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Foreword 

-

 
 
 

-
 
 

-

 
 

heat pumps are driven by electricity produced from conventional 

-
 

thermal networks.

 

 
debate and initiatives to improve the security of supply in the  

Mark van Stiphout    
Member of Cabinet of the Commissioner for 
Energy
European Commission
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Column IEA ETP 2014 Highlights Heat 
Pumps to Achieve Energy Savings 
Beyond the 2 Degree Scenario 

h

-
-

2 emissions by 

-

-
tial. A core market opportunity is to replace the millions of electric 

-

-

th those of Japan. 

-

-

Marc LaFrance 
Energy Analyst - Building Sector
International Energy Agency (IEA)
Paris, FRANCE
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Heat Pump Programme News 

IEA Heat 
Pump  
Programme 
News
Five awardees  
recognized in the 
2014 Rittinger Award 
In a ceremony held at the conference 
banquet at the 11th IEA Heat Pump 
Conference in Montreal Dr. Michel 
Bernier, Mr. Frédy Burkhalter, Mr. 
Daniel Ellis, Dr. Andrew Pearson 
and Dr. Koichi Watanabe were given 

Medal, the highest international 
award in the air conditioning, heat-

contributions to the advancement 
of international collaboration in re-

-

It is awarded every three years in 

 

-

Mr. Frédy Burkhalter

for his contribu-
tions in market 
development and 
applications of 

-

-

His work has led to many develop-

water pump station in Stockholm.

Mr. Daniel Ellis

his product in-
novation and 
market develop-
ment activity for 

industry pioneers and he led the in-

 

of international technical collabora-
tion and his technical contributions 

procedures for commercial systems. 

Dr. Andrew Pearson -

Scotland was 
awarded for his 
contributions in 
research and in-

-
eration systems 

-

activities and his work with more 

or unreliable equipment. He is very 
active in many associations and is 

-

past-President of the Institute.

Dr. Koichi Watanabe

for his research 
and publications 

thermophysical 
properties. 

and technical papers and books and 
-

-

-

Dr. Michel Bernier  
P o l y t e c h n i q u e 

-

award for his re-
search and teach-

with particular 
-

thermal heat pump systems. 

contributions to the advancement of 

numerous contributions to the im-

systems.
-

pump researchers and practitioners.
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Heat Pump Programme News / Heat Pump News

General
Fifth Clean Energy 
Ministerial meeting

-
-

celerate the deployment of clean and 

-

-

-
tive initiatives and announced new 
and expanded actions that will en-

Source: www.cleanenergyministerial.
org

HPTCJ publishes 
new best practise 
videos for HP  
applications
Center of Japan has published a 
new set of videos on best practise 
applications for heat pumps. The 
examples presented include

1. 

production
2. 

3. 

impact of heat pump use 

pool.
Sources: www.ehpa.org and www.hptcj.
or.jp 

EPA lists top 100 
U.S. organizations 
using renewable  
energy

Partnership has released an updated 

and solar power. Intel Corporation 
continues its seven-year run as the 

of its electricity load with renewable 

companies in the top 10 include 

and Apple Inc. 
Source: www.epa.gov

Americans more 
positive to energy  

 

to a poll released by the University 
of Texas. But nearly two-thirds 

concerned about the environmental 

Source: 

Lessons learned to 
help close the build-
ing performance gap
The 12th 

 

where international comparisons 

About the Peter Ritter von  
Rittinger International Heat Pump 
Award

 

engineer who designed and installed the 

pump in 1855. The 
award celebrates 
the technical skills 
and entrepreneurial 

that is shared by the 
award winners.  

IEA HPP member of 
BUILD UP

-

-

our reseach. 

and look forward to a new channel to 
disseminate our valuable heat pump 
information.The BUILD UP web por-
tal

-
-

-

tools and resources. 
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Heat pump news

could provide lessons in how to 

Source: www.acr-news.com

ACREX India 2014

to activity in the infrastructure and 

an Awards of excellence ceremony. 

