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This year’s Intergovernmental Panel on Climate Change

their footprints2. Costs for renewable electricity

(IPCC) report matched our personal observations,

generation and grid-scale battery energy storage

the world’s climate is changing. Continued economic

are now competitive with the cost of fossil-based

growth and environmental sustainability are inextricably

thermoelectricity and forecasted to trend lower through

linked by climate change impacts, as well as the carrying

20303. Cities are also moving forward with policies

capacity and finite limitations of natural resources1.

to meet decarbonization goals through building code

There is not one without the other. The make-take-

requirements that dissuade business-as-usual reliance

dispose model of the 20th century is giving way to a far

on fossil energy.

more circular economy powered by renewable energy
and resourced by the widespread adoption of social
and business practices that reform spent materials (i.e.,
waste) into recyclable assets.

A primary challenge is replacing energy demands
traditionally met with natural gas like indoor heating
and hot water. For scale, consider that two-thirds of
all household energy in the Northeast is consumed

Innovative approaches to decarbonizing the built

for indoor heat and hot water4. Switching to electrical

environment can be achieved through collaboration

resistance systems is not a scalable solution since it

and partnering of various stakeholders—such as

would be inefficient, because renewable generation and

policy makers, architects, urban planners, and civil

electrical transmission capacities are already challenged

infrastructure experts. Working together, these

with keeping pace with electrification demands (e.g.,

stakeholders can deliver transformational, sustainable

electric vehicles). Greater system-level efficiencies are

communities that incorporate the principles of a circular

necessary and can be achieved by implementing heating

economy into holistic system designs for campuses and

systems at the scale of campuses and districts.

districts. Because these systems require agreements and
business models that are new to the United States, they

DISTRICT-WIDE SYSTEMS CAN BRING LOW-CARBON

require flexibility in terms of structures of governance,

OPPORTUNITIES TO SCALE

utility services, and energy service agreements to
accommodate the types of partnerships that can effect
substantive change. In this article, we will explain how
The Cove can become a model for applications of such
novel and transformational systems.
DECARBONIZATION AND ELECTRIFICATION
STRATEGIES ARE UNDERWAY
Leading local governments, power utilities, public
institutions, and private corporations are establishing
goals and putting plans into action to decarbonize

High-performance districts or campuses are an emerging
strategy for fulfilling local, national, and international
commitments to energy decarbonization5. In such
configurations, a network of buildings connected to
a common centralized system balances energy loads
between buildings while integrating local thermal input
sources such as data centers, natural or manmade water
bodies (aquathermy), geo-exchange, and biomass.
One proven system is known as an ambient loop or
eco-loop for its energy balancing proficiency and ability
to connect not only each building within the district,
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but also building systems—including heat pumps,

energy required for heat pumps can be a fraction of the

chillers, and cooling towers—that serve multiple

energy input required for an air-source system for the

facilities. This is a two-pipe system, like a condenser

same output. During the master planning stage of The

water circuit, that circulates tempered water through

Cove, we identified options for local thermal energy

a common loop (Figure-1). Using a heat pump, each

sources and layout considerations for networking

building takes or rejects heat based on its instantaneous

multiple buildings into a single system. We also found

cooling or heating requirements. The economies of

simultaneous heating and cooling requirements that

scale and contribution toward decarbonization increase

provided opportunities to share energy between

as campus-scale or district-scale heat pump systems

buildings.

are utilized. Depending on the connected source, the

Figure 1 – Schematic illustration of an ambient loop system that circulates water through
the campus and each building uses heat pumps to draw from the loop to meet its demands.
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Figure 2 – The Northeast Interceptor collects wastewater from the downtown Jersey City
area and neighborhoods to the north and conveys this flow under the redevelopment site.

Figure 3 – Heat pump technology allows a system to output more units of heat for each
unit of input primary energy. For reference, an electrical resistance heater has a COP of 1,
whereas a water-source heat pump has a COP in the range of 4-5.5 in heating mode.
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WASTEWATER AS THERMAL ENERGY SOURCE FOR

the downtown section of the city. This interceptor runs

FORMER INDUSTRIAL SITES

beneath the former industrial site where The Cove will

Population growth and economic expansion in the New
York Tri-State area brought heavy industry and pollution
to the Hudson River and its shores throughout much of
the 20th century. Massive investment in water pollution
control systems was required to help restore the river.
The industrialized areas along the river provided ideal
alignments for installation of these sewage systems,
away from neighborhoods. Today’s revitalization of

be developed (Figure-2). Using specialized screening
and heat exchange equipment, the heat in the passing
sewage will be transferred via heat exchanger to the
ambient loop pipe system network described above
to provide a thermal source or sink, as needed by the
campus system. Heat pumps in each building accept or
reject into the loop as a building’s heating and cooling
loads change.

