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•	 The new models, along with the new non-
HVAC	electrical	and	DHW	usage	profiles,	
were	applied	in	the	modified	building	
simulation tools to assess the performance 
of	specific	prototype,	early	market,	and	in	
some cases, hypothetical cogeneration 
devices and applications. The energy-related 
CO2 emissions and primary energy use 
of the small-scale cogeneration devices 
were compared to the energy-related CO2 
emissions and primary energy use that would 
be associated with servicing the houses 
with electricity from the central grid and 
with natural gas boilers and furnaces in four 
countries	for	a	wide	range	of	conditions:	
climate, house thermal characteristics, 
occupant	behaviour,	integration	with	HVAC,	
control	strategies,	etc.	The	findings	from	
these	initial	assessments	are:

•	 The basis of comparisons for small-scale 
cogeneration	devices	must	be	well-defined	
and should consider the current and future 
options for grid supplied electricity as well as 
current high performance and future options 
for space and domestic hot water heating.

•	 Despite the lacklustre performance of 
some current prototype and early-market 
cogeneration devices, the current detailed 
analyses	for	the	building	cases	analyzed	
show	that	when	coupled	to	HVAC	and	
domestic hot water systems, the devices can 
reduce primary energy consumption by up 
to	33%	and	GHG	emissions	by	up	to	23%	
relative to conventional heating technologies 

(condensing	boilers,	furnaces,	DHW	heaters)	
and grid electricity in Europe. In one region of 
Canada,	GHG	emission	reductions	of	up	to	
22% can be achieved, despite higher primary 
energy consumption. 

•	 However,	when	specifically	compared	
with grid electricity where hydroelectric 
and nuclear power generation now form a 
significant	portion	of	the	mix	(e.g.,	the	Swiss	
electricity grid), some of the cogeneration 
cases	analyzed	lead	to	reduced	primary	
energy consumption of 1% to 14%, while 
others show an increase of up to 9%. 
However,	all	cases	lead	to	increased	GHG	
emissions of between 5% to 43%. 

•	 Cogeneration devices with low electrical 
conversion	efficiencies	must	have	very	high	
thermal	conversion	efficiencies	(i.e.,	they	
must recover energy through condensing 
the water vapour in the exhaust gases) 
to compare favourably with conventional 
(condensing) heating technologies and grid 
electricity. 

•	 Another crucial issue in terms of overall 
annual	system	energy	efficiency	is	the	
appropriate	sizing	of	the	residential	
cogeneration device. Preliminary analysis 
indicates	that	for	maximum	efficiency	and	
GHG	emission	reduction,	the	annual	heat	
output of the cogeneration device should be 
in	the	range	of	80%	to	90%	of	the	annual	
building heat demand (the remainder being 
supplied by a back-up heating device).   

Project Outcomes
The Simulation of Building-Integrated Fuel Cell & Other Cogeneration 

http://www.ecbcs.org/annexes/annex58.htm


14 Project Summary Report  |  www.iea-ebc.org

Project Outcomes
EBC Annex 42

http://www.ecbcs.org/annexes/annex58.htm


15Project Summary Report  |  www.iea-ebc.org

Beausoleil-Morrison,	I	(Editor)	(2008),	An	Experimental	and	Simulation-Based	Investigation	of	
the Performance of Small-Scale Fuel Cell and Combustion-Based Cogeneration Devices Serving 
Residential	Buildings:	IEA	ECBCS	Annex	42	Final	Report,	The	Government	of	Canada.

Knight,	I	and	Ugursal,	I	(2005),	Residential	Cogeneration	Systems:	A	Review	of	the	Current	
Technologies, The Government of Canada.

Knight	I.	and	Ribberink	H.,(2007),	European	and	Canadian	non-HVAC	Electric	and	DHW	Load	
Profiles	for	Use	in	Simulating	the	Performance	of	Residential	Cogeneration	Systems.