 
Source: www.acrex.in

Policy 

‘absolutely central’ 
to EU 2030 climate 
package, but…

 

"micro" public action as the way 

policy advances in the review. It 

Source: www.euractiv.com

investment reaches 
“tipping point”

can either be scaled up with market 

 

the mainstream as a key driver 

 

Source: www.euractiv.com

UK Government 
launches domestic 
RHI scheme

their properties. The new scheme 

homes. It is open to everyone from 
home owners and social and private 

their own homes and is available to 

Source: 

New website section 
on EU publications

all useful and recent reports on 

Source: www.ehpa.org

ACRO. The ACREX India was held on February 27 – March 1 in New Delhi, India.
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Heat pump news

New F-gas regulation 
ready to enter into 
force 

Union 
-

-
cision and clear the way for a fast 

heat pump industry favors such a 

framework for research and devel-
opment as well as investment deci-
sions. 
Source: www.ejarn.com

Working  

Japanese groups 
launch new HFO-
based air condition-
ing refrigerant

-
duction venture with Honeywell on 

with the announcement of its own 

Source: www.racplus.com

Daikin launches R32 
units in India

This news from India follows a state-

-

 
Source: www.acr-news.com

F-gas emissions in 
UK on the increase  
– slightly
The latest set of statistics from the 

-

-
2  

-
tial sector which was up by 12.3 per 

2

2

Source: www.acr-news.com

Technology
Breakthrough in 
home refrigeration 
technology 

-
-
-
-

-

pump applications such as HVAC 
and has the potential for use in any 

-
-

tion in the USA.
Source: www.acr-news.com

Use of all-aluminum 
coils are increasing

-
-

-
-
-

a way to reduce costs. Aluminum 

have actually been around for dec-

aluminum tubes and interconnect-

when a leak occurred have proven 

-

for aluminum based HVAC applica-
tions similar to developments in al-

-
ance.
Sources: www.ejarn.com (news 1) and
www.ejarn.com (news 2)

Markets
UN panel: AC  
demand to increase 
30-fold this century

to send new populations in search of 
-

sion of a new report issued by the 

-
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Heat pump news / IEA HPP Annexes, ongoing

-

Source: www.csmonitor.com

Heat Pump City of 
the Year 2014: Viborg
After an intense and very successful 

-

-

of cohesion in the local society as it 

community.
Source: www.ehpa.org

Heat pumps high-
lighted in Poland

-
sumption from renewable sources 
and the amount of electricity and 

which a substantial part of the heat 
provided by heat pumps is derived 
from renewable sources. 
Source: www.ehpa.org

Wine refrigerator 
market

-
sociation of household appliances 

-
-

Source: www.ejarn.com 

Ongoing 
Annexes
IEA HPP Annex 35 / 
IETS Annex 13 
Application of  
Industrial Heat 
Pumps

-

-

30th

-
tions. The framework of the pro-

-

1. 
for application

2. 
economic models

3. 

5.  

-

-
formation have been prepared.

At the 11th -

 

 »
Status

 »

 »

 »
works and applications in the 

 »

-
es

 » -

work based on Heat Pumps
 »

Temperature Water Circulation 
Type Heat Pump for Industries 

-
put of the water temperature of 

 » Summary of the Annex Work-
shop

Information Centre on Heat Pumps 

IEA HPP Annex 36 
Quality Installation / 
Quality Maintenance 
Sensitivity Studies

-
stallation and/or maintenance 

-
 

 
-

tent that operational deviations are 

and whether some deviations 

-
cus and work undertaken by each 

the table below.

The intended audience for the An-
 

• HVAC practitioners responsible 
-

systems in varied applications. 

• 
-

from their HVAC equipment. 

• -

heat pump applications and 
-



IEA Heat Pump Centre Newsletter Volume 32 - No. 2/2014 www.heatpumpcentre.org
10 10

IEA HPP Annexes, ongoing

Annex 36 
Participants 

Focus Area Work Emphasis 

France 

EdF – Space heating and water 
heating applications.

Field:  Customer feedback survey on HP system 
installations, maintenance, and after-sales 
service. 
Lab: Water heating performance tests on 
sensitivity parameters and analysis. 

