbon neutrality goal, several strategies and tactics will 
need to be employed in the short and long term.  Some will require infrastructure 
changes, some will involve policy changes, and others still need technological 
innovation.  Collectively, the following recommended tactics form an overall strategy 
that is intended to be updated and revised as conditions and opportunities change.  
They identify specific actions to address the two primary objectives and create a new 
path to offset any remaining carbon emissions that cannot be directly eliminated or 
mitigated in another manner. 

Building Energy Use Tactics 

 Execute the energy conservation measures (ECM) program as developed 
through the Comprehensive Energy Management Program with Ohio State 
Energy Partners.  Consider initiating a new ECM program upon successful 
completion of current one. 

 Comprehensively revise the university Green Build and Energy Policy to more 
effectively control energy use as the university continues to grow and update its 
built spaces. 

 Implement a new combined heat and power plant (CHP) on the Columbus 
campus. 

 Extend on-campus solar photovoltaics, and any future feasible technology, for 
increased renewable power generation capacity. 

 Complete campus steam network conversion to heating hot water. 
 Optimize geothermal sources for heating hot water and chilled water networks 

and explore new geothermal sources. 
 Extend the university’s existing level of renewable energy power purchase 

(preferably solar) and integrate large-scale battery storage for renewable energy 
generation to meet campus demand. 

 Include renewable natural gas (“biogas”) within the university’s renewable energy 
purchasing mix to replace conventional natural gas as a fuel source. 

 Advance CHP fuel source from natural gas to green hydrogen and/or renewable 
natural gas. 

Transportation Emissions Tactics 

 Complete existing university Green Fleet Action Plan and consider further future 
fuel switch from compressed natural gas to green hydrogen or renewable natural 
gas. 

 Develop a new university financed air travel emissions offset policy. 
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 Create new incentives to reduce impact of driving to and from campus, including 
expanding campus user access to electric vehicle fueling stations. 

On-Site Carbon Sequestration Mitigation 

 Expand campus land management techniques to maximize, and account for, 
carbon sequestration and additional ecosystem services. 

Conclusion 

The recommendations detailed in this updated Climate Action Plan position the 
university to continue to demonstrate leadership in addressing climate change in 
meaningful ways that provide financial benefits back to the university community and 
help deliver the promise of an affordable education. 

In fact, it may be possible that if the recommendations are fully implemented in the 
order and timeline described in this Plan, Ohio State might achieve its carbon 
neutrality goal as early as 2030 – a full 20 years ahead of goal, while leveraging 
100% renewable energy to power its built infrastructure.  This will require institutional 
dedication and focus, as well as new innovations from internal experts and external 
partners, and wider market and regulatory changes over the course of the next decade. 

However, under a more likely scenario, based on existing technology and financial cost-
benefits, Ohio State could still address 55% of its carbon emissions by 2030. 

Regardless of when neutrality is achieved, given the broad consequences of climate 
change, the university should accelerate its pace of activity to demonstrate how action, 
research, and teaching can ensure a bright future for generations of students to come.   
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II. Introduction

Over a decade ago, in 2008, Ohio State committed to achieving carbon neutrality by 
2050.

This public commitment was made by then-Ohio State President E. Gordon Gee 
through signature onto the American College & University Presidents Climate 
Commitment, now referred to as the Presidents’ Climate Leadership Commitment.  
Shortly into his new tenure as Ohio State President, Michael V. Drake reaffirmed the 
university’s carbon neutrality commitment in 2015.  Later in 2015, Ohio State issued a 
broader suite of university-wide sustainability goals, with the carbon neutrality goal 
forming the cornerstone of its operational resource stewardship goals: 

Goal 7a. Achieve carbon neutrality by 2050 per American College and 
University Presidents Climate Commitment 

The Presidents’ Climate Leadership Commitment brings visibility to the issue of climate 
change and the role of higher education institutions.  Currently, over 400 signatories 
have now committed to a carbon neutrality goal through the Commitment.        

Ohio State Climate Action Plan 

The university’s Climate Action Plan (CAP) is 
an active document that outlines Ohio State’s 
progress and strategy to meet the carbon 
neutrality goal.

The CAP details the university’s emission 
sources, trends, accomplishments, 
challenges, and opportunities.  Considered 
an active document, the CAP is intended to 
be reviewed and updated regularly to reflect 
dynamic changes in university operations, 
regulatory policy, and technological 
advancements. 

Ohio State’s initial CAP was formally 
endorsed in April 2011.  While that original 
Plan provided a high-level overview of the 
university’s Columbus campus carbon emissions and outlined a set of mitigation 
strategies to address some of those emissions, it did not fully map a path to carbon 
neutrality.  Instead, it focused on where Ohio State should start its efforts towards 
carbon neutrality and continue to study how the university could achieve its goal. 

During the intervening years, the university did adopt several of the initial CAP 
proposals: 

Defining Carbon Neutrality

Within the Presidents’ Climate Leadership 
Commitment, carbon neutrality is defined as 
“having no net greenhouse gas emissions, to be 
achieved by either: a) eliminating net greenhouse 
gas emissions, or, b) by minimizing greenhouse 
gas emissions as much as possible, and using 
carbon offsets or other measures to mitigate the 
remaining emissions.”  
 
Second Nature. Presidents’ Climate Commitment 
(2015) 

Figure 1: Carbon Neutrality Definition, per Presidents’ Climate 
Commitment 
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 Regional Chiller Plants.  In order to deliver chilled water across the Columbus 
campus in an energy efficient manner, the 2011 CAP recommended establishing 
two additional regional chiller plants to potentially generate energy savings for 
chilled water production.  The 2011 CAP contemplated moving forward with one 
of the two in the near term and adding a second plant sometime after 2020.  By 
early 2015, the university had established both, one to serve the Wexner Medical 
Center and one to serve the Academic Core campus. 

 Geothermal Heating and Cooling.  By 2011, Ohio State already had its first 
building utilizing geothermal energy, the Nationwide and Ohio Farm Bureau 4-H 
Center.  The initial CAP recommended expanding that effort, specifically to 
reduce energy use in student residence halls.  In 2013, the university completed 
a project that now supplies five south campus high-rise halls with 100% of their 
annual cooling and 90% of their annual heating consumption through a 411 
geothermal well field network located beneath the South Oval and Hale Green on 
the Columbus campus.  

 Energy Conservation Measures.  A bedrock action to reducing energy waste and 
associated financial costs and unnecessary carbon emissions, implementing energy 
conservation measures and improved energy use metering has continuously 
occurred throughout Ohio State buildings since the initial CAP was adopted. 

 Transportation Strategies.  The 2011 CAP contemplated ten different 
transportation related actions to address carbon emissions from the university’s 
vehicle fleet as well as commuters to campus.  The university has acted on, and 
continues to implement, a number of these, including: a Transportation Master 
Plan, employee incentives for mass transit use, adoption of electric vehicles into 
the university fleet and related charging stations, and employee incentives for 
living near campus. 

Other actions mentioned within the initial CAP have not been adopted to date by the 
university, most notably the establishment of a combined heat and power plant at the 
Columbus campus.  However, this will figure prominently in the university’s carbon 
neutrality strategy moving forward. 

In addition, the initial CAP did not anticipate a number of significant actions the university 
took in subsequent years that have helped reduce the university’s carbon emissions: 

 Established one of the largest individual green power purchase agreements 
among higher education institutions, for up to 50 megawatts of wind energy 
capacity to help power the Columbus campus. 

 Installed a compressed natural gas fueling station on the Columbus campus to 
transition the university’s bus and vehicle fleet to cleaner burning natural gas 
fuel.   

 Converted some of the university’s fleet to electric vehicles and installed a 
network of electric vehicle charging stations for university fleet and campus 
community use. 
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 Implemented bike and scooter sharing 
agreements to expand access to alternative 
transportation options to, from, and across the 
Columbus campus. 

 Launched a long-term comprehensive energy 
management public-private partnership that 
embeds energy conservation as a contractual 
goal, provides new funding to implement 
energy conservation measures, and creates a 
new center to propel energy research findings 
into commercialization, among other benefits. 

Altogether, with the implemented recommendations 
and additional actions, Ohio State reduced its Columbus 
campus carbon emissions by 15.2% since the initial CAP was adopted in 2011. This reduction 
occurred over the same time period as the university added over 2.4 million square feet of built 
space (a 10.9% increase) and improved carbon emission data capture methodologies that 
generally increased the number of reported emissions in different categories. 

Carbon Footprint Boundary Scope 

The university’s carbon neutrality commitment 
through the Presidents’ Climate Leadership 
Commitment focused its scope upon Ohio 
State’s Columbus campus.  This scope is 
reflected within the annual carbon emission data 
reporting the university submits to Second 
Nature, the third party organization that 
manages and publishes the Presidents’ Climate 
Leadership Commitments and related data. 

However, in 2015, the university adopted a 
broader suite of university-wide sustainability 
goals, and expanded the university’s carbon 
neutrality goal scope to include all of the 
university’s academic campuses: Columbus, Lima, Mansfield, Marion, Newark, and Wooster.  
The Wexner Medical Center is considered a part of the Columbus campus, and was therefore 
included in the original 2008 Presidents’ Climate Leadership Commitment. 

The university does own or operate many properties outside of these academic 
campuses.  For several reasons, these properties are generally not currently included 
within the scope of the university’s carbon neutrality goal.  Among others, these reasons 
include:  

 These properties generate de minimis annual carbon emissions. 
 Ohio State does not maintain ownership control of the facilities located at these 

properties. 
 Ohio State does not have access to relevant data pertaining to these properties.   

Activity Since 2011 Climate Action 

15.2% 

10.9% 

Ohio State Properties Not Included in Scope 

The following properties are not included within 
Ohio State’s FY19 carbon emission 
calculations: 
 

Molly Caren Agricultural Center 
Ohio State East Hospital 
Ohio State Extension offices 
Ohio State University Golf Club 
Stone Laboratory 

Figure 3: Ohio State University Properties Excluded from Climate 
Action Plan Scope and Related Emissions Reporting. 

Figure 2: Carbon Emission and Built Space Activity since 2011 
Climate Action Plan Adoption. 
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III. Greenhouse Gas Emissions Inventory: Emission Sources

In order to establish a long-term strategy towards achieving carbon neutrality, any 
institution must understand the various individual sources that generate its greenhouse 
gas emissions.  Those individual sources are then grouped by type into widely accepted 
categories, or scopes.  This not only allows the institution to develop specific tactics to 
reduce emissions by source, it also allows for data comparability across institutions to 
provide learning opportunities amongst peers for best practices within each emission 
source scope. 

Methodology 

To calculate the university’s greenhouse gas 
emissions, Ohio State utilizes the Sustainability 
Indicator Management & Analysis Platform 
(SIMAPTM). SIMAP is an online tool created 
specifically for use by higher education 
institutions to calculate and report their 
emissions through a common framework.  
Second Nature, the third party that administers 
the President’s Climate Leadership 
Commitment, partnered with the University of 
New Hampshire (UNH) to develop and support 
SIMAP out of previous emission calculator tools 
that UNH helped to co-develop.  SIMAP is now 
the most trusted and most used emissions 
calculator among higher education institutions. 

SIMAP uses data from many different aspects of campus: campus enrollment, building 
area, campus-owned fleet data, purchased electricity, electric grid source composition, 
student and faculty transportation data, fertilizer usage, and waste management, to 
name a few.  The input data is collected through various methods by the university: 
direct meters, billing data, university-wide surveys, etc.   

Once the university’s raw data is input to SIMAP, the program runs a series of 
calculations to convert each greenhouse gas emission source and amount into units of 
carbon dioxide equivalents (CO2e), for a common measurement across emission 
sources.  Each source, and its related CO2e is then categorized into a wider, commonly 
accepted, scope: 

Carbon Dioxide Equivalent Definition 

Carbon dioxide equivalent, or CO2e, means 
the number of metric tons of carbon dioxide 
emissions with the same global warming 
potential as one metric ton of another 
greenhouse gas, and is calculated using a 
federally defined equation (Equation A-1 in 40 
CFR Part 98).

Figure 4: U.S. EPA Definition of Carbon Dioxide Equivalent. 
https://www3.epa.gov/carbon-footprint-
calculator/tool/definitions/co2e.html 
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Scope Definition Source 
Scope 1 Direct Emissions From sources directly owned or controlled by the 

university.  Examples include on-site fuel combustion 
and fleet vehicle fuel consumption. 

Scope 2 Indirect Emissions From sources indirectly owned or controlled by the 
university.  Examples include the generation of 
purchased electricity, heat, or steam. 

Scope 3 Emissions Related to 
University Activities 

From sources not owned or directly controlled by the 
university.  Examples include student and employee 
travel and commuting, and waste disposal and 
treatment. 

Figure 5: Greenhouse Gas Emissions Scope Definitions, Adapted from U.S. EPA 
https://www.epa.gov/greeningepa/greenhouse-gases-epa 

The definitions of these scopes imply the following: 

 If the university’s campus community and business partners are committed to 
their own sustainability actions, the university’s Scope 2 and 3 emissions will 
reduce with their improvements. 

 As the scope increases from 1 to 3, data collection becomes increasingly 
difficult and the accuracy of the calculation decreases. 

 It is extremely difficult to collect every piece of data needed for a complete 
Scope 3 assessment.  Thus, there is a need to continuously review and 
evaluate data gaps and their potential impacts. 

Results 

In Fiscal Year 2019, Ohio State’s total greenhouse gas emissions equaled 619,944 
tonnes CO2e within the annual greenhouse gas emissions inventory.  Not surprisingly, 
of the university’s six academic campuses, the Columbus campus generated the most 
emissions, accounting for 568,985 tonnes CO2e, or 91.8% of the university’s total 
emissions (Figure 6). 

 
Figure 6: Carbon Footprint Results for Each Campus in Fiscal Year 2019. 
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Due to the scale of operations for the Columbus campus, and resulting percentage 
share of greenhouse gas emissions, this CAP will largely focus on information and 
solutions most applicable to the Columbus campus, although much could apply to all 
the campuses on different scales. 

That said, more than 40% of the 
university’s overall total greenhouse gas 
emissions (264,718 tonnes CO2e) in Fiscal 
Year 2019 were generated from the 
university’s purchased electricity, heat and 
steam within Scope 2.  The remaining 
emissions were nearly evenly split between 
Scope 1 and Scope 3 emissions, at 29.4% 
and 27.9% respectively, of the university’s 
total emissions. 

Recent Emissions Trend  

Since the university established its suite of sustainability goals in 2015, the university 
has increased its reported annual carbon emissions by 4,892.77 tonnes CO2e, or 0.8% 
(Figure 8). 

 
Figure 8: Total University Carbon Footprint Results from 2015-2019. 

The overall increase in reported emissions during this time frame is largely the result of 
improved data collection and monitoring efforts, particularly as the university was able to 
capture additional emissions records, beginning in Fiscal Year 2018, that were not 
previously available.  Namely, directly financed university air travel emissions are now 
more holistically included in the university’s annual carbon emissions record keeping 
and reporting than they were in previous years. 
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Figure 7: Fiscal Year 2019 Greenhouse Gas Emissions by Scope. 

Scope CO2e Metric 
Tonnes 

Percentage of Total 
Emissions 

Scope 1 182,044 29.4% 
Scope 2 264,718 42.7% 
Scope 3 173,182 27.9% 
Total 619,944 100% 
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In addition, the 10.9% decline in Scope 2 emissions from Fiscal Year 2015 through 
Fiscal Year 2019 reflect a number of factors, including the implementation of energy 
conservation measures particularly through the Comprehensive Energy Management 
Project with Ohio State Energy Partners, the improved fuel mix associated with the 
electrical grid (“grid greening”), and the university’s significant, long-term investment in 
renewable energy supply to the Columbus campus from the Blue Creek Wind Farm, 
which has helped maintain a lower plateau of Scope 2 emissions since 2013. 

University Emissions by Source 

Understanding what sources contribute to the university’s greenhouse gas inventory, at 
what levels, is critical to developing a successful strategy to achieve carbon neutrality.  
Mapping the source breakdown of emissions helps the university identify the highest 
priority sources to address and provides a starting point for considering what tactics 
would be most effective to employ against each source.    

As noted above, emissions generated from the purchase of electricity represent the 
single largest source of emissions for the university.  That is followed by on-campus 
stationary sources (e.g. combustion of natural gas at McCracken Power Plant to supply 
heating and process steam), then a series of transportation related emission sources 
(Figure 9). 

Although energy and transportation emissions make up the majority of the university’s 
carbon footprint, it is important to see how many different sources contribute 
greenhouse gas emissions.  For this reason, commitments and actions from across all 
areas of the university will be necessary to achieve carbon neutrality. 

Figure 9: Distribution of University Carbon Emissions by Source in Fiscal Year 2019. 
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University Emissions Trends by Source 

Just as it is important to understand the university’s emissions by individual source, and 
the overall long-term trajectory of total emissions, it is important to understand the 
emissions trends within individual sources.  This helps the university understand how 
operational changes or improved data collection efforts affect a targeted source’s 
emissions.  The figure below demonstrates the university’s emissions by source for the 
five-year period beginning with 2015 and ending with 2019 (Figure 10). 

  
Figure 10: Distribution of University Carbon Emissions by Source from 2015-2019. 
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IV. Operating Framework for Progress
 

As stated in the university’s previous Climate Action Plan: 

Achieving climate neutrality will require aggressive reductions, avoidance, and 
neutralization in existing and future greenhouse gas emissions.  One thing is 
clear – there is no single solution.  Many strategies will need to be implemented 
to meet the overall goal. 

While this is still true, it is clear that the university will need to emphasize strategies that 
address building energy use and transportation-related emissions, given the dominant 
roles those two sectors have in the university’s total emissions footprint.  In order to 
organize those tactics into an operating framework, Ohio State will follow the carbon 
management hierarchy, presented in the Second Nature Carbon Markets and Offset 
Guide.2 

Further, while this Climate Action Plan identifies a set of recommendations for Ohio 
State to implement in the short and near term, the university will adaptively manage its 
resources and programming towards achieving carbon neutrality.  In that sense, this is a 
“living” document, one that will change with societal, economic, technological, and 
public policy changes over time. 

Finally, it is also important to note that electric utility driven “grid greening” is anticipated 
to continue, which will benefit Ohio State’s carbon footprint regardless of actions the 
university takes.  In fact, Ohio State’s current primary electricity utility provider, 
American Electric Power (AEP), has publicly committed to accelerating its carbon 
emission reduction goals, in order to achieve an 80% emission reduction by 2050, 
measured from a 2000 baseline.  While that activity is clearly outside of Ohio State’s 
control, it could have a direct beneficial impact to the university’s carbon neutrality 
efforts.  

Carbon Management Hierarchy 

1) AVOID New Emissions 
2) REDUCE Existing Emissions 
3) REPLACE Sources of Emissions 
4) OFFSET Remaining Emissions 

This hierarchy is not meant to act as a list of competing or restricting strategies, but 
rather to consider the value of different actions to meet carbon neutrality.  Essentially, 
this hierarchy promotes behavioral changes which avoid carbon emissions altogether 
over technological or market-based solutions.  However, it is better to act urgently than 
it is to debate the ranking and implementation of the hierarchy.  Any action to reduce 
emissions is better than none. 
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Avoid – Minimize Consumption 

The top priority towards becoming a carbon neutral university is to avoid emissions and 
carbon-intensive activities altogether. This means avoiding unnecessary use of 
electricity, process steam, heating and cooling, and transportation among other sources 
of emissions. This may also mean avoiding a new project if it does not align with the 
mission of the university or designing projects to avoid carbon emissions once they are 
completed. Most of the avoidance opportunities are subject to human behavior and 
show a need for a strong culture across Ohio State that is committed to its sustainability 
initiatives. 

Reduce – Improve Efficiency 

Maximizing the efficiency of the university’s 
current operations will help reduce emissions.  
This category of the hierarchy will include most 
of the recommended technological changes. 

Replace – Cleaner Energy Sources 

Replacement involves substituting high-carbon 
energy sources with low-carbon or renewable 
energy sources.  This can include both on-site 
and off-site energy generation.  This can also 
include procurement of renewable power, such 
as solar or wind power, paired with battery 
storage to cover intermittency of renewable 
power generation.  Also, the development or 
procurement of renewable natural gas can 
replace or offset conventional natural gas 
usage.  

Offset – Obtain Certified Credits 

Within the hierarchy, offsetting greenhouse gas 
emissions is an effort of last resort towards 
carbon neutrality.  Offsets can occur in distinctly 
different ways, but generally involve investing in 
projects that either directly sequester emissions 
or displace existing emissions.  While either 
option results in a similar outcome (the 
generation of certified credits), these are 
considerably different routes to offset 
emissions.   

 Direct Sequestration.  Projects that 
sequester emissions require third party 
certification to verify the intended 
emissions are sequestered.  Carbon 

Carbon Sequestration “Sinks” 

Just as human activities emit carbon, nature 
has many ways of sequestering carbon as part 
of the carbon cycle.  For the Climate Action 
Plan, Ohio State will consider the land which 
sequesters carbon as “sinks,” or negative 
emissions compared to carbon sources.  The 
impacts of climate change are a result of 
releasing more carbon into the atmosphere 
than the natural world has capacity to 
sequester.  Therefore, instead of solely 
focusing on reducing emissions, the university 
will seek to include natural sequestration in the 
assessment of the Plan.  The two main sinks 
that will be considered in the university’s 
carbon sequestration analysis are: tree 
canopy and soil.  Carbon sequestration can 
occur above and below ground as part of 
ecosystem growth, such as through the 
process of photosynthesis.  For tree canopy, 
the species, size and age of the tree(s) are 
most important for determining the rate of 
carbon sequestration.  For soil, several 
different measurements are necessary, 
including soil organic carbon (SOC), the 
biomass above ground, climate, and others. 
 
For more detail on the sequestration 
calculations, see Recommendations. 

Figure 11: Definition of Carbon Sequestration Sinks 
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sequestration projects can be designed to improve local landscapes and cultivate 
long-term future value, creating “carbon sinks.” 

 Emission Displacement.  Projects that involve displacing existing emissions 
typically involve the purchase of renewable energy credits (RECs), which are 
available in a variety of forms in a variety of markets.  However, REC purchases 
must be replenished on an annual basis to maintain equal displacement of 
continuously generated emissions.    

“Living” Document and Measuring Progress 

To measure progress moving forward, the university will commit to updating the Climate 
Action Plan every five years.  The Climate Action Plan will assess how far the university 
has come towards its commitment to climate neutrality and reevaluate its plan and 
recommended tactics to meet the goal by 2050, if not earlier. 

