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Yale renews its commitment  
to cogeneration
The university’s latest Central Power Plant upgrade yields greater  
system efficiency and environmental benefits.

Ken Pitz, PE, Executive Vice President, RMF Engineering Inc.
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T
he Central Power Plant at Yale University is a noteworthy neo-Gothic structure in the New Haven, 

Conn., landscape, with its two 150-ft exhaust stacks clearly identifying the building to the 

surrounding community. Constructed in 1918, the building was designed to house Yale’s coal-

burning steam heating plant. Today, the Central Power Plant is a cogeneration facility primarily 

fueled by natural gas. It generates enough electricity to meet around 90 percent of the electric energy needs 

of the main campus and provides steam heating and chilled-water cooling to most buildings there as well, 

including the Science Hill area.   

Aerial view of the Yale University campus.

Courtesy Yale University. Photo Michael Marsland.
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 The Central Power Plant’s cogenera-
tion system, originally installed in 1998, 
recently underwent a major upgrade 
reflecting the university’s renewed com-
mitment to the technology. New, more 
efficient gas turbines have been installed 
that will enable Yale to save money in the 
long term as well as reduce greenhouse 
gas emissions. 

KEEPING UP WITH DEMAND
 Over the years, the distinctive 
architectural character of the original 
Central Power Plant building has been 
carefully maintained – through many 
changes made to the facility to meet the 
campus’s ever-increasing demand for 
electric power, steam and chilled water. 
Any expansion of the building footprint 
has been constrained by the adjacent city 
streets and buildings. 
 The 1998 installation of cogenera-
tion at the Central Power Plant included 
three 5.3 MW Nuovo Pignone PGT-5 
combustion turbines; four 2,250-ton 
steam turbine-driven chiller units; roof-
mounted cooling towers; and a long list 
of auxiliaries to support power, steam 
and chilled-water generation. The cogen-
eration era of the Central Power Plant 
began when this project was commis-
sioned that same year. 

THE COGENERATION ERA OF THE CENTRAL 

POWER PLANT BEGAN IN 1998. 

 The three 5.3 MW combustion tur-
bines, each coupled with a heat recovery 
steam generator, cogenerated electricity 
and steam. The campus consumed (and 
still consumes) all of the electricity gener-
ated in the plant. Today, the cogenerated 
steam is distributed to heat 165 campus 
buildings during the heating season. The 
four 2,250-ton steam turbine-driven chill-
ers installed in 1998 and one 5,600-ton 
condensing steam turbine-driven chiller 
added in 2002 use high-pressure steam 
to generate 14,600 tons of chilled-water 
cooling capacity for the campus during 
air-conditioning season. 

In early 2006, Yale began development 
of a long-term plan for eventual replace-
ment of the combustion turbines as part 
of a utility master planning effort. The 
resulting October 2008 Central Power 
Plant Master Plan Update confirmed the 
effectiveness of cogeneration on the cam-
pus and summarized existing and future 
utility demands. A number of options 
were considered to repower the main 
campus. These included

 · a complete overhaul of each of the 
three existing combustion turbine 
units, 

 · two replacement options to increase 
generation capacity within the existing 
footprint, 

 · a third replacement option with greater 
capacity in an extended footprint and 

 · a remote site option intended to 
increase the power generation capacity 
to meet the peak campus electric 
demand and provide a standby unit for 
generation reliability.

 Unexpected power generation out-
ages in 2006 and 2008 left Yale without 
adequate steam-generating capacity as 
the three existing heat recovery steam 
generation units did not have fresh-air-
firing capability – that is, the ability to 
generate steam without exhaust gas flow 
from the operating combustion turbines. 
This vulnerability motivated the univer-
sity to decide to construct backup steam-
generating capacity in order to meet the 
projected future peak steam demand of 
just less than 300,000 lb/hr in the event 
of an on-site combustion turbine outage. 
 In 2012, two 100,000-lb/hr high-
pressure boilers were constructed in a 
new addition to the Central Power Plant. 
These new units, along with an existing  
90,000-lb/hr auxiliary boiler, could 
provide full backup steam-generating 
capacity, firing either natural gas or light 
oil. This reliability improvement would 
also enable the future replacement of 
the combustion turbine units during the 
heating months of the year. The backup 
boilers could provide steam while electric 
power was provided by the local electric 
utility, United Illuminating. 
 Around that same time, Yale made 
the decision, during development of 
request for design-build proposals, to re-
place the three existing 5.3 MW units with 
two new nominal 7.5 MW combustion 
turbine units. The original combustion tur-
bines were already becoming old technol-
ogy – manufactured in 1996, based on a 
design dating to the 1970s – and were no 
longer maximally efficient. The selection 
of two 7.5 MW units was based on their 
ability to match the typical electric de-
mand, fit the existing space and improve 
the maintainability of the systems with 
a smaller overall footprint. Yale competi-
tively bid the project, with the design-
build contract awarded in 2013 to Frank 
Lill & Son Inc., a power plant contracting 
and engineering firm based in New York. 
The firm’s strengths were well-suited for 
the challenges that the Yale Central Power 
Plant “repower” project would present.
 It was initially Yale’s intent with the 
design-build proposals to deactivate, 
demolish and replace the existing co-