the river and these former industrial sites is allowing

During winter, wastewater is warm at around 62ᵒF, which

people to reengage and reconnect with the river. Former

is much warmer than ambient conditions (32 ᵒF). A

industrial sites like The Cove commonly have large-scale

combination of constant earth temperature—plus the

wastewater infrastructure underground or nearby.

significant amount of hot water that enters the sewer

A potential benefit of the wastewater flowing within
these systems is to serve as a local low-carbon thermal
energy source for high-performance campus or district
heating, such as at The Cove. For obvious reasons,
wastewater is abundant in densely populated areas.
The Jersey City Municipal Utilities Authority (JCMUA)
manages the Northeast Interceptor, which collects
about 10 million gallons of wastewater per day from

system from sinks, showers, clothes washing, and
dishwashing—provides this elevated initial temperature
for heat exchange. In winter, the ambient loop can
circulate water at around 60 ᵒF, comparable to a
conventional condenser water loop, and thus provides
a warm source from which each building heat pump
can extract energy. This improves heat pump efficiency
compared to air- or ground-source systems (Figure-3).

Modern Jersey City waterfront along the Hudson River

5

During summer, the wastewater temperature

The thermal energy available in the Northeast

increases to about 70 ᵒF, but stays well below ambient

Interceptor can satisfy a significant amount of the

conditions, which again improves the heat pump

heating and cooling requirements for The Cove

efficiency compared to air-source equipment. Similarly,

community, providing an opportunity to decouple from

the ambient loop provides a relatively cool sink for

natural gas heat. Preliminary studies determined that a

buildings’ heat pumps to reject heat or recover heat for

12-megawatt system could provide 94% of the heating

domestic hot water heating.

requirements and 70% of the cooling requirements for
the site (Figure-4).

Figure 4 – A building energy model for the campus predicts hour-by-hour heating and
cooling energy demands over the course of a year. Heating demands are shown in red and
cooling demands are shown in blue. The green is an overlay of the energy requirements
satisfied with an ambient loop system coupled with Northeast Interceptor. Additional heat
rejection systems, such as a cooling tower, can satisfy the remaining cooling requirements.
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This system would be the first of its kind in the

A COMMON GOAL ACHIEVED THROUGH

Northeast. Thermal energy systems from raw

COLLABORATION AND PARTNERSHIPS

wastewater, while not yet common, have been installed
in Europe, Asia, and North America. There are over
550 installations of thermal energy recovery from
wastewater worldwide, with a few representative
campus and district scale examples summarized below6.
CAMPUS/

CITY

PURPOSE

DISTRICT
Denver, CO

Provides indoor

Western

heating and cooling

Center

to 1,290,000 sq. ft.
of event space and
research space

Southeast

Vancouver, BC Provides indoor heat

False Creek

and hot water to

Neighborhood

5,750,000 sq. ft. of

Energy Utility

mixed-use space

Skøyen

systems to extract thermal energy from wastewater. In
these cities, policies have formalized, promoted, and
established consistency, enabling development access
to public sewer infrastructure for low-carbon heat
opportunities7.
The initial capital outlay to deploy thermal energy

SYSTEM
National

Several cities and wastewater utilities have adopted

Oslo, Norway

Supplies enough

Varmesentral

thermal energy for

(Heating Plant)

heating and hot
water to support
13,000 apartments in
the central heating
district

recovery systems, plus manage their long-term
operations, has been addressed through three different
types of business models. The Southeast False Creek
Neighborhood Energy Utility provides an example of a
public special purpose utility. It is based on a special
purpose energy district formed under an already
established city government service. The system is
publicly owned and operated, and it is governed by the
City Council. The National Western Center is based on a
public-private energy service agreement. In this model,
the public entity agrees, commits, and pays a contracted
energy partner for a 40-year fixed price to design, build,
finance, operate, and maintain heating services on
campus. The Skøyen Varmesentral system is an example
of a joint ownership model whereby the municipal utility
and a private energy company are each responsible for
portions of the business and operation. Both parties are
responsible for performance areas of the system, and
both parties share in the revenue.
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A DECARBONIZED FUTURE THROUGH COLLABORATION
The Cove demonstrates how a campus-scale thermal energy from wastewater program in a temperate city can make
a meaningful contribution to reducing emissions related to indoor heating and cooling needs. The technology
alone is clearly not the single answer to decarbonization of indoor heating. However, high-performance districts
and communities like The Cove that enable greater integration of resource recovery, resource sharing, and lower
resource utilization are essential to the transition needed over the next few decades. Ultimately, the Cove provides
the opportunity to demonstrate the paradigm changes that can occur when strategic direction from leadership aligns
with stakeholder collaboration and partnership for the benefit of the site, city, and region.
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The Cove: An Innovation Ecosystem for the 21st Century
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This article was originally published at The Cove Launch Event Symposium on September 28, 2021.
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