The greenhouse gas inventory will be reassessed annually, publicly reported through 
the Presidents’ Climate Leadership Commitment reporting platform, and communicated 
through the variety of entities already in place at the university that focus on 
sustainability, including the President and Provost’s Council on Sustainability, 
Sustainability Institute, Energy Services and Sustainability, and Resource Stewardship 
Working Group. 
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V. Recommendations 
 

Using the carbon management hierarchy as an operating framework, the following action 
recommendations seek to address the university’s currently feasible opportunities to 
achieve carbon neutrality across primary sector use, the three scopes of greenhouse gas 
emissions, and implementation timeline.  

Avoid – Minimize Consumption 

 Update University Green Build and Energy Policy.  Currently, the university 
policy requires building projects valued at $4 million or above to achieve LEED 
Silver certification.  While this policy has advanced the university’s overall 
sustainable building design criteria since its adoption, there may be more direct 
ways to achieve the university’s sustainability goals, including carbon neutrality.  
The university should update the existing policy to ensure that building and 
construction projects are designed in a manner that utilizes energy as efficiently 
as possible for the intended purpose in the project’s post-construction operation.  
This university-wide policy update should be informed by the work conducted in 
Fiscal Year 2019 to develop updated sustainable campus building standards 
specifically for the Time and Change: Building the Future construction projects, 
which included stronger energy efficiency recommendations than the existing 
university Green Build and Energy Policy. 
When: Short Term – 1-2 Years (FY20-21) 
Sector: Building Energy Use 
GHG Scope: 1 & 2 
Emissions Reduction: Will vary by building project 
Financial Cost Impact: No direct cost impact for policy revision, but updated 
policy will have varying upfront and lifecycle cost impacts, with a goal to lower 
overall cost of ownership.  
 

 Advance and Promote Teleconferencing and Remote Meetings.  The 
university is in the process of broadly adopting tools such as Skype for Business 
and Microsoft Teams that should enable increased distance-meeting capabilities.  
This opens new avenues to reduce travel related costs and greenhouse gas 
emissions.  The university should provide appropriate user training for these tools 
and identify specific in-person meetings with internal or external partners to 
participate via teleconference, with an emphasis on those currently requiring 
university financed airline travel. 
When: Short Term – 1-2 Years (FY20-21) 
Sector: Transportation 
GHG Scope: 1 & 3 
Emissions Reduction: TBD 
Financial Cost Impact: Expected cost savings 
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 Foster Energy Conscious Culture.  As the university has conducted a variety 
of educational campaigns on other sustainability topics, there are opportunities to 
demonstrate to the campus community how behavioral change can help reduce 
the university’s emissions footprint.  While these activities can be manifested in 
many different ways, new programming would benefit from engaging the 
university’s behavioral change researchers to help design and implement 
effective, science-based behavioral interventions. 
When: Short Term – 1-5 Years (FY20-25) 
Sector: Building Energy Use, 
Transportation 
GHG Scope: 1, 2 & 3 
Emissions Reduction: TBD 
Financial Cost Impact: Expected 
cost savings 

Reduce – Improve Efficiency 

 Implement Energy Conservation 
Measures.  Under its partnership 
with Ohio State Energy Partners 
(OSEP), the university is positioned 
to significantly increase energy 
efficiency efforts across the 
Columbus campus.  In coordination 
with university staff, OSEP develops 
and proposes energy conservation projects on an annual basis to the university 
Board of Trustees.  The university must approve those projects.  Under the terms 
of the partnership agreement, OSEP is obligated to improve the university’s 
Columbus campus energy efficiency by a minimum of 25% by June 2028, and 
further support improvement in energy efficiency beyond that amount through the 
life of the partnership (June 2068).  In addition, the partnership agreement 
envisions developing new energy efficiency targets and incentives every ten 
years following the first 25% efficiency target.  Finally, the university will ensure 
the energy conservation projects operate as designed to retain long-term energy 
efficiency benefits through a focused preventative maintenance and retro-
commissioning program.  
When: Short to Long Term: 1-8 years (FY20-FY28) 
Sector: Building Energy Use 
GHG Scope: 1 & 2 
Emissions Reduction: 75,000 tonnes CO2e, 12% of total emissions 
Financial Cost Impact: $250 million capital investment through CAPEX, with 
each ECM project providing positive net present value to Ohio State  
 

 Construct Combined Heat and Power Plant.  Following a feasibility study 
conducted by OSEP, the university Board of Trustees has approved construction 

“CAPEX” Definition 

Capital expenditures are institutional 
investments into physical assets.  These 
physical assets include, among other items:  
buildings, roadways, vehicles, land and related 
infrastructure. 
 
“CAPEX” is a well-established abbreviation for 
capital expenditures and is used within this 
Plan to demonstrate the expected capital 
expenditure amount for executing some of the 
recommendations. 

Figure 12: "CAPEX" Definition 
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for a combined heat and power (CHP) solution on the Columbus campus.  The 
plant is sized to level the cost of energy for the university and designed for 
flexible operation to meet the university’s dynamic energy needs and campus 
resiliency.  Heat resulting from the power production is used to produce steam, 
which can either be fed to the existing campus district steam heating network, 
used in the new campus district hot water network, or directed to generate power 
in a steam turbine.     
When: Short Term: 1-3 years (FY20-FY22) 
Sector: Building Energy Use 
GHG Scope: 1 & 2 
Emissions Reductions: 148,000 tonnes CO2e, 24% of total emissions 
Financial Cost Impact: $290 million capital investment through CAPEX, 
expected lifecycle cost savings 

Replace – Cleaner Energy Sources 

 Continue to Implement University Green Fleet Action Plan.  Along with its 
carbon neutral goal, the university has established a goal to reduce the carbon 
footprint of its fleet by 25% by 2025.  Led by the Office of Transportation and 
Traffic Management (TTM), this effort includes “right-sizing” the university fleet, 
converting the fleet to alternative fuel vehicles, and the incorporation of 
increasingly carbon friendly fuel sources.  As TTM continues to execute the 
plan’s fleet conversion to compressed natural gas and electric vehicles, the 
university should achieve a 15% reduction in fleet related emissions.  Achieving 
the additional 10% reduction to reach the fleet goal will require additional 
planning and solutions, given the currently prohibitive pricing for less intensive 
fuel sources.  Given this, for Climate Action Plan purposes, the latter is not 
currently included in the emissions reduction figure below.  
When: Short to Medium Term: 1-6 years (FY20-25) 
Sector: Transportation 
GHG Scope: 1 
Emissions Reduction: 1,160 tonnes CO2e, 0.2% of total emissions 
Financial Cost Impact: TBD 
 

 Expand Campus User Access to Electric Vehicle Charging Stations.  In 
addition to the university owned fleet, TTM has been actively seeking to expand 
university user access to electric vehicle charging stations.  This includes work to 
develop a user access policy (including fuel pricing), and strategic placement of 
charging stations to leverage maximum use.  Depending on electric vehicle 
adoption rates within the university community, this effort will help reduce the 
university’s greenhouse gas emissions related to employee and student 
commuting but may slightly increase purchased electricity related emissions.  For 
the purposes of estimating emissions reductions within this plan, the Smart 
Columbus 1.8% adoption rate projection was applied to employee and student 
commuting generated emissions. 
When: Short to Medium Term: 1-6 years (FY20-25) 
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Sector: Transportation 
GHG Scope: 3 
Emissions Reduction: 1,700 tonnes CO2e, 0.3% of total emissions 
Financial Cost Impact: TBD 
 

 Explore Campus-Based Solar Energy Generation.  Currently, Ohio State has 
a few solar arrays across its campuses, most notably the “Block O” rooftop array 
on the RPAC and the more recent rooftop installation on the Marion campus 
Science and Engineering Building.  Unfortunately, there are surprisingly few 
campus locations that could feasibly host an economically sound solar array.  
Ohio State’s existing building stock presents considerable challenges for rooftop 
solar mounting – ranging from appropriate roof strength, to historical architecture, 
to lack of south-facing roofs, among other considerations.  As a result, ground 
mount systems are likely more physically feasible, but will be difficult to 
implement due to the constantly changing nature of the university’s land assets.  
The university should continue to monitor opportunities to install solar energy 
generation on campus, particularly as economic conditions change, and long-
term sites are identified.  By 2030, it might be possible to install a modest amount 
of solar energy generation the university’s campuses, on the order of 10 
megawatts.  Beyond any potential future energy cost savings and carbon 
emission reductions, on-site solar energy generation would provide increased 
educational and outreach opportunities.      
When: Short to Long Term: 1-11 years (FY20-30) 
Sector: Building Energy Use 
GHG Scope: 1 
Emissions Reduction: 6,100 tonnes CO2e, 1% of total emissions 
Financial Cost Impact: $24 million capital investment through CAPEX, expected 
energy cost savings 
 

 Advance Green Hydrogen and/or Green Biogas Fuel Replacement.  The 
proposed combined heat and power plant will achieve both energy efficiency and 
a carbon emission beneficial fuel switch from grid energy to natural gas for most 
of the university’s power generation.  However, natural gas still generates carbon 
emissions.  Among other private sector energy entities, OSEP’s operating entity 
on campus, ENGIE, is currently developing hydrogen and biogas fuel solutions 
as a replacement source for natural gas.  This includes “green hydrogen,” which 
can be generated through the electrolysis of water using renewable electricity 
resources.  Generally, this requires the consumption of water as the basic fuel 
feedstock.  So, siting this type of energy operation would need to ensure the 
appropriate body of water could sustain the necessary level of consumption 
withdrawal.  Ohio State’s energy research experts have already begun a dialog 
on how the university’s academic assets could help advance hydrogen 
technology for quicker, and more sustainable, adoption.  Recognizing the 
significant market based and regulatory challenges that would enable green 
hydrogen to be a viable fuel source, the current pace of research progress is 
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encouraging. In fact, the university’s planned Energy Advancement and 
Innovation Center, which will be established in partnership with ENGIE, could be 
a significant driver to advance green hydrogen adoption, and help make it a 
viable fuel replacement at some level for Ohio State’s CHP in/around 2030. The 
university should continue to explore with OSEP how to advance this 
development and leverage the Energy Advancement and Innovation Center as a 
location to house this collaboration. “Green biogas” is produced by 
decomposition of waste feedstocks, including agricultural and post-consumer 
waste. Emerging opportunities to leverage ENGIE’s experience with green 
biogas have been explored through a pilot project with the university and should 
be continued to advance development suited for the university’s unique waste 
streams. 
When: Long Term: 10 years (FY30) 
Sector: Building Energy Use 
GHG Scope: 1 
Emissions Reduction: 340,000 tonnes CO2e, 55% of total emissions (full 
replacement of conventional natural gas fuel source) 
Financial Cost Impact: Hydrogen costs are nearly 40 times the cost of natural 
gas in 2019 and are not feasible for consideration at this point.  Technological 
advances are expected in the coming decade to reduce the cost of green 
hydrogen production.  Green biogas processes are limited by the available waste 
streams.  As the university continues to enhance its ability to separate post-
consumer waste and manage agricultural and dining waste, onsite or near-site 
green biogas may become increasingly feasible. 
 

 Increase Renewable Energy Procurement.  As the university experiences 
electricity use efficiencies through energy conservation measures and the CHP, 
the university should explore additional renewable energy procurement in an 
amount that is compatible for optimal leverage of the CHP capacity.  Based on 
CHP operations, the remainder of the imported grid electricity could be provided 
through renewable procurement.  Given the university’s energy use pattern, it 
would be preferable for the additional renewable energy to be solar generated.  
Solar energy generation matches the university’s daytime energy use loads 
closer than wind energy generation, which generates more energy overnight that 
would require additional energy storage capacity for university use.  Battery 
storage systems could be included to cover the variability in solar generation.  
Further, renewable natural gas (“biogas”) to replace conventional natural gas 
burned in the CHP could also be a pathway to increase renewable energy supply 
for the university.     
When: Medium Term: 3-5 years (FY22-24) 
Sector: Building Energy Use 
GHG Scope: 2 
Emissions Reduction: 30,000 tonnes CO2e, 4.8% of total emissions 
(replacement of purchased electricity from the grid); 340,000 tonnes CO2e, 55% 
of total emissions (full replacement of natural gas fuel source for CHP) 
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Financial Cost Impact: Incremental energy costs for solar are 15-20% higher 
than current purchased electricity from the grid.  The competitive renewable 
natural gas (“biogas”) market has not been explored for this purpose as of the 
release of this document.  
 

 Extend Existing University Commitment to Renewable Energy.  In 2012, 
Ohio State became one of the largest purchasers of renewable energy among 
higher education institutions.  Through this 20-year purchase agreement with the 
Blue Creek Wind Farm, that wind energy accounted for approximately 14% of the 
university’s total energy purchase in Fiscal Year 2019.  This agreement drove a 
reduction of approximately 85,000 tonnes CO2e in the university’s Columbus 
campus annual emissions.  The existing agreement will end in Fiscal Year 2033.  
Closer to the end of that agreement, the university should develop a plan to 
extend or replace that level of renewable energy purchase. 
When: Long Term: 13 years (FY33) 
Sector: Building Energy Use 
GHG Scope: 2 
Emissions Reduction: Not applicable 
Financial Cost Impact: TBD  

Offset – Obtain Certified Credits 

 Develop University Air Travel Policy.  Recognizing the greenhouse gas impact 
of university related air travel, some higher education institutions have begun 
implementing policies to offset these emissions, which are largely beyond the 
university’s control.  Ohio State’s most significant air travel use categories 
include its academic research and learning efforts, which are integral to the 
university’s reputation and student experience.  As other institutions realize 
successes in their travel policies – ranging from requiring ground transportation 
within a certain distance to implementing flat fees per flight – Ohio State should 
develop a program to offset its annual air travel related emissions that fits the 
university’s culture.    
When: Short Term: 1-2 years (FY20-21) 
Sector: Transportation 
GHG Scope: 3 
Emissions Reduction: 55,734 tonnes CO2e, 9% of total emissions 
Financial Cost Impact: $280,000 annually (based on $5.00 average carbon 
offset cost per metric tonne) 
 

 Enable Carbon Sequestration Through Campus Land Management.  As 
mentioned in the Carbon Management Hierarchy above, natural landscapes have 
the capacity to sequester carbon.  In moving towards neutrality, it is important to 
consider efforts to increase the sequestration capacity of campus lands in 
parallel with mitigating emissions.  Ohio State can increase its sequestration 
rates across all six university campuses through increasing tree canopy and land 
use management techniques focused on sequestration.   
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Current rough estimates of average reforestation projects have been found to 
cost 5-19 $/tonnes CO2e.  Looking at the potential of carbon sequestration for 
Ohio State campuses, two cases were considered.  The first case (Potential I), 
considers no change in land-use, but rather beneficial land management 
practices identified by research findings to which Dr. Rattan Lal has significantly 
contributed.  These management practices affect the soils of grasslands, 
croplands, and forest, such as: fertility management through liming and mineral 
fertilizers, application of local manure, planting improved and native plant 
species, erosion reduction, longer crop rotations, and partial cutting versus clear-
cuts, to name a few.  The second case (Potential II) includes land-use change.  
To prevent competition between food production and carbon sequestration, the 
land-use change scenario does not consider a decrease in crop and agricultural 
land, especially since most of this land is used for the university’s agriculture 
research.  It also does not consider the change of all grasslands (lawns) to forest 
or tree cover.  Changes in sunlight absorption due to different land cover or 
emissions by trees are not 
included in this analysis.  
Although it is an extreme 
scenario to consider a 
complete conversion of 
grassland to forest, it does 
best show the potential of 
land use change to meet the 
goals of carbon neutrality.  
The results of carbon 
sequestration associated 
with these scenarios are 
shown in Figure 14 and 
Figure 15.  Figure 14 shows 
total sequestration as a rate 
in the same units as 
presented in the 
greenhouse gas emissions 
inventory.  Figure 15 shows 
these results as a fraction 
compared to the Scope 1 
emissions in Fiscal Year 
2019 by campus location, as 
to compare the carbon 
directly emitted on each 
campus with that being 
sequestered by the 
surrounding land – Scope 1 
positive and negative 
emissions.   

Calculating Sequestration

To calculate the rate of tree canopy sequestration across 
Ohio State campuses, a data set of over 15,000 trees on 
the Columbus campus was used as a sample population.  
Using the Urban Forest Effects- Dry Deposition (UFORE-
D) model3 built into iTree Eco4, the amount of carbon 
sequestered per unit of tree coverage area [tonnes CO2 / 
acre] was calculated.  Then, using GIS data and campus 
maps, this value was scaled to the amount of tree 
covered land area across the different campuses.  
 
To calculate soil sequestration, a collection of research 
from Ohio State’s Dr. Rattan Lal and collaborators5,6,7 
provided estimates of U.S. soil sequestration for three 
different land uses: forest, cropland and grazing land.  
The literature provided current analysis of carbon 
sequestration of these land types across the U.S. along 
with future potential sequestration given a variety of 
different management strategies.  The soil sequestration 
data from the given literature was normalized and scaled 
to reflect the land-use of each campus.  The same GIS 
data used for tree area was used to determine crop and 
grassland area across the different campuses.

Figure 13: Methodology for Calculating Carbon Sequestration
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Figure 14: Scenarios of Sequestration, Shown as Amount of CO2e Annually Sequestered. 

 
Figure 15: Scenarios of Sequestration, Shown as Percent Sequestered of Scope I Emissions of Each 
Campus. 

Under these scenarios, the sum of the sequestration across all campuses is: 
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Outside of just Potential I and Potential 
II, an unlimited number of scenarios 
exist and could include multi-purpose 
land use, such as green roofs or 
parking lots.  Adding to the feasibility of 
investing in the natural land on Ohio 
State property, projects funded as 
offsets could occur either on or off 
campus, as long as they are in addition 
to “business as usual.”  Land use 
changes take time to grow and they 
produce more sequestration with time.  
Therefore, more immediate adoption 
would enable the possibility to reap the 
benefits sooner.  Such changes in land 
use will also provide other ecosystem 
services such as air quality regulation, 
water provisioning, climate regulation, 
and recreation.  Therefore, Ohio State 
should cultivate peer institutions in a 
broader effort to enable SIMAP to 
consider and allow appropriate carbon 
sink projects as a recognized greenhouse gas emission offset.  Further, the 
university should pursue the available land use and land management 
techniques to maximize carbon sequestration opportunities as closely aligned to 
the Potential II scenario outcome as possible.   
When: Short to Mid Term: 1-6 years (FY20-25) 
Sector: Carbon Sequestration 
GHG Scope: 3 
Emissions Reduction: 46,250 tonnes CO2e, 7.5% of total emissions 
Financial Cost Impact: $231,250 - $878,750 annually (based on estimated per 
acre ecosystem restoration/carbon sequestration figures)  

   

 

  

Figure 17: Carbon Sequestration Results for Soil and Trees on 
Each Campus. 
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VI. Integrated Plan 
 

As stated above, there is no single solution for the university to achieve carbon 
neutrality. Many strategies will need to be implemented to meet the overall goal. This is 
especially important to keep in mind because Ohio State is one of the largest 
universities in the country. Each member of the Ohio State community can play a role in 
the goal of carbon neutrality, showing the value of a campus culture committed to 
sustainability. This campus culture may be as important as the operational decisions 
made by university leaders. 

While there are many ways to achieve carbon neutrality, one item is clear: the university 
needs to continue to take meaningful actions now in order to achieve the goal.  Also, it 
is equally important to continue discussion of bold actions and possibilities as it is to 
develop realistic and clear next steps.  This keeps implementation activities moving 
forward while opening the door to new possible opportunities. 

Figure 18 showcases the impact of pursuing some of the options presented in this Plan, 
including the impact of the Comprehensive Energy Management Partnership (CEMP) 
and the relative utility emissions footprint in various scenarios for the Columbus 
campus.  The CEMP includes implementing the energy conservation measure program 
on the Columbus campus. Figure 18 also demonstrates the limitations of options for 
emissions mitigation.  For example, if the university had chosen to procure renewable 
energy credit offsets for all its electricity demand in Fiscal Year 2019, the emissions 
footprint of the university’s utility heating would remain a substantial source of overall 
emissions.  Therefore, in order for the university to meet its carbon neutrality goal, a 
suite of actions is necessary, including pursuit of new power sources and renewable 
energy procurement in the near future (2-10 years) and a longer-term switch to 
alternative fuel sources (such as green hydrogen or renewable natural gas/biogas) 
when available in the mid- to longer-term future (15-30 years).  Figure 18 shows one 
feasible future scenario of many the university could pursue to achieve carbon neutrality 
within its Columbus campus utility system. 
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The recommendations within this Plan outline a scenario where the university could 
achieve its carbon neutrality goal, and potentially become carbon positive, by 2030.  
Added together, the recommendations would reduce, replace, or offset 703,944 tonnes 
CO2e on an annual basis, compared to the university’s Fiscal Year 2019 emissions of 
619,944 tonnes CO2e.   

Figure 19 demonstrates how the separate recommendations within this Plan add up to 
that conclusion, by emission source Scope.  This includes moving to green hydrogen as 
a fuel source for the combined heat and power plant, which as a cleaner fuel source 
than the existing electric grid, could generate excess carbon credits for the university 
beyond what is necessary to power university operations.  Similarly, as shown in 
Figures 18 and 19, the university’s Scope 2 emissions might be more than fully reduced 
or offset by a combination of increased energy efficiency and further utilization of 
renewable energy (through purchase and on-site generation). 

Figure 20 demonstrates an alternative scenario that does not include green hydrogen 
as a fuel source for the combined heat and power plant, but rather, moving from 
conventional natural gas to renewable natural gas.  In this case, the university is 
unlikely to generate any excess carbon credits and would more likely simply reduce the 
related emissions on a one-to-one basis.  In this scenario, the university could still 
achieve an 86.4% emission footprint reduction from Fiscal Year 2019 levels.  The 
remaining gap, less than 85,000 tonnes CO2e, could be addressed through the 
purchase of offsets to achieve climate neutrality. 

Considering the available options, then, carbon neutrality is achievable for Ohio State, 
but will require substantial, continuous actions, including the development of new 
technology and infrastructure.  These actions will also have a considerable up-front cost 
impact to the university, with the energy conservation measures and combined heat and 
power plant totaling $540 million in CAPEX by themselves.  These, and the other noted 

Figure 18: Carbon footprint comparisons of current and future utility energy footprint for the Columbus campus. 
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recommendations above, should generate a combined net savings to the university over 
the course of their lifecycle, but the initial capital investment needs to be planned and 
budgeted before moving any individual project forward.   

Figure 19: Multi-Solution Approach to Carbon Neutrality, Scenario 1. 

Figure 20: Multi-Solution Approach to Carbon Neutrality, Scenario 2. 
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VII. Challenges  
 

While the recommended actions within this Plan outline the possibility of achieving 
carbon neutrality, a number of challenges exist in front of the university.   