Kelly	N.,	Beausoleil-Morrison	I.,	(2007)	Specifications	for	Modelling	Fuel	Cell	and	Combustion-
Based Residential Cogeneration Devices within Whole-Building Simulation Programs

Beausoleil-Morrison,	I.	(2007),	Experimental	Investigation	of	Residential	Cogeneration	Devices	and	
Calibration of Annex 42 Models

Beausoleil-Morrison	I	and	Ferguson	A	(2007),	Inter-model	Comparative	Testing	and	Empirical	
Validation	of	Annex	42	Models	for	Residential	Cogeneration	Devices,	The	Government	of	Canada.

Dorer	V.,	(2007),	Review	of	Existing	Residential	Cogeneration	Systems	Performance	Assessments	
and Evaluations

Dorer	V.,	Weber	A.,	(2007),	Methodologies	for	the	Performance	Assessment	of	Residential	
Cogeneration Systems

Dorer	V.,	Weber	A.,	(2008),	Performance	Assessment	of	Residential	Cogeneration	Systems	in	
Switzerland

Ribberink	H.,	Mottillo	M.,		Bourgeois	D.,	(2008),	Performance	Assessment	of	Prototype	Residential	
Cogeneration	Systems	in	Single	Detached	Houses	in	Canada

Arndt	U.,	Mauch	W.,	Muhlbacher	H.,	Tzscheutschler	P.,	Geiger	B.,(2008),	Performance	of	
Residential Cogeneration Systems in Germany

Biagio	Di	Pietra,	(2007),	Performance	Assessment	of	Residential	Cogeneration	Systems	in	Different	
Italian	Climatic	Zones

Sasso	M.,	Roselli	C.,	Sibilio	S.,	Possidente	R.,	(2008),	Performance	Assessment	of	Residential	
Cogeneration Systems in Southern Italy

Further Information

Project Reports

www.iea-ebc.org

The Simulation of Building-Integrated Fuel Cell & Other Cogeneration 

http://www.ecbcs.org/annexes/annex58.htm
http://www.ecbcs.org/annexes/annex58.htm


16 Project Summary Report  |  www.iea-ebc.org

The Simulation of Building-Integrated Fuel Cell & Other Cogeneration 

Category Organisation

Belgium

University	of	Liège	/	Department	of	Electrical	Engineering	and	Computer	
Science

COGEN	Europe

Catholic	University	of	Leuven

Canada

Natural	Resources	Canada	/	CANMET	Energy	Technology	Centre

University	of	Victoria	/	Department	of	Mechanical	Engineering

National	Research	Council/Institute	for	Research	in	Construction

Hydro-Québec/Energy	Technology	Laboratory	(LTE)

Finland Technical	Research	Centre	of	Finland	(VTT)	/	Building	and	Transport

Germany Research Institute for Energy Economy (FfE)

Italy

National	Agency	for	New	Technology,	Energy	and	the	Environment	(ENEA)	

University of Sannio

Second	University	of	Napoli

The	Netherlands Energy	Research	Centre	Netherlands	(ECN)	/	Renewable	Energy	in	the	
Built Environment

Norway
Norwegian	Building	Research	Institute	(NBRI)

Telemark University College

Switzerland

Swiss	Federal	Laboratories	for	Materials	Testing	and	Research	(EMPA)	/	
Building	Technologies	Laboratory

Swiss	Federal	Institute	of	Technology	(EPFL)	/	Laboratory	for	Industrial	
Energy Systems

Hexis	AG	(Hexis)

Siemens	Switzerland	AG	(Siemens)

United Kingdom
Norwegian	Building	Research	Institute	(NBRI)

Telemark University College

USA

Penn State University / Energy Institute

Texas A&M University / Department of Architecture

National	Institute	of	Standards	and	Technology

National	Renewable	Energy	Laboratory

National	Fuel	Cell	Research	Center	of	the	University	of	California-Irvine

Project Participants

http://www.ecbcs.org/annexes/annex58.htm





