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1. Background

Heat represents a large share of energy demand from buildings and industry

World energy demand?

Heat application!? Possible solutions to decarbonize heat

38% of world energy demand is for

i Demand-side energy efficiency
heat applications

measures such as building envelope

_ improvements, appliance efficiency

High temp. heat and process improvements.

43 in |ndﬂustry

2016 total =auuic * Efficient heat delivery/generation
final energy including electric heat pumps —
consumption: ) ) )
399 EJ Medium temp. which typically provide heat to

20 heat in industry temperatures up to 100°C, or 160°C

150-400°C for the next generation of heat

Low temp. heat pump3—and district heating.
in industry
<150°C

Renewable heat* including solar

@ Industry thermal, concentrated solar heat,
@ Transport geothermal.
@ Buildings Low temp. heat
in buildings
@ Other <80°C * Low carbon fuels such as bioenergy,

waste, and green hydrogen.

EJ energy demand in 2016
*In the EU, heat extracted from sources by heat pumps are considered as renewable energy

Sources: ' IEA, 2017: Energy Technology Perspectives 2017;2 |EA, 2017: Renewable Enerqy for Industry — From green energy to green materials and fuels; * European Heat Pump Association.



https://webstore.iea.org/energy-technology-perspectives-2017
https://webstore.iea.org/insights-series-2017-renewable-energy-for-industry
https://www.ehpa.org/

1. Background

Heat temperature requirements for a selection of industrial sectors

W HT (> 400°C) MT ( 150°C - 400°C ) LT (< 150°C)

100% . = I l I
80% — — .
60%
40%
20%

0% \

Chemical and petrochemical
Iron and steel

Non-metallic mineral

Paper, Pulp and Printing
Non-ferrous metals

Food, Beverage and Tobacco
Machinery

Textile and leather
Transport equipment

Mining and quarrying

Wood and wood products
Construction

Non-specific

Source: Fraunhofer ISE, 2017: Solar Heat for Industrial Processes.

* Many industrial processes require low-temperature heat, which can be met by heat pumps.

* Some processes require very high temperature heat, which may be linked to chemical processes. Sometimes, the primary source of energy
is used for both its energy content and carbon content e.g. in steelmaking.



https://www.ises.org/sites/default/files/webinars/Webinar_2017_07_Horta_0.pdf

1. Background
An overwhelming reliance on conventional fossil fuels for heating in industry and buildings

*  Even the most efficient fossil fuel heating technologies emit substantial amounts of CO,:! condensing gas boilers
~210gC0,/kWh,,, and condensing oil boilers ~280gC0,/kWh,,.. Emissions from electric heating technologies depend on
the used power mix: for the average EU generation mix, emissions are ~315gCO,/kWh,, for electric resistance heaters
and 90gCO,/kWh,,, for heat pumps (COP3.5); 0gCO,/kWh,, for both technologies if the power sector is decarbonized.

* Total direct emissions from industry amount to 8.5 GtCO, (24% of global energy-related CO, emissions), and space and
water heating in the buildings sector is responsible for 2.2 GtCO, (6% of global energy-related CO, emissions).2

Current heat provision

and associated CO,
emissions

* Inthe IEA’s Reference Technology Scenario?, final energy demand grows by 1.2% p.a. until 2050 with the share of
Forecasted fossil fuels in the final energy demand decreasing slightly but remaining substantial at a rate of 67%. Direct emissions
developments increase to 10.3 GtCO, in 2050.
in a business-as- * Under the same scenario, final energy demand for space heating and cooling in buildings grows by 0.1% p.a. until
usual scenario 2050, while the share of fossil fuels in the final energy demand decreases to 42%, a 20% reduction from 2014 levels.
Under the reference scenario, direct emissions decrease to 1.6 GtCO, in 2050.

*  The development of direct renewable heat in industry is hindered by barriers such as: lack of nearby land space (for
Obstacles to solar heat), long distances to high-value resources (e.g. geothermal heat) and high costs e.g. of sustainable biofuels.
decarbonizing this *  Upfront costs of low-carbon solutions are often higher than fossil fuel-based options.
energy use *  Electrification of heating is hindered by relatively low fossil-fuel prices compared to electricity prices.
*  Fossil fuel subsidies and an inadequate carbon price levels provide little incentive for decarbonization.