Future Growth 

The university is a dynamic entity with continued growth in population and built 
environments expected for the forseeable future.  Ohio State’s Framework 2.0 plan is a 
considerable projection for the anticipated built environment growth at the Columbus 
campus.  Similar planning is currently being initiated at the university’s other campuses.  
These new building assets and academic and research offerings will attract an 
expanded population of students, staff, and faculty to the university over time. 

As noted above, the university’s greenhouse gas inventory is highly impacted by the 
buildings and operations of the university, as well as those who interact with the 
campus.  If the university only focuses on reducing existing emissions through 
efficiencies, but continues to undertake activities that increase the total amount of 
carbon-emitting activities, the university will never achieve its carbon neutrality goal. 

It is therefore critical that the university aggressively avoid creating new emissions 
whenever possible as it continues to grow.  This includes designing new buildings to 
meet better energy use standards that will prevent the generation of unnecessary new 
emissions, as recommended above through a revised Green Build and Energy Policy. 

While this Plan acknowledges the estimated increased energy use demand associated 
with the university’s Time and Change: Building the Future projects, it does not account for 
additional anticipated growth within the Framework 2.0 plan and any related campus 
population growth over the next few decades.  The integrated plan demonstrated in 
Figure 19 could accommodate an increase in emissions associated with new building 
and population growth, while still achieving the carbon neutrality goal.  However, this will 
be an ongoing issue to monitor and incorporate into future planning.  

Technology and Infrastructure Leap 

Clearly, the recommendation that would mitigate the largest single amount of 
greenhouse gas emissions – converting a combined heat and power plant to a green 
hydrogen fuel source – requires the advancement of technology and logistic 
infrastructure that does not currently exist at the necessary scale to make the switch.   

While this opens the possibility for new innovation and research collaboration for the 
university and its key energy partners, there is risk in pinning the university’s goal 
achievement to an unpredictable outcome.  That said, this should provide the university 
and its energy partners additional drive to address this topic, which could have a 
multiplier benefit upon society beyond just Ohio State. 
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Institutional Leadership 

As Ohio State aspires to demonstrate sustainability leadership throughout Ohio, the 
Midwest, and the nation, achieving carbon neutrality by 2050 may become out-of-step 
with that aspiration as other higher education institutions push towards more aggressive 
achievement timelines.  In 2018, American University became the first publicly 
announced carbon neutral institution of higher education in the country, Duke University 
has targeted 2024 for its neutrality date, and other larger schools such as the University 
of California-Los Angeles and the University of Florida are striving to achieve neutrality 
by 2025. 

While there are obvious differences between institutions relevant to size and geography, 
and even defined scope, that will impact any single institution’s ability to achieve carbon 
neutrality, it is clear from published research that society must address its overall 
greenhouse gas emissions by 2030 to avoid drastic impacts to humanity and the planet. 

Institutions that wait another twenty years beyond that date to achieve neutrality will be 
hard pressed to position themselves as leaders.  For an institution of the size and 
complexity of Ohio State, that may necessitate accelerated decision making or 
alternative options (such as purchased credit offsets) from the recommendations 
contained within this Plan. 
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VIII. Aligning Ohio State’s Academic Mission  
 

The primary purpose of this Climate Action Plan is to address the university’s physical 
greenhouse gas emission outputs. As a land-grant institution, however, the primary 
mission of Ohio State is to educate citizens and demonstrate new research innovations 
that address society’s challenges. 

Since the university’s original Climate Action Plan, the university has embedded its 
efforts into the full range of university activities.  Moving forward, the university aims to 
continue to increase the meaningful interaction between the university’s operations and 
its academic and research community for value-added sustainability results and 
findings. 

At a leadership level, the President and Provost’s Council on Sustainability is an 
interdisciplinary body made up of faculty, staff and students that provides strategic 
review and advice on issues related to the integration of sustainable practices, 
programs and projects across the university’s goals.   

Further, the university’s sustainability goals align with its core institutional pillars: 

1. Teaching and Learning 
2. Research and Innovation 
3. Outreach and Engagement 
4. Resource Stewardship  

There are numerous operational and academic departments across the university that 
are working independently and in partnership to advance the established sustainability 
goals, including carbon neutrality.  Through these actions, Ohio State hopes not only to 
achieve sustainable operational success, but to cultivate new sustainability leaders and 
innovations that drive society forward.   

Teaching and Learning: Student Opportunity 

Sustainability Goal 1: Deliver a Curriculum that provides Ohio State students at all 
stages of instruction – from General Education to professional and technical programs – 
with opportunities to understand sustainability holistically, framed by the environment, 
science, technology, society, the economy, history, culture, and politics. 

Sustainability Goal 2: Address the Complexities of Sustainability through a variety of 
learning formats, strategies, and occasions. 

Students from across the globe have entrusted the Ohio State University to deliver the 
learning opportunities that will propel them into successful careers and leadership 
positions post-graduation.  While the university helps students build the educational 
platform they will launch from into the world, the university is compelled to demonstrate 
a commitment to the health, well-being, and success of its students long after they leave 
campus. 
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This includes developing a context to understand and respond to local and global 
sustainability challenges, particularly the growing climate concerns they are entering 
into. 

To meet these goals, the university has created the Environment, Economy, 
Development & Sustainability (EEDS) major for undergraduate studies.  With over 200 
graduates, this curriculum has been a successful partnership between the university’s 
School of Environment and Natural Resources, AEDE and the Fisher College of 
Business.  Based on student demand for this academic programming, an EEDS minor 
is also available for undergraduate studies. 

Further, in the spring of 2019, the university’s Board of Trustees endorsed an historic 
new approach to undergraduate education that will bolster a student’s ability to become 
a citizen leader. Through this action, beginning with the 2020-2021 academic year, the 
university’s General Education curriculum requirements will include a sustainability 
theme. This will help students of all backgrounds and academic disciplines gain direct 
knowledge of sustainability challenges while providing an opportunity for them to 
consider how to meet those challenges from their own experiences. 

Ohio State already offers over 1,200 undergraduate and graduate level courses that 
include sustainability learning, a figure that is expected to increase through the adopted 
General Education curriculum changes.    

In addition, project-based learning for students of all levels is currently occurring across 
the university on a variety of sustainability topics. By the end of 2020, the university’s 
Sustainability Institute aims to formalize a campus as living lab program to catalog 
existing student learning projects, spur new interdisciplinary research partnerships, and 
advance student’s understanding of how sustainability efforts are successfully 
implemented.  One recent project example includes a collaboration between the 
university’s Byrd Polar and Climate Research Center and Department of Geography, 
funded with a grant from the Sustainability Institute, to teach Geography students how 
to measure and study the university’s own urban heat island effect.  The results of the 
student’s work will be incorporated into the univeristy’s Ecosystem Services Index, 
which is a measurement tool the university’s operating staff are using to document the 
environmental and social performance of the university’s grounds and landscapes. 

Beyond the classroom, Ohio State offers a rich environment for students to integrate 
themselves with sustainability learning initiatives.  Some of these are more university-
structured from the Environmental Professionals Network programming, to 
sustainability-oriented study abroad opportunities, to the SUSTAINS Learning 
Community.  Additional opportunities are more student-driven, including the annual 
Time For Change Week programming and the 80+ active student organizations 
conducting different sustainability projects throughout the academic year. 

Finally, aligned with the university’s goal to ensure affordable access to a higher 
education degree, Ohio State has implemented a new full-tuition and board scholarship 
for undergraduate students whose studies focus on sustainability topics but face 
financial need. The university also now provides fellowships and one-time incentives for 
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graduate students focusing on sustainability topics.  Both offerings represent just one 
positive outcome from the university’s academic collaboration within the larger 
Comprehensive Energy Management Project agreement with Ohio State Energy 
Partners.    

Research and Innovation: Faculty Opportunity 

Sustainability Goal 3: Reward Sustainability Scholarship, including the scholarship of 
engagement, by providing incentives for students, faculty and staff to make discoveries 
and stimulate creative efforts that promote and achieve sustainability. 

Sustainability Goal 4: Magnify Sustainability Scholarly Output and Impact to create 
new knowledge, solve real world problems, including for our own operations, and 
increase Ohio State’s national/international reputation as a sustainability research 
leader. 

A comprehensive approach to sustainability research is only possible at an institution 
with the size and diversity of Ohio State.  The university brings scholars together – 
working on a wide range of research and technological innovations – to discover new 
approaches and solutions to persistent problems. Ohio State is a leader in key areas 
including climate change, behavioral science, environmental economics, resilient 
infrastructure design, materials and energy technology innovation, and environmental 
health sciences. 

Today, major challenges facing society include sustainable food and water production, 
climate change, and accelerating urbanization.  The land-grant mission of Ohio State 
drives discovery and knowledge enhancement in order to achieve significant advances 
for public well-being. The university houses over 500 faculty and researchers, 
representing 11 colleges and 64 academic departments, who study sustainability 
issues. Since 2014, the university has hired 60 faculty through the Discovery Themes 
Initiative, with the specific charge of contributing to sustainability and resilience 
research, teaching, and collaboration. 

For many years, Ohio State researchers have led the world’s understanding of and 
solutions for the changes we are experiencing across the globe.  Take, for example, 
Byrd Polar and Climate Research Center’s efforts to collect, analyze, and maintain ice 
cores from around the world, providing long-term understanding of earth’s climate.  
Given that some of the locations Byrd has studied, and continues to maintain physical 
evidence from, no longer exist because they have melted away, this foundational work 
is nothing short of heroic.   

In addition, Ohio State Professor Rattan Lal was recently awarded the prestigious 
Japan Prize for his groundbreaking research on how agricultural lands could sequester 
more carbon in the planet’s soils, which would improve soil health and benefit 
agricultural productivity to feed a growing population. 

In the coming months and years, the university’s support for new climate related 
research and innovation will continue to grow, also thanks to the academic collaboration 
within the Comprehensive Energy Management Project agreement.  While that 
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agreement has already endowed five faculty chair positions primarily focused on energy 
use issues, perhaps more visionary will be the establishment of a new Energy 
Advancement and Innovation Center (EAIC).  A cornerstone of new research 
development at the university’s Columbus West Campus, the EAIC will bring Ohio State 
research work together with private sector partners to advance lab findings into new, 
socially beneficial energy efficiencies and climate related advancements.  

Outreach and Engagement: Community Opportunity 

Sustainability Goal 5: Foster Campus-to-Community, Students-to-Alumni Culture of 
sustainability-oriented practices and educational and research experiences that 
students and alumni transfer into local and global communities. 

Sustainability Goal 6: Catalyze Engagement, Ownership, and Buy-In to Sustainability 
via engaged and inclusive partnerships, on and off campus that support the long-term 
economic, social and environmental welfare of the campus, surrounding neighborhoods 
and the global community. 

Durable solutions to sustainability challenges require community engagement and 
lasting partnerships with stakeholders.  Ohio State has a long history of engaging urban 
and rural communities in ways that are highly responsive to their needs and interests.  
OSU Extension reaches all of Ohio’s 88 counties, while the university’s faculty have 
relationships throughout the Midwest, nation, and the world.  Ohio State strives to 
develop solutions that promote social equity and ensure that enjoyment of the benefits 
from sustainability is widespread. 

Leveraging the university’s expertise and knowledge gained from on-campus 
operational experimentation, Ohio State has the capability to help others achieve their 
own greenhouse gas emission reduction goals.  In doing so, the university could have a 
physical impact of much greater importance than achieving its own carbon neutrality 
goal. 

There are numerous ways to demonstrate the university’s climate-related community 
engagement and partnership building, but three recent efforts exemplify the diversity of 
engagement: 

1. Columbus Climate Adaptation Plan.  With the help of Byrd Polar and Climate 
Research Center experts, the City of Columbus issued its first climate adaptation 
plan in December 2018.  Over the course of four years, city, regional, and Ohio 
State leaders assessed climate change impacts, risks, and vulnerabilities in 
Columbus.  Engaging a wider community audience for feedback and input, the 
plan identifies 43 prioritized actions for the city to take to protect its citizens in the 
wake of expected climate changes.  

2. Smart Columbus.  In 2016, the City of Columbus was awarded $50 million in 
grant funding and the designation as America’s Smart City as the winner of the 
U.S. Department of Transportation’s (USDOT) first-ever Smart City Challenge.  
The goal of Smart Columbus is to embrace the reinvention of transportation in 
the city so as to improve the quality of life, drive economic growth, and foster 
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sustainability.  Ohio State was named the primary research partner to Smart 
Columbus, and has leveraged a $2 million cash commitment by the university to 
engage faculty, staff, and students in Smart Columbus deliverables.  Just one 
example of this significant partnership is the ongoing effort of Ohio State’s 
Environment, Economy, Development and Sustainability (EEDS) capstone 
course students to provide private and public sector partners with research 
projects that advance the Smart Columbus objectives.  With projects including 
municipal and private sector electric vehicle fleet adoption strategies as well as 
increasing renewable energy sources to power electric vehicle recharging, Ohio 
State students and their faculty mentors are providing many necessary research 
needs to help the Central Ohio community reduce its overall transportation 
related greenhouse gas emissions.  In turn, the students gain valuable 
experience in team-oriented, project-based learning to advance sustainability 
outcomes in a dynamic urban setting.  

3. University Climate Change Coalition.  Launched in February 2018, the 
University Climate Change Coalition (UC3) seeks to accelerate local greenhouse 
gas reduction efforts through the collective research expertise of 20 leading 
climate research institutions across North America.  As one of the Coalition’s 
founding institutions, throughout 2019, Ohio State has led the group’s effort to 
develop a joint white paper on carbon pricing in order to share the value of such 
a tool with public policy leaders.    

Ohio State students, faculty, and staff regularly interact with private, public, and non-
profit sector partners to address many facets of climate mitigation and adaptation.  From 
campus and community based tree plantings, to integrating the electrification of the 
transportation sector, to helping the agricultural sector plan for changing growing zones 
while increasingly sequestering more carbon through management activities, Ohio State 
looks to partner in comprehensive ways to help bring more diverse climate solutions 
forward. 

Resource Stewardship: Campus Opportunity 

Sustainability Goal 7: Implement specific, “world-leading” university-wide operational 
goals to reduce resource consumption, neutralize carbon emissions and minimize 
waste, including: 

a. Achieve carbon neutrality by 2050 per American College and University 
Presidents Climate Commitment [Presidents’ Climate Leadership 
Commitment] 

b. Reduce total campus building energy consumption by 25% by 2025 
c. Reduce potable water consumption by 5% per capita every five years, 

resetting baseline every five years 
d. Increase campus ecosystem services by 60% by 2025 
e. Reduce carbon footprint of university fleet by 25% by 2025 
f. Achieve zero waste by 2025 by diverting 90% of waste away from landfills 
g. Increase production and purchase of locally and sustainably sourced food to 

40% by 2025 
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h. Develop university-wide standards for targeted environmentally preferred 
products and fully implement preferable products and services by 2025 

Achieving many of these resource stewardship goals will help the university address its 
own greenhouse gas emissions.  As importantly, they will help Ohio State develop its 
own solutions to the pressing challenges of sustainability and evolve a culture of 
sustainability within the university’s diverse group of stakeholders.  Collaborative 
teaching, pioneering research, comprehensive outreach, and innovative operations, 
practices, and policies will help Ohio State demonstrate to others how environmental, 
economic and social goals can be mutually achieved. 
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IX. Future Considerations  
 

Future Ohio State Climate Action Plans should consider accounting university 
emissions by sector or department so different aspects of campus can track their own 
progress, such as university operated hospitals, student residences and athletic 
facilities.   
 
Increasing the quality of data collection across the university’s campuses, particularly 
those outside of the flagship Columbus campus, needs to remain a priority to continually 
increase the accuracy of the greenhouse gas emissions inventory. 
 
To increase the viability of carbon sequestration opportunities on university owned 
lands, the existing tree inventory conducted on the Columbus campus should be 
expanded to all campuses.  In addition, soil data across all campuses should be 
assessed on the three identified land types referenced above: cropland, grassland and 
forest.  These efforts would increase knowledge of both the existing amount of carbon 
sequestered on university properties and how to manage those properties to further 
increase sequestration levels. 
 
Finally, as a research institution, it is important to explore future research needs for 
campus sustainability, such as the intersection of technology, ecology, behavior and 
economics to devise approaches for the future.  Meeting the goal of carbon neutrality is 
no small task and will take the cooperation and ambition of the entire Ohio State 
community. 
 
As noted in this Plan’s Executive Summary, the Intergovernmental Panel on Climate 
Change’s (IPCC) fifth assessment found that limiting global warming to 1.5 degrees 
Celsius requires “rapid and far-reaching” action.  There will need to be drastic changes 
to the infrastructure and operation of our cities, buildings, transportation, energy, 
manufacturing and land use.  This shows the need for Ohio State to take urgent action 
now, as well as the importance of the university fulfilling its commitment to carbon 
neutrality, in collaboration with people, organizations and universities across the world.   
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July 6, 2020 
 
Mr. Bryceson Nunley 
Project Manager 
ENGIE Buckeye Operations LLC 
1990 Post Oak Boulevard, Suite 1900 
Houston, Texas 77056 
 
Re: OSU/ENGIE CHP Project 
 REVISED Summary Report - Evaluation of Relative Air Quality Impacts 
 
Dear Mr. Nunley: 
 
TRC Environmental Corporation (TRC) is please to submit this revised final summary report describing our 
evaluation of air quality impacts from the combined heat and power (CHP) plant to be operated at the Ohio 
State University’s Main Campus in Columbus, Ohio.  This revised version corrects an inadvertent misstatement in 
the original version regarding the objective of this analysis.  The analysis was completed to address concerns 
raised by the Sierra Club in their intervention in the OPSB regulatory process for the CHP, and not to address 
concerns raised by the OPSB. 

Through a dispersion modeling analysis, TRC found:   

The CHP project will have negligible impact on the existing air quality in Franklin County and will not affect 
its attainment status for any pollutant.   

The air quality analysis has specifically targeted potential sensitive receptor locations surrounding the 
project site including the OSU Wexner Medical Center.  The highest predicted impacts at these locations are 
only minimally above the background concentrations 

The impacts due to the CHP project are predicted to be negligible at the OSU Wexner Medical Center.  
 
David Fox, CCM, was the dispersion modeler and principal author of this analysis. 

Jeff Slayback, P.E., was the project manager and senior reviewer. 
 
Sincerely, 
 
TRC Environmental Corporation 
 

 
 
Jeff Slayback, P.E. 
Project Manager  
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EXECUTIVE SUMMARY 

Key points related to the operation of a CHP plant at the Ohio State University. 

 Franklin County is in attainment for all National Ambient Air Quality Standards (NAAQS).  The CHP 
project will have negligible impact on the existing air quality in Franklin County and will not affect its 
attainment status for any pollutant.  For PM2.5, the project impact is less than 0.44 percent above 
the 24-hour background concentration and less than 0.13 percent above the annual background 
concentration.  For NO2, the project impact is less than 0.66 percent above the 1-hour background 
concentration and less than 0.05 percent above the annual background concentration.  For ozone, 
the project impact is less than 0.13 percent above the monitored background concentration on an 8-
hour basis. 

 The air quality analysis has specifically targeted potential sensitive receptor locations surrounding 
the project site including the OSU Wexner Medical Center.  The highest predicted impacts at these 
locations are only minimally above the background concentrations and by themselves generally 
represent less than one percent of the corresponding Primary NAAQS established to protect human 
health and particularly vulnerable populations. 

 The impacts due to the CHP project are predicted to be negligible at the OSU Wexner Medical Center.  
For PM2.5, the project impact is 0.8 percent above the 24-hour background concentration and 0.2 
percent above the annual background concentration.  For NO2, the project impact is one percent 
above the 1-hour background concentration and 0.08 percent above the annual background 
concentration.  For ozone, the project impact is 0.13 percent above the monitored background 
concentration on an 8-hour basis. 

POTENTIAL EMISSION MAGNITUDE 
Potential Annual Emissions from Project – two CHP units (combustion turbines with duct 
burner/HRSG) and two multi-cell cooling towers 

Nitrogen oxide (NOX)     42.9 tpy 
VOC                        27.7 tpy 
PM2.5          41.9 tpy (filterable plus condensable, includes cooling towers) 
Sulfur dioxide (SO2)  11.9 tpy 

These emission levels are relatively minor when compared to electric utility level emissions and similar 
to many common industrial sources as can be seen by the following emission numbers. 

Coal Fired Utilities in Ohio (2018) 
Nitrogen oxides                           48,958 tpy 
Sulfur dioxide                               86,534 tpy 
PM2.5     6,281 tpy  

Mid-Size Printing Facility Authorized by an Ohio EPA Permit-by-Rule 
VOC (allowable)               25 tpy 

               Operation of a 50 MMBtu/hr gas boiler, plus space heating 
               Nitrogen oxides               25-30  tpy  
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AIR QUALITY SETTING OF THE CHP PROJECT 
Franklin County is in attainment with the National Ambient Air Quality Standards (NAAQS) for ozone, 
NO2, and PM2.5. 

It is noted that the federal Clean Air Act requires the USEPA to establish and update NAAQS (at 40 CFR 
Part 50) for pollutants considered harmful to public health and the environment. The Act identifies two 
types of standards – Primary and Secondary standards.   USEPA states that Primary standards provide 
public health protection, including protecting the health of "sensitive" populations such as asthmatics, 
children, and the elderly.  Secondary standards are less stringent than Primary Standards but provide 
public welfare protection, including protection against decreased visibility and damage to animals, 
crops, vegetation, and buildings.  

In this analysis the ambient air quality impacts from the CHP project are compared directly to the 
Primary PM2.5, NO2, and ozone NAAQS. As a result, the analysis specifically addresses both the expected 
impact on the air quality of central Ohio (Franklin County) as well as sensitive receptors in close 
proximity to the project location.  

CONSERVATIVE AIR QUALITY ANALYSIS CONDUCTED 
Direct Modeling of PM2.5 and NO2 

An air quality impact analysis for the CHP project was previously conducted as part of the Ohio EPA air 
permit-to-install (PTI) application process.  That analysis was more of a prescribed screening level 
analysis which followed the Ohio Environmental Protection Agency (OEPA), Division of Air Pollution 
Control (DAPC), Engineering Guide No. 69) for assessing the air quality impact of a new project.  These 
guidelines define air quality impact thresholds for several pollutants, including PM2.5 and NO2, in 
micrograms per cubic meter.  For the air PTI application, the CHP project was only required to assess the 
impact of PM2.5  (and the less restrictive threshold for PM10).  The results of that screening analysis 
clearly demonstrated acceptable impacts.  The results of that screening analysis were also incorporated 
into the application for Ohio Power Siting Board certification. 