Yale University’s Central Power Plant. The 
stacks are nearly a century old, while the 
boiler plant addition in the foreground dates 
to 2012. 

Courtesy RMF Engineering Inc. 
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generation system in the off-peak period 
between October 2014 and May 2015. 
However, an opportunity to purchase 
natural gas at a very favorable rate and 
continue cogeneration operation through 
the winter of 2014-2015 caused the uni-
versity to delay the project schedule and 
the demolition of the existing cogenera-
tion system until the following spring.

LOGISTICAL CHALLENGES
 Frank Lill & Son began work on the 
project with planning and scheduling 
based on the initially planned outage 
period. The project would be a logistical 
challenge simply based on the limited 
time frame for the outage and a sched-
ule that included long lead times for 
the procurement of many of the major 
system components, such as the com-
bustion turbines and the heat recovery 
steam generators. The detailed design of 
the installation could not be completed 
without final shop drawings of all of the 
components that comprised each of the 
two generator/combustion turbine/heat 
recovery steam generator/selective cata-
lytic reduction/economizer trains. 
 The available footprint was con-
strained by the building exterior wall on 
one end of each train and the existing 
90,000-lb/hr auxiliary boiler on the other 
end of both power trains. Existing build-
ing columns would limit lateral placement 
of each train, and the economizers would 
have to be constructed in the vertical ex-
haust outlet of each of the cogeneration 

The installation of two cogeneration power trains (replacing three) dramatically improved 
equipment access. 

Courtesy RMF Engineering Inc. 

trains. The location of an existing critical 
medium-voltage electric service junction 
box would require that the exhaust gas 
flow transition from horizontal to vertical 
on one of the trains be offset to avoid 
encroachment into the code-required 
clearance space of the medium-voltage 
junction box. 
 The dimensional tolerance for fitting 
the new equipment was so fine that laser 
scanning technology was employed in the 
limited area around the junction box to 
ensure that the clearances were main-
tained while the gas flow transition was 
optimized. The medium-voltage electric 
power services connected through this 
junction box serve the boiler plant expan-
sion. The reliable operation of the boiler 
system connected to this electric service 
during the cogeneration outage was a 
critical element of the outage plan.
 Competitive bidding and contract 
negotiations for the combustion turbines 
and heat recovery steam generators were 
the first major elements on the critical 
path to meet the project schedule. Based 
on recent experience, the construction 
representatives of the university wanted 
to have a hands-on role in the project. 
The owner and design-build contractor 
worked together throughout this process 
to ensure that each knew what to expect 
from the major equipment suppliers as 
the project progressed. The elements of 
these contracts are very detailed as there 
are critical performance and emissions 
guarantees that must be met.

 Two Solar Taurus 70 combustion tur-
bine generators were selected to replace 
the aging 5.3 MW units. Regarding the 
contract negotiations between Frank Lill 
& Son and Solar Turbines for this equip-
ment, Jake Lill commented, “Negotiations 
were protracted, but once the contracts 
were completed they hit every date, and 
the equipment performed perfectly.” 
However, long before the equipment was 
delivered and the testing was performed, 

The breeching transition (upper left) and 
economizer support column had to be 
offset to maintain clearance for the existing 
medium-voltage junction box and conduits.

Courtesy RMF Engineering Inc. 

Victory Energy provided the heat recovery 
steam generators with a little “Yale Bulldog” 
customization.

