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Abstract
An institutional water footprint is a valuable metric for aggregating data within the
water-energy-food-greenhouse gas nexus. In this study, a water footprint analysis was conducted for the
University of Pennsylvania, located in Philadelphia, Pennsylvania. Water footprint is calculated as the
sum of direct and indirect water usage, where indirect water use considers the impact of utilities,
purchased office kitchen goods, purchased paper goods, combined ground and air travel, and campus
dining halls. The analysis estimates an indirect water footprint of 50,000 m3/acre and a direct water
footprint of 10,000 m3/acre, for a total water footprint of 60,000 m3/acre, across the 299 acres of Penn’s
main campus. This study also analyzes student behaviors associated with direct water usage and presents
an overview of and update to local green stormwater infrastructure projects, suggesting feasible,
high-impact changes to increase climate resilience in these areas.

HIGHLIGHTS
● This paper presents a method of quantifying a total institutional water footprint for use in

improving overall institution-scale sustainability.
● Water footprint complements carbon and nitrogen footprint as an important metric of

sustainability, especially in urban environments.
● The indirect water footprint is a more significant contributor to total water footprint than direct

water footprint.
● Chilled water plants and laboratories contribute most significantly to direct water use.
● Air travel and utilities contribute most significantly to indirect water use.

Keywords: water footprint, direct water, indirect water, water use behavior, climate policy, green
stormwater infrastructure
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INTRODUCTION

The water footprint concept
Because of the focus on greenhouse gases and their correlation with climate change, carbon footprint has
become a common metric used to understand institutional environmental impacts. Indeed, the University
of Pennsylvania’s Climate and Sustainability Action Plan 3.0 (CSAP 3.0), which outlines sustainability
goals for the university, analyzes the university’s environmental impact primarily through the institution’s
carbon footprint and waste. This study aims to advance one of CSAP 3.0’s goals of improving water use
and management on campus by analyzing the University’s water footprint.

Water footprint is a measure of the volume of freshwater used and/or wasted that looks not only at direct
water use of a consumer or producer, but also at the indirect water use (Hoekstra et al., 2009). While the
carbon footprint (CF) has historically been used as a tool to measure greenhouse gas emissions in the
debate on climate change, the water footprint (WF) was introduced as a tool to analyze water
consumption patterns in the field of natural resources management. Water footprint as a sustainability
metric adds an important and often disregarded dimension to the analysis of the institution’s
environmental impact for two reasons.

First, fresh (as opposed to sea) water is a scarce resource. With only 3% of water on Earth being fresh,
and only 0.5% available for drinking, it is imperative that we conserve fresh water just as we should
conserve other scarce natural resources. Across the globe, there is increasing awareness of a looming
“water crisis,” which would not only have impacts on all sectors of the economy but would primarily
affect food security. Freshwater in sufficient quantity and of adequate quality is not only a prerequisite for
the continuation of the human species, but also for natural ecosystems.

Second, particularly in Philadelphia where combined sewer systems (CSS) are used, the amount of direct
water use directly impacts how much wastewater pollutes the rivers, and thus impacts the conservation of
nature.

Significance of water footprint in Philadelphia
The problem of too much wastewater and stormwater polluting the waterways is particularly significant in
Philadelphia. Approximately 60% of Philadelphia is in the Combined Sewer Outfall (CSO) drainage area,
a sewer collection system where stormwater and sewage are mixed in one pipe. Thus, when too much
water, either rainwater or wastewater, enters the system, the wastewater treatment plants are often limited
by their capacity to intake these large volumes, resulting in combined sewer overflows into the
surrounding creeks and rivers. This overflow happens following rain events. In a typical year,
Philadelphia’s 164 CSOs discharge approximately 20.5 billion gallons of stormwater and wastewater into
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the Delaware River, Schuylkill River, and surrounding tributaries. This mix of sanitary and stormwater
pollution can affect aquatic life and make water bodies unsafe for recreation.

To address this issue, the Philadelphia Water Department (PWD) created Green City, Clean Waters
(GC/CW) in 2011, a 25-year plan to transform the health of the city’s creeks and rivers primarily through
a land-based approach (PWD 2011). GC/CW plans to reduce stormwater flow, protect and enhance
watersheds, and meet federal water pollution standards set by the Clean Water Act by implementing green
stormwater infrastructure such as rain gardens and stormwater planters.

Current state of water management at Penn
The University has outlined goals to improve water use and management in CSAP 3.0. Further, through
the Stormwater Master Plan for the University of Pennsylvania (Duffield Associates & LRSLA Studio,
Inc. 2013), the University has taken action to analyze stormwater management.

Penn Climate and Sustainability Action Plan 3.0
Penn’s CSAP 3.0 recommends goals to reduce the University’s ecological footprint, with a focus on
meeting President Amy Gutmann’s 100x42 carbon neutrality pledge to reach a 100% carbon neutral
campus by 2042 (Penn Sustainability 2019). The CSAP 3.0 is organized around the following seven
initiatives: (i) academics; (ii) Utilities and Operations; (iii) physical environment; (iv) waste minimization
and recycling; (v) purchasing; (vi) transportation; and (vii) outreach and engagement.

