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Carleton College plans 
for carbon neutrality

team is confident it will be reached thanks 
in part to the executable vision provided 
in Carleton’s Utility Master Plan.  

INVESTED IN SUSTAINABILITY 
Carleton was founded in 1866 as a 

liberal arts college, but early on, campus 
leadership expanded its perspective to 
include an environmental focus. What 
started in the 1920s with an 800-acre 
arboretum has led to an investment in 
wind turbines, solar energy, progressive 
campus infrastructure upgrades, a robust 
environmental studies program, student-
led organic farming, multiple student 
environmental organizations, and numer-
ous studies and plans to evaluate sustain-
able options for energy and waste. 

Since 1910, the Carleton campus has 
been served by a central steam plant, 
which today houses three steam boil-
ers with a combined capacity of 110,000 
lb/hr. The 330 F saturated steam is dis-
tributed at 80 psig to 1.6 million sq ft 
of space in 36 buildings via a network 
of both direct-buried, ductile-iron pip-
ing and welded-steel lines in tunnels. A 
chilled-water system (1,950-ton capac-
ity) was also installed at the plant in the 
1980s, currently connected to 20 build-
ings representing 850,000 sq ft. (In addi-
tion, two college-owned wind turbines 
generate up to 1.68 MW of power. One 
turbine directly serves 25 percent to  
30 percent of the campus demand while 
the other supplies the public grid.) 

L
ast summer, as the rumbling drill rigs 
repeatedly pierced the iconic ground 
of the grassy “Bald Spot” in the heart 
of campus, Carleton College students 

were intrigued by the transformational  
Utility Master Plan that was stitching 
together the subterranean geology under-
foot. Passersby curiously pondered what 
was going on and why. Disruptive con-
struction and a major utility system over-
haul might seem like a nuisance, but at 
Carleton, south of the Twin Cities in North-
field, Minn., it was a milestone. Geother-
mal bore fields were being installed as 
part of a new hot water heating system, 
which will help lower emissions. By 2050, 
the campus will be carbon-neutral. That 
may seem a lofty goal, but the leadership 

Courtesy Carleton College. 

Skinner Chapel, Carleton College, Northfield, Minn.   

Drilling in a geothermal field on the Carleton College campus, summer 2018.

Courtesy Carleton College. The Carleton campus has been supplied with 
steam for heating since its central steam 
plant was built in 1910. 

Courtesy Carleton College. 

A new geothermal district heating system will lower 
emissions and operating costs.  

Martha Larson, CEM, Manager of Campus Energy and Sustainability, Carleton College;  
and Lee Tapper, PE, CIAQP, LEED AP, Senior Mechanical Engineer, MEP Associates LLC
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UTILITY MASTER PLAN PROCESS 
 In 2014, Carleton embarked on a util-
ity master-planning process, following 
publication of a comprehensive Campus 
Master Plan. The Utility Master Plan aimed 
to replace the aging and outdated central 
plant equipment and controls, to provide 
for future loads outlined in the Campus 
Master Plan and to reduce cost and car-
bon emissions. The college’s utility mas-
ter-planning process consisted of seven 
key steps. 

Step 1: Update the Campus Master Plan
 Carleton recognized a well-vetted 
and thoughtful Campus Master Plan must 
be established before launching a com-
prehensive Utility Master Plan. This was 
key to assuring the utility planning efforts 
aligned with an accurate projection of 
future energy use. Carleton’s Campus 
Master Plan forecast building plans over 
the next 20-30 years and a timeline of 
how campus square footage, and there-
fore energy use, would evolve. Fortu-
nately, this thoughtful space-planning 
process revealed a focus on replacement  
and renovation, rather than campus 
growth, allowing the subsequent utility  
planning to focus on quality, not just 
expanded capacity. 

CARLETON’S CAMPUS MASTER PLAN 

ALLOWED SUBSEQUENT UTILITY PLANNING 

TO FOCUS ON QUALITY, NOT JUST EXPANDED 

CAPACITY.

