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D
enmark, well known for innovating 
sustainable initiatives, is cited glob-
ally as an example to follow when 
it comes to the future of energy. In 

fact, Denmark seems to have grasped the 
formula for a sustainable, resilient and 
cost-effective approach to energy without 
compromising on economic growth and 
community development.   
 Living up to the country’s standards, 
Taarnby Forsyning (Utility) – a municipally 
owned multiutility company – has added 
one of the smartest and most advanced 
energy plants in the world to its district 
energy systems. The facility combines a 
new district cooling system and chilled-
water storage with an existing district 
heating/combined heat and power system 
and additional heat extracted from waste-
water. Commissioned in 2020, the Taarnby 
plant provides competitively priced low-
carbon energy to the Kastrup business 
district north of Copenhagen Airport.

COPRODUCTION FOR SMART 
ELECTRICITY USE
 The new energy plant consists of four 
integrated heat recovery chillers, combin-
ing the production of heating and cooling. 
The heat pumps are unique in that they 
supply both hot water district heating to 

the network serving Greater Copenhagen  
and chilled-water district cooling to the 
nearby Kastrup commercial buildings 
under development. As a heat pump, the 
plant also uses the ambient heat source 
of treated wastewater from the adjacent 
municipal treatment facility. 
 Coproducing both cooling and heat-
ing within the plant provides an ambient 
heat gateway for electrifying the heating 
sector. The combined production allows 
for smart use of electricity by connecting  
to a 528,000-gal chilled-water storage  
tank. The thermal production can be 
adjusted in response to fluctuating elec-
tricity prices and chilled water only pro-
duced when lower-cost renewable elec-
tricity is available. In Denmark, low-cost 
renewable power is available during 
windy conditions, due to the large num-
ber of wind turbines in the country. 
 Utilizing the available cooling capac-
ity of the heat pumps to generate heat 
from the treated wastewater adds to the 
operational full-load hours – increasing  
them from fewer than 2,000 up to approx-
imately 6,000 hours per year, thereby 
increasing profitability. This is possible 
as the same heat pump delivers thermal 
energy both for heating during winter and 
cooling during summer. 

Ramboll image of SKANSKAS vision for Kastrup Business District

SYSTEM DESIGN
The combined production of district cool-
ing and heating is becoming the new 
standard in many energy facilities around 
Denmark. But the Taarnby facility is the 
first in the world that does this while uti-
lizing treated wastewater and a chilled-
water storage tank (fig. 1).  
 The main objective of the four heat 
recovery chillers, manufactured by John-
son Controls, is to generate chilled water 
for the district cooling grid and hot water 
for the district heating network in com-
bined, simultaneous production. The 
chilled-water production is optimized by 
using the chilled-water storage tank and 
ground source cooling to do peak shaving. 

The Taarnby Utility plant near Copenhagen Airport. 

Taarnby’s smart solution: 
Electric-driven combined heating and 
cooling plus wastewater
The project exploits multiple synergies to deliver low-carbon energy in 
Greater Copenhagen. 
 
Hasmik Margaryan, Project Manager, Taarnby Utility; Frederik Bigum, Project Manager, Ramboll; and Neil Breen, 

Division Officer, Ramboll
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Vapor compression heat pumps in the 
Taarnby Utility plant. 

Courtesy Ramboll.
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Hot water is production cost-optimized by 
interacting with the Greater Copenhagen 
district heating system via the integration  
of large waste- and biomass-fueled com-
bined heating and cooling plants and 
large heat storage tanks. The second pri-
ority of the four heat recovery chillers is 
to subcool an integrated aquifer thermal 
energy storage system in winter for use in 
generating additional cooling in summer. 
Finally, the heat recovery chillers extract 
additional heat from the treated waste-
water, which can be used as a heat sink in 
case the market price for heat is very low. 
 Each of the energy plant’s four heat 
recovery chillers includes two compres-
sors to boost the temperature. They pro-
vide 21 MMBtu/hr of hot water heating 
and around 1,250 tons of cooling. The 
chilled-water storage tank will supply up 
to 700 tons of cooling in five peak hours 
in normal operation but up to 3,600 tons 
of cooling in one hour in case of a sudden 
stop of the heat recovery chillers. 
 When the demand for cooling grows, 
550 tons of groundwater source cooling  
will be added to extend total cooling 
capacity, as part of the project’s second 
stage. Taarnby Utility is currently doing 
a preliminary study to determine when 
to move to this next phase. The study is 
assessing the possibility of storing warm 
water underground near Øresund (the 
strait between Denmark and Sweden),  
where underground streams could 

potentially remove heat from the stored 
water. If the preliminary study shows 
positive results, the utility will proceed 
to develop this source of groundwater 
cooling in 2022-2023. This will bring 
total cooling capacity to 2,650 tons, with 
1,400 tons from the heat recovery chill-
ers and 1,250 tons from groundwater 
and storage tank. The expected heat gen-
eration will be 37,000 MMBtu/hr from 
CHP and groundwater.

WASTE HEAT RECOVERY FROM 
WASTEWATER TREATMENT 
 The ambient energy from the waste-
water treatment plant is a valuable 
resource for district heating and cooling 

as an alternative to the ambient air. At 
Taarnby, treated water is extracted at  
Øresund, where it empties into the sea, at 
an average temperature of 57 degrees F.  
The energy of the treated wastewater  
is then recovered through two heat 
exchangers rated at 6.8 MMBtu/hr each  
or roughly 200 boiler HP.
 The wastewater plays a central role in 
the Taarnby system, and treating it locally 
at the plant has a special advantage. Tra-
ditionally, seawater would have been 
considered for district cooling. However, 
treated wastewater represents a better 
solution not only in terms of pricing but 
also because it generates stable tempera-
tures between 46 F and 50 F year-round. 

FIGURE 1. Taarnby Utility: Schematic representation of district cooling and heating incorporating combined heat and power, wastewater, heat pump 

sources and chilled-water storage tanks that serve as heat sinks.

Source: Ramboll.
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Covered wastewater basins at the treatment plant helped make it possible to develop the 
Kastrup business district nearby.

Courtesy Ramboll.  