While these goals are thorough and pave a path to meet the 100x42 carbon neutrality pledge, a majority of
the goals and analysis focus on carbon emissions. The CSAP 3.0 outlines the following two goals for
improving water use and management on campus: 1) minimize potable water use through irrigation and
fixture efficiency and 2) improve stormwater management tracking, reporting, and verification of
infrastructure installation.

A Stormwater Master Plan for the University of Pennsylvania
The Stormwater Master Plan for the University of Pennsylvania provides recommendations for reducing
the negative stormwater runoff impacts created by the impervious building and paved surfaces of the
University campus (Duffield Associates & LRSLA Studio, Inc. 2013). The Stormwater Master Plan
analyzes the stormwater runoff from the campus’s approximately 72% impervious surfaces. The
Stormwater Master Plan also evaluates the stormwater management projects that were completed
between 2006 (when the PWD Stormwater Regulations were adopted) and 2013 and found that these
projects managed stormwater from 17.5 acres of the 251.6 acres of campus included in the study area.
Penn’s main campus area has a total area of 299 acres, but some facilities were not included within the
study. The Stormwater Master Plan further explores potential practices to adopt and future projects;
identifies potential opportunities for stormwater retrofitting and management facilities; reviews PWD
stormwater fees and the construction costs for various stormwater management practices; considers
operations and maintenance costs and requirements; discusses legislation issues and funding
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opportunities; and provides short-, mid-, and long-term recommendations to advance the University’s goal
to increase the management of stormwater runoff from currently unmanaged sites. Through the
Stormwater Master Plan, the University has invested in stormwater projects such as porous pavement,
green spaces, trees, subsurface infiltration/detention, green roofs, and bioretention areas.

Because the Stormwater Master Plan was published in March of 2013, this study provides updates to the
information provided in the Stormwater Master Plan in Results and Discussion: Stormwater
Management.

Goals and scope of water footprint analysis
As a joint collaboration between the University of Pennsylvania, the Water Center at Penn, and the
Student Eco-Reps program, this study analyzes the direct and indirect water footprint of the University of
Pennsylvania to provide a more comprehensive understanding of the institution’s ecological footprint. By
analyzing the University’s actions that contribute most significantly to its water footprint and providing
recommendations, this study aims to inform the University’s sustainability goals and policies to reduce its
water footprint in addition to carbon emissions and waste. This study examines the following aspects of
direct and indirect water footprint.

Direct water footprint
Direct water footprint is the amount of water consumed directly (e.g., drinking fountains, sinks, flush
toilets, water used in cooking, and irrigation) and does not account for water used during production. In a
university setting, direct water use is primarily from chilled water plants, residential use in dormitories,
and everyday use in school buildings.

Indirect water footprint
Indirect, or virtual, water footprint is the water used to produce goods and services. This paper analyzes
the following primary sources of indirect water footprint: utilities, purchased items, transportation, and
food in dining halls. The production of electrical energy for commercial activity is a particularly water
intensive activity, but the production of all everyday products, including paper, plastics, and food, all use
significant amounts of water during the manufacturing and distribution process.

LITERATURE REVIEW
Existing literature quantifying the holistic water footprint of universities is sparse, with many institutions
of higher education choosing instead to focus on reducing carbon emissions. While some universities
publish direct water footprint statistics or goals within annual campus sustainability reports, these
publications often lack detailed statistics about the primary sources of water usage within the campus or
other details related to the water infrastructure and physical environment that contextualize water use.
Still, other universities choose to publish specific water use reports or water conservation plans. The goal
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of this brief literature review is to present a survey of six such university water usage reports and
highlight elements missing from these reports that are addressed within this study.

The University of Colorado Boulder’s Sustainability Report concludes that about 200 million gallons of
potable water were used annually from 2010 to 2019 on the University of Colorado Boulder campus
(University of Colorado 2021). The university’s 2006 Campus Water Use report identifies housing,
academic, power house, and research facilities as the primary contributors to potable water use, but the
specific contributions of each of these facilities are not explicitly quantified (CU Environmental Center
2006). The report also describes numerous water conservation projects, such as implementing low-flow
fixtures in campus restrooms, constructing closed loop piping networks for cooling laboratory equipment,
and switching from using potable to raw water for landscape irrigation.

In its Sustainable Water Use and Watershed Report, the University of Maryland reports a relatively stable
total annual potable water use of 1.89 million gallons per year during a study between 2006 and 2012
(University Sustainability Council 2014). Meanwhile, annual per capita consumption and per square foot
consumption have been reduced since 2006 due to various conservation efforts and equipment changes. In
fiscal year 2010, HVAC and equipment accounted for 32% of direct water use, while water use among
residential facilities, dining services, and athletics accounted for 25% of water use. The report further
details three water harvesting installations and stormwater management systems, including stormwater
ponds and regional stormwater “banks'' that consist of sand filters.

In Water Use and Conservation at the University of Kansas, Gleeson and Klenow report that the
University of Kansas used 240 million gallons of water in 2008 (Gleeson and Klenow 2009). "The
authors identify housing as contributing to 36% of total water usage. They also note that the university
used 11,961,380 gallons in 2006 for irrigation by facilities and operations, making irrigation another
significant contributor to the university's water usage." They provide survey data within residence halls
regarding shower frequency and length  and recommendations to improve plumbing fixtures in residence
halls and limit irrigation by retrofitting landscaped areas with native plants.