Step 2: Hire a design team
 Carleton selected MEP Associates 
LLC based on the firm’s experience with 
district utility-scale geothermal systems. 
MEP’s work as the lead designer of Ball 
State University’s campus geothermal con-
version project had inspired Carleton’s 
team to think about geothermal not just as 
an individual building solution but rather 
as a part of the overall district energy sys-
tem. Carleton’s Climate Action Plan had 
identified ground source heating and cool-
ing as well as combined heat and power as 
potential carbon reduction options. 
 MEP then partnered with Burns & 
McDonnell to address Carleton’s desire to 
also evaluate the feasibility of CHP tech-

nologies. Collaborative Design Group and 
TKDA out of Minneapolis-St. Paul provided 
architectural, structural and civil support. 
Carleton also partnered with McGough 
Construction to develop market-tested 
construction estimates that not only cap-
tured full costs represented by the design 
but also tested construction means and 
methods, site logistics, and phasing.   

Step 3: Develop campus energy profiles 
 Carleton shared campus history, 
three years of utility bills, planning docu-
ments, as-built building prints, wind gen-
eration records, building meter data and 
other pertinent documentation, which 
was used to create an energy model for 
the existing campus. The model gener-
ated annual electrical, heating and cool-
ing energy profiles for the physical plant 
(fig. 1), which emphasized the high heat-
ing demand in winter and opportunities 
to take advantage of some year-round 
simultaneous heating and cooling. The 
model was then verified and calibrated, 
based on the actual consumption data. 
Using the calibrated model, future energy 
profiles were generated in five-year incre-
ments to reflect the impact of future cam-
pus construction milestones outlined 
in the Campus Master Plan. This energy 
demand timeline became the basis for 
the design team to formulate and test-
drive various campus utilities options.

Step 4: Perform a conceptual study 
 The analysis began with a high-level 
conceptual study investigating several 
options before diving into a detailed engi-
neering analysis. This process gave the 

team an initial sense for the long-term per-
formance of different strategies, the rela-
tive influence of study parameters and 
ways to optimize the options warranting 
further investigation. To start this process, 
a business-as-usual case was defined to 
model investments in the existing cam-
pus systems required to meet changing 
energy demands of the Campus Master 
Plan over the next 20-30 years. The various 
options were all based on converting the 
district steam distribution system to a 120 
degree F hot water supply. Different sizes 
of ground source heat pump (geothermal) 
systems were developed. 
 Concept study options included the 
following:
1. Option A – Base case: maintain existing 

steam system. 
2. Option B – Ground source heat pump 

system sized to meet 100 percent of 
campus heating and cooling loads.

3. Option C – Ground source heat pump 
system sized to meet 100 percent of 
peak cooling demand with condensing 
boilers to supplement peak heating load. 

4. Option D – Ground source heat pump 
system sized to meet 50 percent of peak 
cooling demand and approximately  
20 percent of the peak heating load. 
Condensing boilers supplement peak 
heating demand, and existing chillers 
supplement peak cooling demand. 

 For the initial screening, the busi-
ness-as-usual condition was compared 
to the hot water options over a 30-year 
period. The cost analysis compared the 
30-year net present value of cumulative 
capital, operation, maintenance and util-
ity costs. The team also compared per-

FIGURE 1. Current heating and cooling load profile, Carleton College. 

Source: Carleton College.
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cent reductions in energy use and carbon 
emissions. This concept study allowed the 
team to optimize the hot water alterna-
tives. Option D was selected.
 While the financial analysis was 
underway, Carleton also commissioned a 
set of vertical and horizontal geothermal 
test bores to characterize the thermal  
conductivity and drilling conditions in 
prospective campus locations. All sites 
were located in areas that would never be 
considered viable sites for future campus 
buildings. The design ultimately incorpo-
rated two 520-ft-deep bore fields in the 
two primary campus quads (211 bores) 
and a 510-ft-horizontal bore field under 
the soccer fields (94 bores). Their place-
ment was aligned with the location of the 
new East Energy Station, a satellite plant 
planned to serve the system, creating effi-
cient routing of distribution piping. 

