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Foreword

This work was produced in the context of a joint collaboration between approximately
75 national experts from 19 nations in Europe, North America, Oceania, and Southeast
Asia of the International Energy Agency (IEA), under the framework of the IEA Solar
Heating and Cooling (SHC) and Energy in Buildings and Communities (EBC)
Technology Collaboration Programs. The joint SHC Task 40/EBC Annex 52
(T40A52) “Towards Net-Zero Energy Solar Buildings” sought to study current net-
zero, near-net-zero and very low energy buildings and to develop a common under
standing of a harmonized international definitions framework, tools, innovative solu
tions, and industry guidelines to support the conversion of the Net ZEB concept from an
idea into practical reality in the marketplace. This Task/Annex pursued optimal
integrated design solutions that provided good indoor environment for both heating
and cooling situations. The process recognized the importance of optimizing a design to
meet the functional requirement, reducing loads, and designing energy systems that
pave the way for seamless incorporation of renewable energy innovations, as they
become cost effective. To achieve these results, the National Experts met twice annually
at a hostingmember country to coordinate the R&D activities and advance the work plan
comprised of the following four major activities:

1)	 Subtask A dealt with establishing an internationally agreed understanding on Net
ZEBs based on a common methodology. This was done by reviewing and analyzing
existing Net ZEB definitions and data with respect to the demand and the supply side;
studying grid interaction (power/heating/cooling) and time-dependent energy mis
match analysis; developing a harmonized international definition framework for the
Net ZEB concepts considering large-scale implications, exergy, and credits for grid
interaction (power/heating/cooling); and, developing a monitoring, verification and
compliance guide for checking the annual balance in practice (energy, emissions,
and costs) harmonized with the definition;

2)	 Subtask B aimed to identify and refine design approaches and tools to support
industry adoption. This was done by conducting work along four major R&D
streams: (i) in documenting and analyzing processes and tools currently being used
to design Net ZEBs and under development by participating countries; (ii) assessing
gaps, needs, and problems to inform simulation engine and detailed design tool
developers of priorities for Net ZEBs; (iii) qualitative and quantitative benchmarking
of selected tools; and (iv) selecting four case study buildings to conduct a detailed
analysis of simulated/designed vs. actual performance, and proposing the redesign/
optimization of these buildings;

3)	 Subtask C focused on developing and testing innovative, whole building net-zero
solution sets for cold, moderate, and hot climates with exemplary architecture and
technologies that would be the basis for demonstration projects and international
collaboration. This was achieved by documenting and analyzing current Net ZEBs
designs and technologies, benchmarking with near Net ZEBs and other very low
energy buildings (new and existing), for cold, moderate, and hot climates consider
ing sustainability, economy, and future prospects using a projects database, literature
review, and practitioner input (workshops); developing and assessing case studies
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and demonstration projects in close cooperation with practitioners; investigating
advanced integrated design concepts and technologies in support of the case studies,
demonstration projects, and solution sets; and developing Net ZEB solution sets and
guidelines with respect to building types and climate, and to document design
options in terms of market application;

4)	 Subtask Dwas crosscuttingwork that focused ondissemination to support knowledge
transfer and market adoption of Net ZEBs on a national and international level. This
was accomplished by establishing a Net ZEB web page within the IEA SHC/EBC
Programmes’ framework and a database that can be expanded and updated with the
latest projects and experiences; transferring the outputs (reports, sourcebooks, guide
lines, other) to national policy groups, industry associations, utilities, academia, and
funding programs; participating in national and international workshop, seminars, and
industry exhibitions highlighting the results and activities of the Task/Annex con
tributing high-quality technical articles and features in journals to stimulate market
adoption; and, establishing an education network of highly qualified people that will
continue the work in the field in their future endeavors.