In Stormwater Management and Water Conservation at Emory University, Endres reports a direct water
use of 1 million gallons annually in 2015 (Endres 2017). The most significant contributors to water use
are not identified. Instead, attention is given to outreach programs that engage students and local
communities through education and the Emory WaterHub, a reclamation facility constructed in 2015 that
recovers 40% of campus wastewater for non potable purposes on campus .

The University of California Santa Cruz’s Water Action Plan reports that the university used 162.8 million
gallons annually in 2016, or 8,856 gallons per weighted campus user (University of California Santa Cruz
2017). The Water Action Plan identifies student housing and irrigation as the largest contributors to water
use, contributing 46% and 23% of total water use, respectively. The plan also outlines campus
conservation efforts, especially those related to drought response.

In Virtual Water as a Metric for Institutional Sustainability, The University of Virginia (UVA) presents
water footprint as a complementary metric to carbon and nitrogen footprint for measuring institutional
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sustainability (Natyzak et al. 2017). Direct water footprint was calculated from metered values to be 1.7
million m3, while the indirect water footprint was estimated from purchasing records to be 15.2 million
m3. Virtual water associated with utilities and food production were the greatest contributors to the water
footprint, while paper, transportation, and research animals contributed relatively little to the overall water
footprint. Thus, this example of a water footprint supports the preexisting focus on food and energy as
target areas for institutional sustainability.

Among the six universities whose water footprint reports were reviewed, only the University of Virginia
included an analysis of indirect water footprint and only the University of Kansas included data on
student water use behavior. Analysis of the most significant contributors to water usage is uncommon and
disparate. Inclusion of discussions of stormwater management, if present at all, are variable in breadth.
This study synthesizes the findings of this literature review by evaluating all four of these elements: direct
water footprint, indirect water footprint, water usage behavior, and stormwater management. Furthermore,
the indirect water footprint of many goods associated with university operations, including some common
office items (writing instruments, coffee creamer, single use coffee K-Cups®, etc.), specialty biochemical
research materials, and industrial cleaning supplies, are not widely available in existing literature. Hence,
this study presents a novel method for estimating water footprint using a variety of proxy methods and
water-footprint analogs detailed below.

METHODS

Direct and indirect water hierarchy
There are various methodologies used to calculate water footprint for different entities/locations/objects,
such as the water footprint of a process, product, group of consumers, business, or within a geographically
delineated area or nation. The most applicable methodology for this study is the method used to calculate
the water footprint of a business. The water footprint of a business is defined as the sum of the direct
(operational) water footprint and the indirect (supply-chain) water footprint of the business. Table 1
below, adapted from Hoekstra et. al (2009), breaks down the different components of direct and indirect
water footprint and provides examples of each.

Table 1 Examples of the components of a university’s water footprint

Direct water footprint Indirect water footprint

Water consumed or wasted through an
operational process

Water thermally polluted through use for
cooling

Water consumption or waste related to water
use in kitchens, dormitories, toilets, cleaning, or

Water footprint of infrastructure (construction
materials etc.)

Water footprint of materials and energy for
general use (office materials, cars and trucks,
fuels, electricity, etc.)
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landscaping

Direct water footprint
In a university setting, direct water use is primarily from residential use in dormitories, everyday use in
school buildings, and chiller plants used for building cooling. Water meter data were obtained from Penn
Facilities and Real Estate Services and the Philadelphia Water Department, where some water meter
readings are estimated values because the Philadelphia Water Department does not continuously monitor
meters. For this reason, a three-year average of water usage data was utilized in order to calculate direct
water footprint. The distribution of general water consumption (excluding water used by chilled water
plants) across campus is also analyzed.

Indirect water footprint
This study considers the following four categories of indirect water footprint: utilities, purchased items,
transportation, and food in dining halls.

Utilities

Penn’s utilities include electricity (for chilling water, buildings, heating steam, and transportation), natural
gas, and fuel oil.

Electricity for buildings, chilling water, heating steam, and transportation

The water footprint of electricity used for buildings, chilling water, heating steam, and transportation were
calculated using the following formula:

𝑊𝐹
𝑗

=
𝑖

∑ (𝑆𝑃
𝑖

× 𝑆𝑊𝐹
𝑖
)×𝑃𝐸𝑈

𝑗

where
● is the water footprint for electricity usage of type j (among chilled water, transportation, and𝑊𝐹

𝑗 

electricity)
● is the percentage of energy at Penn obtained from source i (listed in appendix Table 4)𝑆𝑃

𝑖

estimated from the U.S. Energy Information Administration (2018)
● is the estimated water footprint per unit of energy from source i (Gerbens-Leenes et al.𝑆𝑊𝐹

𝑖

2008; Mekonnen et al. 2015; GRACE Communications Foundation 2017)
● is the amount of energy consumed at Penn by electricity usage type j𝑃𝐸𝑈

𝑗

While both chilled and steam-chilled water plants pump chilled water to buildings across campus, the
steam-driven chillers help reduce electrical demand during the cooling season as they use the steam
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produced as a by-product of electricity generation at the local steam supplier, Vicinity Energy.
Steam-driven chillers also allow load-shifting from grid electricity to a natural gas cogeneration plant and
provides Penn with more sustainable options for campus cooling.