Sweden 
SP – Large heat pumps for multi-
family and commercial buildings

KTH/SVEP – Geothermal heat 
pumps

Field: SP –  Literature review of operation and 
maintenance for larger heat pumps. KTH/SVEP 
- investigations and statistical analysis of 22000 
heat pump failures. 
Modeling/Lab:  Determination of failure modes 
and analysis of found failures (SP) and failure 
statistics (KTH/SVEP). 

United 
Kingdom 

DECC – Home heating with 
ground-to-water, water-to-
water, air-to-water, and air-to-
air systems.

Field:  Replace and monitor five geothermal 
heating systems 
Lab:  Investigate the impact of thermostatic 
radiator valves on heat pump system 
performance. 

United States 
(Operating 
Agent) 

NIST – Air-to-air residential heat 
pumps installed in residential 
applications (cooling and 
heating).

Modeling:  Examine previous work and 
laboratory tests to assess the impact of ranges of 
selected faults covered augmented by seasonal 
analyses modeling to include effects of different 
building types (slab vs. basement foundations, 
etc.) and climates in the assessment of various 
faults on heat pump performance. 
Lab:  Cooling and heating tests with imposed 
faults to model the performance of a heat pump 
operating under those faults. 

ACCA  Air Conditioning Contractors of America
DECC  Department of Energy and Climate Change (UK)
EdF  Electricité de France
KTH  Royal Institute of Technology (Sweden)
NIST  National Institute of Standards and Technology (US)
ORNL  Oak Ridge National Laboratory (US)
SP  Technical Research Institute of Sweden 
SVEP  Swedish Heat Pump Association

 

• -
tially complete with results 

with the 11th

-
 

 
-
-

 

 

IEA HPP Annex 37 
Demonstration of 

on heat pump  
systems in buildings 
– good examples 
with modern  
technology 

-

include results from studies made 
-
-

nice piece of work as a follow-up on 

has been released. We will update 

hopefully be available for download 
from the Heat Pump Centre website. 
We will of course inform you when 
this happens.
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ReportNo. Report Title Publication 
Date

Access 
(PUblic, 

REstricted)

Web 
or 

Print

A1 A Review of Market-Available solar heat 
pump systems

March 2013 PU / RE for 
details

Web

A2 Field test monitoring of SHP systems March 2014 PU Web

A3 Dissemination Activities of Subtask A of 
the IEA SHC Task 44 / HPP Annex 38 

March 2014 PU Web

B1 Definition of main system boundaries 
and performance figures for Reporting 
on SHP Systems

December 2013 PU Web

B2 Testing solar and heat pump systems in 
laboratory

Dec 2013 PU Web

B3 Definition of a standard test for SHP 
systems

March 2014 PU Web

B4 Dissemination activities of Subtask B of 
the IEA SHC Task 44 / HPP Annex 38

March 2014 PU Web

C1 The reference framework for system 
simulations of the IEA SHC Task 44 / 
HPP Annex 38  
Part A: Summary
Part B: Collector models
Part C: Heat pump models 
Part D: Ground heat exchangers 
Part E: Storage models

March 2013 PU Web

C2 Models of sub-components and 
validation for the IEA SHC Task 44 / 
HPP Annex 38

March 2014 PU Web

C3 System Simulation Reports for the IEA 
SHC Task 44 / HPP Annex 38

March 2014 PU Web

C4 Synthesis of system simulation results 
for the IEA SHC Task 44 / HPP Annex 38

March 2014 RE Web

C5 Dissemination activities of Subtask C of 
the IEA SHC Task 44 / HPP Annex 38

March 2014 PU Web

D1 Presentation of system performance 
calculation 
Educational material

Oct. 2013 PU Web

D2 Newsletters issued by IEA Task 44 / 
Annex 38 from 2010 to 2013

Oct. 2013 PU Web

D3 T44A38 presentations in conferences March 2014 PU Web

D4 Cancelled - information is included in 
C4

D5 Solar and heat pump systems – A 
handbook

June 2014 PU Print

IEA HPP Annexes, ongoing

IEA HPP Annex 38 
Solar and heat pump  
systems
Annex 38 has completed its work

-
lar and heat pump system for space 

total of 55 experts from eleven coun-

The main results
• A survey of the market in 2010 

was responded to by more than 

• 
systems have been proposed 

-

several other teams in research 

• 
was developed and used by all 

• 

are now available and form a 

• A simulation framework was 

• 
for any SHP system have been 
developed and used and de-
scribed.

