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Abstract

The goal of IEA ECBCS Annex 51 Energy Efficient Communities: Case Studies and Strategic
Guidance for Urban Decision Makers is to promote the design of long-term energy conserva-
tion and greenhouse gases (GHG) mitigation strategies, as well as their continuous optimiza-
tion at the communities and/or municipality districts level.

The audience addressed by IEA Annex 51 included urban planners and stakeholders taking
care of financial investments in cities (construction and renovation of buildings, infrastruc-
tures and commercials estates), as well local administrations. Forty-three international ex-
perts, issued from twelve countries of Europe, North America and Asia collaborated for that
purpose in a worldwide research network.

The Swiss contributions to IEA ECBCS Annex 51 were mainly built around the participation
of the Solar Energy and Building Physics Laboratory (LESO-PB) of Ecole Polytechnique
Fédérale de Lausanne (EPFL), essentially focused on SubTasks A and D. A restricted par-
ticipation was planned for the other SubTasks due to the limitation of available funding. The
major part of the knowledge transfer and dissemination to the target group was achieved
through the publication of a GuideBook to a Successful Urban Energy Planning.
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IEA ECBCS Annex 51

Energy Efficient Communities:
Case Studies and Strategic Guidance
for Urban Decision Makers

1. Objectives and Methodology

1.1 Objectives

The goal of IEA ECBCS Annex 51 Energy Efficient Communities: Case Studies and Strategic
Guidance for Urban Decision Makers is to promote the design of long-term energy conserva-
tion and greenhouse gases (GHG) mitigation strategies, as well as their continuous optimiza-

tion at the community and/or municipality district level.

A holistic approach was considered, which includes short-term and long-term measures such
as the generation, supply, transport and use of energy in city districts, in order to achieve an

optimal efficiency for the community. The use of state-of-the-art management methods in-
volving the delegation of responsibilities, marketing and conflicts resolution was also envis-
aged in the approach.

Accordingly, IEA Annex 51 had the following specific objectives, defined in the corresponding

Work plan (cf. www.annex51.org):

To promote an integrated multidisciplinary approach as a basis for providing com-
puter tools, guidelines, recommendations and best-practice case studies for urban
designers and stakeholders;

To enable communities to set-up sustainable and urban energy infrastructure and
specify the actions necessary to reach challenging GHG mitigation targets;

To transfer useful experiences to other communities and enable them to establish
their own proper sustainable strategies to reach the desired mitigation targets.

The audience addressed by IEA Annex 51 includes the urban planners and stakeholders
taking care of financial investments in cities (construction and renovation of buildings, infra-

structures and commercials estates), as well as local administrations. The focus was placed

on the exploration and identification of measures facilitating the implementation of technical
innovations within communities, as well as on their development.

1.2 Methodology

In order to achieve an efficient organization, the IEA Annex 51 was subdivided into four dif-
ferent SubTasks, described as follows:

SubTask A: Methods and Design Tools for Energy Efficient Conversion

SubTask B: Case Studies | - Local Energy Planning for City Quarters or Neighbour-
hoods and Implementation

SubTask C: Case Studies Il - Integrated Energy Planning for Communities and Im-
plementation Strategies

SubTask D: Knowledge Transfer and Dissemination

4/4



Figure 1 gives an overview of the structure of IEA Annex 51 as well as a schematic view of
the expected data and information flows.

Subtask A:
State-of-the-Art

Subtask B: Subtask C:
Case studies Case studies

(community areas) (towns/cities)

\/

Subtask D:
*Guidebook
*C-ECA
*Dissemination

Figure 1: Schematic representation of the data and information flows in IEA Annex 51

IEA Annex 51 was expected to reach the following main achievements over a four years pe-
riod extending from 2009 to 2012:

» State-of-the-art review of planning methods, tools and models for urban energy plan-
ning;

» Description of state-of-the-art energy efficient projects at neighbourhood scale;

* Presentation of case studies involving the use of holistic methods for long-term en-
ergy planning of cities;

* Presentation of case studies and strategic guidance for urban decision makers;

* Implementation of successful urban energy strategies among the targeted
audience of IEA Annex 51 (stakeholders of local administrations, city devel-
opers and urban planners).

According to the usual practice at the International Energy Agency, IEA Annex 51 has been
steered by an Operating Agent, Dr Reinhard Jank from Volkswohnung GmbH in Karls-
ruhe/Germany, as well as four SubTasks leaders. All contact addresses of the hereunder-
listed persons as well as of other national contact persons can be found on the Annex Web-
site (cf. www.annex51.orq).