In the previous screening analysis, the highest overall predicted impacts using 5 years of hourly 
meteorological data are compared to conservatively protective thresholds outlined in Engineering Guide 
No. 69 (https://epa.ohio.gov/Portals/27/engineer/eguides/2018_EG69_DRAFT.pdf). If the highest 
impacts exceed the corresponding thresholds, a more refined modeling analysis is required that takes 
into account background concentrations of the area.  The refined modeling analysis considers model 
predicted impacts in a similar statistical fashion (analyzing frequency of occurrence over a given time 
period such as 3 or 5 years) to how compliance with NAAQSs are defined by the USEPA.  While the CHP 
project did not have predicted impacts for PM2.5 above Ohio EPA trigger thresholds, OSU and ENGIE 
have conservatively completed a refined analysis for PM2.5, as well as for NO2 and ozone, to address 
concerns raised by the Sierra Club in their intervention in the OPSB regulatory process for the CHP. 

The refined air quality modeling analysis to assess the possible impact of the project described for 
remainder of this summary considered 12 possible operating conditions for the CHP units.  This analysis 
was completed with the latest version of the AERMOD dispersion model. This model has been 
developed by the USEPA and is utilized by the Ohio EPA and environmental review agencies in every 
other State. Each of the 12 conditions was tested in the model with 43,824 hours (5 years) of 
meteorological observations from the Columbus National Weather Service site. For PM2.5 the model also 
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included all cooling tower units.   Model predicted impacts were made at over 3,000 regularly spaced 
(70- meter) generic receptor locations surrounding the project site.  Thirty (30) possible sensitive 
receptor locations were also considered (see Figure 1) and the eleven closest ones to the project (within 
1.3 miles) were evaluated for impacts. 

Based on these assumptions the highest predicted values from the analysis were compared to applicable 
NAAQS standards.  The term “highest” results in this context were based upon: 

 The highest predicted impact within the grid of 3,000 generic receptors. 

 The highest predicted impact within the group of sensitive receptors. 

 The highest annual predicted concentrations based on 5 separate years of meteorological data. 

 The highest 24-hr calendar day concentrations based on 1,826 days of meteorological data 

 The highest 1-hr concentrations based on 43,824 hours of meteorological observations. 

 The CHP plant operating scenario (out of a group 12 CHP plant operating scenarios modeled) that 
produced the highest predicted impact(s). 

The highest predicted impacts were compared to both the Primary NAAQS and the Columbus-area 
background concentrations monitored by Ohio EPA. 

Secondary Impact Assessment of Project Emissions 

In addition to modeling the direct emissions of NO2 and PM2.5, TRC utilized the USEPA’s Modeled 
Emission Rate Precursors (MERPs) methodology to assess the impact of the project on secondary 
formation of PM2.5 (from nitrogen oxide and sulfur dioxide emissions) and also the project contribution 
to area ozone concentrations due to VOC and NOx emissions. The results of this analysis showed that 
the project would have trivial secondary impacts on the formation of PM2.5 and ozone. 
 
Modeling Results for the CHP Project 

The air quality model was used to predict the overall highest impacts and the highest impacted sensitive 
receptor (Martha Morehouse Outpatient Care - see locations in Figure 2).  For comparison, results are 
also shown for the OSU Wexner Medical Center.  A summary of those impacts is presented below.  
These results correspond to the CHP operating condition (out of 12 modeled) that had the highest 
predicted impact.  Note that a background concentration represents the concentration of a given 
pollutant that may be present in the ambient air.  The Ohio EPA operates monitors in Franklin County 
for PM2.5, NO2, and ozone.  The background values listed below were derived from area-wide monitored 
values in the years 2017-2019. 
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Overall Highest Predicted Impact Location  
   

Pollutant 

CHP 
Project 
Impact Background 

Total 
Impact 

NAAQS 
(PRIMARY) 

Project Impact 
above 

Background 
PM2.5 24-hr 1.51 26 27.51 35 5.8% 

PM 2.5 Annual 0.17 9.9 10.07 12 1.7% 

NO2 1-hr 5.0 86.2 91.2 188 5.8% 

NO2 Annual 0.13 21.7 21.83 100 0.60% 

Ozone 8-hr 0.000084 0.065 0.065084 0.07 0.13% 

Highest predicted impacts from 3,000 locations modeled 
Units for NO2 and PM2.5 are μg/m3, for ozone ppm   
 

Impacts at Highest Impacted Sensitive Receptor (Martha Morehouse Outpatient Care)  

Pollutant 

CHP 
Project 
Impact Background 

Total 
Impact 

NAAQS 
(PRIMARY) 

Project Impact 
above 

Background 
PM2.5 24-hr 0.42 26 26.42 35 1.6% 

PM 2.5 Annual 0.048 9.9 9.948 12 0.5% 

NO2 1-hr 1.56 86.2 87.76 188 1.8% 

NO2 Annual 0.031 21.7 21.731 100 0.14%

Ozone 8-hr 0.000084 0.065 0.065084 0.07 0.13% 

Units for NO2 and PM2.5 are μg/m3, for ozone ppm   

Predicted Impacts at the OSU Wexner Medical Center  

Pollutant 

CHP 
Project 
Impact Background 

Total 
Impact 

NAAQS 
(PRIMARY) 

Project Impact 
above 

Background 
PM2.5 24-hr 0.22 26 26.22 35 0.8% 

PM 2.5 Annual 0.023 9.9 9.923 12 0.2% 

NO2 1-hr 0.89 86.2 87.09 188 1.0% 

NO2 Annual 0.017 21.7 21.717 100 0.08% 

Ozone 8-hr 0.000084 0.065 0.065084 0.07 0.13% 

Note: Units for NO2 and PM2.5 are μg/m3, for ozone ppm   
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The highest predicted impacts were found less than one quarter mile from the project site (see Figure 2 
for location relative to project site).  The highest impacted sensitive receptor was the closest sensitive 
receptor to the project site (Figure 2).  Due to the conservative assumptions used and the conservative 
nature of the air quality model itself, the actual effect of the CHP installation would be much less than 
indicated above.  
 
Model Results for Expected Average Operating Conditions. 
 
Engie has identified emission and stack conditions that would be expected to be representative or 
typical of average operating conditions. The model predicted impacts at the overall highest, highest 
sensitive receptor and the Wexner Medical Center locations for the expected typical operating 
conditions, are shown in the following tables. 
 

Overall Highest Predicted Impact Location
(average operating conditions)  

   

Pollutant 

CHP 
Project 
Impact Background 

Total 
Impact 

NAAQS 
(PRIMARY) 

Project Impact 
above 

Background 
PM2.5 24-hr 1.31 26 27.31 35 5.0% 

PM 2.5 Annual 0.16 9.9 10.06 12 1.6% 

NO2 1-hr 4.9 86.2 91.1 188 5.7% 

NO2 Annual 0.12 21.7 21.82 100 0.60% 

Ozone 8-hr 0.000084 0.065 0.065084 0.07 0.13% 

Highest predicted impacts from 3,000 locations modeled 
Units for NO2 and PM2.5 are μg/m3, for ozone ppm   
 

Impacts at Highest Impacted Sensitive Receptor (Martha Morehouse Outpatient Care)  
(average operating conditions) 

Pollutant 

CHP 
Project 
Impact Background 

Total 
Impact 

NAAQS 
(PRIMARY) 

Project Impact 
above 

Background 
PM2.5 24-hr 0.37 26 26.37 35 1.4% 

PM 2.5 Annual 0.042 9.9 9.942 12 0.4% 

NO2 1-hr 1.5  86.2 87.7  188 1.7% 

NO2 Annual 0.031 21.7 21.731 100 0.14% 

Ozone 8-hr 0.000084 0.065 0.065084 0.07 0.13% 

Units for NO2 and PM2.5 are μg/m3, for ozone ppm   
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Predicted Impacts at the OSU Wexner Medical Center 
(average operating conditions)  

Pollutant 

CHP 
Project 
Impact Background 

Total 
Impact 

NAAQS 
(PRIMARY) 

Project Impact 
above 

Background 
PM2.5 24-hr 0.21 26 26.21 35 0.8% 

PM 2.5 Annual 0.022 9.9 9.922 12 0.2% 

NO2 1-hr 0.79 86.2 86.99 188 0.9% 

NO2 Annual 0.015 21.7 21.715 100 0.07% 

Ozone 8-hr 0.000084 0.065 0.065084 0.07 0.13% 

Note: Units for NO2 and PM2.5 are μg/m3, for ozone ppm   

Modeled Impacts at Ohio EPA Ambient Monitoring Locations 

The AERMOD model was also used to predict the air quality impact of the CHP project at Ohio EPA 
ambient air quality monitoring stations in Franklin County.   The ambient air quality information 
gathered at these stations are what Ohio EPA and USEPA use to determine whether the area is meeting 
the pollutant-specific NAAQS.  As such, by predicting the increase in pollutant concentrations at the 
monitoring stations through modeling, the impact to air quality in Franklin County can be addressed.  A 
comparison of predicted impacts to measured values at the respective monitoring stations is shown in 
the tables below. 
 

PM2.5       
 Monitor-Measured Values Model Predicted Values at Monitor

Monitor Location 
2017-2019 
24-hr value 

2017-2019   
Annual 

maximum  

Project 
Impact 
 24-hr 

Project 
Impact 
Annual 

Project 
Impact over 
Monitored 
Value 24-hr 

Project 
Impact over 
Monitored 

Value Annual 

Korbel Ave 25 9.9 0.11 0.013 0.44% 0.13% 

7560 Smoky Road 26 9.9 0.035 0.006 0.13% 0.06% 

580 Woodrow 22 8.7 0.039 0.005 0.18% 0.06% 

5750 Maple Canyon 22 8.7 0.035 0.006 0.16% 0.07% 

NAAQS 35 12     
All values in ug/m3       
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NO2       
    Monitor-Measured Values                Model Predicted Values at Monitor   

Monitor Location 
2017-2019 
1-hr value 

2017-2019   
Annual 

maximum  

Project 
Impact 

1-hr 

Project 
Impact 
Annual  

Project 
Impact over 
Monitored 
Value 1-hr 

Project 
Impact over 
Monitored 

Value Annual 

Korbel Ave 86.2 19.1 0.57 0.01 0.66% 0.05% 

7560 Smoky Road 74.5 21.7 0.30 0.006 0.40% 0.03% 

NAAQS 196 100 

All values in ug/m3       
       
Ozone       
       

Monitor Location 
2017-2019 
8-hr value 

Project 
Impact 

8-hr  

Project 
Impact over 
Monitored 

Value     
359 Main Rd. 0.063 - -   

7600 Fodor Rd. 0.068 - -   
5750 Maple Canyon 0.063 - -   
310 Licking View Dr. 0.062 - -   
8955 East Main St. 0.063 - -   

9940 Sr 38 Sw 0.065 - -   
Regional Average 0.064 0.000084 0.13% 

NAAQS 0.07      
All values in ppm       

CONCLUSIONS 

 The permitted annual emission levels of SO2, PM2.5, NOx and VOC are modest or similar in 
comparison to common industrial sources, but much less than utility scale sources. 

 The model predicted project impacts are very small in comparison to the background concentrations 
and based upon current monitoring data would not be predicted to contribute to exceedances of 
any NAAQS.  The small model predicted impacts met the Ohio EPA’s de minimis impacts for air 
permitting. 

 The model predicted project impacts at all impacted sensitive receptors, including the OSU Wexner 
Medical Center, are very small (NO2 and PM2.5) or trivial (ozone). 

 The CHP project will have a negligible impact on the overall air quality of Franklin County. 
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Figure 1. 

 
  

Stanford University’s “fourth-
generation” district energy system
Combined heat and cooling provides a path to sustainability.
Joseph C. Stagner, PE, Executive Director, Sustainability and Energy Management,  
Stanford University

S
tanford University is at 
the heart of one of the 
birthplaces of innovation, 
California’s Silicon Valley, 
but you won’t find one of 

its latest creations in lines of code, on 
a printed circuit board or in a miracle 
genome. It’s in plain sight on the 
university campus in the form of an 
attractive architectural interpretation 
of Stanford’s rich history and techno-
logical innovation. What’s under the 
hood is even more eye-catching. 
 In 1987 Stanford took a giant step 
forward in efficiency and environmen-

tal stewardship with the installation 
of a 50 MW natural gas-fired cogen-
eration plant to provide electricity, 
steam and chilled water for its cam-
pus. Three decades later, the Cardinal 
Cogeneration plant has been replaced 
by the new $468 million Stanford 
Energy System Innovations (SESI) 
project, which has taken Stanford 
into the 21st century with an even 
more efficient system that immedi-
ately reduces campus greenhouse gas 
emissions by 68 percent, decreases 
total campus water use by 18 percent 
and is expected to save the university 

hundreds of millions of dollars over 
the next three decades compared 
to other options. Shifting from gas 
cogeneration to grid electricity may be 
contrary to current trends, but heat 
recovery and renewable power are 
the keys to economic and sustainable 
energy for Stanford University.

HEAT RECOVERY
The cornerstone of SESI is the 

recovery of waste heat from the 
campus district chilled-water system 
to meet building heating and hot 
water needs. This opportunity was 

Stanford’s new Central Energy Facility uses renewable electricity as a primary fuel source to heat and cool the university. The facility’s net-positive-energy administration 
building is equipped with a 176 kW rooftop solar array.
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discovered in 2008 upon the review 
of hourly energy production data by 
Stanford’s Utilities engineering staff 
as they began exploring options to 
replace the university’s aging gas-fired 
cogeneration plant, scheduled for 
decommissioning in 2015.
 With cooling occurring mostly in 
summer and heating in winter, the 
opportunity for heat recovery was 
assumed to be modest until Stanford 
engineers compared the simultaneous 
delivery of heating and cooling from 
the cogeneration plant over all hours 
of the year (fig. 1). The large thermal 
overlap that was revealed opened up 
a major new opportunity for improve-
ment in the efficiency, economics 
and sustainability of the university’s 
energy system – namely, a heat recov-
ery-based heating and cooling system 
that could be powered by renewable 
electricity instead of natural gas. 
 Viewed on an annual basis, the 
thermal overlap and corresponding 
opportunity for heat recovery totals 
75 percent, with 93 percent of campus 
heating and hot water needs able to 
be met by recovering 57 percent of 
the waste heat from the chilled-water 
system as shown in figure 2.

COMBINED HEATING AND COOLING 
 Stanford refers to its new heat 
recovery system, which began opera-
tion in March 2015, as “CHC” (com-
bined heating and cooling) in contrast 
to the more widely known SHP (sepa-
rate heat and power, e.g., gas boilers, 
electric chillers and grid electricity) 
and CHP (combined heat and power, 
e.g., gas-fired cogeneration) district 
energy options. Key features of the 
CHC system include replacing steam 
production and distribution with hot 
water; large heat recovery chillers 
(heat pumps); both hot and cold water 
thermal energy storage; and advanced 
“model predictive control” energy 
management software. 

GETTING INTO HOT WATER
 Since standard heat pumps can’t 
produce temperatures high enough 
for steam production, the new CHC 
system uses hot water, with large 

reductions in heat distribution line 
loss and O&M cost compounding the 
base savings from heat recovery to 
help justify the switch. To determine 
required hot water supply tempera-
tures for the new system, engineers 
examined campus building HVAC 
designs and performed winter opera-
tional tests. It was determined that 
temperatures of 160 degrees F would 
suffice most of the time, with 170 F 
potentially required for periods of 
extreme cold, followed by return hot 
water temperatures of 130 F to 140 F. 
It was noted that a lower hot water 
supply temperature of 150 F could 
be used if several laboratory building 
HVAC systems were modified; how-
ever, since those changes could not be 
made in time for SESI commissioning 
planned for March 2015, and to pro-
vide flexibility in future operations, 
it was decided that the CHC system 
would include the ability to provide 
the higher temperatures. Chilled-
water system temperatures were 
unaffected by the change.

OPTIMIZING DESIGN AND 
OPERATION 
 Developing the CHC design 
required determining how such a sys-
tem should be configured and operat-
ed to meet loads so that its economics, 
efficiency and environmental impacts 
could be compared with those of SHP 
and CHP options. Stanford could not 
find commercial energy management 
software for modeling a CHC system 
so it developed the patented Central 

Energy Plant Optimization Model 
(CEPOM) itself for this purpose. 
 CEPOM incorporates model pre-
dictive control to look at least 168 
hours (seven days so as to always 
include weekends) into the future at 
any given time to predict hourly sys-
tem energy loads and grid electricity 
prices and then produce the optimal 
hourly dispatch plan for the central 
energy facility over that period to 
meet projected loads at the lowest 
possible cost.
 Using this tool, the performance 
of different CHC system configura-
tions was modeled for an entire year 
and used to optimize the heat pump, 
chiller and hot water generator fleets 
along with hot and cold water ther-
mal energy storage tank sizes to meet 
the forecasted loads. This design pro-
cess was performed for multiple years 
from 2015 to 2050 to develop an opti-
mal plant design and expansion plan 
to meet campus energy loads over the 
long term.
 Given the usefulness of CEPOM 
for conceptual planning and detailed 
design, Stanford realized that it could  
also be used for actual real-time 
system operation if it could be trans-
lated into an industrial platform and 
integrated with the base energy plant 
operating control system. Before 
investing in migrating CEPOM from 
Excel spreadsheet to an industrial 
software platform, Stanford retained 
consultants to study whether such a 
software program was commercially 
available; their conclusion confirmed 

Figure 2. Annual heat recovery potential: heating and cooling overlap, Stanford 
University, 2016. 
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Stanford’s own earlier assessment that 
it was not. Stanford then partnered 
with Johnson Controls Inc. (JCI), which 
had already been selected to provide 
the base energy plant control system, 
to do this. The resulting program 
developed by JCI in 2014, known as 
the Enterprise Optimization Solution 
(EOS), was deployed to provide real-

time optimization and dispatch control 
of Stanford’s new energy system. EOS 
also includes a planning module that 
replicates and improves upon CEPOM 
for system planning and design. 

CENTRAL ENERGY FACILITY
An optimal design for the new 

Central Energy Facility was developed 

by Stanford using CEPOM between 
2010 and 2012. It improves the reli-
ability of the campus district energy 
system through simplification by elim-
inating gas and steam turbines, steam 
and ice production from the process. 
This also allows for a much smaller 
plant staff and greatly reduced O&M 
cost. The design includes the following 

Stanford University’s new Central Energy Facility. 

Courtesy Todd Quam, Digital Sky Aerial Imaging.

Natural gas-fired hot water generators are 
highly efficient at 85 percent higher heating 
value but are used only part-time from 
November through February to supply less 
than 10 percent of annual system heat.

 
 

    System Snapshot: Stanford University 

Hot water system

2015

300

12 million sq ft

2.2 million MMBtu/year, max peak 300 MMBtu/hr

3 (heat recovery chillers)

3 hot water generators

Electricity, natural gas

22 miles

Preinsulated welded steel

2 to 36 inches

65 psi

150 F-170 F supply/130 F-140 F return

6 million gal (including thermal energy storage)

Startup year

Number of buildings served

Total square footage served

Central plant capacity

Number of heat pumps

Number of boilers/chillers

Fuel types

Distribution network length

Piping type

Piping diameter range

System pressure

System temperatures

System water volume

Chilled-water system
 
1960s

360

11 million sq ft

75 million ton-hr/year, max peak 25,000 tons/hr

3 (same heat pumps as serve hot water system)

4 chillers

Electricity

25 miles

Welded steel, PVC

2 to 42 inches

68 psi

42 F-44 F supply/56 F-58 F return

18 million gal (including thermal energy storage)
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initial equipment plus room for expan-
sion through 2050:

· 7,500 tons heat pumps (three 
2,500-ton units)

· 12,000 tons chillers (four 3,000-ton 
units)

· 180 MMBtu gas hot water genera-
tors (three 60-MMBtu units)

· 14,500 tons cooling towers

 · 90,000 ton-hr cold water thermal 
energy storage (two tanks totaling 
9.5 million gal)

· 600 MMBtu hot water thermal 
energy storage (one 2.3 million-gal 
tank)

CHC VS. SHP VS. CHP 
Prior to proceeding with CHC, 

Stanford also developed SHP and CHP 
system options and compared all 
using a total lifecycle present value 
cost analysis including fuel, O&M 
and capital costs. Long-term gas and 
electricity prices, inflation and dis-
count rates have a large impact on 
the comparisons; so to assure objec-
tivity, multiple sources for these were 
utilized, including consultants, the 

U.S. Energy Information Administra-
tion and Stanford faculty. Assump-
tions for these and other key factors 
were then developed for the analysis, 
including sensitivity bands. Multiple 
internal and external peer reviews 
of the models were also performed, 
and the comparison of long-term 
energy supply options for Stanford 
was completed in 2011 and presented 
as shown in figure 3. The best gas-
based option was a hybrid internal 
combustion engine and heat recovery 
scheme that presented long-term 
costs similar to that of CHC. Given 
the better sustainability performance 
of the CHC option and the long-term 
flexibility it provides in energy sourc-
ing by using electricity instead of gas, 
Stanford selected the combined heat-
ing and cooling option. 

SUSTAINABILITY
Construction of the CHC system 

was approved by Stanford’s Board of 
Trustees in December 2011, and con-
struction began in October 2012. That 
same year, Stanford achieved “direct 

access” to California electricity mar-
kets and in April 2014 executed long-
term power purchase agreements 
with SunPower Corp. for the develop-
ment of 73 MW of on- and off-campus 
photovoltaic solar power generation. 
(SunPower and its partners own and 
operate these PV projects.) The 5 MW 
of rooftop panels on campus build-
ings, including a 176 kW system at 
the new Central Energy Facility, and 
the 68 MW off-site at the Stanford 
Solar Generating Station located near 
Mojave, Calif., will be operational by 
the end of 2016 and supply around 
53 percent of Stanford’s electricity. 
This reduces the cost of the CHC 
option by another $156 million, as 
shown in the August 2015 cost update 
in figure 3, and boosts SESI’s initial 
50 percent greenhouse gas reduction 
to 68 percent. Greenhouse gas reduc-
tions will grow to at least 73 percent 
as the remainder of Stanford’s power 
from the general grid is cleaned up 
under state renewable portfolio  
standards, which advance to 50 per-
cent by 2030. (See Stanford’s green-

On-site gas cogeneration options Grid & PVGrid power options

Figure 3. Comparison of energy supply replacement options, Stanford University, 2011 with August 2015 update. (Update added for 
the selected CHC option after the system had become operational, showing actual additional savings achieved through low-cost, long-
term solar power purchases.) 
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house gas emissions trends in figure 
4.) In addition, SESI saves at least 
18 percent of the university’s drink-
ing water supply by greatly reducing 
the use of evaporative cooling towers 
for heat rejection.

IMPLEMENTATION
After project approval was 

granted in December 2011, the task 
of designing and building the new 
system in time to meet the March 31, 
2015, planned shutdown of the cogen-
eration plant was a monumental 
challenge. Components of the $468 
million SESI project include the new 
Central Energy Facility; a 100 MVA, 
60 kV high-voltage substation located 
on the edge of campus one-half mile 
from the existing cogeneration plant; 
22 miles of new hot water piping; con-
version of 155 buildings to receive hot 
water instead of steam; extension and 
tie-in of existing chilled-water and 
high-voltage distribution systems to 
the new Central Energy Facility; and 
demolition of the cogeneration plant. 