Sources: ' Emission factors calculated assuming 95% condensing boiler efficiency and IPCC emission factors; assumes 100% efficiency for electric resistance heating; 2 IEA, 2017: Energy Technology
Perspectives 2017.



https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_2_Ch2_Stationary_Combustion.pdf
https://webstore.iea.org/energy-technology-perspectives-2017

2. Description of heat pump technology

Overview

Description of the
new solution
concept

Rationale for
developing

this solution

Assessment of
technology
readiness status

Heat pumps use energy (electric or thermal) to extract heat from an external, often renewable source

and deliver it to the heat sink.

While heat pumps can provide both heating and cooling services to buildings and industry, this business case focuses
on electrically-driven heat pumps for heating only, with a focus on applications in the commercial

and industrial (C&lI) sector.

Heat pump efficiency is typically 2-4 times higher than that of conventional technologies such as natural gas boilers or
electrical resistance heating.*

Zero-emissions at point of use.

Can be used to deliver flexibility services to the grid via heat storage.

IEA and IRENA project that heat pumps combined with decarbonized electricity will be one of the key levers for
decarbonizing heat.! In the IEA’s beyond 2°C scenario, electric heat pumps account for about 50% of the total heating
stock in 2060.2

Heat pump technologies are already mature.

IEA’s Technology Collaboration Programme on Heat Pumping Technologies? seeks to further develop heat pumps for
multiple applications and operating conditions. Research is being undertaken to further develop hybrid and fuel-
driven sorption heat pumps, cold-climate and industrial heat pumps, heat pumps for water heating, and heat pumps
for district energy systems.

*The efficiency of a heat pump depends on the heat pump technology and operating conditions.
Sources: ' IEA, 2017: Energy Technology Perspectives 2017;2 IEA and IRENA, 2017: Perspectives for the energy transition; 3 IEA: Technology Collaboration Programme on Heat Pumping Technology.



https://webstore.iea.org/energy-technology-perspectives-2017
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/Perspectives_for_the_Energy_Transition_2017.pdf?la=en&hash=56436956B74DBD22A9C6309ED76E3924A879D0C7
https://heatpumpingtechnologies.org/

2. Description of heat pump technology

Physical principles and efficiency terminology

A heat pump moves heat from a lower temperature “source” -
ground, air or water - to a higher temperature “sink”, where it is
used for space, water or process heating. It uses energy — typically
either electricity or thermal energy — to transfer the heat using a
refrigerant as a heat transfer medium. Hybrid heat pumps also
exist, where heat pumps are combined with e.g. natural gas or solar
thermal systems. This business case focuses only on electrically-
driven heat pumps.

A heat pump can provide heating or cooling, depending on whether
the objective is to warm the sink or to cool the heat source.
Heat pumps can also provide both services in parallel.

The lab-based efficiency of a heat pump is described by the

COP (coefficient of performance). It is the ratio of the useful heat
to the amount of electricity consumed. The smaller the difference
in temperature between the heat source and the sink, the higher
the COP.

Because the efficiency depends on thermal energy requirements
of the sink and the local climate zone, a better way to compare
efficiencies is using the seasonal COP (sCOP). This is determined
using standardized operating conditions, such as under European
standard EN 14825.

On-site efficiency is referred to as the seasonal performance
factor (SPF).

Heat source

.
Outdoor
R . @
ompressor
Heat absorbed from the air . *
5
Heat a.bsorbed from the 3 B _ _
environment, e.g. air, COP in this

ground, water, is considered o Expansion valve
to be renewable energy

q - 3G (o) | @ Refrigerant (gas)
Temperature is lowered by sudden pressure reduction M B Refrigerant (lquid)
3

4
example = 1 4

© Heat

1

Figure adapted from IEA-ETSAP & IRENA, 2013: Heat pumps.



https://iea-etsap.org/E-TechDS/PDF/E19IR_Heat%20Pumps_HN_Jan2013_GSOK.pdf

2. Description of heat pump technology

Different types of heat sources

Heat pumps can use the air, water or ground as heat sources, as well as waste energy from buildings and industrial
processes to provide heating and cooling:1?

e Air-source heat pump (ASHP):

- ASHPs can use outdoor air or ventilation air in residential and commercial buildings (recovering waste heat
in the process) as the heat source.