Natural gas

Natural gas was assigned a water footprint conversion factor of 270.2 m3/TJ, taking a total of the median
of fuel supply, construction, and operation water factors. Fuel supply water factor is related to the
acquisition of the natural gas, construction water factor is related to the materials necessary for building
the infrastructure to process and distribute the natural gas, and operation water factor is related to the
water required to operate the natural gas distribution. These component water footprints are available in
literature (Gerbens-Leenes et al. 2008; Mekonnen et al. 2015; GRACE Communications Foundation
2017). Water footprint for natural gas used by the university was directly calculated by multiplying the
equivalent number of TJ of natural gas as reported by Facilities and Real Estate Services by 270.2 m3/TJ.

Fuel oil

Fuel oil was assigned a water footprint conversion factor of 506 m3/TJ (Gerbens-Leenes et al. 2008;
Mekonnen et al. 2015; GRACE Communications Foundation 2017), taking a total of the median of fuel
supply, construction, and operation water factors. Water footprint for fuel oil used by the university was
directly calculated by multiplying the equivalent number of TJ of fuel oil as reported by Facilities and
Real Estate Services by 506 m3/TJ.

Purchased items
The analysis of purchased items considers paper products (envelopes, letterheads, and business cards),
and office kitchen products (coffee, creamer, bottled water, plastic utensils). While these two commodities
account for only 7.8% of Penn’s total quantity of invoiced purchases, this study focuses on these two
commodities due to the availability of literature on their water footprint. For example, while laboratory
supplies account for 32.4% of Penn’s total quantity of invoiced purchases, the heterogeneity and
proprietary nature of these products prevented meaningful water footprint analysis.

Paper was assigned an average water footprint conversion factor of 1,450 m3/ton, or 7.5 L per standard A4
sheet (Van Oel & Hoekstra 2010). The water footprint for 27% of all invoiced paper purchases was
directly calculated by multiplying the equivalent weight of these paper products by 1,450 m3/ton, and a
corresponding weighted average was extrapolated for the remaining 73% of paper purchases.

Office kitchen products were each assigned separate water footprints, tabulated in appendix Table 3.
Water footprint calculations for 20% of all invoiced kitchen products were directly calculated by
multiplying the equivalent weight or quantity of each type of kitchen product by its respective water
footprint, and a corresponding weighted average was extrapolated for the remaining 80% of kitchen
product purchases.
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Transportation

Air travel

Jet fuel was assigned an average water footprint conversion factor of 5.75 L water per L jet fuel (Staples
et al. 2013). Fuel burn was assigned an average value of 5.58 kg/m for medium-haul flights across many
typical aircraft (The Boeing Company 2006). Jet fuel density was assigned a value of 8.09 kg/L
(Bombardier 2016).

Total water footprint was calculated according to the following formula:

𝑊𝐹
𝑎,𝑖

 =  
𝐷

𝑖
 × 𝐹𝐵 × 𝐹

⍴

where
● is the water footprint associated with air travel in year i𝑊𝐹

𝑎,𝑖 

● is the distance travelled in year i𝐷
𝑖

● FB is the average fuel burn for medium-haul flights
● F is the average water factor between water and jet fuel
● is the density of jet fuel⍴

Ground travel and equipment

Pure gasoline was assigned a water footprint conversion factor of 4.5 gallon water per gallon gasoline
(McMahon & Price 2011). Ethanol was assigned a water footprint conversion factor of 167 gallon water
per gallon gasoline (Wu et al. 2009). Assuming 10% ethanol, blended gasoline was assigned an overall
water factor of 20.75 gallon water per gallon gasoline.

Pure diesel was assigned a water footprint conversion factor of 0.032 m3 water per GJ diesel, and
biodiesel was assigned a water footprint conversion factor of 2.24 m3 water per GJ diesel (Berger et al.
2015). Assuming 5% biodiesel (US Department of Energy 2019), blended diesel was assigned an overall
water factor of 0.1214 m3 water per GJ diesel.

From 2006 to 2018, gasoline expenditures averaged 1,500,000 gallons per year, and diesel expenditures
averaged 9,800 MMBTU per year. These values consider fuel used for all land-based commuting, campus
shuttle buses, and maintenance equipment. These expenditures were multiplied by the respective water
factors to determine the indirect water footprint.

Food
Due to challenges in obtaining access to Penn’s dining data, University of Virginia’s “Virtual Water as a
Metric for Institutional Sustainability” is used as a baseline to estimate Penn dining’s water footprint.
University of Virginia (UVA) is a useful baseline for this study because UVA and Penn are both
universities in similar regions and thus consumption and purchasing patterns are expected to be similar.
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UVA’s water footprint includes dining hall service, catering, other contractual retailers, and food transport,
all of which are applicable at Penn. To calculate the indirect water footprint for each food category, UVA
uses a weighted average determined using production weights from the Food and Agriculture
Organization database with corresponding virtual water factors for U.S. agricultural production (Natyzak
et al. 2017).