• 

and 20 have been reported with 

• -

the reasons why explained. The 

and the temperatures of heat 
distribution systems.

• Validated models are now avail-
-

tions.
• -

-
work was produced and shows 

-
-

tems

• -

quality and will soon be sent to 
the publisher.  Publication date 

• An economic analysis model to 
enable systems to be compared 

be included in the handbook as 

• -

to be done to arrive at optimum 

• -
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IEA HPP Annex 39 
A common method 
for testing and rating 
of residential HP and 
AC annual/seasonal 
performance
Annex 39 will investigate the ex-
periences from using EN14825 
Standard                            

the Annex could make a follow-up 
study about how manufacturers ex-
perienced the use of the standard 

use for a couple of years. This was 

therefore under preparation. This 
will be sent to manufacturers. The 

so the survey will be a short web-
based questionnaire.

IEA HPP Annexes, ongoing

th

-
tended by some 30 people. 

-

-

the work that has been carried out 

-

-

we really?“

The workshop presentations are 
available for download from the 
Heat Pump Centre website.

IEA HPP Annex 40 
Heat pump concepts 
for Nearly Zero  
Energy Buildings
Annex 40 interim results present-
ed at the IEA Heat Pump Confer-
ence in Montréal, Canada

heat pump systems in Nearly or Net 

-

-
-

-

New ideas for future annexes have 
also been proposed as a result of ex-

• -

• 
heat pumps

• 
• Thermally driven heat pumps 
• 

season.

All publicly available reports and ar-

 

-

-

-

Interim results from the annex were 

-
sion discussed interim results from 

annex have already contributed to an 
HPP brochure on “Heat Pump Con-

-

-
ence.

held after the conference.
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IEA HPP Annexes, ongoing

IEA HPP Annex 41 
Cold Climate Heat 
Pumps

-
it research and development work in 

-

successful heat pump experience in 

on electrically driven air-source heat 

-
peratures. The main outcome of this 
Annex is expected to be information-

ASHP performance under cold  

Annex web site is 
-

.  

In the past quarter the Japanese com-
pleted a draft of their interim report 

-

-
tos below from the draft Japan report 

-
lectors.  This system includes recov-

-

a smart control to improve system 
-

were held at the 11th International 

with representatives from all partici-

-
tations.  The participants are dis-

-
low all Participants time to complete 
their planned contributions.  The 

-
-
 

 

 

IEA HPP Annex 42  
Heat Pumps in  
Smart Grids

th

-
 

 
 

 

 

-

to further discussions.

This work was continued at the 
th th -

on task description and execution.  

participants.
 

-

-
pated in the tri-annual heat pump 

-
Annex 41: Field test installation of HPWH system combined with Solar thermal and PV 
collectors – Source: YAZAKI RESOURCES CO., LTD. Contribution to Japan Annex 41 draft 
interim report.
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IEA HPP Annexes, ongoing

 

-

 

 

IEA HPP Annex 43 
Fuel-driven sorption 
heat pumps

-
-

interest in the area of fuel driven 

more products came closer to mar-

planned duration of four years. A 
-
-

framework.

Objectives
The scope of the work under this An-

sorption heat pumps in domestic 
and small commercial or industrial 

-
-

the use of fuel driven heat pumps by 

and market readiness of the technol-

The Annex structure
-

lows.

Task A: Generic Systems and Sys-

• 
systems

• 
boundary conditions

Task B: Technology Transfer
• -

velopment for faster market 
penetration of new technolo-

• 

• 
-

• -
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Task C: Field test and performance 
evaluation

• -

• 
performance factors at the sys-
tem level

Task D: Market potential study and 
technology roadmap

• Simulation study to evaluate 
-

standards
• Combine with market data and 

-

Task E: Policy measures and recom-

• 
• -

stallers and decision makers
• 

and send out to the participants.

A presentation about the Annex was 

events.