- Typical COP between 3-4.
* Ground-source heat pump (GSHP):

- Can beinstalled as either a horizontal shallow-grid system, where the heat exchanger is installed in the
surface layer of the ground, and mainly relies on stored solar heat; or a vertical borehole system,
which extends deeper underground.

- The performance of a GSHP is not influenced by outdoor air temperatures, and there is limited temperature
variation a few meters below ground.

- GSHPs have a higher efficiency than ASHPs, typically with a COP above 4.
* Water-source heat pump (WSHP):

- Natural water heat sources include ground, surface and sea water. Other sources include raw or
cleaned sewage water, industrial waste water or other industrial liquid flows.

- The performance of a WSHP is not influenced by outdoor air temperatures, and there is limited temperature
variation at the bottom of water source.

- WSHPs have a COP typically above 4.

Water source heat pump

Sources: ' IEA, 2013: Transition to Sustainable Buildings. Strategies and Opportunities to 2050;2 EHPA, 2010: Heat pump technology and application overview.



https://www.iea.org/reports/transition-to-sustainable-buildings
https://www.ehpa.org/fileadmin/red/03._Media/03.01_Fact_sheets/2010_technology_overview.pdf

2. Description of heat pump technology

Applications in buildings and industry

Capacity
(kW)
B
1.000 = Cold storage 'A:m
#:gm. " “"“‘“‘“‘“ VRC: recovery and
warahouseand 5 . reuse of steam pustisl
refrigerator for ;
business use c
Large © :
Cold storage 8 Vice|
100=  RTEIERGTER 2
Large §
10 =
ol ] smat [ ] Large
Small—Share of HP—Large
0 S ** d|
\]F Small—Market scale—Large
1 + +
-100 0 100 Temperature (C)

* Heat pump technologies can provide temperatures from below -100°C to 160°C.
* The capacity of heat pumps can range from several kW to over 1000 kW.

* Heat pumps are already used in many cooling applications, but potential exists to expand the use of heat pumps for heating applications in
industry and buildings. There is also a large potential in application fields where both heating and cooling demand exists, as high efficiencies
can be realized.

Source: IEA-ETSAP & IRENA, 2013: Heat pumps.
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https://iea-etsap.org/E-TechDS/PDF/E19IR_Heat%20Pumps_HN_Jan2013_GSOK.pdf

2. Description of heat pump technology

Applications in commercial buildings

* Heat can be distributed in commercial buildings using an air or water-based system:

- Water-based systems: heat is transferred to radiators, floor heating or wall-based
emitters. This is typically used only for heating.

- Air-based distribution systems: conditioned air is transported directly or via ducts
to heat, cool and/or dehumidify rooms.

- A mix of both is also possible, where energy is distributed throughout the building
in water-based systems but disseminated in the room via fan coils.

* Heat pumps with an energy management system can reduce energy demand by
recycling waste heat. Waste heat from one part of the building can be distributed
to other parts where heating is needed or can be used as the heat source to heat
water.!

* The ideal buildings for heat pump applications are those that are well insulated with sufficient heat distribution surface (e.g. underfloor heating
or floor to ceiling radiators) to allow comfortable indoor temperatures at comparatively low temperatures for the heat distribution system.

This is because the heat pump output temperature is typically lower than that of gas boilers. For water-based distribution systems, a typical heat
pump output temperature is below 55°C*, whereas radiators fed by central heating systems typically operate at 60-80°C.2 For this reason,

the ideal building for heat pumps are near-zero energy, passive or positive energy buildings. Heat pumps are also suitable to replace boilers

in buildings that have undergone deep renovation (i.e. where energy savings of 60-90% are realized).

*While this is typically the case, some heat pumps on the market are specifically designed to substitute boilers, and can heat water efficiently up to 80°C.
Sources: ' European Copper Institute, 2018: Heat Pumps. Integrating Technologies to Decarbonise Heating and Cooling. * YouGen: Heating and hot water — energy saving information.