2. Research Activities

2.1 SubTask A: Methods and Design Tools for Energy Efficient Conversion
Objectives

The objective of SubTask A is to provide a state-of-the-art review of planning methods, tools
and models for urban energy systems, as well as of instruments which are relevant for their
implementation among local administrations, city developers and stakeholders within the

participating countries.

SubTask Leader: Andreas Koch, European Institute for Energy Research (EIFER), France.
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Projects

SubTask A comprised the following main items and research projects:

* Success stories for community energy planning including principles, methods and im-
plementation strategies;

* Review of data acquisition methods and monitoring tools for energy and GHG emis-
sions of municipalities;

» State-of-the-art review of urban energy systems models and tools including conven-
tional planning methods;

* Description of the legal framework for urban energy and climate change policies;

* Comparison and evaluation of approaches in participating countries;

* Evaluation of building related sustainability assessments methods issued from other
IEA Annexes including their transferability at the community level.

Outcomes

The state-of-the-art review is essentially made of two parts. The first one is aiming at a bet-
ter understanding of the existing community energy planning process (i.e. for conventional
projects). The second part relates to a review of modelling tools to support the community
energy planning. This involves two aspects:

* For the short term, existing tools were reviewed, so that recommendations can be
made for the selection of the most appropriate tools for particular type of energy mod-
elling problems;

* For alonger term, potential users’ requirements of an “ideal” community energy model-
ling tool were defined and used to inform future research and development activities in
order to insure that future tools meet users’ requirements.

2.2 SubTask B: Case Studies I - Local Energy Planning for City Quarters or
Neighbourhoods and Implementation

Objectives
The objective of SubTask B is to document and evaluate district refurbishment projects, new
settlements or a combination of both. Energy planning projects, which have been initiated
within cities in 2009 and/or completed during the duration of IEA Annex 51, were considered;
in both cases, technical innovations and novel methodological approaches are subject of
planning and implementation.
SubTask Leader: Prof. Dr Bahram Moshfegh, Linkdping University, Sweden.
Projects
SubTask B comprised the following main items and research projects:

* Integration of long-term concepts for energy efficient neighbourhoods and city dis-

tricts;

* Planning and development of new sustainable settlements.
Outcomes
The purpose of SubTask B is to document and evaluate the effectiveness of case studies,

which demonstrate an innovative community energy planning process and/or innovative
technologies; both should have ambitious targets regarding the net energy demand of neigh-
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bourhoods and city districts. These small-to-medium scale projects were either in the plan-
ning stage or in the implementation stage in order to represent the real state-of-the-art at the
time at which results were published.

2.3 SubTask C: Case Studies Il - Integrated Energy Planning for Communities and
Implementation Strategies
Objectives
The objective of SubTask C is to document methods and tools for long-term energy planning
of cities and towns settlements. The goal it so initiate the necessary transition process in the
different fields that are affected by the implementation strategy.
SubTask Leader: Jacques Kimman, SenterNovem, The Netherlands.
Projects
SubTask C comprised the following main items and research projects:
* Implementation of energy demand and performance evaluation methods of decentral-
ized energy systems over whole cities in the framework of case studies;
* Development of urban planning methods and tools for optimal combination of meas-
ures aiming at long-term energy consumption targets;
* Development of tools for monitoring of energy and GHG emissions at the city level;
* Development of decision methods and tools supporting stakeholders for implementa-
tion of long-term urban energy strategies.
Outcomes
SubTask C is aiming at the understanding of the effectiveness of citywide strategies for miti-
gation of net energy demand and GHG emissions. The available predictive tools, with which
alternate strategies may be evaluated, as well as the tools and techniques available for
measuring the effectiveness of adopted strategies, were considered.
2.4 SubTask D: Knowledge Transfer and Dissemination

Objectives

The main objective of SubTask D is to set-up the instruments and means that are necessary
to enable the target group to establish and implement successful urban design strategies.

SubTask Leader: Heike Erhorn-Kluttig, Fraunhofer Gesellschaft Stuttgart, Germany.

