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1 LARGE SCALE HEAT PUMPS

This fact sheet summarizes the key technical information about the construction and principles
of operation of large-scale heat pumps that find an application in the district heating supply
and which often utilize an excess heat, otherwise lost to the atmosphere. The findings are
based on the experience from the Danish projects representing the Northern European market.

1.1 TECHNOLOGY DESCRIPTION

1.1.1 HEAT PUMP TYPES AND HEAT SOURCES

Heat pumps employ the same technology as refrigerators, moving heat from a low-temperature
level to a higher temperature level. Heat pumps draw heat from a heat source (input heat) and
convert the heat to a higher temperature (output heat) through a closed process which
depending on its type, divides the heat pumps into three main categories:

e  Compression heat pumps, using electricity
e Compression heat pumps, using a combustion engine
e  Absorption heat pumps, direct-fired/indirect-fired
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Large scale Heat Pumps

Industrial excess heat can be excess heat from a data center which is relevant to consider.
Alternatives to the heat sources shown in Figure 1 can include solar thermal heat and heat
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from the thermal storages, particularly from seasonal thermal storages where temperature
boosting can be relevant to increase utilization.

1.1.2 COP

The efficiency of a heat pump in a single refrigeration cycle is calculated using ‘Carnot’ COP,
while multistage systems, common in larger installations such as DH where a few heat
pumps work in series to reach the required sink temperature, are more accurately expressed
with a ‘Lorentz’ COP. The Carnot approach correlates mechanical work simply to the
temperature difference between the condenser and evaporator, while the Lorentz
methodology links the mechanical output with temperature difference separately in the
condenser and evaporator and the relation between both. Besides the Lorentz COP takes
further into account the efficiency of components, heat exchangers, refrigerants etc.
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Figure 2 The main components of a heat pump (to the left, Bach 2014) and the Lorenz COP
characteristic for low and high-temperature DH system (to the right).

The heat pump COP is highly dependent on the temperature of the source and the DH network
which is demonstrated in the graph in Figure 2. A heat pump is most efficient in low-
temperature DH systems combined with a relatively high-temperature heat source. A higher
CORP is also reached for smaller temperature differences at a single evaporator or condenser
which on the other hand, limit the heat output. Typically, the delta T for cooling a heat source
or heating the heat sink is around 4°C -5°C. Therefore, multiple heat pumps tend to be installed
in series to boost the temperature to the required level.

Heat pumps can be also used for cooling purposes when they operate in reverse cycle. There
are possible combination systems in so-called reverse heat pumps, producing heat in winter
and cold in summer.
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Heat pumps are utilized for industrial processes, and district heating production. They are
typically installed as a supplement to existing heat production plants. Large scale heat pumps
are in Demark often designed with a capacity equivalent to half of the peak heat demand due
to high specific investment costs. This enables a heat pump to generate 85 to 90 % of the
annual heat demand as a baseload unit, where peak load or back up units complement at peak
load.

1.2 TRL

Heat pumps are generally well-known technologies that have been widely used for large scale
refrigeration. They are only recently being utilized for heat production in DH systems in
Denmark. This primarily regards air source heat pumps, where the most efficient technical
designs, regulation and operation strategies still has to be proven during more years of
operation.

The application of large heat pumps in DH systems in Denmark may influence the development
of the heat pumps globally — both the technology itself and the application. This is because the
technology is currently intensively developed and implemented in many locations in the
country, and this Danish know-how will become a valuable asset for sharing with other
countries that undertake ‘green’ energy transition.

1.3 CAPEX AND OPEX NOW AND EXPECTED DEVELOPMENT

The investment costs (CAPEX) and maintenance costs (OPEX) for the heat pumps depends
on the type of heat pump, capacity and heat source used.

The investment costs for heat pumps consist of the following overall parts:

e Heat pump

¢ Installations related to the heat source (air coolers, connection to industrial excess heat
etc.)

e Connection to a power grid (including transformers etc.)

e Connection to existing DH network

e Building for heat pump

e Advisors

The following cost examples are based on plants with at least 6,000 annual full load operating
hours and an operational lifetime of more than 15 years.