-
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https://www.ehpa.org/fileadmin/red/03._Media/Publications/ehpa-white-paper-111018.pdf
http://www.yougen.co.uk/energy-saving/Heating+Hot+Water/

2. Description of heat pump technology

Applications in industry

DRIVING ENERGY
Biectricity | ges | RES
‘ Waste heat recovery in a

e Heat pumps can be used for industrial processes which require low temperature dairy facility
heat. Commercially available heat pumps can provide heat up to 160°C.!

e Typical industrial applications for heat pumps include drying, washing, and o
pasteurization. Industrial heat pumps are most often bespoke systems OF MILKC

designed for specific process needs. 7

INPUT ENERGY
FOR SECOND
PROCESS

* Many industrial facilities both consume heat and also have low temperature
waste heat flows which cannot be exploited directly using traditional heat
exchangers. Heat pumps can be designed to increase this waste heat to U -
a useful temperature.

RECOVERED ENERGY

from buildings | industrial processes | infrastructure

DRIVING ENERGY

* For example, in the dairy industry (see right)?,milk needs to be cooled before
transport and consumption. On the other hand, heat is needed for the
pasteurization process. The waste heat from the cooling process can

be recovered and used as a heat source for the pasteurization process. TR

* The main challenge is that in many industries steam is most often used to
transfer heat across a site, resulting in high temperature system designs.
Shifting this to air or liquid water requires new pipes and pumps and different HOT WATER
process designs. This leads to high investment costs and potentially disrupted
operations.

RECOVERED ENERGY

COOLING
OF COLD
STORAGE

HO'
HEATSINKS]  HEATPUMP |

Sources: ' Viking Heat Engines; ? European Copper Institute, 2018: Heat Pumps. Integrating Technologies to Decarbonise Heating and Cooling.
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http://www.vikingheatengines.com/
https://www.ehpa.org/fileadmin/red/03._Media/Publications/ehpa-white-paper-111018.pdf

3. GHG reduction potentials of heat pumps

GHG emissions assessment of current and new solution

* Avoided emissions compared to conventional heating depends

on the electricity emissions factor. Relationship between grid electricity emissions

factors and carbon emissions of the heat pump
* Due toits higher efficiency, heat pumps are always more carbon gCO2/kWh thermal

efficient than electrical resistance heaters. For example, a heat pump 1000 T Np——
. . . —Heat pump .
with a COP 3.5 emit less CO,/kWhy, compared to: NG condens. Boiler 95% efficiency
800 | _ aor 85% offic

- Natural gas condensing boilers when the electricity grid factor Ol condens. boiler 5% eficiency

. * —Electrical resistance 100% efficiency

is below 740gC0O,/kWh. 500
- Oil condensing boilers when the electricity grid factor is below

980gC0O,/kWh. 400 |

Emissions savings vs oi
* The avoided emissions that could be realized by heat pumps powered 206 T

by zero-carbon electricity are shown below: |

1
Technology Avoided emissions 0 1
(8CO,/kWh,,) 0 200 400 800 800 1000

7 7 Electricity emissions factor (gCO2/kWh)
Natural gas condensing boiler 210

Oil condensing boiler 280

Electrical resistance heater powered

by zero-carbon electricity 0

*For comparison, the EU electricity grid factor is about 300gCO,/kWh, meaning that the heat pump is always more carbon efficient than natural gas boilers
Source: Own calculations based on [PCC emission factors.

#wbcsd


https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_2_Ch2_Stationary_Combustion.pdf

4. Cost assessment and sensitivity analysis

Investment costs
& LCOH

Return on
Investment (ROI)

Sensitivity
analysis

No information publicly available on the levelized cost of heating (LCOH) of C&I heat pumps.

Investment costs depend on country, application and brand: in 2016, the average installation cost of a small-scale heat pump
in buildings in Germany was USD $1,925/kW, while the average equipment cost (excluding installation) of a large-scale heat
pump in Europe/MENA was USD $699/kW in 2015.1

The LCOH for domestic heat pumps in the EU over 2008-2012 ranged from EUR €95-150/MWh,; .2

Limited information exists on the ROl and comparison of LCOH of heat pumps compared to fossil fuels.