Until 2021, both Penn and UVA required only first-year students to have a dining plan. This fact, along
with the assumptions that the proportion of students who partake in on-campus dining and catering and
purchase items from on-campus retailers are similar for both universities, UVA’s indirect water footprint
is scaled in proportion to the total number of full-time students. In the fall of 2014 when UVA conducted
its study, UVA had a total of 23,732 students (Institutional Research and Analytics 2017). In the fall of
2019 and 2020, Penn had a total of 26,675 and 26,552 students respectively (Office of Institutional
Research & Analysis 2020). UVA calculated its virtual water usage resulting from food in 2014 to be 3.9
million m3 or 164.3 m3/student. The indirect water footprint from food at Penn was calculated by
upscaling the virtual water usage of UVA by the ratio of Penn student population to UVA student
population. According to Facilities and Real Estate Services, all dining services at Penn were shut down
from March to June of 2020 due to the COVID-19 pandemic. Thus, the dining hall was operating
normally for about six out of the ten months in the 2019 – 2020 academic year (September 2019 to
February 2020) that the dining hall is usually open. The indirect water footprint of food in the 2019 –
2020 academic year is therefore most likely closer to about 60% of a typical year.

The water footprint of food can be offset by using good purchasing and waste management practices,
similar to carbon footprint. Penn composts, donates, and uses a digester to minimize food waste. The
indirect water footprint offset by the three food waste diversion pathways were calculated according to the
following formula:

𝑊𝐹
𝑜𝑓𝑓𝑠𝑒𝑡

 =
𝑖

∑ 𝑃
𝑖

× 𝑊𝐹
𝑖
× ( 𝑀

𝑐𝑜𝑚𝑝𝑜𝑠𝑡
+ 𝑀

𝑑𝑜𝑛𝑎𝑡𝑒
+ 𝑀

𝑑𝑖𝑔𝑒𝑠𝑡
 )

where
● is the water footprint offset associated with the total tons of food waste offset𝑊𝐹

𝑜𝑓𝑓𝑠𝑒𝑡 

● is percentage of indirect water usage of food type i (Natyzak et al. 2017)𝑃
𝑖

● is the estimated global average water footprint of food type i (Hoekstra 2008; Mekonnen &𝑊𝐹
𝑖 

Hoekstra 2010)
● is the tons of food composted𝑀

𝑐𝑜𝑚𝑝𝑜𝑠𝑡

● is the tons of food donated𝑀
𝑑𝑜𝑛𝑎𝑡𝑒

● is the tons of food digested𝑀
𝑑𝑖𝑔𝑒𝑠𝑡
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Analysis of total water footprint
For all water footprint estimations, results are within an order of magnitude for all years of available data.
Therefore, to calculate the total water footprint, all components of institutional total water footprint were
assumed to be time independent. An average over all years of available data was taken for each
component of direct and indirect water footprint to analyze the university’s total water footprint.

Water usage behavior
Penn Sustainability conducts an annual survey of student green living behavior to provide students the
opportunity to reflect on their individual environmental impact. This survey acts as a certification for
students to assess their personal sustainability habits by asking a series of questions related to the
intersection of sustainability and energy use, waste generation, recycling, water use, transportation,
shopping, and campus involvement. This paper reports and provides recommendations based on the
results of the survey related to water use.

Stormwater management
Information on new campus green stormwater infrastructure projects was obtained from Penn Facilities
and Real Estate Services. The locations of these new projects installed since the Stormwater Master Plan
was published in 2013 are used to update a map of existing stormwater management on campus. In doing
so, a new total area of green roofs on campus is also calculated.

RESULTS AND DISCUSSION

Direct water footprint
Over the calendar years 2017 to 2019, the average annual direct water use was 2,900,000 m3. This is
about 1.5 and 1.7 times the direct water uses of UMD and UVA respectively. The water footprint per
student at Penn (Office of Institutional Research & Analysis 2020) is also larger at 120 m3 compared to 48
m3 and 77 m3 at UMD (Office of Institutional Research, Planning & Assessment 2016) and UVA
(Institutional Research and Analytics 2017), respectively. The primary reason for the difference is the
massive volume of tap water used to quench steam condensate. While both UVA and UMD have closed
loop steam systems used for heating, Penn has an open loop system that requires cooling of steam
condensate before the steam condensate is released to the environment.

As shown in Figure 1, approximately 100 of the 147 metered locations on campus use between 0 to
10,000 m3 of water per year. Many of these metered locations that use little water correspond to parking
lots or parking garages.
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Figure 1 Histogram of 2019 direct water usage by consumption volume (m3)

The top 10 locations with the highest direct water footprint on campus are shown in Table 2.

Table 2 Top 10 locations with the highest direct water usage, 2019 (m3)

Building Name Building Type/Use Usage (m3) Percent of Total

Module 7 Utility Building Chilled water plant 680,000 25.4%

Stellar - Chance Laboratories Biomedical research
laboratory

260,000 9.9%

Steinberg-Dietrich Hall Wharton School classrooms 130,000 4.7%

Sansom Place East High rise dormitory 110,000 4.2%

Department of Electrical and
Systems Engineering

Engineering
laboratory/classrooms

92,000 3.5%

Towne Building Engineering departments, labs,
and administrative offices

85,000 3.2%

School of Veterinary Medicine Teaching and research facility,
library

83,000 3.1%
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Stouffer College House Dormitory 64,000 2.4%

Biddle Law Library Library 60,000 2.3%

Singh Center for
Nanotechnology, Krishna P.

Labs, clean room, forum,
courtyard

58,000 2.2%

Total 1,622,000 60.8%

The chilled water plant has by far the highest direct water footprint, comprising about 25.4% of the
campus’ total direct water footprint. Buildings with labs make up 50% of the top 10 buildings, while
classrooms and libraries make up 20% of the top 10 buildings. Only 20% of the top 10 buildings are
dormitories.