Step 5: Evaluate and refine detailed 
options
 The business-as-usual case and 
selected hot water option were then 
expanded to show how each would per-
form over five-year increments based on 
planned campus construction or reno-
vations as mapped out in the Campus 
Master Plan. At each increment, the team 
adjusted the following model inputs:

 · capital investment

 · operation and maintenance cost

 · utility costs (electricity, natural gas) 

 · carbon footprint

 · energy use
Capital investments for the business-as-
usual condition included costs to replace 
major pieces of central plant equipment 
exceeding end of life. Capital costs for the 
hot water alternative included the follow-
ing design packages: 

 · hot water equipment at the central plant

 · satellite plant to house geothermal 
equipment

 · geothermal bore fields and distribution 
piping

 · hot water distribution piping to replace 
existing steam distribution piping 

 · building modifications required to con-
nect existing buildings to the new hot 
water system and allow east campus 
buildings to operate at the new 120 F 
supply temperature 

 This information was then fed into 
a lifecycle cost analysis over a 30-year 
period using total net present value – 
including capital, operating and utility 
costs – as the vehicle for financial com-
parison. The evaluation also incorporated  
appropriate escalation factors for con-
struction and utility costs over time. A 
sensitivity analysis was conducted to 
evaluate how significant shifts in electric-
ity, natural gas or bore field pricing would 
affect the outcomes. Even in a worst-case  
condition, over a 30-year period the hot 
water alternative would break even with 
the costs of maintaining the existing 
steam system (fig. 2). In the modeled and 
best-case condition, the net present value 
of the alternative was extremely favor-
able. The outcomes also revealed that the 
sooner the college could decommission 
its existing steam system, the better the 
financial return. 
 The selected ground source heating 
and cooling system (fig. 3) serves 70 per-
cent of the total annual campus energy 
demand but relies on high-efficiency con-
densing boilers and the existing electric 
chillers to supplement the heat pump dur-
ing peak heating and cooling demands. 
This option represented the least total cost 
over a 30-year period, while also achiev-
ing Carleton’s goals for the campus’s Utility 
Master Plan.  

Step 6: Determine project phasing and 
financing 
 It became evident a critical compo-
nent to the implementation sequence 
was the construction and location of the 
East Energy Station, the satellite plant 
that would house the geothermal system 
equipment. Carleton was already in the 
early design stages of a renovation and 
addition to the Science Complex, which 

-

FIGURE 2. Capital and operating cost comparison. 

Source: Carleton College.

FIGURE 3. Schematic diagram of the Carleton College utility system. 

Source: Carleton College.
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was a prime location for the new East 
Energy Station. The Science Complex has 
the highest energy-use intensity on cam-
pus. It is also centrally located and remote 
from the existing facilities building. Inte-
grating the East Energy Station into this 
project drove a sequencing scenario that 
began implementing the 120 F heating 
hot water system on the east side of cam-
pus. The new heating hot water system 
would then connect to west campus build-
ings, working toward the existing facilities  
building where decommissioning the 
steam boilers would be the final step. It 
was therefore imperative that the design 
and funding for the East Energy Station be 
accelerated to align with the Science Com-
plex project. 
 This not only drove the timing of the 
utility project but also allowed Carleton 
to bundle financing with the science proj-
ect. As soon as the steam system is fully 
decommissioned and replaced with hot 
water, the resulting operating savings of 
approximately $1 million per year will 
fund the annual debt payments on the 
utility project portion of the loan. 

Step 7: Obtain campus support and buy-in
 Once Carleton’s operations team 
concluded the replacement strategy was 
the best way to achieve its utility plan-
ning goals, its next challenge was to gain 
administration, board and campus com-
munity support. Besides presenting the 
technical aspects of the project, opera-
tions staff established a long-term vision 
built on concepts already approved and 
accepted in prior campus plans. Tying the 
Utility Master Plan to Carleton’s Climate 
Action Plan was straightforward, given the 
anticipated carbon emissions reductions; 
but the team also highlighted key oppor-
tunities to intersect with specific objec-
tives outlined in the 2014 Campus Master 
Plan. Facilities staff employed profession-
ally designed graphics, a project web page 
and other communication tools to gen-
erate widespread project understanding 
and excitement. With broad campus sup-
port, the board approved the Utility Master 
Plan in spring 2017, and the team moved 
directly into project implementation. 
 Carleton is now entering year three 
of a five-year construction process (fig. 4).  
The three geothermal bore fields are 

complete, and the East Energy Station 
will be on line in spring 2019 and com-
missioned by fall. Building conversions 
on the east side of campus will be com-
pleted in summer 2019, which will be 
running on the geothermal system by fall 
2019. Conversion of the west-side cam-
pus systems from steam to hot water is 
scheduled for summers 2020 and 2021. 