Courtesy RMF Engineering Inc. 
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there were schedule deliverables for shop 
drawing completion and submission and 
system component delivery (in a specific  
order) that were also on the project 
critical path. Such planning elements are 
typical for this type of project. 
 The design-build contracting firm 
does more than its fair share of utility 
outage work, but each project has its own 
unique challenges. In this case, the very 
limited area around the plant prevented 
the contractor from storing equipment 
on the job site and created logistical 
challenges for the placement of cranes 
for heavy equipment off-loading and 
temporary storage. This required meticu-
lous planning and coordination of critical 
deliveries and heavy-haul activities. The 
plant is bound by city streets and has 
underground storage vessels as well as  
subgrade plant spaces that must be 
protected when placing a crane for lifting 
heavy equipment. The plant is also imme-
diately adjacent to a student dormitory, 
which meant that the project would have 
noise restrictions. This restriction would 
become particularly important when it 
was time to test the new system.
 Erecting the equipment in the existing 
plant, which was in continuous 24-hour-
a-day operation, meant that all new work 
would enter the plant through limited side-
wall openings. All of the large components 
would have to be placed and connected in 
a specific order, which meant that the fab-
rication and delivery of every component 
from numerous vendors would be on the 

critical path to meet the project schedule. 
The schedule compelled the contractor 
to accept delivery of some equipment 
with minor portions of the normal shop 
fabrication remaining to be completed on 
the construction site. This meant that the 
work of additional craftsmen had to be 
coordinated to meet the schedule and to 
maintain a safe work environment. 
 Frank Dunn of RMF Engineering 
served in the role of on-site construction 
engineer throughout the period of major 
construction to address field coordina-
tion issues as they arose. He observed, 
“At times up to 50 tradesmen, including 
steamfitters, boilermakers, electricians, 
millwrights and insulators, were working 
safely side by side and throughout the 
space in order to successfully maintain 
production. It was tight in there. You had 
to look carefully before choosing a path 
across the plant because the craftsmen 
were often using the entire walkway.” 
There were six-day work weeks at 10 
hours per day, and at times there were 
multiple shifts of construction to meet 
the schedule.
 When asked if the owner-driven 
postponement of the demolition of the 
existing cogeneration system provided 
any relief or created any additional work, 
Jake Lill acknowledged that the delay did 
create the need to preventively maintain 
equipment that was in storage at the 
laydown yard. Also necessary were some 
resequencing of activities and greater 
coordination with subcontractors.

THE DESIGN ENGINEER’S PERSPECTIVE
 RMF Engineering provided the design 
of the mechanical, electrical and struc-
tural systems and system modifications 
that were required to accommodate the 
replacement of the combustion turbine 
generator systems. The new equipment 
was slightly longer than the equipment 
it replaced, which unfortunately created 
structural issues at the exhaust end of 
each power train. The combustion tur-
bines and heat recovery steam generators 
were supported on an existing 18-inch 
reinforced concrete slab, which structural 
engineer Jim Riches says “you could have 
parked an army of tanks on.” However, the 
second evaporator section and econo-
mizer had to be supported by the older 
original part of the structure, which only 
had a 6-inch slab and about six layers of 
active process piping in the basement 
ceiling below it. To provide the structural 
support required, holes were cut in the 
slab, and new structural steel was placed 
and connected from above the floor with 
new concrete infill.
 Mechanical engineer Vince Basilio, 
the overall project manager for RMF Engi-
neering, oversaw the detailed engineer-
ing for all of the mechanical systems. He 
was particularly pleased with the perfor-
mance of the combustion turbine unit in 
conjunction with the new gas pressure 
booster system. Basilio noted, “Switching 
fuels from natural gas to fuel oil and oil 
back to gas occurred seamlessly. The gas 
pressure relief system did not release any 
gas to the atmosphere throughout all of 
the system startup and testing.” This was 
an important concept spelled out in the 
project performance criteria based on 
the location of the plant, in the heart of a 
residential area with a student dormitory 
as an immediate neighbor. The plant also 
meets emissions requirements using a 
more efficient catalyst and less reactant.

TENSE MOMENTS
 Once the original equipment was 
taken out of service in spring 2015, the 
pace of construction activity accelerated 
dramatically with the effort to install the 
new systems and restore the university’s 
power generation capability. During the 
early stages of construction, after demoli-
tion of the old power trains, a large section 

Courtesy RMF Engineering Inc. 

Throughout construction, the major access to the new plant was immediately adjacent to a 
student dormitory.
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of new exhaust breeching was being pre-
pared for installation when a dimensional 
bust was discovered. The section was not 
going to fit into the existing stack opening. 
The time necessary for the rework was go-
ing to impact the project critical path and 
would incur additional cost. 