As the largest single construc-
tion project in Stanford history – with 
more than two years of disruption 
touching all areas of the campus – 
SESI required the full support of the 
campus community, adept project 
management and fully committed 
equipment suppliers and contractors 
for success. In a remarkable achieve-
ment, the project was completed on 
time and under budget. The new sys-
tem was started up March 24, 2015, 

and the cogeneration plant was shut 
down simultaneously. Over its first 
year of operation, SESI has exceeded 
expectations in service reliability and 
quality with no interruptions in ener-
gy supply or significant building heat-
ing or cooling problems. Annual ener-
gy and O&M costs were $9.9 million, 
or 21 percent less than anticipated in 
the 2011 pro forma due to lower- 
than-expected electricity cost and a 
2 percent underrun in O&M cost. 

THE LARGEST SINGLE 
CONSTRUCTION PROJECT IN 
STANFORD HISTORY, SESI 
REQUIRED FULL CAMPUS 
COMMUNITY SUPPORT, ADEPT 
PROJECT MANAGEMENT, AND 
COMMITTED SUPPLIERS AND 
CONTRACTORS. 

“FOURTH-GENERATION” DISTRICT 
ENERGY

In its recently released report, 
District Energy in Cities – Unlocking 
the Potential of Energy Efficiency and 
Renewable Energy, the United Nations 
Environment Programme envisions 
an evolution from 2020 to 2050 to 
“fourth-generation” district energy sys-
tems. These systems of the future will 
rely far more on waste heat recovery, 
heat pumping from ground and water 
bodies, and renewable energy than 
on the use of fossil fuels for power-
ing, heating and cooling buildings in 
order to achieve needed greenhouse 
gas reductions. UNEP has found that 
optimizing production, use and deliv-
ery of thermal energy for heating 
and cooling buildings is an essential 
and often overlooked segment of 
energy use in cities. Moving to fourth-
generation district heating and cool-
ing will enable the use of low-grade 
thermal energy as a means to reduce 
regional greenhouse gas emissions. 
Low-carbon technologies such as heat 
recovery, deep lake water cooling and 
thermal storage are valuable strate-
gies to facilitate effective deployment 
of district energy in cities, communi-
ties and campuses. Where waste heat 

recovery, ground and water body heat 
exchange, and renewable energy can-
not meet the entire energy needs of a 
district energy system, CHP systems, 
especially those using sustainable 
fuels, may also be valuable elements 
in a district energy system optimized 
for economics, efficiency and sustain-
ability. These are also the findings of 
the International Energy Agency in 
its Technology Roadmap: Energy-efficient 
Buildings: Heating and Cooling Equipment. 
Stanford’s new district energy system 
may be one of the first large examples 
of that evolution in a university set-
ting. It has enabled the university to 
achieve huge reductions in green-
house gas emissions and exceed state, 
federal and international goals several 
decades early and has opened the 
path to 100 percent reductions in the 
future. 

TRANSFERABILITY
Stanford conducted a review of 

thermal load studies done by campus 
utilities engineers at several major 
universities including in the Midwest 
and Northeast – very different cli-
mates than that of the university in 
California. All indicated a 50 percent 
or more annual overlap in heating 
and cooling and a greater-than-
expected opportunity for a renewable 
electricity-based heat recovery sys-
tem, ratifying the findings of Stanford, 
the IEA and UNEP. At first this seems 
counterintuitive given the extremely 
cold winters in the Midwest and 
Northeast; however, the studies reveal 
that much of the opportunity for heat 
recovery occurs in the summer and 
shoulder seasons, which makes sense 
given that the lower 48 states have a 
net environmental heat surplus for 
half the year. 

During that time there is no need 
to generate additional heat, and heat 
recovery can typically meet 100 per-
cent of heating and hot water needs 
in most locations. The magnitude of 
heat recovery potential in the colder 
half of the year varies by location, but 
it is present everywhere year-round 
and not to an insignificant degree. In 
colder climates, large-scale ground 

Figure 4. Greenhouse gas emissions 
trend, Stanford University, 1990-2017. 
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source heat exchange, such as is 
implemented at Ball State University, 
offers a great complement to heat 
recovery by utilizing the same equip-
ment that is used for heat recovery 
from campus buildings. Ground 
source heat exchange can boost 
annual sustainable heat supply from 
50 percent up to almost 100 percent 
via building heat recovery alone.
 While such systems are probably 
technically feasible in most locations, 
the economics and sustainability 
must be analyzed over the long term, 
given the capital required to make the 
transition and the projected long-term 
cost and carbon-intensity of the local 
electricity supply. The optimal time 
for making such a transformation is 
probably when major components of 
an existing district energy system are 
near or past their useful lives so as to 
minimize stranded assets. Stanford’s 
analysis of potential new district 
energy system schemes revealed that 
at balanced power, heating and cool-
ing loads, an electricity-based sys-
tem with moderate amounts of heat 
recovery and/or renewable power sup-
ply in the mix could result in lower 
overall emissions than new high-effi-
ciency natural gas alternatives even in 

higher-carbon-intensity regional grids. 
Currently, the probability of adequate 
supplies of cost-competitive, sustain-
able combustion fuels or small-scale 
carbon capture and storage appears 
slim over the next decade or more. 
Given that fossil fuel boilers and 
cogeneration units typically last 30 
years and beyond, this means that 
any such new equipment installed 
in the coming years may foreclose 
an institution’s ability to achieve sig-
nificant greenhouse gas emissions 
to levels prescribed for minimizing 
the consequences of climate change. 
Therefore, when opportunities for 
major changes in a district energy sys-
tem present themselves, a transition 
to an electricity-based system should 
be seriously considered.
 SESI has been recognized at 
local, state, national and internation-
al levels for its innovation and sus-
tainable design. Its various honors 
include the state of California Gov-
ernor’s Environmental and Economic 
Leadership Award, the Engineering 
News-Record (ENR) Editor’s Choice 
Best of the Best Projects 2015 award 
in the United States, the Alliance 
to Save Energy’s Energy Efficiency 
Visionary Award and, most recently, 

ENR’s Global Best Green Project 
Award for 2016.  

Joseph C. Stagner, PE, is 
executive director of the 
Sustainability and Energy 
Management Department 
at Stanford University, 
where he is responsible for 
advancing sustainability in 

campus operations through leadership of 
the university’s Office of Sustainability 
and Facilities Energy Management; 
Utilities Services; and Parking and 
Transportation Services departments. 
Prior to joining Stanford in 2007, Stagner 
served on the facilities management 
team at the University of California, 
Davis, for 14 years and spent 10 years 
in various engineering roles on nuclear, 
geothermal, coal and hydroelectric proj-
ects with the Pacific Gas & Electric Co., 
Sacramento Municipal Utility District 
and Morrison Knudsen Co. Stagner led 
development of SESI and created the 
Central Energy Plant Optimization Model 
software. He earned a bachelor’s degree 
in civil engineering from the University 
of Florida and is a registered professional 
engineer in California. He can be reached 
at jstagner@stanford.edu
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Brown launches three-year, $24 million project to boost thermal 
efficiency

Conversion from steam to hot-water heating on campus will increase energy efficiency and 
assist the University in meeting its goals for reduced greenhouse gas emissions by 2020.

PROVIDENCE, R.I. [Brown University] — As part of its continued work to reduce greenhouse gas 
emissions to 42 percent below 2007 levels by 2020, Brown University will embark on a three-year, $24 
million project to increase energy efficiency across campus by replacing its central heating system with 
one that will generate heat using hot water instead of steam.

Brown University Chief Engineer Thomas Demanche looks over decades-old equipment in the central 
heating plant. The plant will undergo a complete overhaul as part of the University's three-year 
thermal e ciency project. 



“When this project is complete, we will go a long way toward our 42 percent reduction goal,” said 
Christopher Powell, assistant vice president for sustainable energy and environmental initiatives. “Taking 
this approach signals that sustainability is a University priority, and Brown is showing significant 
leadership on this issue — proving that even in a cold climate, large institutions can operate much more 
efficiently with strategic investments.”

Brown’s 50-year-old steam heating system was due for replacement already, a project that would have cost 
the University approximately $17 million even with little upgrade in efficiency. Powell says the conversion 
to a medium-temperature hot water system will markedly increase the thermal efficiency of campus 
while creating the building blocks for future heat recovery and the use of low-carbon energy sources.

“The reality is that if we had just spent that $17 million, we would simply be implementing old 
technology,” Powell said. “By spending an additional $7 million, we expect to save more than $1 million 
in energy costs each year, based upon current utility costs, and help reach our important greenhouse 
emissions goals.”

Those savings will come in the form of reduced heating costs as well as energy incentives from National 
Grid, Rhode Island’s natural gas and electricity company.

The thermal efficiency project builds on a series of initiatives led by the Office of Sustainable Energy and 
Environmental Initiatives after the University launched its ambitious greenhouse gas reduction plan
(https://news.brown.edu/articles/2008/01/carbon-reduction) in 2008. In the years since, Brown has decreased its energy-related 
carbon footprint by 27.4 percent.

This reduction has been accomplished by switching from carbon-intensive No. 6 fuel oil to natural gas at 
the central heating plant, along with energy efficiency investments across campus including lighting 
upgrades, laboratory ventilation optimization, insulation repairs and cooling system performance 
optimization. Since 2008, Brown has invested approximately $32 million in energy efficiency initiatives, 
which have resulted in annual savings of more than $5 million in energy expenses.

Additionally, Brown’s design and construction staff have implemented high-energy-performance design 
goals for all new construction, major renovations and acquired facilities on campus. This includes a 
minimum certification of Leadership in Energy and Environmental Design (LEED) Silver and energy use 
standards that exceed building code by a minimum of 25 percent.



Not only will the conversion to hot water further decrease Brown’s energy consumption by approximately 
11 percent, it will enable the future implementation of other efficiency measures such as recovery systems 
in which emitted heat is captured and reused, Powell said. In addition, a hot water system, unlike a 
steam-based one, could potentially be supplied by high-tech heating and cooling technology, which in 
turn could be powered by non-fossil fuel energy sources such as solar, wind or geothermal.

That possibility is the most important long-term advantage of a conversion from steam to hot water, said 
Stephen Porder, an associate professor of ecology and evolutionary biology and fellow at the Institute at 
Brown for Environment and Society.

“This is a great first step for Brown, but it’s not the final one,” Porder said. “Essentially, converting to a hot 
water system opens up options for potentially getting our campus emissions down to zero.”

Porder is also the co-chair of the Sustainability Planning Study Committee, which has been charged with 
developing a process for creating new University greenhouse gas emissions goals once the existing goals 
have been achieved. He said that Brown’s work to reduce emissions is playing a small but important role 
in the larger worldwide effort to halt global warming.

“In order to avoid catastrophic climate change, worldwide greenhouse emissions need to be at net zero by 
the middle of this century,” Porder said. “At Brown, we are opening up a pathway to move beyond our 
goals of 2020 and position the University as a leader, not just among our peers, but also as a leader in 
confronting climate change, the biggest issue that we face as a global community in the 21st century.”

With funding for the project approved by the Corporation of Brown University’s Budget and Finance 
Committee last month, the conversion work will begin in the current academic year with a target 
completion date of October 2020.
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Introduction
Use of district energy systems is gaining momentum 

across North America. This trend, led by institutional 

campuses, such as universities or hospitals, and larger-

scale commercial developments includes a wide array 

of individual drivers and ultimate goals including basic 

performance improvement to existing steam or hot 

water networks to more ambitious targets, such as a full 

transition to renewable and zero-carbon energy sources 

and technologies.

Optimal district energy solutions vary but the traditional 

approach to district energy typically provides “heating 

only” service, involving some form of central heating 

plant — such as a natural gas heat source — and either 

a steam or high temperature hot water distribution 

network. This approach no longer meets current trends, 

needs or goals for the built environment.

Northern European countries are leaders in the district 

energy trend, focusing on district heating. Since its initial 

inception, district heating has evolved into four steps, 

or “Generations” (as coined by EU’s Strategic Energy 

Technologies Information System, or SETIS). These 

Generations are:  

• 1st Generation District Heating: using steam

• 2nd Generation District Heating: using high pressure 

& high temperature water (>212F/ 100C)

• 3rd Generation District Heating: using high 

temperature water (<212F/ 100C)

• 4th Generation District Heating: using low 

temperature water (<140F/ 60C range)

In spite of the evident increase in summertime global 

temperatures and the corresponding increased need for 

cooling, the focus of the 4th Generation District Heating 

approach is still — as the name indicates — heating 

only. 

As an industry leader, Integral Group takes a very 

different approach. By integrating innovation and 

creativity, and still adhering to the fundamental laws 

of physics, we have developed “5th Generation” 

district energy solutions. These systems provide 

heating and cooling, are technically sound, have stellar 

environmental performance (some capable of achieving 

Net Zero Carbon), and are cost competitive.

Unlike strategies developed by academics, our 5th 

Generation approach is based on “boots on the ground” 

experience on a number of our projects. Our innovative 

district energy solutions form a backbone for the 
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future “6th Generation Multi-Energy Systems,” which 

aim for the flexibility to include a multitude of energy 

sources and end-use forms including multiple energy 

conversion technologies, thermal (heating and cooling) 

and electrical distribution networks, and thermal and 

electrical storage.

The approach and methodology Integral Group has 

developed and used successfully for designing many of 

our innovative 5th and 6th Generation district energy 

systems can be applied systematically to any district 

energy project, whether it is an energy masterplan for 

a university campus or a lean “spartan” district energy 

project for a neighborhood-scale development. The only 

variation in approach is the depth and detail into which 

each of the steps would be developed.

Low-carbon DES Concept
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Recommended District Energy 
Approach & Methodology 

1. Understand the Project Context 
and the Client Goals

Understanding the project context and your client’s 

goals is the first and most critical step. To start 

designing without having clarity on the client’s goals 

or expectations and without understanding project 

constraints is inefficient and costly. Take the project the 

wrong direction and result is a mess of unnecessary 

complications that undermine not only the technical, but 

also the financial performance of the project. This can 

lead to the loss of the client’s trust in competency, and 

potentially a ruined relationship.  

Being proactive in helping clients to first understand 

what they are asking for can prevent this from 

happening. For most clients, the subject of district 

energy with all of the associated considerations 

(technical, environmental, financial, regulatory, and so 

on.) is new and quite often confusing. Clients typically 

have one or two main goals they are able to define 

and communicate directly, but are often unaware of 

the multitude of other indirect elements, constraints 

and potential consequences that must be considered. 

Asking the right questions and leading them through the 

process of clarifying their own project goals while also 

making them fully aware of all associated implications 

is our responsibility. After the full set and hierarchy of 

the project goals and constraints has been clarified and 

agreed upon with the client, the design team can follow 

the steps below to develop an optimal district energy 

solution.

Key Considerations

Could it 
work?

Will it 
work?

Where’s the 
money?

Does it 
work? 
Better?

Is it what 
we want?
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Energy Demand Profile 
Heat Source and Heat Sink

One of the most challenging elements on any district 

energy project is the financial context and pro-forma. 

In many cases, the client’s expectation is that the new 

district energy system will be able to compete not only 

in terms of low energy use, low carbon emissions, and 

low energy cost, but also in terms of the overall cost. 

It is expected for a client to compare district energy 

options with a “business as usual” (BAU) scenario. 

The BAU scenario is typically represented by a stand-

alone building system using conventional energy 

sources (electricity and natural gas) alongside energy 

conversion technologies. However, electrical and natural 

gas distribution infrastructure has been largely paid for 

and the initial cost was recovered long ago. Any new 

district energy system requires investment not only in 

the new energy technologies but also in the new energy 

distribution infrastructure, and therefore will always 

cost more than the BAU scenario. Consequently, the 

only meaningful financial pro-forma for a new district 

energy system is always based on long-term overall 

financial performance. This could include life-cycle cost 

analysis, such as a “levelized energy cost” comparison 

with the BAU scenario.performance. This could include 

life-cycle cost analysis, such as a “levelized energy cost” 

comparison with the BAU scenario.

2. Develop & Understand the Energy 
Demand Profile

Heating-only district energy systems and their heating 

plant capacities have traditionally been sized based on 

peak heating design conditions. They can be downsized 

by a certain amount to account for diversity in the 

heating demand and “load duration” curve, an approach 

which is adequate for heating-only systems. However, 

for the 5th and 6th Generation district energy systems 

— which often include both heating and cooling, 

energy recovery, co-generation or even tri-generation, 

and various low-grade (low-exergy) energy sources — 

require a much more comprehensive understanding of 

the energy demand.

A full annual energy demand and availability profile 

(i.e. monthly, daily, hourly) of all included energy forms 

needs to be developed. For new developments, this 

energy demand profile will be generated by energy 

modeling based on the anticipated building typology 

mix, occupancy schedule and local hourly weather data. 

For existing developments, such energy demand profiles 

can be generated based on available measured energy 

uses and/or utility billing records. 

Insert energy demand profile from YVR

MW
h
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3. Identify, Review & Understand 
Existing Infrastructure

Many institutional campuses across North America 

have some form of district energy infrastructure in 

place. They are typically a heating-only district energy 

system, and use steam or high-pressure and high-

temperature water as the heating medium (1st or 2nd 

Generation District Heating.) Some also include a central 

chiller plant and chilled water distribution network, or 

even on-site electrical power generation, occasionally 

configured as a co-generation system. For those that do 

incorporate cooling, the heating and cooling plants and 

distribution networks are typically independent from 

each other. For these projects, it is important to gain a 

good understanding of the existing energy components 

and infrastructure, especially their operating condition 

and remaining service life. With this information, we are 

able to develop the recommended solution that could 

combine upgrades and replacements within the existing 

system with new district energy components. 

Given that constructing brand new district scale energy 

distribution networks within existing campuses or 

developments pose numerous technical and financial 

challenges, re-use and upgrade of existing energy 

distribution networks should always be carefully 

considered. For any new developments, district 

energy options are typically unrestrained by these 

considerations.

Existing Campus Energy Demand

Smith College Campus
Energy Decarbonization Study
Location: Northampton, MA
Area: 147 Acres
Sustainability: Zero Emissions Campus Target
Completion Date: 2016

Smith College had committed to being a Zero
Emissions campus by 2030. Integral Group developed
and evaluated available options and recommend a
clear strategy and comprehensive technical concept
that would enable Smith College to achieve its 2030
Climate Targets.

The study had carefully considered a multitude of 
technical, economic, environmental, and logistical
factors, opportunities and limitations in the specific
context of Smith College existing energy infrastructure 
and its ultimate goals.

The recommended strategy comprised the following
short, medium, and long term progression steps:

1. Switching from natural gas to renewable
biodiesel in the existing central plant steam
boilers;

2. Implementation of the initial stage of the new
campus scale geo-exchange system with heat
recovery chillers and new low-temperature
heating distribution network;

3. Extending, completing and eventual complete
switch-over to the new campus scale low-
temperature heating distribution network and
addition of new tri-generation system based on
renewable biodiesel, and decommissioning of the
existing steam heating and CHP plants and steam
heating distribution network.
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4. Develop & Evaluate High-Level 
District Energy Strategies

It is important to develop and evaluate high-level district 

energy strategies before diving into design details. 

Too often we dive into detail too soon and too deep, 

evaluating specific energy sources and technologies 

and their combinations, or we will defer to our favorite 

universal district energy solution. These approaches are, 

at best, less effective, or at worst, completely misaligned 

with the client’s expectations. It is a much more effective 

approach to break down and evaluate the possible 

district energy strategies at a high-level. 

These strategies are rooted in two key district energy 

approaches (as categorized and coined by Integral 

Group):

• Centralized vs. Distributed

• High-Exergy vs. Low-Exergy (High-Ex, Low-Ex)

These approaches combine for four possible strategies:

A. Centralized High-Ex (DE heating systems with 

central plant and steam or high-temp water)

B. Distributed High-Ex (building-level plants using 

high temp water)

C. Centralized Low-Ex (DE heating systems with 

central plant and low- temp water; <140F/ 60C)

D. Distributed Low-Ex (building-level plants using 

low-temp water; <140F/ 60C)

Centralized vs. Distributed

The centralized approach is best suited for upgrades or 

expansions to an existing district energy distribution 

network or for new district energy networks serving 

large and relatively compact developments where 

new district energy network is relatively small in 

relation to the large energy load it will serve. The 

distributed approach is best suited for new and sparse 

developments with relatively low load density, where 

the cost of constructing a new district energy network 

outweighs the other benefits of a centralized district 

energy system. 

Low-Ex vs. High-Ex

The term Exergy (Ex) describes the quality or usability 

of energy in any given form. In the context of district 

energy systems, the High-Ex category encompasses all 

systems that distribute high-grade forms of energy, such 

as steam, high-temperature hot water, or electricity. In 

a High-Ex district energy system, the heating portion 

of the system operates with temperatures higher 

High-Level DE Evaluation Approach 

Usability of Energy-Exergy

Finding an Optimal Match Between: 
Energy Source - Conversion Technology - End Use Energy Form
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than 140F/ 60C. In this category, the possibilities for 

integrating recovery of various forms of low-grade (Low- 

Ex) “free waste” thermal energy or low-grade renewable 

energy, is limited. 

The Low-Ex district energy category includes all 

versions of district energy systems that distribute low-

temperature heating water (<140F/60C) as the heating 

medium. Using low-temperature water opens the 

possibilities for integrating recovery of various forms of 

free low-grade waste energy or low-grade renewable 

energy. 

Many large-scale developments have a significant 

amount of heating and cooling demand simultaneously. 

Low-Ex systems are ideally suited for these applications 

as they effectively provide both services with a single 

technology: heat-recovery chillers or heat pumps 

capable of utilizing available low-grade thermal energy 

sources or sinks (i.e. recovered waste heat from cooling, 

or from the surrounding environment; ambient air, geo-

exchange, sewer, or solar thermal). In the Centralized 

Low-Ex district energy system, the heat recovery chillers 

or heat pumps are the core of the central plant, and are 

the common technology serving two parallel distribution 

networks — a low-temp heating network and a chilled 

water network.

A Distributed Low-Ex district energy system is 

quite unique. It is best configured as an “Ambient 

Temperature Loop” system — a term coined by our 

team in 2005 when we developed the concept for the 

Whistler Olympic Village. This system connects multiple 

low-grade heat sources and sinks via an uninsulated 

piping network with distributed heating and cooling 

heat pump plants extracting and rejecting thermal 

energy from/into it. It is worth noting that this particular 

district energy system also provides the most versatile 

backbone for the 6th Generation Multi-Energy 

District Systems.