TRANSFORMATIVE OUTCOMES
 The new geothermal system con-
struction is still underway, but projections 
show a positive return on investment. 
The collaboration with MEP Associates 
allowed Carleton’s team to adopt and 
embrace the following key concepts:

 · Low-temperature hot water – Transi-
tioning from a steam to a low-tempera-
ture (120 F) hot water distribution sys-
tem is key to future system diversity, 
flexibility, modernization and carbon 
reductions. The lower temperature 

threshold allows Carleton to engage at 
a district energy scale such technolo-
gies as ground source heating and cool-
ing, condensing boilers, solar thermal 
systems and future heating system 
innovations.

 · Repurposing heat – A heat pump allows 
Carleton to move heat out of the chilled- 
water system and into the heating 
water system, repurposing heat that 
was previously exhausted via the cool-
ing tower. In simultaneous heating and 
cooling mode, the heat pump is at its 
most efficient operational condition 
with a coefficient of performance of 7.0.

 · Electrification to boost carbon reduc-
tion – The heat pump lowers central 
plant natural gas consumption by  
75 percent, thereby reducing the car-
bon burden of fossil fuels burned on-
site. It shifts more of that load to elec-
tricity, which opens many more options 
for carbon reduction through on-site 

FIGURE 4. Carleton College Utility Master Plan timeline. 

Source: Carleton College.

FIGURE 5. Central plant emissions and annual operating cost reductions. The proposed utility plan 

reduces both annual operating costs and carbon emissions. 

Source: Carleton College.
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renewables like wind and solar photo-
voltaics while also taking advantage of 
rapid greening of the public electric 
grid. The geothermal hot water system 
is projected to reduce central plant car-
bon emissions by 15 percent by 2021. 
Future phases intended to implement 
on- or off-site renewable electricity 
strategies will increase that reduction to 
36 percent (fig.5). 

 · Operations savings – Eliminating the 
24/7/365 operation of Carleton’s high-
pressure steam plant can reduce central 
plant operating costs by 30 percent and 
improve working conditions by offering 
all maintenance staff a more standard 
daytime work schedule.

 · Positive financial return – When 
compared to the cost of maintaining 
and operating the existing steam sys-
tem, the cost of the new hot water 
system – including capital, operating 
and utility costs – will break even in 
15-20 years with continued savings 
into the future.

 · On-site carbon reductions – The Utility 
Master Plan keeps Carleton on its 
desired trajectory toward being car-
bon-neutral by 2050 through actual 
changes to the campus infrastructure 
in lieu of purchased carbon credits.

 · Cleaner supply, reduced demand – 
The new energy system, which will 
include geothermal and solar and wind 
energies, will reduce campus energy 
consumption by 84 MMBtus by 2021.  

 By reimagining its district energy  
systems for the 21st century, Carleton 
College is on track to reach its 2050 car-
bon neutrality goal while lowering costs 
and preparing for the next century of sus-
tainable operations.  
 

Martha Larson, CEM, has 
served as manager of cam-
pus energy and sustain-
ability at Carleton College 
since 2010. In this role, she 
manages the college’s two 

wind turbines, energy conservation pro-
grams and all other aspects of campus 
sustainability. She also facilitated develop-
ment and implementation of the college’s 
Climate Action Plan and Utility Master 
Plan. Larson holds a Bachelor of Science 
degree in mechanical engineering from 
Northwestern University. She may be 
reached at mlarson@carleton.edu.

 
Lee Tapper, PE, CIAQP, 
LEED AP, is a senior me-
chanical engineer at MEP 
Associates LLC. He has 
been a mechanical design-
er for more than 30 years 

and is passionate about the design and 
delivery of sustainable systems for build-
ings and campuses that integrate and 
complement the architecture of the facil-
ity. Tapper is recognized for innovation in 
engineering with a special focus on en-
ergy efficiency. He can be contacted at 
leet@mepassociates.com. 
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