IEA HPP Annexes, ongoing

-

course more participants are wel-
come. 

peter.schos-

IEA HPP Annex 44 
Performance  
indicators for energy  

buildings
Now that the preparations and out-

 

-

and collection of monitored data 
from selected supermarket chains 

-
th with 

-
-

-

-

measurement data and performance 
indicators in the Swedish supermar-
ket sector.

-
-
-

establish correlations between the 
data and performance indicators.

-

th
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Ongoing Annexes
 
Bold text n cates perat ng Agent.  Part c pant o  IEA IE  or IEA HC

Annex 35 
Appl cat on o  In ustr al Heat Pumps 
together w th as  III o  In ustr al 

Energ - elate  echnolog es an  
stems  IEA IE

35 A  CA  DE    P   N  E

Annex 36 
ual t  Installat on/ ual t  a ntenance
ens t t  tu es 36  E   US

Annex 37 
emonstrat on o  el  measurements 

o  Heat Pump stems n u l ngs  
oo  e amples w th mo ern technolog 37 CH  N  SE  

Annex 38 
olar an  Heat Pump stems 38 A  E  CA  CH  E   E  I   I  

Annex 39 
A common metho  or test ng an  
rat ng o  res ent al HP an  AC annual/
seasonal per ormance 39 A  CH  E  I   P   N  SE  

Annex 40 
Heat Pump Concepts or Nearl  ero-
Energ  u l ngs 40 CA  CH  I  P  N  N  E  

Annex 41 
Col  Cl mate Heat Pumps Impro ng 

ow Am ent emperature Per ormance 
o  A r- ource Heat Pumps 41 A  CA  P  US

Annex 42 
Heat Pump n mart r s 42 CH     NL   

Annex 43 
uel r en orpt on Heat Pumps 43 A  DE   I   

Annex 44 
Per ormance In cators or Energ  44 NL  E

IEA Heat Pump Programme part c pat ng countr es  Austr a A  Cana a CA  enmar   nlan  I  rance  erman  E  Ital  I  apan P  the Netherlan s N  
Norwa  N  outh orea  we en E  w t erlan  CH  the n te  ng om  an  the n te  tates .  
All countr es are mem ers o  the IEA Heat Pump Centre HPC . we en s the host countr  or the Heat Pump Centre.

IEA HPP Annexes, ongoing
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Strategic Outlook

Strategic Outlook
Martin Forsén, Sweden

Introduction
-

-

bicycles with electric motor assis-
tance are common. 

These are examples where China 

-

-

The (r)evolution of 
smart cities and 
smart appliances  
is becoming big 
business

-
-
-

ny [1] estimates that China will have 

need for smart city development is a 

-

-

reach 500 billion yuan by 2015. 

a concept that encompasses solutions 

-
ply. However, the economic and political conditions vary considerably around the world and consequently result 

-
crease the use of renewable energy and to facilitate the phase out of nuclear power. The market constraints for 

-
dict. Research and technological developments leave us with good hope for heat pumps in the future.

water treatment as well as medical 

-

smart appliances. 

The smart appliances are required 

-
able electricity from sources such as 
solar photovoltaic and wind power. 

-

-

Photo: Vladimir Menkov
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Strategic Outlook

-
ety. Smart control of heat pumps de-

their operation in response to the 

electricity. 

This will undoubtedly push the tech-

where cost-optimised operation does 
not necessarily always mean the 

-

-

The industry needs to come up with 
new standards on how to communi-

communicate performance with the 
customers. The future will inevitable 
require more IT and electronics in all 
our products.

Shanzhai
-

-

-

Some of the most successful compa-
nies are those that add functionality 

-
nese word shanzhai that was former-
ly used to describe the widespread 
existence of counterfeit products has 

today more often associated with re-
-

performance and functionality than 

-

sometimes used to describe the phe-
nomenon. 

-

-

manufacturer of residential air con-

up the value chain to become a mar-

-

-
duction facilities for air conditioners 

-

-

-

can be seen as a worldwide trend. 

-
rective were adopted for water heat-

come into force in 2015 will require 

water heaters with a volume exceed-

at present be met only by heat pump 

all over the world for an increas-

-
ment will lead to the introduction 
of heat pumps in several new ap-

will be a necessity in electric vehicles 

pumps will play an important role in 

and distribution of electricity.