Whistler Olympic Village Original Ambient Loop Concept
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5. Identify & Review Applicable 
Energy Sources & Technologies

Evaluation of the four possible high-level strategies can 

be done quickly and effectively, provided there is clarity 

on the client’s objectives. Once the project context is 

evaluated, the best high-level strategy can be explored 

in more detail. This involves identifying and evaluating 

all applicable energy sources and technologies, and their 

combinations that work well with the chosen district 

energy strategy. A project’s specific requirements and 

constraints could include energy or carbon emission 

targets, capital, and life cycle (or “levelized energy” 

cost). Depending on these requirements and constraints, 

a number of different complementary energy source and 

technology combinations can be identified.

6. Develop & Analyze Specific DE 
Options

Once the specific energy source and technology 

combinations are selected for consideration, they need 

to be developed into district energy system options. This 

needs to be done to a sufficient level of technical detail 

to allow for side-by-side comparison. At a minimum, the 

individual systems should be evaluated in the context 

of their technical feasibility, economic viability (financial 

pro-forma) and environmental impacts. The outcome of 

this step is the recommendation of the district energy 

option that is best suited for the project.

YVR & Sea Island DES: Considered DES Technologies

Biomass Tri-Generation
Heathrow Airport T2 10MW Biomass Cogeneration Plant Waste-to-Energy 

“Batch Oxidization System” by WTEC

Absorption Chillers
University of Lund DES, Sweden
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7. Develop Design & Implementation 
Steps for the Recommended DE 
Option

The final step is developing the recommended district 

energy strategy into detailed construction documents. 

These must be fully coordinated with all involved 

disciplines, and must include costing and a specific 

implementation phasing plan. Phasing is especially 

crucial for projects involving upgrades or modifications 

to existing district energy plants or distribution 

networks, as they often require minimized shutdowns 

of plant components and loss of service to existing 

buildings. In most cases involving transition from High-

Ex to Low-Ex district energy systems, this step will also 

include design for upgrades of the existing in-building 

HVAC systems.

Vancouver International Airport
& Sea Island
DES Concept & Feasibility Study
Location: Richmond, BC

Integral Group was engaged by the Vancouver Airport
Authority to conduct a feasibility assessment for
developing a Sea Island district energy system. The 
goal of the study was to identify and evaluate the
most appropriate district energy system concepts for
YVR and Sea Island.

We developed two DES concepts; ‘Ultimate’ and 
‘Minimal’, that set the outer limits of what was
feasible for a Sea Island district energy system. With 
complete resource self-sufficiency on one end and
the bare minimum necessary on the other, these two
concepts represented the most and least the Airport 
Authority would be able to do. Based on our analysis 
and the Airport Authority’s interest in reducing its
energy use, carbon emissions and operating costs,
we also developed the Optimal DES concept best
meeting the overall Airport Authority’s objectives. The 
Optimal DES concept includes tri-generation system
(electricity, heating and absorption cooling) powered
by biomass, and was sized to meet the Airport
Authority’s current annual electrical demand and 60%
of Sea Island’s forecasted electricity demand and over
70% of its forecasted heating and cooling demand, 
without creating an island wide network. It can serve
as a backup electricity source for YVR if necessary,
thereby offering YVR a level of redundancy that it
currently does not have. As the next step, we are now
conducting a more detailed evaluation of the technical
solution along with a business case for the optimal
concept.
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Conclusion
The approach outlined above is simple in its basic 

structure. However, when followed and complemented 

with a well-balanced level of innovation, pragmatic 

engineering design and financial analysis, it can be used 

as a solid and effective framework for any district energy 

system design, including even the most ambitious 5th 

and 6th Generation Multi-Energy District Systems.



About Integral Group
Integral Group is an interactive global 
network of design professionals 
collaborating under a single deep green 
engineering umbrella. We provide a full 
range of building system design and energy 
analysis services, with a staff regarded as 
innovative leaders in their fields.

Our organization is designed to specifically 
meet the challenge of accelerating critical 
change in sustainable building practices. 
Our integrated approach to building 
systems design allows us to enhance 
opportunities that nature provides, working 
in harmony with a building’s environment 
to reduce its reliance on outside energy 
sources. We specialize in the design of 
simple, elegant, cost-effective systems for 
high performance building environments 
and provide comprehensive analyses that 
help prioritize their energy saving potential
and carbon reduction effect.

www.integralgroup.com
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50 West Town Street • Suite 700 • P.O. Box 1049 • Columbus, OH 43216-1049 
epa.ohio.gov • (614) 644-3020 • (614) 644-3184 (fax) 

 

10/25/2019 
 
 
Gregg Garbesi 
ENGIE Services, Inc. 
2001 Millikin Road 
Suite 200 
Columbus, OH 43210 
 
RE: FINAL AIR POLLUTION PERMIT-TO-INSTALL 

Facility ID:   0125044324 
Permit Number:  P0126155 
Permit Type:  Initial Installation 
County:    Franklin 

 
Dear Permit Holder: 
 
Enclosed please find a final Ohio Environmental Protection Agency (EPA) Air Pollution Permit-to-Install (PTI) 
which will allow you to install or modify the described emissions unit(s) in a manner indicated in the permit. 
Because this permit contains several conditions and restrictions, we urge you to read it carefully. Because this 
permit contains conditions and restrictions, please read it very carefully.  In this letter you will find the information 
on the following topics: 
 

 How to appeal this permit 
 How to save money, reduce pollution and reduce energy consumption 
 How to give us feedback on your permitting experience 
 How to get an electronic copy of your permit 
 What should you do if you notice a spill or environmental emergency? 

 
How to appeal this permit 
 
The issuance of this PTI is a final action of the Director and may be appealed to the Environmental Review 
Appeals Commission pursuant to Section 3745.04 of the Ohio Revised Code. The appeal must be in writing and 
set forth the action complained of and the grounds upon which the appeal is based.  The appeal must be filed 
with the Commission within thirty (30) days after notice of the Director's action.  The appeal must be accompanied 
by a filing fee of $70.00, made payable to "Ohio Treasurer Robert Sprague," which the Commission, in its 
discretion, may reduce if by affidavit you demonstrate that payment of the full amount of the fee would cause 
extreme hardship.  Notice of the filing of the appeal shall be filed with the Director within three (3) days of filing 
with the Commission.  Ohio EPA requests that a copy of the appeal be served upon the Ohio Attorney General's 
Office, Environmental Enforcement Section.  An appeal may be filed with the Environmental Review Appeals 
Commission at the following address: 
 
 Environmental Review Appeals Commission 
 30 East Broad Street, 4th Floor 
 Columbus, OH 43215 

Certified Mail 
 

No TOXIC REVIEW 
No PSD 
No SYNTHETIC MINOR TO AVOID MAJOR NSR 
No CEMS 
No MACT/GACT 
Yes NSPS 
No NESHAPS 
No NETTING 
No MAJOR NON-ATTAINMENT 
No MODELING SUBMITTED 
No MAJOR GHG 
No SYNTHETIC MINOR TO AVOID MAJOR GHG 

SC Set 1– RPD-08

OSU_003957



 

 
 

 
How to save money, reduce pollution and reduce energy consumption 
 
The Ohio EPA is encouraging companies to investigate pollution prevention and energy conservation.  Not only 
will this reduce pollution and energy consumption, but it can also save you money.  If you would like to learn 
ways you can save money while protecting the environment, please contact our Office of Compliance Assistance 
and Pollution Prevention at (614) 644-3469.  Additionally, all or a portion of the capital expenditures related to 
installing air pollution control equipment under this permit may be eligible for financing and State tax exemptions 
through the Ohio Air Quality Development Authority (OAQDA) under Ohio Revised Code Section 3706.  For 
more information, see the OAQDA website:  www.ohioairquality.org/clean_air 
 
How to give us feedback on your permitting experience 

 
Please complete a survey at www.epa.ohio.gov/survey.aspx and give us feedback on your permitting 
experience.  We value your opinion. 
 
How to get an electronic copy of your permit 

 
This permit can be accessed electronically via the eBusiness Center: Air Services in Microsoft Word format or 
in Adobe PDF on the Division of Air Pollution Control (DAPC) Web page, www.epa.ohio.gov/dapc by clicking the 
"Search for Permits" link under the Permitting topic on the Programs tab.   
 
What should you do if you notice a spill or environmental emergency? 
 
Any spill or environmental emergency which may endanger human health or the environment should be reported 
to the Emergency Response 24-HOUR EMERGENCY SPILL HOTLINE toll-free at (800) 282-9378.  Report non-
emergency complaints to the appropriate district office or local air agency. 
 
If you have any questions regarding your permit, please contact Ohio EPA DAPC, Central District Office at 
(614)728-3778 or the Office of Compliance Assistance and Pollution Prevention at (614) 644-3469.   
 
Sincerely, 

 
Michael E. Hopkins, P.E. 
Assistant Chief, Permitting Section, DAPC 
 
cc:  U.S. EPA 
  Ohio EPA-CDO 
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Authorization 
 
Facility ID:      0125044324 
Facility Description:     
Application Number(s):   A0061672, A0064024 
Permit Number:    P0126155 
Permit Description:  ENGIE Services, Inc. (ENGIE) is the contract operator of utility and steam production facilities at 

the Ohio State University (OSU). This permitting action is for a Combined Heat and Power facility 
(CHP), which is part of the Smart Campus Project.  This initial installation PTI is for two CHP units 
which consist of a combustion turbine and a duct burner/heat recovery steam generator (HRSG). 
Two noncontact water-cooling towers that are de minimis and trivial units will also be installed as 
part of this project. 

Permit Type:     Initial Installation 
Permit Fee:     $2,000.00 
Issue Date:     10/25/2019 
Effective Date:     10/25/2019 
 
This document constitutes issuance to: 

 
ENGIE Services, Inc. 
2003 Millikin Rd 
Columbus, OH 43210 

 
of a Permit-to-Install for the emissions unit(s) identified on the following page. 

 
Ohio Environmental Protection Agency (EPA) District Office or local air agency responsible for processing and administering 
your permit: 
 
Ohio EPA DAPC, Central District Office 
50 West Town St., 5th Floor 
P.O. Box 1049 
Columbus, OH 43216-1049 
(614)728-3778 

 
The above named entity is hereby granted a Permit-to-Install for the emissions unit(s) listed in this section pursuant to 
Chapter 3745-31 of the Ohio Administrative Code. Issuance of this permit does not constitute expressed or implied approval 
or agreement that, if constructed or modified in accordance with the plans included in the application, the emissions unit(s) 
of environmental pollutants will operate in compliance with applicable State and Federal laws and regulations, and does not 
constitute expressed or implied assurance that if constructed or modified in accordance with those plans and specifications, 
the above described emissions unit(s) of pollutants will be granted the necessary permits to operate (air) or NPDES permits 
as applicable. 
 
This permit is granted subject to the conditions attached hereto. 
 
Ohio Environmental Protection Agency 

 
Laurie A. Stevenson 
Director   
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Authorization (continued) 
 
Permit Number: P0126155 
Permit Description: ENGIE Services, Inc. (ENGIE) is the contract operator of utility and steam production 

facilities at the Ohio State University (OSU). This permitting action is for a Combined Heat 
and Power facility (CHP), which is part of the Smart Campus Project.  This initial 
installation PTI is for two CHP units which consist of a combustion turbine and a duct 
burner/heat recovery steam generator (HRSG). Two noncontact water-cooling towers that 
are de minimis and trivial units will also be installed as part of this project. 

 
Permits for the following Emissions Unit(s) or groups of Emissions Units are in this document as indicated below: 
 

 
Group Name: CHP Units 

Emissions Unit ID: B271 
 Company Equipment ID: CHP Unit #1 
 Superseded Permit Number:  
 General Permit Category and Type: Not Applicable  
Emissions Unit ID: B272 
 Company Equipment ID: CHP Unit #2 
 Superseded Permit Number:  
 General Permit Category and Type: Not Applicable  
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1. Federally Enforceable Standard Terms and Conditions 

a) All Standard Terms and Conditions are federally enforceable, with the exception of those listed 
below which are enforceable under State law only: 

(1) Standard Term and Condition A.2.a), Severability Clause 

(2) Standard Term and Condition A.3.c) through A. 3.e) General Requirements 

(3) Standard Term and Condition A.6.c) and A. 6.d), Compliance Requirements 

(4) Standard Term and Condition A.9., Reporting Requirements 

(5) Standard Term and Condition A.10., Applicability 

(6) Standard Term and Condition A.11.b) through A.11.e), Construction of New Source(s) and 
Authorization to Install 

(7) Standard Term and Condition A.14., Public Disclosure 

(8) Standard Term and Condition A.15., Additional Reporting Requirements When There Are 
No Deviations of Federally Enforceable Emission Limitations, Operational Restrictions, or 
Control Device Operating Parameter Limitations 

(9) Standard Term and Condition A.16., Fees 

(10) Standard Term and Condition A.17., Permit Transfers 

2. Severability Clause 

a) A determination that any term or condition of this permit is invalid shall not invalidate the force or 
effect of any other term or condition thereof, except to the extent that any other term or condition 
depends in whole or in part for its operation or implementation upon the term or condition declared 
invalid. 

b) All terms and conditions designated in parts B and C of this permit are federally enforceable as a 
practical matter, if they are required under the Act, or any of its applicable requirements, including 
relevant provisions designed to limit the potential to emit of a source, are enforceable by the 
Administrator of the U.S. EPA and the State and by citizens (to the extent allowed by section 304 
of the Act) under the Act.  Terms and conditions in parts B and C of this permit shall not be 
federally enforceable and shall be enforceable under State law only, only if specifically identified 
in this permit as such. 

3. General Requirements 

a) Any noncompliance with the federally enforceable terms and conditions of this permit constitutes 
a violation of the Act, and is grounds for enforcement action or for permit revocation, revocation 
and re-issuance, or modification. 
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b) It shall not be a defense for the permittee in an enforcement action that it would have been 
necessary to halt or reduce the permitted activity in order to maintain compliance with the federally 
enforceable terms and conditions of this permit. 

c) This permit may be modified, revoked, or revoked and reissued, for cause.  The filing of a request 
by the permittee for a permit modification, revocation and reissuance, or revocation, or of a 
notification of planned changes or anticipated noncompliance does not stay any term and 
condition of this permit. 

d) This permit does not convey any property rights of any sort, or any exclusive privilege. 

e) The permittee shall furnish to the Director of the Ohio EPA, or an authorized representative of the 
Director, upon receipt of a written request and within a reasonable time, any information that may 
be requested to determine whether cause exists for modifying or revoking this permit or to 
determine compliance with this permit.  Upon request, the permittee shall also furnish to the 
Director or an authorized representative of the Director, copies of records required to be kept by 
this permit.  For information claimed to be confidential in the submittal to the Director, if the 
Administrator of the U.S. EPA requests such information, the permittee may furnish such records 
directly to the Administrator along with a claim of confidentiality. 

4. Monitoring and Related Record Keeping and Reporting Requirements 

a) Except as may otherwise be provided in the terms and conditions for a specific emissions unit, 
the permittee shall maintain records that include the following, where applicable, for any required 
monitoring under this permit: 

(1) The date, place (as defined in the permit), and time of sampling or measurements. 

(2) The date(s) analyses were performed. 

(3) The company or entity that performed the analyses. 

(4) The analytical techniques or methods used. 

(5) The results of such analyses. 

(6) The operating conditions existing at the time of sampling or measurement.  

b) Each record of any monitoring data, testing data, and support information required pursuant to 
this permit shall be retained for a period of five years from the date the record was created.  
Support information shall include, but not be limited to all calibration and maintenance records 
and all original strip-chart recordings for continuous monitoring instrumentation, and copies of all 
reports required by this permit.  Such records may be maintained in computerized form. 

c) Except as may otherwise be provided in the terms and conditions for a specific emissions unit, 
the permittee shall submit required reports in the following manner: 

(1) Reports of any required monitoring and/or recordkeeping of federally enforceable 
information shall be submitted to the Ohio EPA DAPC, Central District Office. 
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(2) Quarterly written reports of (i) any deviations from federally enforceable emission 
limitations, operational restrictions, and control device operating parameter limitations, 
excluding deviations resulting from malfunctions reported in accordance with OAC rule 
3745-15-06, that have been detected by the testing, monitoring and recordkeeping 
requirements specified in this permit, (ii) the probable cause of such deviations, and (iii) 
any corrective actions or preventive measures taken, shall be made to the Ohio EPA 
DAPC, Central District Office.  The written reports shall be submitted (i.e., postmarked) 
quarterly, by January 31, April 30, July 31, and October 31 of each year and shall cover 
the previous calendar quarters.  See A.15. below if no deviations occurred during the 
quarter. 

(3) Written reports, which identify any deviations from the federally enforceable monitoring, 
recordkeeping, and reporting requirements contained in this permit shall be submitted to 
the Ohio EPA DAPC, Central District Office every six months, by January 31 and July 31 
of each year for the previous six calendar months.  If no deviations occurred during a six-
month period, the permittee shall submit a semi-annual report, which states that no 
deviations occurred during that period. 

(4) This permit is for an emissions unit located at a Title V facility.  Each written report shall 
be signed by a responsible official certifying that, based on information and belief formed 
after reasonable inquiry, the statements and information in the report are true, accurate, 
and complete. 

d) The permittee shall report actual emissions pursuant to OAC Chapter 3745-78 for the purpose of 
collecting Air Pollution Control Fees. 

5. Scheduled Maintenance/Malfunction Reporting 

Any scheduled maintenance of air pollution control equipment shall be performed in accordance with 
paragraph (A) of OAC rule 3745-15-06.  The malfunction, i.e., upset, of any emissions units or any 
associated air pollution control system(s) shall be reported to the Ohio EPA DAPC, Central District Office 
in accordance with paragraph (B) of OAC rule 3745-15-06.  (The definition of an upset condition shall be 
the same as that used in OAC rule 3745-15-06(B)(1) for a malfunction.)  The verbal and written reports 
shall be submitted pursuant to OAC rule 3745-15-06. 

Except as provided in that rule, any scheduled maintenance or malfunction necessitating the shutdown 
or bypassing of any air pollution control system(s) shall be accompanied by the shutdown of the emission 
unit(s) that is (are) served by such control system(s). 

6. Compliance Requirements 

a) All applications, notifications or reports required by terms and conditions in this permit to be 
submitted or "reported in writing" are to be submitted to Ohio EPA through the Ohio EPA's 
eBusiness Center: Air Services web service ("Air Services").  Ohio EPA will accept hard copy 
submittals on an as-needed basis if the permittee cannot submit the required documents through 
the Ohio EPA eBusiness Center. In the event of an alternative hard copy submission in lieu of the 
eBusiness Center, the post-marked date or the date the document is delivered in person will be 
recognized as the date submitted. Electronic submission of applications, notifications or reports 
required to be submitted to Ohio EPA fulfills the requirement to submit the required information to 
the Director, the appropriate Ohio EPA District Office or contracted local air agency, and/or any 
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other individual or organization specifically identified as an additional recipient identified in this 
permit unless otherwise specified. Consistent with OAC rule 3745-15-03, the electronic signature 
date shall constitute the date that the required application, notification or report is considered to 
be "submitted". Any document requiring signature may be represented by entry of the personal 
identification number (PIN) by responsible official as part of the electronic submission process or 
by the scanned attestation document signed by the Authorized Representative that is attached to 
the electronically submitted written report. 

Any document (including reports) required to be submitted and required by a federally applicable 
requirement in this permit shall include a certification by a Responsible Official that, based on 
information and belief formed after reasonable inquiry, the statements in the document are true, 
accurate, and complete. 

b) Upon presentation of credentials and other documents as may be required by law, the permittee 
shall allow the Director of the Ohio EPA or an authorized representative of the Director to: 

(1) At reasonable times, enter upon the permittee's premises where a source is located or the 
emissions-related activity is conducted, or where records must be kept under the 
conditions of this permit. 

(2) Have access to and copy, at reasonable times, any records that must be kept under the 
conditions of this permit, subject to the protection from disclosure to the public of 
confidential information consistent with ORC section 3704.08. 

(3) Inspect at reasonable times any facilities, equipment (including monitoring and air pollution 
control equipment), practices, or operations regulated or required under this permit. 

(4) As authorized by the Act, sample or monitor at reasonable times substances or 
parameters for the purpose of assuring compliance with the permit and applicable 
requirements. 

c) The permittee shall submit progress reports to the Ohio EPA DAPC, Central District Office 
concerning any schedule of compliance for meeting an applicable requirement.  Progress reports 
shall be submitted semiannually or more frequently if specified in the applicable requirement or 
by the Director of the Ohio EPA.  Progress reports shall contain the following: 

(1) Dates for achieving the activities, milestones, or compliance required in any schedule of 
compliance, and dates when such activities, milestones, or compliance were achieved. 

(2) An explanation of why any dates in any schedule of compliance were not or will not be 
met, and any preventive or corrective measures adopted. 

7. Best Available Technology 

As specified in OAC Rule 3745-31-05, new sources that must employ Best Available Technology (BAT) 
shall comply with the Applicable Emission Limitations/Control Measures identified as BAT for each 
subject emissions unit. 
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8. Air Pollution Nuisance 

The air contaminants emitted by the emissions units covered by this permit shall not cause a public 
nuisance, in violation of OAC rule 3745-15-07. 

9. Reporting Requirements 

The permittee shall submit required reports in the following manner: 

a) Reports of any required monitoring and/or recordkeeping of state-only enforceable information 
shall be submitted to the Ohio EPA DAPC, Central District Office. 

b) Except as otherwise may be provided in the terms and conditions for a specific emissions unit, 
quarterly written reports of (a) any deviations (excursions) from state-only required emission 
limitations, operational restrictions, and control device operating parameter limitations that have 
been detected by the testing, monitoring, and recordkeeping requirements specified in this permit, 
(b) the probable cause of such deviations, and (c) any corrective actions or preventive measures 
which have been or will be taken, shall be submitted to the Ohio EPA DAPC, Central District 
Office.  If no deviations occurred during a calendar quarter, the permittee shall submit a quarterly 
report, which states that no deviations occurred during that quarter.  The reports shall be 
submitted quarterly, by January 31, April 30, July 31, and October 31 of each year and shall cover 
the previous calendar quarters.  (These quarterly reports shall exclude deviations resulting from 
malfunctions reported in accordance with OAC rule 3745-15-06.) 

10. Applicability 

This Permit-to-Install is applicable only to the emissions unit(s) identified in the Permit-to-Install.  
Separate application must be made to the Director for the installation or modification of any other 
emissions unit(s) not exempt from the requirement to obtain a Permit-to-Install. 