Steinberg-Dietrich Hall was hypothesized to have the third highest water usage despite being a classroom
with no laboratories because it is a relatively large building with five floors spanning 213,012 ft2. In
addition, the original parts of the building, built in 1952, are old and thus may have less water-efficient
infrastructure.

Similarly, Biddle Law Library is one of the top ten buildings with the highest water usage despite having
no laboratories as it is one of the larger buildings with 6 floors spanning 110,500 ft2.

Indirect/virtual water footprint

Utilities

Electricity for buildings
Over the calendar years 2006 to 2018, the average water usage associated with building electricity was
3,100,000 ± 50,000 m3. The water footprint of building electricity declined from 2008 to 2014, plateauing
at around 2,600,000 m3 in 2018. Because the same breakdown of energy sources was used for each year,
this decline in water footprint is attributed to the decline in electricity consumption due to building
renovations, recommissioning, and other improvements by the Facilities and Real Estate Services Design
& Construction and Operations & Maintenance Departments.

Electricity for chilled water plants
Air conditioning at Penn uses a centralized chilled water plant, which pumps chilled water to buildings
across campus. Chilled water data were unavailable for the years prior to 2010. The average water usage
associated with chilled water for the years 2010 to 2018 was 690,000 ± 100,000 m3, about 22% of the
average water footprint of building electricity. There appears to be no clear pattern in the water footprint
of chilled water. The most recent year, 2018, had a water usage of 810,000 m3, which is about 31% of the
water usage associated with building electricity in 2018.
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In 2016, two new steam-driven chillers were installed on campus to provide added cooling capacity, fuel
flexibility, cost savings, and resilience (Penn Sustainability 2019). Excluding the years before 2016 when
steam chillers were not used, the average water footprint of steam chillers from 2016 to 2018 was 810,000
± 160,000 m3, which is very close to the water footprint of chilled water and 26% of the water footprint of
electricity.

Electricity for steam
Over the years 2006 to 2018, the average water footprint for energy in the form of steam was 4,700,000 ±
200,000 m3, which is about 1.5 times and 6.8 times the water footprint of building electricity and chilled
water, respectively. The water footprint of steam between these years was relatively constant.

Natural gas
Since 2012, annual University-wide natural gas usage is no longer measured. Instead, it has been
estimated as constant over time using measured values from 2012. From 2006 to 2018, this yields an
average annual water footprint of 6,300 ± 200 m3.

Fuel oil
An estimated 477 MMBtu of fuel oil is consumed monthly, which corresponds to an annual water
footprint of 3,000 m3.

Purchased items
The indirect water footprint of paper products was 5,400 m3 for the 2019 calendar year. Business and
appointment cards, envelopes, and copy paper sheets are the most common paper products invoiced,
comprising 900, 3300, and 1200 m3, respectively.

The total indirect water footprint of office kitchen products was 310,000 m3 for the 2019 calendar year.
Even though a substantial number of plastic products are purchased, they do not contribute significantly
to the total indirect water footprint. Instead, coffee and coffee creamer contribute most significantly to the
indirect water footprint of office kitchen purchases, comprising 90% of this indirect water footprint.
K-Cups account for 210,000 m3, bottled water accounts for 32,000 m3, coffee creamer accounts for 60,000
m3, plastic cutlery accounts for 150 m3, and plastic cup lids account for 420 m3 of the total indirect water
footprint of office kitchen products.

Transportation

Air travel
Although University air travel is expected to be relatively constant annually, reporting of air travel has
been trending upwards since 2006 due to changes in reporting methodology. Severely inconsistent
reporting methodology resulted in outlier results for 2018, which are excluded from this report. As a
result of inconsistent reporting, this tabulation of water footprint could be an underestimate of the true
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value of air travel. While efforts are being made to improve data quality, preliminary results are included
here for completeness. Annual water footprint ranges from 2,300,000 to 5,600,000 m3

.

Ground travel and equipment
The water footprint of gasoline remained relatively constant at around 120,000 ± 3000 m3 annually.
Similarly, the water footprint of diesel remained relatively constant at around 1,400 ± 100 m3 annually.
The blended nature of commercially available gasoline and diesel with bioethanol and biodiesel
represents a tradeoff between water and carbon footprint. While bioethanol and biodiesel are typically
considered more renewable fuel sources compared to their fossil fuel counterparts due to their relatively
lower carbon footprint, the water footprint of these plant-derived fuels is significantly higher. This
relationship further supports the use of water footprint as an important metric of sustainability within the
water-energy nexus.

Electricity
Over the calendar years 2006 to 2018, the average water footprint of electricity used for transportation
was 3,400 ± 30 m3. Because water footprint of transportation electricity was nearly unchanging from 2006
to 2014, it has been estimated as constant since 2015.

Food
The indirect water footprint of food in dining halls at Penn is approximately 4.4 million m3 and 2.6
million m3 in academic years 2019 and 2020.

The tons of food digested, composted, and donated in academic years 2019 and 2020 are shown in the
appendix table 5.