Consequences of the 
Fukushima accident 
and the shale gas 
revolution

-
petitiveness of electric heat pumps 

-

opportunities for electric heat pumps 

-
tween the price of electricity and the 
price of 1 kWh of heat produced by 

-

seasonal performance factor that 
has to be beaten in order to result 

oil is the main explanation for the 
tremendous success for heat pumps 
in Sweden. A relatively low price of 

to the price of electricity is still the 
most important explanation for the 
slow uptake of heat pumps in many 

the way forward to decarbonise the 

from time to time slow down due to 
-

able discoveries and political crises.

-
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Strategic Outlook

-
ways at the crossroads. In the after-

-
cided to phase out nuclear power. In 

-
-

Energiewende

electricity such as wind power and 

and thus put additional barriers 

-
-

of the electricity mix. At the same 

the conclusion that nuclear power is 
feasible and can be operated safely 

-

Just as important as the price and 
availability of electricity is the price 
of conventional fossil fuel. Countries 
that for decades have been spoiled 

enables access to previously inac-

-
duction in the US has sent natural 

economic incentives to switch from 

the US has raised hopes for a way out 

-

that the environmental impact and 
extraction costs will set a relatively 
short time frame for a risky capital-
intensive industry. It remains to be 

will only serve as a short-term solu-

-

-
nomic equation.

Concluding remarks

-

the predominant solution for pro-

-

other than with the support of sub-

-
formance standards on appliances 

-
troduced worldwide but too often 
watered down and delayed due to 
economic constraints. It is sadly still 
often less costly to destroy the envi-

-

carbon footprint. Heat pumps will 
play an important role in the future 

Author contact information
Martin Forsén, NIBE, Sweden
martin.forsen@nibe.se 
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Columnist continued Non-topical article

Highlights of North America’s  
Heat Pump Research

Xudong Wang, Karim Amrane, USA

This article provides an overview of recently completed and ongoing research activities related to heat pumps in 
the United States. Projects undertaken by the U.S. DOE, its national laboratories, academia and industry on 

-

Overview
-

-
vices transfer heat from low temper-

sources via work input. The com-
mon cycle applied to the heat pumps 

-

the market.  Another type of heat 
pump for residential applications 

-
ure 1 shows the last twenty years 
of shipments of the air-source heat 
pumps in the U.S. [2]. The annual 
shipment of heat pumps was more 
than doubled from mid-90s until 
the U.S. economy had its downturn 

-

as well.

was primarily focused on improv-

-
 

-

-

but also on new applications and 

Topical article

Figure 1: Historical shipments data for U.S. air-source heat pumps. Source: Air-
Conditioning, Heating, and Refrigeration (AHRI) website [2] 

Figure 2: Historical SEER for unitary heat pumps sold in U.S. Source: AHRI website [2]
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Non-topical article

U.S. research activities on heat pump 

 

Heat pump systems 

and private companies.  These re-
-

-

Topical article

Advanced Variable-Speed Air 
Source Integrated Heat Pump 

-

develop a fully variable speed ver-

the U.S. market. The IHP includes 

-
 

dissipates heat to the water in the 
water heater tank and the outdoor 

of the two. This process will be real-
-

-
quirement [5].

-
-

ciency systems. An initial labora-
tory prototype was built and tested.  
The test result demonstrated an ap-

-
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Columnist continued Non-topical article

Heat Pump for Cold Climates 
The low ambient temperature in 

density at the compressor suction 

to a decrease of the capacity of a 

system will need backup heat in cold 
-

pre-compressors that will enable ef-

in the coldest U.S. climates without 

Multi-Function Fuel-Fired Heat 
Pump 

-

a residential multi-function fuel-

heat pump is equipped with a natu-
 

waste heat recovery for space heat-
-
-

would supply all the power for an-

demand. 

would deliver an annual primary en-

respectively  compared to separate 

conditioners. The status of these pro-

Topical article

-

Working Fluids
used in vapor compression heat 

-
lated research.

Performance
-

dustry-wide cooperative research 

-

-
-

 

seasonal performance of these low 

-

-

-
mance.