11. Construction of New Sources(s) and Authorization to Install 

a) This permit does not constitute an assurance that the proposed source will operate in compliance 
with all Ohio laws and regulations.   This permit does not constitute expressed or implied 
assurance that the proposed facility has been constructed in accordance with the application and 
terms and conditions of this permit.  The action of beginning and/or completing construction prior 
to obtaining the Director's approval constitutes a violation of OAC rule 3745-31-02.  Furthermore, 
issuance of this permit does not constitute an assurance that the proposed source will operate in 
compliance with all Ohio laws and regulations.  Issuance of this permit is not to be construed as 
a waiver of any rights that the Ohio Environmental Protection Agency (or other persons) may have 
against the applicant for starting construction prior to the effective date of the permit.  Additional 
facilities shall be installed upon orders of the Ohio Environmental Protection Agency if the 
proposed facilities cannot meet the requirements of this permit or cannot meet applicable 
standards. 

b) If applicable, authorization to install any new emissions unit included in this permit shall terminate 
within eighteen months of the effective date of the permit if the owner or operator has not 
undertaken a continuing program of installation or has not entered into a binding contractual 
obligation to undertake and complete within a reasonable time a continuing program of 
installation.  This deadline may be extended by up to 12 months if application is made to the 
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Director within a reasonable time before the termination date and the permittee shows good cause 
for any such extension. 

c) The permittee may notify Ohio EPA of any emissions unit that is permanently shut down (i.e., the 
emissions unit has been physically removed from service or has been altered in such a way that 
it can no longer operate without a subsequent "modification" or "installation" as defined in OAC 
Chapter 3745-31) by submitting a certification from the authorized official that identifies the date 
on which the emissions unit was permanently shut down. Authorization to operate the affected 
emissions unit shall cease upon the date certified by the authorized official that the emissions unit 
was permanently shut down.  At a minimum, notification of permanent shut down shall be made 
or confirmed by marking the affected emissions unit(s) as "permanently shut down" in "Air 
Services" along with the date the emissions unit(s) was permanently removed and/or disabled. 
Submitting the facility profile update electronically will constitute notifying the Director of the 
permanent shutdown of the affected emissions unit(s). 

d) The provisions of this permit shall cease to be enforceable for each affected emissions unit after 
the date on which an emissions unit is permanently shut down (i.e., emissions unit has been 
physically removed from service or has been altered in such a way that it can no longer operate 
without a subsequent "modification" or "installation" as defined in OAC Chapter 3745-31).  All 
records relating to any permanently shutdown emissions unit, generated while the emissions unit 
was in operation, must be maintained in accordance with law.  All reports required by this permit 
must be submitted for any period an affected emissions unit operated prior to permanent shut 
down.  At a minimum, the permit requirements must be evaluated as part of the reporting 
requirements identified in this permit covering the last period the emissions unit operated. 

Unless otherwise exempted, no emissions unit certified by the responsible official as being 
permanently shut down may resume operation without first applying for and obtaining a permit 
pursuant to OAC Chapter 3745-31 and OAC Chapter 3745-77 if the restarted operation is subject 
to one or more applicable requirements. 

e) The permittee shall comply with any residual requirements related to this permit, such as the 
requirement to submit a deviation report, air fee emission report,  or other any reporting required 
by this permit for the period the operating provisions of this permit were enforceable, or as 
required by regulation or law.  All reports shall be submitted in a form and manner prescribed by 
the Director. All records relating to this permit must be maintained in accordance with law. 

12. Permit-To-Operate Application 

The permittee is required to apply for a Title V permit pursuant to OAC Chapter 3745-77.  The permittee 
shall submit a complete Title V permit application or a complete Title V permit modification application 
within twelve (12) months after commencing operation of the emissions units covered by this permit. 
However, if operation of the proposed new or modified source(s) as authorized by this permit would be 
prohibited by the terms and conditions of an existing Title V permit, a Title V permit modification of such 
new or modified source(s) pursuant to OAC rule 3745-77-04(D) and OAC rule 3745-77-08(C)(3)(d) must 
be obtained before operating the source in a manner that would violate the existing Title V permit 
requirements. 
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13. Construction Compliance Certification 

The applicant shall identify the following dates in the "Air Services" facility profile for each new emissions 
unit identified in this permit. 

a) Completion of initial installation date shall be entered upon completion of construction and prior 
to start-up. 

b) Commence operation after installation or latest modification date shall be entered within 90 days 
after commencing operation of the applicable emissions unit. 

14. Public Disclosure 

The facility is hereby notified that this permit, and all agency records concerning the operation of this 
permitted source, are subject to public disclosure in accordance with OAC rule 3745-49-03. 

15. Additional Reporting Requirements When There Are No Deviations of Federally Enforceable 
Emission Limitations, Operational Restrictions, or Control Device Operating Parameter 
Limitations 

If no deviations occurred during a calendar quarter, the permittee shall submit a quarterly report, which 
states that no deviations occurred during that quarter.  The reports shall be submitted quarterly by 
January 31, April 30, July 31, and October 31 of each year and shall cover the previous calendar quarters. 

16. Fees 

The permittee shall pay fees to the Director of the Ohio EPA in accordance with ORC section 3745.11 
and OAC Chapter 3745-78.  The permittee shall pay all applicable permit-to-install fees within 30 days 
after the issuance of any permit-to-install.  The permittee shall pay all applicable permit-to-operate fees 
within thirty days of the issuance of the invoice. 

17. Permit Transfers 

Any transferee of this permit shall assume the responsibilities of the prior permit holder.  The new owner 
must update and submit the ownership information via the "Owner/Contact Change" functionality in "Air 
Services" once the transfer is legally completed.  The change must be submitted through "Air Services" 
within thirty days of the ownership transfer date.  

18. Risk Management Plans 

If the permittee is required to develop and register a risk management plan pursuant to section 112(r) of 
the Clean Air Act, as amended, 42 U.S.C. 7401 et seq. ("Act"), the permittee shall comply with the 
requirement to register such a plan. 

19. Title IV Provisions 

If the permittee is subject to the requirements of 40 CFR Part 72 concerning acid rain, the permittee shall 
ensure that any affected emissions unit complies with those requirements.  Emissions exceeding any 
allowances that are lawfully held under Title IV of the Act, or any regulations adopted thereunder, are 
prohibited. 
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B. Facility-Wide Terms and Conditions 
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1. All the following facility-wide terms and conditions are federally enforceable with the exception of those 
listed below which are enforceable under state law only: 

a) None. 

2. The following emissions units (EUs) contained in this permit are subject to 40 CFR Part 60, Subpart 
KKKK, Standards of Performance for Stationary Combustion Turbines: B271 and B272. The complete 
NSPS requirements, including the NSPS General Provisions may be accessed via the internet from the 
Electronic Code of Federal Regulations (e-CFR) website http://www.ecfr.gov or by contacting Ohio EPA, 
Central District Office. 

3. The permittee shall permanently shut-down the following EU as part of the proposed project: B132 - 
Boiler 5. This shutdown is necessary to consider the emissions decreases associated with the proposed 
project during the Step 1 analysis (significant emissions increase) of the New Source Review (NSR) 
major modification applicability test. This emissions unit shall be permanently shut-down within 30 days 
following the commercial operation date once the thermal reliability reaches 95% for a minimum of four 
weeks. The reliability of the steam system shall be measured as the continuous reliable operation of the 
steam line from the CHP boundary to the point of interconnection with existing steam distribution system. 
At no time will EUs B271 and B272 - CHP Units #1 and 2 operate concurrently with EU B132 - Boiler 5. 

4. Unless other arrangements have been approved by the Director, all notifications and reports shall be 
submitted through the Ohio EPA's eBusiness Center:  Air Services online web portal. 

5. EUs B271 and B272 are NOX budget units as identified in OAC Chapter 3745-14 (non-EGU, cogeneration 
units). 

Due to the CAIR vacatur and replacement, by U.S. EPA, there is no longer a trading program for non-
EGUs.  OAC Chapter 3745-14 provisions that outline the mechanisms and requirements for emission 
allocations, deduction, transfer, and/or surrender of allowances are obsolete. The permittee shall comply 
with the compliance certification, monitoring, and reporting provisions of OAC Chapter 3745-14 for 
owner/operators of non-EGU NOX budget units until such time as OAC Chapter 3745-14 is amended 
and/or the permittee is notified by Ohio EPA that a replacement program has been adopted by Ohio EPA 
and approved by U.S. EPA. 
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C. Emissions Unit Terms and Conditions 
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1. Emissions Unit Group - CHP Units:  B271, 
B272 

EU ID Operations, Property and/or Equipment Description 
B271 Natural gas fired cogeneration (combined heat and power) plant - combustion turbine and 

duct burner/HRSG, capable of producing nominal maximums of 105.5 MW of electricity and 
346,400 lb/hr of steam with the duct burner firing at full rate. 

B272 Natural gas fired cogeneration (combined heat and power) plant - combustion turbine and 
duct burner/HRSG, capable of producing nominal maximums of 105.5 MW of electricity and 
346,400 lb/hr of steam with the duct burner firing at full rate. 

 

a) The following emissions unit terms and conditions are federally enforceable with the exception of 
those listed below which are enforceable under state law only: 

(1) See b)(1)g., d)(9) through d)(12), and e)(3) below. 

b) Applicable Emissions Limitations and/or Control Requirements 

(1) The specific operation(s), property, and/or equipment that constitute each emissions unit 
along with the applicable rules and/or requirements and with the applicable emissions 
limitations and/or control measures are identified below.  Emissions from each unit shall 
not exceed the listed limitations, and the listed control measures shall be specified in 
narrative form following the table. 

 Applicable Rules/Requirements Applicable Emissions Limitations/Control 
Measures 

a. OAC rule 3745-31-05(A)(3) EMISSIONS LIMITATIONS WITHOUT 
DUCT BURNER FIRING: 
 
Emissions of particulate matter less than 
or equal to 10 microns in diameter and less 
than or equal to 2.5 microns in diameter, 
(PM10 and PM2.5), each, shall not exceed 
1.26 tons per month averaged over a 
rolling, 12-month period. 
 
The emissions unit shall be designed to 
meet the following: 
 

4.0 ppmvd nitrogen oxides (NOX) at 
15% oxygen; 
 
0.003 lb carbon monoxide 
(CO)/million British thermal units 
(MMBtu); and 
 
0.005 lb volatile organic compounds 
(VOC)/MMBtu. 
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 Applicable Rules/Requirements Applicable Emissions Limitations/Control 
Measures 
 
EMISSIONS LIMITATIONS WITH DUCT 
BURNER FIRING: 
PM10 and PM2.5 emissions, each, shall not 
exceed 1.67 tons per month averaged 
over a rolling, 12-month period. 
 

The emissions unit shall be designed 
to meet the following: 
 
4.0 ppmvd nitrogen oxides (NOX) at 
15% oxygen; 
 
0.015 lb CO/MMBtu; and 
 
0.015 lb VOC/MMBtu. 

 
See b)(2)a. and b)(2)c. below. 

b. OAC rule 3745-31-05(A)(3)(a)(ii) The Best Available Technology (BAT) 
requirements under OAC rule 3745-31-
05(A)(3) do not apply to the SO2 emissions 
from this air contaminant source because 
the uncontrolled potential to emit for SO2 
emissions is less than 10 tons/year. 

c. OAC rule 3745-17-07(A) Visible particulate emissions from the 
stack serving this emissions unit shall not 
exceed 20 percent opacity as a six-minute 
average, except as provided by rule. 

d. OAC rule 3745-17-11(B)(4) Particulate emissions (PE) shall not 
exceed 0.040 lb/MMBtu of actual heat 
input. 

e. OAC rule 3745-18-31(A)(2) Sulfur dioxide (SO2) emissions shall not 
exceed 1.50 lb/MMBtu actual heat input. 

f. OAC rule 3745-110-03(E)(2)(c)(i) See b)(2)d. below. 
g. ORC rule 3704.03(F) See d)(9) through d)(12) and e)(3) below. 

below. 
h. OAC Chapter 3745-14 See B.5. above. 
i. 40 CFR Part 60, Subpart KKKK See b)(2)b. through b)(2)d. below. 
j. 40 CFR Part 60, Subpart A The permittee shall demonstrate 

compliance with the applicable 
requirements identified in 40 CFR Part 60, 
Subpart KKKK in accordance with 40 CFR 
Part 60, Subpart A. 
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(2) Additional Terms and Conditions 

a. The limitations established for PM10 and PM2.5 emissions represent the potential to 
emit for this emissions unit for each pollutant.  It is not necessary to develop 
monitoring, recordkeeping, or reporting requirements to ensure compliance with 
these limitations. 

b. The permittee shall comply with the applicable requirements established pursuant 
to 40 CFR part 60, Subpart KKKK, including, but not limited to the following 
relevant sections: 

Applicable Rule Requirement 

60.4300 What is the purpose of this subpart? 
60.4305 Does this subpart apply to my stationary combustion 

turbine? 
60.4310 What types of operations are exempt from these 

standards of performance? 
60.4315 What pollutants are regulated by this subpart? 
60.4320 and Table 1 What emission limits must I meet for nitrogen oxides 

(NOX)? 
 
For new combustion turbines firing natural gas with 
heat input at peak load between 50 and 850 
MMBtu/hr: 
Combined NOX emissions from each combustion 
turbine (B271 and B272) and its associated 
HRSG/duct burner shall not exceed 25 ppm at 15 
percent oxygen or 150 ng/J of useful output (1.2 
lb/MWh). 

60.4330(a)(1) and (a)(2)  
 

What emission limits must I meet for sulfur dioxide 
(SO2)? 
 
The permittee shall comply with one of the following 
requirements for each emissions unit: 
 
The permittee must not cause to be discharged into 
the atmosphere any gases which contain SO2 in 
excess of 110 nanograms per Joule (ng/J) (0.90 
pounds per megawatt-hour (lb/MWh)) gross output 
from the combustion turbine and associated 
HRSG/duct burner; or 
 
The permittee must not burn any fuel which contains 
total potential sulfur emissions in excess of 26 ng 
SO2/J (0.060 lb SO2/MMBtu) heat input. 
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c. This emissions unit is determined to be subject to the provisions of 40 CFR Part 
60, Subpart KKKK - Standards of Performance for Stationary Combustion 
Turbines. As identified above, the applicable NOX emissions limitation identified in 
Subpart KKKK of 25 ppm is less stringent than NOX emissions limitation 
established pursuant to OAC rule 3745-31-05(A)(3) of 4.0 ppm; however, the 
assignment of the more stringent emissions rate does not relieve the permittee of 
the requirement to demonstrate compliance (including the applicable monitoring, 
recordkeeping, reporting and initial compliance demonstration requirements) with 
the provisions of Subpart KKKK. 

d. As provided in OAC rule 3745-110-02(A)(2)(b), the requirements in Subpart KKKK 
were determined to be more stringent than the requirements in OAC Chapter 3745-
110 for this emissions unit. Therefore, this emissions unit shall comply with the 
Subpart KKKK requirements for NOX in lieu of the requirements of OAC rule 3745-
110-03(E)(2)(c)(i) for the stationary combustion turbine. 

c) Operational Restrictions 

(1) The permittee shall only burn natural gas in this emissions unit. 

d) Monitoring and/or Recordkeeping Requirements 

(1) For each day during which the permittee burns a fuel other than natural gas, the permittee 
shall maintain a record of the type and quantity of fuel burned in this emissions unit. 

(2) The permittee shall comply with the applicable monitoring and recordkeeping 
requirements established pursuant to 40 CFR part 60, Subpart KKKK, including, but not 
limited to the following relevant sections: 

Applicable Rule Requirement 

60.4333 What are my general requirements for complying with this 
subpart? 

The permittee must operate and maintain the stationary 
combustion turbine, air pollution control equipment, and 
monitoring equipment in a manner consistent with good air 
pollution control practices for minimizing emissions at all 
times including during startup, shutdown, and malfunction. 

60.4340 How do I demonstrate continuous compliance for NOX if I do 
not use water or steam injection? 

You must perform annual performance tests in accordance 
with 60.4400(a) or install, calibrate, maintain and operate a 
continuous monitoring system in accordance with 60.4340(b) 
to demonstrate continuous compliance. 

60.4355 How do I establish and document a proper parameter 
monitoring plan? 
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Applicable Rule Requirement 

If you elect to demonstrate continuous compliance using a 
continuous monitoring system, you must establish a 
monitoring plan in accordance with 60.4355(a) or (b). 

60.4360 How do I determine the total sulfur content of the turbine's 
combustion fuel? 

You must monitor the total sulfur content of the fuel being fired 
in the turbine, except as provided in 60.4365. The sulfur 
content of the fuel must be determined using total sulfur 
methods described in 60.4415. 

If the permittee chooses to comply with the SO2 emissions 
limitation using fuel analysis, a current, valid purchase 
contract, tariff sheet or transportation contract for the natural 
gas burned in this emissions unit shall specify that the total 
sulfur content is 20 grains of sulfur or less per 100 standard 
cubic feet and has potential sulfur emissions of less than 26 
ng SO2/J (0.060 lb SO2/MMBtu) heat input. 

60.4365 How can I be exempted from monitoring the total sulfur 
content of the fuel? 

The permittee may elect not to monitor the total sulfur content 
of the fuel combusted in the turbine, if the fuel is demonstrated 
not to exceed potential sulfur emissions of 26 ng SO2/J (0.060 
lb SO2/MMBtu) heat input. You must use one of the following 
sources of information to make the required demonstration: 

The fuel quality characteristics in a current, valid purchase 
contract, tariff sheet or transportation contract for the fuel, 
specifying that the total sulfur content for natural gas use in 
continental areas is 20 grains of sulfur or less per 100 
standard cubic feet and has potential sulfur emissions of less 
than less than 26 ng SO2/J (0.060 lb SO2/MMBtu) heat input; 
or 
Representative fuel sampling data which show that the sulfur 
content of the fuel does not exceed 26 ng SO2/J (0.060 lb 
SO2/MMBtu) heat input. At a minimum, the amount of fuel 
sampling data specified in section 2.3.1.4 or 2.3.2.4 of 
appendix D to part 75 of this chapter is required. 

60.4370(b) and (c) How often must I determine the sulfur content of the fuel? 
 
The frequency of determining the sulfur content of the fuel 
must be as follows: 
 
Gaseous fuel. If you elect not to demonstrate sulfur content 
using options in 60.4365, and the fuel is supplied without 
intermediate bulk storage, the sulfur content value of the 
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Applicable Rule Requirement 

gaseous fuel must be determined and recorded once per unit 
operating day; 
and 
Custom schedules. Notwithstanding the requirements of 
paragraph (b) of this section, operators or fuel vendors may 
develop custom schedules for determination of the total sulfur 
content of gaseous fuels, based on the design and operation 
of the affected facility and the characteristics of the fuel 
supply. Except as provided in paragraphs (c)(1) and (c)(2) of 
this section, custom schedules shall be substantiated with 
data and shall be approved by the Administrator before they 
can be used to comply with the standard in 60.4330. 

(3) The permittee shall properly install, operate and maintain the oxidation catalyst in 
accordance with the manufacturer’s recommendations, instructions, and/or operating 
manual(s). 

(4) The permittee shall maintain documentation of the manufacturer's recommendations, 
instructions, and/or operating manual(s) for the oxidation catalyst.  These documents shall 
be maintained at the facility and shall be made available to the Ohio EPA, Central District 
Office upon request. 

(5) The permittee shall maintain the following information for maintenance and repairs 
performed on each oxidation catalyst: 

a. the date of the maintenance and/or repair; 

b. a description of the maintenance and/or repairs performed; and 

c. the name of person(s) who performed the maintenance and/or repair. 

(6) The permittee shall properly install, operate and maintain the selective catalytic reduction 
(SCR) system in accordance with the manufacturer’s recommendations, instructions, 
and/or operating manual(s). 

(7) The permittee shall maintain documentation of the manufacturer's recommendations, 
instructions, and/or operating manual(s) for the SCR system.  These documents shall be 
maintained at the facility and shall be made available to the Ohio EPA, Central District 
Office upon request. 

(8) The permittee shall maintain the following information for maintenance and repairs 
performed on each SCR system: 

a. the date of the maintenance and/or repair; 

b. a description of the maintenance and/or repairs performed; and 

c. the name of person(s) who performed the maintenance and/or repair. 
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(9) The permit-to-install (PTI) application for this/these emissions unit(s), B271 and B272, 
was evaluated based on the actual materials and the design parameters of the emissions 
unit's(s’) exhaust system, as specified by the permittee.  The “Toxic Air Contaminant 
Statute”, ORC 3704.03(F), was applied to this/these emissions unit(s) for each toxic air 
contaminant listed in OAC rule 3745-114-01, using data from the permit application; and 
modeling was performed for each toxic air contaminant(s) emitted at over one ton per year 
using an air dispersion model such as SCREEN3, AERMOD, or ISCST3, or other Ohio 
EPA approved model.  The predicted 1-hour maximum ground-level concentration 
result(s) from the approved air dispersion model, was compared to the Maximum 
Acceptable Ground-Level Concentration (MAGLC), calculated as described in the Ohio 
EPA guidance document entitled “Review of New Sources of Air Toxic Emissions, Option 
A”, as follows: 

a. the exposure limit, expressed as a time-weighted average concentration for a 
conventional 8-hour workday and a 40-hour workweek, for each toxic compound(s) 
emitted from the emissions unit(s), (as determined from the raw materials 
processed and/or coatings or other materials applied) has been documented from 
one of the following sources and in the following order of preference (TLV was and 
shall be used, if the chemical is listed): 

i. threshold limit value (TLV) from the American Conference of Governmental 
Industrial Hygienists (ACGIH) “Threshold Limit Values for Chemical 
Substances and Physical Agents Biological Exposure Indices”; or  

ii. STEL (short term exposure limit) or the ceiling value from the American 
Conference of Governmental Industrial Hygienists (ACGIH) “Threshold 
Limit Values for Chemical Substances and Physical Agents Biological 
Exposure Indices”; the STEL or ceiling value is multiplied by 0.737 to 
convert the 15-minute exposure limit to an equivalent 8-hour TLV. 

b. The TLV is divided by ten to adjust the standard from the working population to the 
general public (TLV/10). 

c. This standard is/was then adjusted to account for the duration of the exposure or 
the operating hours of the emissions unit(s), i.e., “24” hours per day and “7” days 
per week, from that of 8 hours per day and 5 days per week.  The resulting 
calculation was (and shall be) used to determine the Maximum Acceptable 
Ground-Level Concentration (MAGLC): 

TLV/10 x 8/X x 5/Y = 4 TLV/XY = MAGLC 

d. The following summarizes the results of dispersion modeling for the significant 
toxic contaminants (emitted at 1 or more tons/year) or “worst case” toxic 
contaminant(s): 

Toxic Contaminant:  Ammonia 
TLV (mg/m3):  17   
Maximum Hourly Emissions Rate (lb/hr):  6.05  
Predicted 1-Hour Maximum Ground-Level Concentration (ug/m3):  12.4 
MAGLC (ug/m3):  405 
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The permittee, has demonstrated that emissions of ammonia, from emissions unit(s) B271 
and B272, are calculated to be less than eighty per cent of the maximum acceptable 
ground level concentration (MAGLC); any new raw material or processing agent shall not 
be applied without evaluating each component toxic air contaminant in accordance with 
the “Toxic Air Contaminant Statute”, ORC 3704.03(F). 