The total indirect water footprint offset by Penn’s food waste mitigation efforts were 2.5 million m3 and
1.6 million m3 in academic years 2019 and 2020 respectively, which offset 56.4% and 62.1% of the total
indirect water footprint of food in each year, respectively. By repurposing food that would otherwise be
wasted, food reuse offsets Penn’s food water footprint. The increase in indirect food water footprint offset
from academic year 2019 to 2020 is most likely due to the COVID-19 pandemic as all dining and
composting at Penn shut down from March to June of 2020.

Analysis of total water footprint
Figure 2 shows Penn’s total water usage broken down by direct and subcategories of indirect water usage.
Utilities constitute the majority of water usage at 52%, followed by transportation (19.3%) and direct
water usage (16.4%). On average, the university’s total indirect and direct water usage is approximately
15 million m3 and 2.9 million m3 respectively. Across the 299 acres of Penn’s main campus, this yields an
indirect water footprint of 50,000 m3/acre and a direct water footprint of 10,000 m3/acre, for a total water
footprint of 60,000 m3/acre.
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Figure 2 Average water usage over all available years by type (m3)

Figure 3 shows a more detailed breakdown of all indirect water usage. This graph indicates that steam and
building electricity constitute most of the utilities, making up 43% of total water usage, 52% of total
indirect water usage, and 84% of total water usage by utilities. Further, air travel constitutes about 96% of
total transportation water usage. Purchases of paper and office kitchen supplies only represent 2% of both
total and indirect water usage.
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Figure 3 Average indirect water usage over all available years, with indirect water usage broken down by
type (m3)

Although air travel constitutes approximately 10% of Penn’s carbon footprint, it constitutes nearly 19%
and 22% of Penn’s total and indirect water usage respectively. The production of jet fuel is an extremely
water intensive process, especially as biofuels are increasingly used for aviation. While biofuels are
typically considered more sustainable because they have a lower carbon footprint compared to fossil
fuels, they have a much greater water footprint (Berger et al. 2015), which is the primary reason why air
travel contributes so significantly to Penn’s total water footprint. Strategies such as using teleconferencing
software to host meetings and using webinars in lieu of guest lectures could help reduce this water
footprint significantly.
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Water usage behaviors

Figure 4 Rate of Penn student practice of water-conserving behaviors, 2017 to 2020

There were 586, 395, and 409 respondents for the Penn Sustainability Green Living Certification in the
2017 – 2018, 2018 – 2019, and 2019 – 2020 academic years, respectively. Standard showerheads use 2.5
gallons of water per minute, so a 7-minute shower limits water use to 525 gallons of water per month (US
EPA 2020). Among the surveyed behaviors, promoting shorter showers with higher efficiency
showerheads, either through behavioral education or institutional policy, has the greatest potential for
water use savings.

Stormwater management

Existing stormwater management projects
Figure 5 below shows the stormwater projects that existed in 2013 (orange) and projects that were added
since then up until 2019 (red). The map was updated from the Stormwater Master Plan.
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Figure 5 Existing stormwater projects in 2019 with projects implemented since 2013 up until 2019 added
in red (Philadelphia Water Department 2019). Projects 1 – 11 were implemented prior to 2013. Projects
12 – 18 were implemented between 2013 and 2019.

Green roofs
Green roofs are roofs which have been covered with a layer of live vegetation. Penn’s CSAP 3.0 includes
a resolution to “improve stormwater management and reduce combined sewer overflows by installing and
maintaining green roofs” (Penn Sustainability 2019). Green roofs have various environmental, financial,
social, and health benefits. One of the environmental benefits that is worth noting is the ability of green
roofs to greatly reduce the volume of stormwater runoff which would otherwise pollute local waterways.
A green roof can capture as much as 60% of all rainfall and can help to retain or slow the water which
cannot be immediately captured (Wills 2021 in preparation). It can also reduce the peak flow rate of
runoff by 30 – 78% per storm event. Once captured by a green roof, stormwater is slowly released into the
earth or is absorbed by surrounding plants and trees. This reduction of the peak flow of stormwater helps
reduce the amount of stormwater flowing into the CSS, which helps to prevent CSOs and thereby
contribute to improving local water quality.

Although proven to be an effective tool for stormwater management, green roofs currently only cover
56,820 ft2 of the total Penn campus roofing area of 4,051,000 ft2, or 1.4% of the campus’s total roofing
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area. While not every roof surface is suitable for a green roof retrofit due to limited existing building
structural capacity, the Stormwater Master Plan identifies 94 independent sites, such as dormitories,
parking garages, and academic buildings, for which green roof conversion is possible.

CONCLUSION
This study finds that the University of Pennsylvania’s total water footprint is on average about 60,000
m3/acre per year, with 16% from direct water usage and 84% from indirect water usage. The findings of
this study of the University’s water footprint indicate several areas in which Penn can improve to reduce
the university’s water footprint.

Utilities and transportation together make up about 71% of the university’s water footprint. Within
utilities, steam and electricity constitute about 84% of total water usage. CSAP 3.0 already states goals to
investigate a renewable power purchase agreement (PPA) to reduce Penn’s emissions from electricity as
well as to explore options to mitigate emissions from campus steam consumption including low-carbon
steam, alternative heating solutions, and viable offsets. A PPA would increase Penn’s use of renewable
energy, which, as shown by Table 4, has significantly lower water footprint compared to all other energy
sources other than motor gasoline and distillate fuel oil. Thus, a PPA would help lower Penn’s water
footprint associated with electricity. Further, as natural gas is the lowest impact fossil fuel energy source
in carbon, nitrogen, and water sectors, a shift to natural gas from coal in addition to increasing renewable
energy use would benefit all three footprints. The results of this study that show that steam by itself
constitutes 26% of the campus’s water footprint should inform any options explored to mitigate the water
footprint of steam in addition to the emissions.