I am pleased to present the research results of Subtask C compiled in this volume of
work entitled “Solution Sets from Net Zero Energy Buildings: Feedback from 30 Net
ZEBs worldwide” as a major accomplishment in this field of research. Building energy
design is currently going through a period of major changes driven largely by three key
factors and related technological developments: (i) the increasingly widespread adop
tion in most OECD member countries and by influential engineering societies, such as
ASHRAE, of net-zero energy as a long-term goal for new buildings; (ii) the need to
reduce the peak electricity demand for buildings through optimal operation; and (iii) the
need to efficiently integrate advanced energy technologies into buildings, such as
photovoltaic/thermal systems, windows with semitransparent photovoltaic glazing,
controlled shading/daylighting devices, and integrated thermal storage. This body of
work encapsulates the many and varied lessons learned of designing, building and
operating net-zero energy buildings by government research organizations, international
and regional research centers, academia, and industry. I am confident this book will find
many interested readers.

Josef Ayoub
Former Operating Agent, IEA SHC Task 40/EBC Annex 52
Senior Planning Advisor, Energy Science & Technology
CanmetENERGY | Natural Resources Canada | Government of Canada
www.task40.iea-shc
E-mail: josef.ayoub@Canada.ca

http://www.task40.iea-shc


XXI

Acknowledgments

François Garde: The work and the participation of the French experts in the IEA SHC
Task40 EBC Annex 52 was entirely funded by ADEME (the French Environment and
EnergyManagement Agency). The French participants would like to thank ADEME for
its financial support and in particular Pierre Hérant, Head of the Building Department of
ADEME and Executive Committee Member of the International Energy Agency.

Josef Ayoub: The Government of Canada provided partial funding for this work under
two major programs: the Program of Energy Research and Development (PERD), a
federal inter-departmental program operated by the Department of Natural Resources
Canada, supported the position of the Operating Agent for five years to coordinate the
work and lead this international network of researchers; and the recently ended Canada’s
Climate Change Action Plan EcoENERGY Innovation Initiative (EcoEII), aimed at
supporting energy technology innovation to produce and use cleaner energy more
efficiently. Both the PERD and the EcoEII programs funded the R&D work and the
participation of all National experts from Canada in the IEA SHC Task 40 EBC
Annex 52.

Laura Aelenei: The National Laboratory of Energy and Geology supported the work
and participation of this National expert in the IEA SHC Task 40 EBC Annex 52.
Laura Aelenei thanks in particular the Director of Energy Laboratory, Doctor Helder
Gonçalves for his permanent support and encouragement to accomplish this work.

Daniel Aelenei: The research reported in this publication was supported by the
Universidade Nova de Lisboa from the Faculty of Science and Technology research
scheme.

Alessandra Scognamiglio: The participation of ENEA in the IEA SHC-EBC Task 40
Annex 52 was funded by the national programme « Ricerca di sistema elettrico ».

The editors would also like to thankMr. Gerald Parnis, Research Associate at Center for
Zero Energy Building Studies at Concordia University in Montreal, Quebec Canada, for
his exhaustive input as the production editor of this work.





1

1 Introduction
François Garde,1 Michael Donn,2 and Josef Ayoub3

1PIMENT Laboratory, Université de La Réunion, Campus universitaire Sud, 117 rue
Général Ailleret, 97430 Le Tampon, La Réunion, France

2Victoria University of Wellington School of Architecture, PO Box 600, 139 Vivian St.,
Wellington, New Zealand

3CanmetENERGY/Innovation and Energy Technology Sector, Natural Resources
Canada, 1615 Lionel-Boulet Blvd, Varennes, Quebec J3X 1S6, Canada

1.1 Why another book on net zero energy buildings?

This book is the principal output of a major international research project under the
auspices of the International Energy Agency (IEA) Solar Heating and Cooling (SHC)
and Energy in Buildings and Communities (EBC) Technology Collaborating Programs
joint SHC Task 40/EBC Annex 52: Towards Net Zero Energy Solar Buildings [1]. The
focus of the project was to examine the performance in use of net-zero energy buildings
(Net ZEBs) across the globe in order to understand the strengths and weaknesses of the
design solution sets adopted. The fundamental contribution of the part of the project
described in these pages was this examination of many different built and functioning
buildings and the general lessons about Net ZEBs that can be drawn.