(10) Prior to making any physical changes to or changes in the method of operation of the 
emissions unit(s), that could impact the parameters or values that were used in the 
predicted 1-hour maximum ground-level concentration, the permittee shall re-model the 
change(s) to demonstrate that the MAGLC has not been exceeded.  Changes that can 
affect the parameters/values used in determining the 1-hour maximum ground-level 
concentration include, but are not limited to, the following: 

a. changes in the composition of the materials used or the use of new materials, that 
would result in the emissions of a new toxic air contaminant with a lower Threshold 
Limit Value (TLV) than the lowest TLV previously modeled; 

b. changes in the composition of the materials, or use of new materials, that would 
result in an increase in emissions of any toxic air contaminant listed in OAC rule 
3745-114-01, that was modeled from the initial (or last) application; and 

c. physical changes to the emissions unit(s) or its/their exhaust parameters (e.g., 
increased/ decreased exhaust flow, changes in stack height, changes in stack 
diameter, etc.). 

If the permittee determines that the “Toxic Air Contaminant Statute” will be satisfied for the 
above changes, the Ohio EPA will not consider the change(s) to be a "modification" under 
OAC rule 3745-31-01 solely due to a non-restrictive change to a parameter or process 
operation, where compliance with the “Toxic Air Contaminant Statute”, ORC 3704.03(F), 
has been documented.  If the change(s) meet(s) the definition of a “modification”, the 
permittee shall apply for and obtain a final PTI prior to the change.  The Director may 
consider any significant departure from the operations of the emissions unit, described in 
the permit application, as a modification that results in greater emissions than the 
emissions rate modeled to determine the ground level concentration; and he/she may 
require the permittee to submit a permit application for the increased emissions. 

(11) The permittee shall collect, record, and retain the following information for each toxic 
evaluation conducted to determine compliance with the “Toxic Air Contaminant Statute”, 
ORC 3704.03(F): 

a. a description of the parameters/values used in each compliance demonstration 
and the parameters or values changed for any re-evaluation of the toxic(s) 
modeled (the composition of materials, new toxic contaminants emitted, change in 
stack/exhaust parameters, etc.); 

b. the Maximum Acceptable Ground-Level Concentration (MAGLC) for each 
significant toxic contaminant or worst-case contaminant, calculated in accordance 
with the “Toxic Air Contaminant Statute”, ORC 3704.03(F); 
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c. a copy of the computer model run(s), that established the predicted 1-hour 
maximum ground-level concentration that demonstrated the emissions unit(s) to 
be in compliance with the “Toxic Air Contaminant Statute”, ORC 3704.03(F), 
initially and for each change that requires re-evaluation of the toxic air contaminant 
emissions; and 

d. the documentation of the initial evaluation of compliance with the “Toxic Air 
Contaminant Statute”, ORC 3704.03(F), and documentation of any determination 
that was conducted to re-evaluate compliance due to a change made to the 
emissions unit(s) or the materials applied. 

(12) The permittee shall maintain a record of any change made to a parameter or value used 
in the dispersion model, used to demonstrate compliance with the “Toxic Air Contaminant 
Statute”, ORC 3704.03(F), through the predicted 1-hour maximum ground-level 
concentration.  The record shall include the date and reason(s) for the change and if the 
change would increase the ground-level concentration. 

e) Reporting Requirements 

(1) The permittee shall submit deviation (excursion) reports that identify each day when a fuel 
other than natural gas was burned in this emissions unit.  Each report shall be submitted 
within 30 days after the deviation occurs. 

(2) The permittee shall comply with the applicable reporting requirements established 
pursuant to 40 CFR part 60, Subpart KKKK, including, but not limited to the following 
relevant sections: 

Applicable Rule Requirement 

60.4375(a) and (b) What reports must I submit? 

For each affected unit required to continuously monitor 
parameters or emissions, or to periodically determine the fuel 
sulfur content under this subpart, you must submit reports of 
excess emissions and monitor downtime, in accordance with 
60.7(c). Excess emissions must be reported for all periods of 
unit operation, including start-up, shutdown, and malfunction. 
 
For each affected unit that performs annual performance tests in 
accordance with 60.4340(a), the 60-day reporting requirement 
established by this rule is less stringent than the 30-day 
reporting requirement established in f)(3) below. 

60.4380(c) How are excess emissions and monitor downtime defined for 
NOX? 

For turbines required to monitor combustion parameters or 
parameters that document proper operation of the NOX 
emission controls: 
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Applicable Rule Requirement 

An excess emission is a 4-hour rolling unit operating hour 
average in which any monitored parameter does not achieve 
the target value or is outside the acceptable range defined in 
the parameter monitoring plan for the unit. 

A period of monitor downtime is a unit operating hour in which 
any of the required parametric data are either not recorded or 
are invalid. 

60.4385 How are excess emissions and monitoring downtime defined 
for SO2? 

If you choose the option to monitor the sulfur content of the 
fuel, excess emissions and monitoring downtime are defined 
in 60.4385(a) through 60.4385(c). 

60.4395 When must I submit my reports? 

All reports required under 60.7(c) must be postmarked by the 
30th day following the end of each 6-month period. 

(3) The permittee shall submit annual reports that include any changes to any parameter or 
value used in the dispersion model used to demonstrate compliance with the “Toxic Air 
Contaminate Statute”, ORC 3704.03(F), through the predicted 1-hour maximum 
concentration.  The report should include: 

a. the original model input; 

b. the updated model input; 

c. the reason for the change(s) to the input parameter(s); and 

d. a summary of the results of the updated modeling, including the input changes; 
and 

e. a statement that the model results indicate that the 1-hour maximum ground-level 
concentration is less than 80% of the MAGLC. 

If no changes to the emissions, emissions unit(s), or the exhaust stack have been made 
during the reporting period, then the report shall include a statement to that effect. This 
report shall be postmarked or delivered no later than January 31 following the end of each 
calendar year. 

f) Testing Requirements 

(1) Compliance with the Emissions Limitations and/or Control Requirements specified in 
section b) of these terms and conditions shall be determined in accordance with the 
following methods: 
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a. Emissions Limitation: 

Visible particulate emissions shall not exceed 20 percent opacity as a six-minute 
average, except as specified by rule. 

Applicable Compliance Method: 

If required, compliance with the visible particulate emissions limitation from the 
stack shall be determined through visible emissions observations performed in 
accordance with U.S. EPA Method 9. 

b. Emissions Limitation: 

PE shall not exceed 0.040 lb/MMBtu of actual heat input. 

Applicable Compliance Method: 

Compliance is demonstrated through the use of the combined manufacturer’s 
guaranteed emissions rate of 0.017 lb PM/MMBtu multiplied by the AP-42, Section 
3.1, Table 3.1-2a ratio of PE to PM (i.e., 1.9 PE / 6.6 PM). 

If required, compliance shall be demonstrated through emissions testing 
conducted in accordance with 40 CFR Part 60, Appendix A, Methods 1 through 5. 

c. Emissions Limitation: 

SO2 emissions shall not exceed 1.50 lb/MMBtu actual heat input. 

Applicable Compliance Method: 

Compliance is demonstrated through the use of the manufacturer’s guaranteed 
emissions rate of 0.0060 lb SO2/MMBtu. 

If required, the permittee shall demonstrate compliance with this emission 
limitation through emission tests performed in accordance with 40 CFR Part 60, 
Appendix A, Methods 1-4, and 6, 6A, 6B, or 6C, as appropriate, and the procedures 
specified in OAC rule 3745-18-04(E). Alternative EPA approved test methods may 
be used with prior approval from Ohio EPA. 

EMISSIONS LIMITATIONS WITHOUT DUCT BURNER FIRING 

d. Emissions Limitation: 

The emissions unit shall be designed to meet the following: 

4.0 ppmvd NOX at 15% oxygen; 
0.003 lb CO/ MMBtu; and 
0.005 lb VOC/MMBtu. 

Applicable Compliance Method: 
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If required, the permittee shall demonstrate compliance with the NOX emissions 
limitation through emissions tests performed in accordance with 40 CFR Part 60, 
Appendix A, Methods 1-4, and 7E or 20. Alternative EPA approved test methods 
may be used with prior approval from Ohio EPA; 

If required, the permittee shall demonstrate compliance with the CO emissions 
limitation through emissions tests performed in accordance with 40 CFR Part 60, 
Appendix A, Methods 1-4, and 10. Alternative EPA approved test methods may be 
used with prior approval from Ohio EPA; and 

If required, the permittee shall demonstrate compliance with the VOC emissions 
limitation through emissions tests performed in accordance with 40 CFR Part 60, 
Appendix A, Methods 1-4, and 18, 25, or 25A, as appropriate. Alternative EPA 
approved test methods may be used with prior approval from Ohio EPA. 

e. Emissions Limitation: 

PM10 and PM2.5 emissions, each, shall not exceed 1.26 tons per month averaged 
over a rolling, 12-month period. 

Applicable Compliance Method: 

The PM10 and PM2.5 emissions limitations were established to reflect the potential 
to emit based on the maximum capacity of the combustion turbine (341.8 
MMBtu/hr), the manufacturer’s guaranteed emissions rate (0.007 lb/MMBtu), and 
1 lb/hr estimated post-SCR particulate from ammonia salt generation, as follows: 

PM10/PM2.5 = [[(0.007 lb/MMBtu) * (341.8 MMBtu/hr) + (1 lb/hr)] * (8,760 hr/yr) / 
(2,000 lb/ton) / (12 month/yr)] + (0.23 ton/yr SU/SD emissions) / (12month/yr) = 
1.26 ton/month 

EMISSIONS LIMITATIONS WITH DUCT BURNER FIRING 

f. Emissions Limitation: 

The emissions unit shall be designed to meet the following: 

4.0 ppmvd NOX at 15% oxygen; 
0.015 lb CO/MMBtu; and 
0.015 lb VOC/MMBtu. 

Applicable Compliance Method: 

The permittee shall demonstrate compliance with the NOX emissions limitation 
during the initial compliance demonstration performed in accordance with 40 CFR 
Part 60, Subpart KKKK and the requirements established in f)(3) below; 

If required, the permittee shall demonstrate compliance with the CO emissions 
limitation through emissions tests performed in accordance with 40 CFR Part 60, 
Appendix A, Methods 1-4, and 10. Alternative EPA approved test methods may be 
used with prior approval from Ohio EPA; and 
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If required, the permittee shall demonstrate compliance with the VOC emissions 
limitation through emissions tests performed in accordance with 40 CFR Part 60, 
Appendix A, Methods 1-4, and 18, 25, or 25A, as appropriate. Alternative EPA 
approved test methods may be used with prior approval from Ohio EPA. 

g. Emissions Limitation: 

PM10 and PM2.5 emissions, each, shall not exceed 1.67 tons per month averaged 
over a rolling, 12-month period. 

Applicable Compliance Method: 

The PM10 and PM2.5 emissions limitations were established to reflect the potential 
to emit based on the emissions from the combustion turbine and the maximum 
capacity of the duct burner (110.8 MMBtu/hr), the manufacturer’s guaranteed 
emissions rate (0.010 lb/MMBtu), and 1 lb/hr estimated post-SCR particulate from 
ammonia salt generation, as follows: 

PM10/PM2.5 = [[(2.4 lb/hr) + (0.010 lb/MMBtu) * (110.8 MMBtu/hr) + (1lb/hr)] * (8,760 
hr/yr) / (2,000 lb/ton) / (12 month/yr)] + (0.23 ton/yr SU/SD emissions) / (12 
month/yr) = 1.67 ton/month 

(2) The permittee shall comply with the applicable testing requirements established pursuant 
to 40 CFR part 60, Subpart KKKK, including, but not limited to the following relevant 
sections: 

Applicable Rule Requirement 

60.4400 How do I conduct the initial and subsequent performance 
tests, regarding NOX? 

You must conduct the initial and subsequent performance 
tests in accordance with 60.4400(a) and (b). 

60.4410 How do I establish a valid parameter range if I have chosen 
to continuously monitor parameters? 

If you have chosen to monitor combustion parameters or 
parameters indicative of proper operation of NOX emission 
controls in accordance with 60.4340, the appropriate 
parameters must be continuously monitored and recorded 
during each run of the initial performance test, to establish 
acceptable operating ranges, for purposes of the parameter 
monitoring plan for the affected unit, as specified in 60.4355. 

60.4415 How do I conduct the initial and subsequent performance 
tests for sulfur? 

You must conduct the initial and subsequent performance 
tests in accordance with 60.4400(a)(1), (2), or (3). 
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Applicable Rule Requirement 

If you have elected not to monitor the total sulfur content of 
the fuel combusted in the turbine in accordance with 60.4365, 
initial and subsequent performance tests for sulfur are not 
required. 

(3) The permittee shall conduct, or have conducted, emissions testing for this emissions unit 
in accordance with 40 CFR 60.8, 60.4340(a), 60.4400, and 60.4415 and the following 
requirements: 

The permittee shall conduct, or have conducted, emission testing for this emissions unit 
in accordance with the following requirements: 

a. Initial Compliance Demonstration: 

i. The initial emissions testing shall be conducted within 60 days after 
achieving the maximum production rate at which the emissions unit will be 
operated, but not later than 180 days after initial startup of the emissions 
unit.   

ii. The initial emissions testing shall be conducted to demonstrate compliance 
with the NOX emissions limitations established pursuant to 40 CFR Part 60, 
Subpart KKKK and OAC rule 3745-31-05(A)(3) (with duct burner firing) and 
the SO2 emissions limitation established pursuant to 40 CFR Part 60, 
Subpart KKKK. 

The permittee shall be exempt from the initial SO2 emissions testing when 
complying with the 40 CFR Part 60, Subpart KKKK SO2 emissions limitation 
through the documentation required in 60.4365(a). 

b. Subsequent Compliance Demonstrations: 

i. Subsequent emissions testing shall be conducted on an annual basis and 
no more than 14 calendar months following the previous emissions test. 

Pursuant to 40 CFR 60.4340(a), if the NOX emissions result from the 
performance test is less than or equal to 75 percent of the NOX emission 
limit for the turbine, you may reduce the frequency of subsequent 
performance tests to once every 2 years and no more than 26 calendar 
months following the previous performance test. 

ii. The subsequent annual emissions testing shall be conducted to 
demonstrate compliance with the NOX and SO2 emissions limitations 
established pursuant to 40 CFR Part 60, Subpart KKKK. 

The permittee shall be exempt from the annual SO2 emissions testing when 
complying with the 40 CFR Part 60, Subpart KKKK SO2 emissions limitation 
through the documentation required in 60.4365(a). 
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c. The following test method(s) shall be employed to demonstrate compliance with 
the allowable mass emission rate(s): 

Initial Compliance Demonstration: 

NOX: Method 7E or Method 20 and the provisions identified in 40 CFR 
60.4400(a)(1)(i); or 

Method 7E and Method 3(A) or Method 20 and the provisions identified in 
40 CFR 60.4400(a)(1)(ii). 

Subsequent Compliance Demonstrations: 

NOX: Method 7E or Method 20 and the provisions identified in 40 CFR 
60.4400(a)(1)(i); or 

Method 7E and Method 3(A) or Method 20 and the provisions identified in 
40 CFR 60.4400(a)(1)(ii). 

d. The test(s) shall be conducted in accordance with the test methods and 
procedures specified in 40 CFR 60.4400 for NOX and 40 CFR 60.4415 for sulfur 
(unless exempted pursuant to 40 CFR 60.4365).  For the purpose of demonstrating 
compliance with the requirements of 40 CFR Part 60, Subpart KKKK, the 
HRSG/duct burner shall be in operation during the emissions testing and the NOX 
emissions shall be measured only when the combustion turbine and HRSG/duct 
burner are in operation. 

e. During the emissions testing, the emissions unit shall be operated under 
operational conditions approved in advance by the Ohio EPA, Central District 
Office.  Operational conditions that may need to be approved include, but are not 
limited to, the production rate, the type of material processed, material make-up 
(solvent content, etc.), or control equipment operational limitations (burner 
temperature, precipitator voltage, etc.).  In general, testing shall be done under 
“worst case” conditions expected during the life of the permit.  As part of the 
information provided in the “Intent to Test” notification form described below, the 
permittee shall provide a description of the emissions unit operational conditions 
they will meet during the emissions testing and describe why they believe “worst 
case” operating conditions will be met.  Prior to conducting the test(s), the 
permittee shall confirm with the Ohio EPA, Central District Office that the proposed 
operating conditions constitute “worst case”.  Failure to test under the approved 
conditions may result in Ohio EPA not accepting the test results as a 
demonstration of compliance.     

f. Not later than 30 days prior to the proposed test date(s), the permittee shall submit 
an "Intent to Test" notification to the Ohio EPA, Central District Office. The "Intent 
to Test" notification shall describe in detail the proposed test methods and 
procedures, the emissions unit operating parameters, the time(s) and date(s) of 
the test(s), and the person(s) who will be conducting the test(s). Failure to submit 
such notification for review and approval prior to the test(s) may result in the Ohio 
EPA, Central District Office's refusal to accept the results of the emissions test(s). 
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g. Personnel from the Ohio EPA, Central District Office shall be permitted to witness 
the test(s), examine the testing equipment, and acquire data and information 
necessary to ensure that the operation of the emissions unit and the testing 
procedures provide a valid characterization of the emissions from the emissions 
unit and/or the performance of the control equipment. 

h. A comprehensive written report on the results of the emissions test(s) shall be 
signed by the person or persons responsible for the tests and submitted to the 
Ohio EPA, Central District Office within 30 days following completion of the test(s). 
The permittee may request additional time for the submittal of the written report, 
where warranted, with prior approval from the Ohio EPA, Central District Office. 

g) Miscellaneous Requirements 

(1) None. 
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ENGIE North America 
304 Annie & John Glenn Avenue 

Suite 200 
Columbus, OH 43210 

 
 
December 20, 2018 
 
 
Mr. Craig W. Butler 
Director 
Ohio Environmental Protection Agency 
50 West Town Street, Suite 700 
Columbus, Ohio 43215 

Re: Ohio State University, ENGIE NA, Inc., Smart Campus Project 
Request for Director’s Discretionary Exemption from Requirements Applicable to Major Modifications in 
an Attainment Area   

 
Dear Director Butler: 

ENGIE NA, Inc., on behalf of The Ohio State University, submits the following information and respectfully 
requests your discretionary exemption granted pursuant to OAC rule 3745-31-13(D)(1) for a project planned at The 
Ohio State University.  The Smart Campus Project, which consists of a Combined Heat and Power (CHP) facility 
and a District Heating and Cooling (DHC) facility, is a result of our commitment to OSU to responsibly and 
efficiently manage campus steam and energy production.  Representatives of Ohio State and ENGIE met with Mike 
Hopkins and his team in August of this year and discussed the project in its conceptual form.  

The CHP facility will be a natural gas-fired cogeneration plant consisting of two combustion turbine and duct 
burner/heat recovery steam generator (HRSG) units followed by a common steam turbine generator.  The CHP plant 
will have nominal capacities of 105.5 MW (summer) and 85.1 MW (winter) at full firing rate.  The power produced 
will be used on campus and will displace a substantial portion of the total demand currently purchased from the 
utility grid.  Steam produced by the CHP plant will be distributed on campus and to the University’s medical 
buildings, displacing current steam production from several older natural gas and oil-fired boilers.   

The discretionary exemption at OAC rule 3745-31-13(D)(1) is provided for non-profit health and non-profit 
educational institutions and specifically exempts projects that would otherwise undergo review as a major 
modification pursuant to Ohio’s prevention of significant deterioration (PSD) program (OAC rules 3745-31-10 
through 3745-13-20) from those requirements.  

We have recently made final selections of the turbine and HRSG equipment as well as the proposed location of the 
physical buildings.  We have also begun preparation of the air permit application for the CHP facility.  Our 
preliminary finding is the project will be subject to PSD review for two criteria pollutants and greenhouse gases as a 
result of PSD applicability for another pollutant.  Our emissions analysis indicates the project will cause significant 
net emissions increase(s) for PM10 and direct PM2.5.  Proposed NOX emissions from the turbines and duct burners, 
including estimated startup and shutdown emissions, exceed its significant emission rate.  Project net NOX emissions 
when accounting for the shutdown of existing boilers are well below 40 tons per year.
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We will submit a complete permit application, which will address the two primary requirements under PSD for 
PM10/PM2.5, best available control technology (BACT) and an air quality analysis and BACT for GHG.  The 
requirement under OAC 3745-31-05 to employ best available technology (BAT) will satisfy the general PSD 
requirement to employ best available control technology (BACT).   

 The combustion turbines and duct burners will be permitted to burn natural gas only to minimize 
particulate and sulfur dioxide (SO2) emissions. 

 The combustion turbines and duct burners will be equipped with dry low-NOX burner technology. 

 Post-combustion NOX emissions will be controlled by a urea-based selective catalytic reduction (SCR) 
system. 

 Post-combustion emissions of carbon monoxide (CO), volatile organic compound (VOC), and organic 
hazardous air pollutants (HAP) will be controlled by an oxidation catalyst system. 

 Sequestration of GHG emissions is not practically feasible or cost-effective. 

An air quality analysis will be prepared in accordance with Engineering Guide #69.  We will model PM10 and 
PM2.5 emissions against the Generally Acceptable Incremental Impact (GAII) concentrations for the 24-hour 
and annual averaging times.  We believe this modeling will clearly demonstrate protection of air quality in the 
area near the CHP plant as the GAII are generally set at one-quarter of the full PSD air quality increment.  

We look forward to any questions you or your staff have regarding the project and our request.  We left our 
August meeting with Ohio EPA with a very positive outlook and believe the approvability of this project has 
not changed with the final design. 

If there are questions, please do not hesitate to contact me at 614-247-1902 or gregg.garbesi@engine.com.   

Sincerely, 

ENGIE NA, Inc. 
 

 
Vinton Gregg Garbesi 
Managing Director 
 
Cc: Mike Hopkins, Ohio EPA, Central Office 
 Sudhir Singhal, Ohio EPA, Central Office 
 Kelly Saavedra, Ohio EPA, CDO 
 Ben Halton, Ohio EPA, CDO 
 
Bcc: Tom Novotny, OSU 

Janice Fry, OSU 
Robert Dawkins, ENGIE NA 
Laura Scott, ENGIE NA 
Bob Maggiani, ENGIE NA 
Caitlin Holley, ENGIE NA 
Josh Briggs, ENGIE NA 
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