NORTHERN EUROPE
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Table 1 Investment costs and operation costs per unit capacity of the technology in Northern

Europe.
Heat pump type and size CAPEX (M€/MW) OPEX (€/MWh)
Compression air source heat pump 1 MW 1.4 2.7
Compression air source heat pump 3 MW 0.95 2.2
Compression air source heat pump 10 MW 0.86 1.7
Compression heat pump using excess heat at 1.24 2.7
25°C 1 MW
Compression heat pump using excess heat at 0.86 2.2
25°C 3 MW
Compression heat pump using excess heat at 0.67 1.7
25°C 10 MW
Compression heat pump using seawater 20 MW 0.48 1.2
Large single effect absorption heat pump 0.56 0.28

SOUTHERN EUROPE

Table 2 Investment costs and operation costs per unit capacity of the technology in Southern

Europe.
Heat pump type and size CAPEX (M€/MW) OPEX (€/MWh)
(Turboden-Mitsubishi) Compression water/water 0.65-0.701 ~252

heat pump using excess heat at 25°C 5 MW

(Turboden-Mitsubishi) Compression water/water 0.40-0.501 ~1.72
heat pump using excess heat at 25°C 10 MW

1 based on 90/95°C output from HP.

2 based on assumption 4.000 h/y at full load and medium level aftersales package
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(Turboden-Mitsubishi) Compression water/water 0.30-0.351 ~1.1°2
heat pump using excess heat at 25°C 25 MW

(UNIPD) Compression heat pump using excess 0.25
heat at 25°C (0.4 MW)

(UNIPD) Compression heat pump using excess 0.34
heat at 25°C (1 MW)

(UNIPD) Compression air source heat pump using 0.59
external air (1 MW)

(UNIPD) Compression heat pump using river from 0.75
7°C in winter to 20°C in summer (4 MW)

(UNIPD) Compression heat pump using 1.0
groundwater at 15°C (8 MW)

(POLIMI) Compression heat pump using ground 1.6
water at 10°C in winter (1 MW)

(POLIMI) Compression heat pump using ground 1.9
water at 10°C in winter (0.5 MW)

(POLIMI) Compression heat pump using low 3
temperature waste heat at 18°C

(POLIMI+RSE) Compression heat pump high 0.3-0.5
temperature lift (ground water) P<2MW (screw
compressor)

(POLIMI+RSE) Compression heat pump high 0.4-0.7
temperature lift (ground water) P>2MW (centrifugal
compressor)

(POLIMI+RSE) Compression heat pump low 0.1-0.2
temperature lift (industrial waste heat) P<2MW
(screw compressor)

(POLIMI+RSE) Compression heat pump low 0.2-04
temperature lift (industrial waste heat) P>2MW
(centrifugal compressor)
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ASIA

Table 3 Investment costs and operation costs per unit capacity of the technology in Asia.

Heat pump type and size CAPEX (M€/MW) OPEX (€/MWh)

ASHP commercial heating unit, Beijing 17-34 EUR/m2 of
heating area

GSHP commercial heating unit, Beijing 25-43 EUR/m? of
heating area

1.4 REGULATION CAPACITY AND VELOCITY

The regulation ability of the heat pump decides on how the technology can be operated and
on which electricity markets, including balancing reserves and ancillary services, it can
participate. This impacts the economic viability of the installation, given the operation cost of
the heat pump is sensitive to the electricity prices. The heat pumps consumer though less
electricity and therefore their operation strategy less affected than for example electric boilers
and heaters proportionally to their COPs.

The requirements to join different electricity markets, including balancing reserves and
ancillary services, vary from country to country, therefore heat pumps will not operate in the
same conditions in different locations.

The technical limitations for regulation of heat pump speed and turndown ratios are
summarized in the following table.

Table 4. Regulation ability of the large-scale heat pumps (Danish Energy Agency 2020).