Heat pumps in new buildings are cost-competitive compared to fossil fuel-based alternatives in certain cases, including in
applications when heating and cooling is needed and when stringent energy efficiency standards for buildings are in place.
In general, heat pumps are not yet competitive in the like-for-like replacement case, where an existing fossil fuel boiler is
replaced without any upgrade to the building. However, in some regions, the cost of use may be competitive due to
electricity prices being lower than natural gas prices.

Heat pumps are competitive in some industrial applications, but constraints such as long payback periods limit deployment.

The competitiveness of heat pumps vs fossil-based conventional technologies is sensitive to the price of electricity compared
to the price of fossil fuels.

Energy and climate policies such as carbon pricing, fossil fuel subsidies, energy efficiency targets and technology-specific
incentives can greatly improve the cost competitiveness of heat pumps. These vary by geography and therefore research
needs to be conducted for the region of installation.

The upfront capex cost can vary across technologies: GSHPs and WSHPs have higher installation costs than ASHPs.

However, GSHPs and WSHPs have higher efficiencies than ASHPs.

The price per kW decreases with increasing heat pump size. The typical price of a small-scale heat pump is in the range

of USD $1000-2000/kW. The typical cost of an industrial scale heat pump in Europe/MENA is about USD $S600/kW in 2015.1
Operating conditions affect the efficiency of heat pumps and hence cost of heating. Heat pumps in cold climates may operate
at a lower efficiency, and high heating demand also reduces the efficiency.



https://heatpumpingtechnologies.org/publications/a-sustainable-energy-future-the-role-of-heat-pumps-in-a-fossil-free-system/
https://ec.europa.eu/energy/sites/ener/files/documents/ECOFYS%202014%20Subsidies%20and%20costs%20of%20EU%20energy_11_Nov.pdf

4. Cost assessment and sensitivity analysis

Total installed costs in the residential and commercial sectors in Germany
2013 2016

8000

M air-water
L air-water controlled performance

3 £ M brine-water

:t &t brine-water soil sensor

M direct condensation

3 : p other

6000 * feu O IR | sorption

¢ 4 N water-water

'

uSsD 4000
2016/kwW

0.0 10.0 20.0 30.0 40.0/0.0 10 20.0 30.0 40.0

Heating capacity (kWth) Heatlng capacity (kWth)

* The average price of a heat pump has increased in Germany over 2013-2016, however there has been an 18% increase in the efficiency of the installed systems.
Source: IRENA Renewable Cost Database 2018
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4. Cost assessment and sensitivity analysis

Large scale heat pump equipment costs* in Europe/MENA

4000 9
95 Percentile
= 3000
= 95 Percentile g .
; < @
wn p—A
o 2000 ' 95 Percentile '
~ o v
>,
= v
=S =
1000 cap.w.avg= 90% cap. w. avg= 870 69&-;/
=] ] cap. w. avg= ‘
> T
5 Percentile = 5 Percentile 5Percentile ¥
; - &
2013 2014 2015
Average capacity
g 200 . usw
=
> 151 kW 162 kW
o 100
1]
g
o 0
2013 2014 2015

*  Weighted average costs decrease as system sizes increase.

* Equipment costs exclude installation costs
Source: IRENA Renewable Cost Database 2018
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5. New partnership opportunities

Utilities and heat pump manufacturers can
partner so that utilities become heat pump
vendors. This opens up opportunities for ESCO
(energy service company) business models,
where the utility sells heating (rather than simply
electricity or a heat pump). This would overcome
the barrier of comparatively high upfront
investment costs.

Utilities can aggregate heat pump users.

This would enable heat pump users to participate
in demand response programs and be
remunerated for providing demand side response
flexibility services to the grid operator.

Utility

Heat pump Energy end-user
manufacturer

Grid operator



6. Heat pump technologies SWOT analysis

Strengths

. Can be highly energy efficient compared to existing conventional
heating options. COP of heat pumps has not reached its technical
potential and further efficiency gains are anticipated.

. Can be used for multiple purposes: heating and cooling of both water
and air. Highest efficiency if simultaneous provision of heating and
cooling is required.