The National Institute of Standards 

an extensive thermodynamic evalu-
-

searchers explored the thermody-
namic performance limits for four 

thermodynamic parameters that 
-
-

-

air-conditioners and heat pumps
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opical article

Safety

-

-

conducted a study to develop scien-

risk assessments for the use of class 
-

tial central air conditioners and heat 

-

of these potential leak scenarios. Al-

-

in residential heat pump systems 

-
-

to evaluate the likelihood of refri-

-

Environmental Impact

-

an excel-based tool to evaluate resi-
-

direct emissions over their lifetime 

-

-

-

 

Summary
-

tivities related to heat pumps in the 

-
tions to improve heat pump system 

-

interest as well.
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Columnist continued opical article
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Non-topical article

Effect of Residential GSHP System Design on 
CO2 Emissions in Sweden

In Sweden residential ground source heat pump systems incorporate auxiliary electric resistance heating. 
-

ity consumption. As the highest heating requirements occur in winter time when a larger fraction of electric-

a parametric study of 121 system designs serving a house in Stockholm. The emissions are estimated using a 
temperature-dependent emissions factor model.

Introduction
systems in Sweden are commonly 

-

provided by an auxiliary electric 
resistance immersion heater. This 

-
vided by electric resistance is rela-
tively small.

2- 
-

be disproportionate to the electric-
ity consumption1

-

emissions are of some interest.

1  To be sure, the actual distribution of 
electrical power generation and resulting 
CO2 emissions depend on many factors - 
plant shutdowns for maintenance, droughts 

Resulting  year-to-year changes in emissions 
can be observed in data we present later in 
the paper. 

2 emissions due to manufac-

distribution of electricity consump-
-

Methodology
This paper extends the results of 
recent research performed by the 

electricity consumption and emis-

 

described below.  A total of 121 com-
binations of borehole depth and heat 

-
mine hourly electricity consumption 
and emissions.  

Heat Pump Model
-

-

tank within the heat pump unit stor-

and the water is heated with hot wa-
-

er features include non-reversible 
-
-

mersion water heater and a user con-
trolled setpoint for internal controls 

Spitler [1].

The heat pump model used here im-

pump does not cover the full capac-

immersion water heater will be used 

loads are met.  This model is a quasi-
steady state model and thus assumes 

-

hour.

GHE Model
in Scandinavia are commonly un-

borehole is typically drilled in hard 
-
-
-

water is protected from surface pol-

Test Cases
-
 

and borehole depth are simulated. 
The heat pump capacity varied from 

and the borehole depths varied from 
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Columnist continued Non-topical article

-
termine the electricity consumption 
and emissions. 

Weather Data
-
-

cal Stockholm weather year from the 

Emissions
-

annual distribution of electricity pro-

2 emissions per kWh are as-

2 per kWh of electricity can 

This is then multiplied by the annual 
electricity consumption to estimate 
the annual emissions.  We refer to 
this approach as the annual emis-
sions factor approach.  

A possible problem with the an-
nual emissions factor approach is 

-
tribution of electricity production 
sources. It seems likely that Swed-

same time as national electricity con-

2 emissions 

the electricity production sources 

we have used typical power source 

monthly distributions of electricity 
production sources obtained from 

-
 

 )9(022.01115.0 +−= TLnEF  

• EF is the monthly emission factor  
2

• T is the monthly mean air tem-

-

from year-to-year with plant main-

2

consider that one of the most com-
prehensive studies to date of emis-

-
 

2 /kWh of electricity pro-
-

2/kWh of electricity 
produced.

Initial Emissions

to the heat pump capacity and bore-

function of heat pump capacity.  The 
-

nent [9] was determined based on 
data provided by the manufacturer.  
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Non-topical article

them by the estimated service life 

-
scribed in [2] and divided by an esti-
mated life of 50 years. [10]. 

Results
Comparisons of all 121 combina-

-

et al. [2] also look at the sensitivity 
of the predictions to the emissions 

-
-
-

-

front – a family of optimal solutions 

of emissions more clearly. The total 
emissions are calculated to include 

the heat pump and borehole compo-
nents and the annual emissions from 
operation of the heat pump. Total 

-
son of emissions of the three base 

the annual emissions and the initial 
-

annual operation emissions decrease 

analysis.