Heat pump type and Regulation Turndown Warm start- Cold start-
size speed (% per ratio up (hours) up (hours)
minute) (Minimum
of % of full
load)
All compression air 10 25 0.1 1
source heat pump 1
MW — 10 MW
All compression 10 25 0.1 1

excess heat source
heat pump 1 MW - 10
MW
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Compression 10 25 0.2 2
seawater heat source
heat pump
Absorption heat pump N/A 10 0 0.5

1.5 TEMPERATURES AND CAPACITIES

1.5.1 INPUT HEAT TEMPERATURES

Typical Danish temperatures are 0-18 °C as ambient air temperatures and 8-10 °C (which in
Denmark is placed between 5m and 10m) as groundwater temperature, whereas excess heat
from industrial processes normally has much higher temperatures — sometimes enabling direct
heat recovery. In some cases, the input heat is delivered through a secondary water or glycol
circuit, but for optimum performance, the heat source should be connected directly to the
evaporator of the heat pump.

A couple of plants utilizing groundwater has been established and surface water from lakes or
streams have been investigated for other plants. These energy sources often conflict with other
interests, such as domestic water supply and/or environmental aspects, which typically results
in very time-consuming regulatory approvals. Because of this, and specifically in Danish
regulations due to favorable prices of electricity reduced by energy tax allowance for electricity-
based heat producers, air-source heat pumps are currently the main type installed as well as
a few heat pumps utilizing industrial excess heat where available.

For larger central plants driven currently mostly by fuel-based combined heat and power
production it is expected that seawater can be utilized in addition to or replacing the baseload.

1.5.2 OUTPUT HEAT TEMPERATURES

The maximum delivery temperature differs according to type (compression or absorption heat
pump) and also within either type depending on the actual refrigerant, design pressure and
more. The most commonly used types can reach temperatures of around 73 °C. More
expensive high-pressure versions are available where 80-90 °C are needed. Special
compression heat pumps can reach up to 100-110 °C, but these are only applicable in certain
applications as for industrial processes or high-temperature district networks.

Absorption heat pumps are limited to around 85-87 °C but the specific delivery temperature
depends on the temperature of the heat source.
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1.5.3 TYPICAL CAPACITIES

Ammonia compressors for large-scale compression heat pumps, are commercially available
in capacities of up to around 10-12,000 m%h, thus providing cooling capacities of around 10
MW at an evaporating temperature of 0 °C and 20 MW at 20 °C. Depending on temperature
requirements a heat pump system often consists of several compressor stages to reach the
highest efficiency. Depending on the heat source and delivery temperature, it is expected that
heat pumps of more than 25 MW will be a number of heat pump units in parallel. Danish
compression heat pumps mainly use ammonia as a refrigerant in combination with positive
displacement compressors or turbocompressors

Absorption heat pumps are available in capacities of up to around 12 MW of cooling. The heat
output including drive energy will thus be around 20 MW.

1.6 SUPPLIERS

The largest heat pump manufacturers and suppliers popular in different part of the world are
described below.

NORTHERN EUROPE

The heat pump producers common in the Danish market are:

e Victor

e Johnson

e  Multikgl

e Innoterm

e Bravida (ICS)
e Svedan

e Solid Energy

e Fenergy (CO2)

There are also ‘turnkey’ type suppliers using the heat pump technologies from the earlier listed
producers and these include:

e AEA

e Tjeereborg

e Verdo

e Aalborg CSP
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SOUTHERN EUROPE

) Friotherm
° Trane
e Turboden

1.7 DEMO EXAMPLES

This section present examples for the installed and running systems with the large-scale heat
pumps in varying environmental conditions collected from experience in different parts of the
world.

NORTHERN EUROPE

1.7.1 STOVRING

Figure 3: The heat pump plant and cooling yard with evaporators in Stgvring District
Heating.

Stavring Fjernvarmeveerk (Stgving District Heating) were originally gas-fired based district
heating plant but decided to convert the system to include renewable energy and
simultaneously ensure a low heat price in the future. This was done with an installation of a
7.9 MW air-to-water heat pump operating circa 6,800 hours/year and supplying almost 80% of
total heat demand which corresponds to 64,500 MWh/year.

The heat pump has an COP of 3.44 (at -1°C air temperature and 30/62°C DH supply/return
temperatures). A COP of 3.73 can be achieved for 5°C air and 72°C DH supply temperature.