At heart therefore, this book is an examination of 30 case studies. These projects all
aimed to equalize their small annual energy needs, cost-effectively, through building
integrated heating/cooling systems, power generation and interactions with utilities.
These buildings had to meet strict criteria for inclusion in this analysis, beyond merely
being labeled by their designers or promoters as “green” or “energy positive” or “net
zero energy.” The most important among these criteria was the insistence that a
minimum of one full year of metered performance data was available for analysis.
In addition, the research team sought to identify buildings whose architecture and
combinations of technologies formed “solution sets” which could potentially be useful
exemplars for other design teams seeking to build a net-zero energy building.

The world of modern architecture has flirted for the past fifty years with idea of
bioclimatic design and autonomous architecture. Too often these have been one-off
exercises serving only a research agenda, and not integrated into the mainstream of
architecture or society. As such, they have been incredibly useful learning vehicles, but
have found little acceptance outside of a small world of academics and research
scientists. The underlying concept of a Net ZEB is that it should be widely accepted
and it should connect to community and national energy grids.

The buildings in this study, while excellent exemplars, cannot be copied or adopted
without careful analysis of each new design situation. The analysis in this book is
directed to assisting the readers’ understanding of the circumstances of each exemplar
and of their design and performance constraints in order that designers of future Net
ZEBs will not require the same level of fundamental analysis undertaken in these
buildings. The buildings documented here are pioneers in their society or circumstances.

Solution Sets for Net Zero Energy Buildings: Feedback from 30 Net ZEBs worldwide. First Edition.
Edited by François Garde, Josef Ayoub, Daniel Aelenei, Laura Aelenei, and Alessandra Scognamiglio.
© 2017 Ernst & Sohn GmbH & Co. KG. Published 2017 by Ernst & Sohn GmbH & Co. KG.



2 1 Introduction

They incorporate measures and technologies that are at the leading edge of technical
innovation for their time and are all to that extent repeatable. The goal of this book is to
reduce the impression of risk for the new investor. Documenting not just the technology,
but also the success of that technology in real buildings is intended to assist those
investing in new buildings to understand how best to apply the technology themselves.

The book eschews presentation of the data in a catalog of case studies. The approach has
been to examine as carefully as possible the lessons that can be drawn from these
individual cases. The complete case study data collected for the analysis is however
available online in a standardized database format to enable the reader to extract their
own information [2]. No particular building type has been focused on: the list includes
both single family residential and commercial/institutional buildings. It is conventional
in a book of this type to ascribe other broader world-view rationales for the writing. It is
clear for example that this book is arriving at a time when in much of Europe and in the
USA governments are setting or have set ambitious goals for new buildings to be
designed to be net zero energy by 2030: in the USAwithin the Energy Independence and
Security Act of 2007 (EISA 2007) and, at the European level within the “recast”
Directive on Energy Performance of Buildings (EPBD).

The EISA 2007 supports a goal of net-zero energy for all new commercial buildings by
2025 and notes a longer term goal of net-zero for all U.S. commercial buildings by
2050 [3], whereas the EPBD proposes “nearly zero” energy buildings from 2020 for all
new buildings [4]. It is our belief that this book will provide one of the tools to enable
designers to achieve and even exceed these political goals.

It is not our intention to repeat the rationales or catalog government approaches of these
or other government initiatives. Rather, it is anticipated that the reader picked up this
book in the full understanding of this international, and their own local context, and
wants to learn from those who have built what works and what does not work among the
many candidate design techniques and technologies to be found in the many text books
describing Building Physics, Bioclimatic Architecture, or low energy Environmental
Systems Design.

1.2 What is a net zero energy building?

1.2.1 IEA SHC Task 40/EBC Annex52: Towards net zero energy
solar buildings

Over 82 national experts from 19 different countries have been directly involved in this IEA
research collaboration for over a 5-year period (October 2008–September 2013). Their goal
was to support the conversion of the Net ZEB concept from an idea into practical reality in
the marketplace. This source book and the associated datasets provide realistic case studies
of how Net ZEBs can be achieved. Demonstrating and documenting real projects has the
ultimate goal of lowering industry resistance to adoption of these concepts.

The research team examined the many variations on the theme of Net Zero Energy that
could be found in the literature as well as in the different participating countries. The
goal was to discover a common language, and common performance metrics for what at
first seems a simple concept: a Net ZEB is an energy grid-connected building which on
an annual basis contributes as much energy to the grid(s) to which it is connected as it