ONCE THE ORIGINAL EQUIPMENT WAS TAKEN 

OUT OF SERVICE IN SPRING 2015, THE PACE 

OF CONSTRUCTION ACTIVITY ACCELERATED 

DRAMATICALLY.

 Based on the complexity of the 
construction, critical schedule and the 
fact that additional field issues would be 
likely, it was determined that the design 
engineer would provide a full-time con-
struction engineer throughout the major 
portion of project construction. RMF’s 
on-site construction engineer Frank Dunn, 
a former pipe welding supervisor, antici-
pated and corrected problems between 
the construction documents and varying 

field conditions before they impacted the 
construction schedule. A number of sub-
sequent issues were headed off quickly 
and their impact minimized by having 
Dunn on the project full-time.

SUCCESSFUL FINISH
 The setting and assembly of major 
equipment occurred throughout summer 
and fall 2015. The startup and commis-
sioning of the upgraded cogeneration 
system took place in spring 2016, and Yale 
is today enjoying the benefits of new, reli-
able equipment. The final product is an up-
dated plant with polished concrete floors, 
fresh paint and significantly improved 
maintainability. The two new combustion 
turbine generators have met all of the 
prescribed performance requirements and 
have been operating without incident. Yale 
Central Power Plant Chief Les Ross shared 
that the units provide up to 7.8 MW each 
and have been running very well. Some 
of the polish applied to the plant during 
the repower project is now being applied 
in other parts of the plant, improving the 

appearance and the work environment.
 The forward thinking of Yale’s 
Facilities Management established a 
highly successful cogeneration system 
that served the main campus for nearly 
20 years. The recent repower project 
improves on the concept with greater 
efficiency, reliability and environmental 
benefits. As new cogeneration technol-
ogy is developed, we can continue to 
look to Yale University to be a leader in 
putting those innovations to work.  

Ken Pitz, PE, is the executive 
vice president of RMF 
Engineering, having joined 
the firm as a project 
engineer in 1989. He has 
extensive experience in the 
design and analysis of 

central utility plants and utility distribution 
systems for large-scale campuses. Pitz holds 
a Bachelor of Science degree in mechanical 
engineering from Drexel University. He can 
be reached at ken.pitz@rmf.com.

 
 

    System snapshot: YALE UNIVERSITY CENTRAL POWER PLANT

Steam/combined heat and power system

1918 – Steam plant opened
1998 – Cogeneration added
2012 – Boiler plant expanded

165

8.6 million sq ft

480,000 lb/hr steam, 
15.6 MW electricity

3 boilers,
2 heat recovery steam generators

Natural gas with ultra-low-sulfur diesel as backup

Approximately 5 miles of piping

Carbon steel, direct-buried and 
in tunnels

1/2 inch to 12 inches

250 psig saturated (406 F)

180 F

Startup year

Number of buildings served

Total square footage served

Central plant capacity

Number of boilers/chillers

Fuel types

Distribution network length

Piping type

Piping diameter range

System pressure

System temperatures

Chilled-water system

Prior to 1998 – 2,000-ton cooling capacity served 14 buildings
1998 – Four 2,250-ton chillers installed
2002 – One 5,600-ton chiller added 

Over 70 

Over 8 million sq ft 

14,600 tons chilled water

5 chillers

High-pressure steam, electricity

More than 5.7 miles of piping

Carbon steel, direct-buried and 
in tunnels

2 to 30 inches

NA

42 F supply/56 F return

Source: RMF Engineering Inc. in conjunction with Yale University. 

Source: U.S. Climate Data

102°
8°

Average June  
High Temperature in Phoenix

Average January 
Low Temperature in Minneapolis

We’re keeping downtowns comfortable 
in all types of climates.
NRG District Energy Systems keep buildings warm in the winter and cool in the 
summer with a proven 99.9% reliability record that keeps energy managers 
comfortable, too. 

We’re an established presence in Phoenix, Tucson, San Diego, San Francisco, 
Minneapolis, Omaha, Harrisburg and Pittsburgh. As these cities grow, our systems 
grow with them. New buildings can easily come onboard to an existing network of 
underground pipes. Plus, new piping can be added as downtowns expand.

Whether we’re relied on for cooling, heating or both, the overall benefit is universal: 
Utilizing one central system is inherently more efficient and effective than customers 
building and operating their own.

nrg.com/thermal
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