. Potential to reduce GHG emissions and no local air pollutants.

. Mature technology, already used at various scales from individual
buildings to district heating.

. Heat pumps can be controlled so that they exploit periods of low
electricity prices thereby reducing operating costs. They can also

provide flexibility services to the grid by switching on/off when needed.

Opportunltles

Regulatory support specifically for heat pumps exists in a small number
of jurisdictions.

. Increasing implementation of supportive policies — such as carbon
pricing, the phase out of fossil fuel subsidies and the move toward zero
energy buildings — increase the competitiveness of heat pumps.

. New financing models could reduce the risk and high up-front CAPEX
costs heat-pumps, e.g. heat supply contracts/ESCO models.

| A

&wbcsd

Weaknesses

High upfront CAPEX and long payback periods compared to
conventional heating options.

Where the C&I building stock has a low thermal efficiency, heat pump
efficiency is reduced. Fully electric heat pumps have a lower efficiency
in regions with challenging climatic conditions (e.g. extremely cold
regions). However, hybrid heat pumps may be a bridge solution.

In some regions, there is limited public awareness of the technology
and a lack of skilled technicians.

Many heat pump refrigerants are F-gases, with a high global warming
potential. With the entry into force of the Kigali Amendment to the
Montreal Protocol, such gases are being phased out and replacement
refrigerants are being developed.

Permits may be needed to install ground or water-source heat pumps.

Threats

Deep renovation rates in buildings are relatively low, hampering
the uptake of more heat pumps.




Electricity vs fossil fuel price

The business case is
strengthened when the price
of electricity is relatively low

compared to the fossil fuel

Industry and building applications
(]

&)
L4
«
Financing models

al@
Policies

Availability of financing

models to reduce high up-

7. Success factors

M
NP2
Selection of geography-
appropriate HP technology Policies such as carbon pricing,
ASHPs are more suitable for removal of fossil fuel subsidies,
mild climates; for colder considering heat pumps as front CAPEX costs, e.g.
climates, ground or water renewable energy and heat supply contracts and
sourced heat pumps are valorising the provision of ESCO models. alternative used in a boiler
needed for optimal demand side flexibility all help (typically natural gas).
performance. the heat pump business case.
Industry applications Building applications
& - b =~
s [ |
New or extensive facility Utilization of waste heat Highly energy efficient
refurbishment Capturing waste heat from buildings
other parts of the building Near-zero energy, passive or
increases system efficiency. positive energy buildings or
buildings that have undergone
deep renovation are most
suitable for heat pumps.

The business case for

heat pumps is best for
new facilities or when

heat pump retrofit is part

Low-temperature heating demand
Commercial heat pump
technologies can reach 160°C.
F 4
Cooling and heating demand
Business case is strong, as a
heat pump can meet both

heating and cooling needs.

7y
of an extensive facility

ES

Utilization of waste heat

Capturing waste heat from other
industrial processes as a heat
source increases system efficiency.

upgrade program.




8. Heat pumps: Case studies (1/3)

District heating and cooling system

Katri Vala District heating and cooling (Helsinki, Finland)

Context * Helsinki has a well-established district heating and cooling
network, supplying 90% of the city’s heat demand and an
increasing share of cooling. It is mostly heated by gas-fired
combined heat and power and cooled by absorption chillers.

Winter Operation
@0sw
Project description * Operated by Helen Ltd i SR g P \ BRI =T
& objectives * Heat pumps to provide district heating and cooling 1N Ji \ ‘ B
T —5— b ) e

*  Commissioned in 2006. i

5 Heatpumps kip? witll i e

Main technical data * 5 heat pumps with a total heating capacity of 100 MW and Unitop 50FY A
cooling capacity of 65 MW were integrated in 2006 ﬁ'xﬂa‘f‘a’w I~ E
e A6t heat pump will be commissioned in 2021 with 18 MW A

heating and 12 MW cooling output, with total investment
costs of about EUR €20 million