Conclusions
2 emis-

-

Spitler [1] this same combination 

-

illustrated some of the limitations in 

resolution and more accurate source 
-
-

ment of models that could be used 
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Energy Technology  
Perspectives 2014 -  
Harnessing Electricity's  
Potential

Energy Technology Perspectives sits at 

-

system.  

-
-

-

dive into actions needed to support 
deployment of sustainable options 

use consumption.  

-

-

on many key questions about the fu-

• How much will the transforma-

cost?
• Is solar the answer to decarbon-

• -

• -
-

• 
-

lieve?
• 

India? 

evolved into a series that sets out 

-
curity and environmental factors.  

-

Source: 

Energy Technology
Perspectives 2014
Harnessing Electricity’s Potential
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2014

10 – 12 June
The 5th International 
Conference on Heating, 
Ventilating and Air 
Conditioning
ehran  Iran

http //www.h ac-con erence. r/
n e e.asp

18 – 19 June
ATMOsphere America 2014

an ranc sco  A
http //www.atmo.org/e ents. eta ls.
php e ent 23

23 – 25 June
3rd IIR Conference on 
Sustainability and the Cold 
Chain

on on  
http //www. or.org.u / ccc2014

28 June – 2 July
ASHRAE Annual Conference

eattle  A
https //www.ashrae.org/mem ersh p-
-con erences/con erences/2014-
ashrae-annual-con erence 

14 – 17 July
Purdue Conference:
22nd International Compressor 
Engineering Conference

est a a ette  A
https //eng neer ng.pur ue.e u/
Herr c /E ents/2014Con

14 – 17 July
Purdue Conference:
15th International Refrigeration 
and Air Conditioning 
Conference
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https //eng neer ng.pur ue.e u/
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Purdue Conference:
3rd International High 
Performance Buildings 
Conference
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o o  apan

http //www.gran -re2014.org/eng-
con /con erence/ n e .html

31 August – 2 September
11th IIR-Gustav Lorentzen 
Conference on Natural 
Refrigerants
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USA Building Simulation 
Conference
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s mulat on-con erence
 
2 – 3 October
International Conference on 

- Materials and HVAC 
Equipment Technologies

e rut  e anon
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-con erences/con erences/2014-

u l ng- es gn

14 – 16 October
Chillventa
Nurem erg  erman
http //www.ch ll enta. e/en/

15 – 16 October
IGSHPA Technical Conference 
and Expo

alt more  A
http //www. gshpa.o state.e u/con /

19 – 20 November
GeoEner 2014 

a r  pa n
http //www.geoener.es/pages/
geoener-engl sh.html

20 – 21 November
The International Symposium 
on New Refrigerants and 
Environmental Technology 
2014

o e  apan
http //www. ra a.or. p/engl sh/
s mpos um/
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w1 /c p.cg

24 – 27 February
Climatizacion

a r  pa n
http //www. ema.es/ er as/
cl mat ac on/ e ault .html

26 – 28 February
ACREX 2015
Bangalore, India 
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ISH
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ran urt/en/aussteller/w ll ommen.
html
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6th IIR Ammonia and CO2 
Refrigeration Conference

hr  epu l c o  ace on a 
http //www.r 44.com/e ents/

ew/ 1

19 – 24 April
World Geothermal Congress

el ourne  Austral a
http //wgc201 .com.au/ n e .php
 
6 – 8 May
Advanced HVAC and Natural 
Gas Technologies 2015
Riga, Latvia 
Contact  agnese.l c rast na rtu.l  

19 – 21 May
13th IEA Energy Conservation 
through Energy Storage 
Greenstock Conference 2015

e ng  Ch na
http // ea-eces.org/

27 June – 1 July
ASHRAE Annual Conference
Atlanta  A
https //www.ashrae.org/mem ersh p-
-con erences/con erences

16 – 22 August
ICR 2015 – The 24th IIR 
International Congress of 
Refrigeration

o ohama  apan 
http //www. cr201 .org/

In the next Issue
he 11th Heat Pump 

Con erence   
ar et an  Pol c  

Volume 32 - No. 3/2014
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