The system consists of two screw Mycom compressors and 28 evaporator units. The plant
consumes 3.6 million m® of air per hour and produces circa 2,500 kg of condensate per hour
(at -1°C air temperature). It is connected to a 20 kV electricity distribution network with a
transformer station at 400 V and 690 V.
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The total investment cost was circa 0.96 ME€MW. The heat pump building along with the
cooling yard takes up a total of circa 700 m? (circa 100 m?/MW) area with the building
(consisting of 300 m? of the total area) being erected at about 1,700 €/m?2.

The plant received annual energy savings of circa 1.4 million €/year (this is a subsidy for the
solar and heat pump plants as an incentive for low-carbon and renewable technologies paid
from taxes imposed on the gas and coal driven plants) and significantly reduced the heat tariff
for the consumers by an average of 40%. The installation reduced the annual CO, emission
from 22 thousand tones down to 4 thousand tones.

Investment cost breakdown for ASHP in Stgvring

B Heat pump

B Noise cancellation screen

m Technical building
Electricity connection

B Adjusting operation and

control system

M Project management

Figure 4: The relation of investment cost elements for the heat pump plant in Stavring.

SOUTHERN EUROPE

1.7.2 A2A MILANO - CANAVESE - 1 UNITOP 50 FY GROUND WATER
HEAT PUMP
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Figure 5: The A2A S.p.A. cogeneration plant for the district heating area of east Milan IT-
20134 Milano-Canavese in Italy with 1 Unitop 50 FY heat pump from Friotherm.

The cogeneration plant for the district heating area of east Milan is located on the site of a
former gasworks. It was built in 2007/2008 and consists of the following facilities:

e a section of high-efficiency cogeneration with gas engine

e a large high temperature heat pump for the exploitation of geothermal energy from
groundwater

e Large thermal storage tanks

e gas boilers to cover peak energy demand

The heat pump operates mainly at night and produces hot water which is stored in the large
storage tank. During daytime, the heat energy accumulated in the storage tank is distributed
through the district heating network to the connected users.

The Unitop 50 FY heat pump consists of a heavy-duty industrial type centrifugal compressor
at its heart. Together with the heat exchangers and the control system it is especially adapted
to comply to 100% with the client requirements regarding flexibility of operation modes, high
efficiency and operational reliability. The service friendly design allows limiting service and
maintenance work to a minimum while the units are operational for decades. The main
technical data are shown in Table 5.

Table 5 Key technical parameters of the heat pump installed at The A2A S.p.A. cogeneration

plant.
Operating Seasons: Autumn - Winter
Heating capacity: 15'500 kwW
Cooling Capacity: 11'800 kW
Hot water in/out: 65°C/90°C
Cold water in/out: 15°C/7,6°C
COP: 2,7

IEA DHC ANNEX TS5 RES IN DHC
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SYMBOLS, ABBREVIATIONS, INDIZES

ABBREVIATIONS

Abbreviation Meaning

ASHP Air Source Heat Pump

COP Coefficient Of Performance

DH District Heating

HP Heat Pump

K Temperature expressed in Kelvins
RES Renewable Energy Source

T Temperature

IEA DHC ANNEX TS5 RES IN DHC
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DEFINITIONS

The following table includes terms that are uncommon and require a definition for precise
understanding.

Term Definition

Sink temperature The temperature of the reservoir that absorbs energy in form of
heat.

Source temperature The temperature of the reservoir that supplies energy in form of
heat.

SIS Sy S PSS 10 OO0 OO0 IO (0 S FSEIES T PR SN Sy P S0 OO OO B (A S FSERES ) e PR SN Sy PR ST OO O I (14 SRS S ESEES Y



2=

IEADHC

REFERENCES

NORTHERN EUROPE

Danish Energy Danish Energy Agency, Energinet. ,Technology Data Generation of
Agency 2020 Electricity and District Heating - Energy Plants for Electricity and District
heating generation®. First published 2016, Reviewed 2020. Denmark, 2020.

Skagen 2020 PlanEnergi. Heat pump investment project for the Skagen District Heating.
Project data. 2020

Bach 2014 Bach. Original figure from “Integration of heat pumps in Greater
Copenhagen”. 2014.

IEA DHC ANNEX TS5 RES IN DHC