CSAP 3.0 states goals to establish a plan to reduce Penn’s carbon emissions from air travel. Air travel
constitutes a significant 19% of the university’s water footprint. Thus, when investigating methods to
reduce or offset carbon emissions from air travel, the university should consider methods that will also
lower the water footprint of air travel, such as adopting more virtual academic discussions in lieu of
in-person conferences.

The direct and indirect water footprint associated with food are also areas in which Penn can improve.
When following its stated goals of increasing procurement of sustainable food in Penn Dining Cafes and
improving sustainable catering practices on campus, the university should also consider ways to not only
reduce carbon emissions and waste but also reduce its water footprint to achieve most efficient
food-water-energy sustainability. To reduce carbon, nitrogen, and water footprint associated with food, the
university could replace bovine products with chicken or nut protein, which are the most efficient protein
sources for all three footprints (Natyzak et al. 2017).

To reduce the University’s direct water footprint, in addition to minimizing potable water use through
irrigation and fixture efficiency, the University should explore options for making the chilled water plants
and labs more water efficient, educate students on the importance of water footprint and stormwater
management in addition to carbon footprint, and promote behavioral changes to reduce water use. For
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example, low-foam detergents can be used to clean glassware in laboratories with significantly less water
than normal soaps.

In addition, CSAP 3.0 states goals to improve stormwater management tracking, reporting, and
verification of infrastructure installation. The University should continue to implement additional
stormwater management infrastructure, such as green roofs, on top of improving their tracking and
reporting. While both now and in the past, institutions have been disincentivized from making these kinds
of investments because of the relatively low cost of water in the American northeast and the extremely
high cost of retrofitting green stormwater infrastructure, implementing such infrastructure remains
essential. In addition to mitigating an already problematic issue of CSO overflows, such infrastructure
offers various environmental, financial, social, and health benefits. Further, such infrastructure will help
prepare the campus as it experiences increasingly extreme effects of climate change.

This assessment of Penn’s institutional direct and indirect water footprint emphasizes the necessity to
consider the virtual water embedded in all actions taken and items purchased by the University. Water
footprints provide insights that are not revealed through carbon footprint alone, such as the water-related
“unsustainability” of air travel. It also demonstrates that the consideration of indirect water footprint can
further inform and validate actions that the university already plans to take to reduce carbon emissions,
such as its plans to reduce carbon emissions of electricity, steam, air travel, and food. Further,
incorporating water footprint into educational and operational activities at Penn will broaden the
community’s understanding of its impact on resources and the environment beyond the physical campus.
Extending this type of total water footprint assessment to other institutions could provide additional
insight into methods to mitigate climate change and protect the environment.
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APPENDIX
Table 3 Water footprint of common office kitchen products

Commodity Type Water Footprint Source

Single serve coffee
(K-Cup®)

0.2 m3 per K-Cup® Chapagain & Hoekstra 2003; Chapagain &
Hoekstra 2007; Geyer et al. 2017; Specialty Coffee
Association 2021

Non-dairy coffee
creamer, approximated
as high fructose corn
syrup

1.12 m3 per pound Gerbens-Leenes & Hoekstra 2012

Plastic 15.9-oz water
bottles

9.2x10-4 m3 per bottle Antea Group 2014; Culora 2018; Geyer et al. 2017

Plastic coffee cup lid 2.4x10-5 m3 per gram Geyer et al. 2017

Plastic utensils 2.4x10-5 m3 per gram Geyer et al. 2017

Table 4 Pennsylvania consumption estimates and water footprint per energy source (U.S. Energy
Information Administration 2018, Mekonnen, Mesfin M, Gerbens-Leenes, P. W., & Hoekstra, A. Y. 2015,
Gerbens-Leenes, P. W., Hoekstra, A. Y., & van der Meer, T. 2008, and GRACE Communications
Foundation. 2017, July 2)

Energy Source PA Consumption
Estimates (Trillion Btu)

Percentage of
Total (%)

Water Footprint
(m3/TJ)

Natural Gas 1,596,510.6 33.9 270.2

Nuclear Electric Power 920,747.3 19.5 629.5

Coal 679,561.5 14.4 501.0

Motor Gasoline excl.
Ethanol

573,000.9 12.2 129.3

Distillate Fuel Oil 388,577.1 8.2 32.0

Biomass 182,102.6 3.9 58000.0

Conventional (crude) oil 150,240.0 3.2 506.0

Jet Fuel 83,560.4 1.8 1325.7
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HGL 53,491.3 1.1 388.1

Other Renewables 41,991.2 0.9 292.8

Hydroelectric Power 40,936.2 0.9 69475.3

Total 4710719.1 100.0 131549.9

Table 5 Tons of food composted, digested, and donated (Facilities and Real Estate Services 2019, 2020)

Type of Food Reuse FY 2019 (tons) FY 2020 (tons)

Compost 312 206

Digester 21 14

Donation 5 4

Total 338 224
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