Swage watertnnel  Habourof Sranen

Summer Operation

* Heating supply temperature of 62°C/88°C in winter/summer, _ . Ome
with waste heat (sewage and return water of district cooling p::;;\ 0 | [ .
network) as heat sources ""Zf;ﬁ.—l— —'r:|:- - - e
e Cooling supply temperature of 3°C/4°C in winter/summer, ! P P
with sea water and district heat network as heat sinks @ 5@1‘:';’5‘?
e COP (heating): 3.51 in winter, 2.96 in summer. 1 Helsinki Energy
wcl lwe  forKatriVala

Hamaur of @mainen



https://www.helen.fi/en/company/energy/energy-production/power-plants/katri-vala-heating-and-cooling-plant
https://www.helen.fi/en/news/2018/newheatpump
https://www.gshp.org.uk/pdf/DECC_Heat_Pumps_in_District_Heating_Case_studies.pdf

8. Heat pumps: Case studies (2/3)

Industrial facility

Nutrex (Busswil b. Biiren, Switzerland)

Context e For quality production of vinegar, two processes are used:
fermentation and pasteurization.
- Fermentation is an exothermic reaction, and to
stabilize the temperature over 10 days at 30°C,
the fermentation tanks need to be cooled.
- Vinegar pasteurization takes place above 70°C.

Project description * Nutrex is a food producer specialized on vinegar and part of
& objectives the Swiss holding Coop
* A heat pump was installed to meet both heating and cooling
demands

¢ Commissioned in 2009.

Main technical data * Cooling capacity of 136 kW and a heating capacity of 194 kW
e COPof3.4
* Water is the heat source
e Supply temperature > 70°C
* In addition to pasteurization, the produced heat is used to for
building heat and to heat the laboratory

Benefit *  The heat pump displaced conventional heating oil, resulting
in annual savings of CO,emissions by 310 tCO, and 65,000
liters of fuel.

Source: EHPA, 2017: Large scale heat pumps in Europe. 16 examples of realized and successful projects.

#wbcsd



https://www.ehpa.org/fileadmin/red/03._Media/03.02_Studies_and_reports/Large_heat_pumps_in_Europe_MDN_II_final4_small.pdf

8. Heat pumps: Case studies (3/3)

Retail store

IKEA Vantaa (Helsinki, Finland)

Context

Project description
& objectives

Main technical data

Store was constructed in 2003
The store was connected to the district heating system (110°C
hot water in winter, 80°C in summer)

Closed loop ground source system
Installation date: March 2018
8 years payback period

32 boreholes, each 350 meters deep. Quality of soil (very
wet/soft) caused some small additional costs. More support
piping to wells was required, than had been expected.
Stainless steel connection piping between wells and
circulation pumps. Ethanol based geothermal liquid

Three heat pumps (2 x 350 kW for heating and 1 x 40 kW
for hot water)

Combination produces around 600 kw continuous heating
capacity

System can be used for cooling with free cooling

System has also 2 x 300 kw electrical boilers as a backup
(for possible system failures or very cold winter periods).

Sources: Personal Communication with IKEA; Mapio: |KEA Vantaa.

e

&
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https://mapio.net/pic/p-32400246/

9. Summary

Emissions and
energy

Avoided GHG
emissions and co-
benefits

Readiness status

CETE S

Success factors

Direct emissions from industry account for 24% of global CO, emissions, while space and water heating
in the buildings sector is responsible for 6%.
38% of world energy demand is for heat applications.

Combined with low-carbon electricity supplies, heat pumps are a key lever in decarbonizing cooling and low-
temperature heating.

Heat pumps use electric or thermal energy to extract heat from an external, often renewable source and deliver
it to a heat sink.

There are three different types of heat pumps: air-source heat pumps (ASHP), ground-source heat pumps (GSHP)
and water-source heat pumps (WSHP).

Heat pumps can substantially reduce emission reductions from heating compared to natural gas or oil boilers,
particularly when the electricity generation mix is low-carbon.
Heat pumps can also be used to deliver co-benefits such as flexibility services to the grid via heat storage.

Heat pumps are mature technologies. They are already widely used in cooling applications, but potential exists
to expand the use of heat pumps in heating applications.

High upfront costs and long payback periods compared to conventional heating options.
Low building renovation rates.

New financing models that lower upfront investment costs.
Supportive policy environment.
Low electricity prices compared to fossil fuel energy sources.
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