Projects

The objectives have been addressed through the following main items and projects:
* Elaboration of recommendations for a successful Urban Energy Planning;

* Design and set-up of a District Energy Concept Adviser;
* Dissemination of IEA Annex 51 results.
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Outcomes

The expected outcomes of SubTask D are threefold, comprising: i) a Guidebook to a Suc-
cessful Urban Energy Planning, which synthesizes in a practical way the results of SubTask
A, B and C and targets local experts and urban planners, ii) a new strategic community en-
ergy planning tool for the scale of neighbourhoods and districts, as well as iii) the dissemina-
tion of these outcomes to the target group.

3. Swiss Contributions to IEA Annex 51

The Swiss contributions to IEA Annex 51 were mainly built around the participation of LESO-
PB/EPFL, whose involvement was essentially focused on SubTasks A and D. Although a
minimal participation was also planned for SubTasks B and C, funding limitations impeded
further contributions to be brought to the Annex. This was partly compounded by the move of
Darren Robinson to University of Nottingham (UK) in October 2011, following his promotion
as Full Professor, which contributed also to disrupt the running of several urban projects in
relation with Annex 51.

3.1 Contribution to SubTask A

A standardized methodology for documentation and evaluation of case studies, issued from
a study tour of exemplary sustainable community projects in Northern Europe undertaken by
Darren Robinson, was brought to IEA Annex 51. The methodology, which includes structured
interviews and questionnaires, was made available to the Annex team in order to respond to
its specific objectives.

This methodology was adapted by the SubTask coordinator as a basis for cataloguing ex-
emplary case studies at the scale of the urban neighbourhood. Using this new methodology
the LESO-PB/EPFL catalogued the EcoParc neighbourhood in the city of Neuchétel. This
involved documenting:

* The development and its energy concepts;
* The energy and environmental performance analyses that were undertaken;
* The political and financial landscape in which the project was developed.

Addressing this also involved completing a series of structured interviews.

3.2 Contribution to SubTask B

It was initially planned and agreed that the City of Lausanne’s Métamorphose project would
form the basis of the LESO-PB/EPFL contribution to this SubTask. But as the Annex pro-
gressed it became apparent that the timings of that project and of the Annex were incompat-
ible, the project lagging too far behind the latter. It was eventually decided that Switzerland
should be exempted from contributing a Case Study to SubTask B. Nevertheless, useful
methodological contributions were made.

3.3 Contribution to SubTask C

As part of the SNSF research project An investigation of strategies leading to a 2000W City
based on a bottom-up model of urban energy flows, the LESO-PB/EPFL has been working
closely with the municipality of the City of Zurich to inform the development of its initial model
as well as to define the scenarios to be tested by it (cf. Figures 2 and 3).
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Figure 2: Simulated heating and cooling demand of the buildings in the Alt-Wiedikon
neighbourhood, relative to the housing, office and commercial surfaces (continuous
scale). Buildings without treated floor area are not included.
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Figure 3: Simulated heating and cooling demand of the buildings for the scenario. Insulated
buildings are represented with a grey border.

As part of this simulation exercise, the energy planning activities of the City of Zirich in pur-
suance of its “Energiestadt® Gold” Award, as well as its plans in pursuance of the achieve-
ment of 2kW City status, were documented. This work, which is also described in a paper
presented at WREC 2011, was made available as a contribution to SubTask C Case Studies.

3.4 Contribution to SubTask D

As for each partner of Annex 51, the Swiss contribution to knowledge transfer and dissemi-
nation of results, originally planned in SubTask D, was indirectly made through the contribu-
tions to SubTasks A to C. Comments on drafts, as well as the writing of a chapter of the
Guidebook to Successful Urban Energy Planning coordinated by Darren Robinson, made up
the most significant part of the Swiss contribution to SubTask D.

Within this context, a review of existing community energy planning tools, elaborated for the
book Computer Modelling of Sustainable Urban Design published in 2012 by Earthscan
Press, was also made available for Annex 51. Their detailed description was used to assist
with the formulation of a consistent methodology for the evaluation of existing tools, consider-
ing their functionality, usability and fitness for purpose.
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These actions were completed by the design and development of two Web-based question-

naires, one destined to the developers and the other to the users of urban modelling software

accessible at http://leso.epfl.ch/frmusers. A part of the latter is illustrated in Figure 4.

Account  Exit the questionnary

Questionnary

Part A : Desired Functionality (features of your ideal urban modelling software)

M 1 Scope of model : [Climate + ressource flow modelling]
1.1 Urban climate

Radiation exchange; cumulative irradiation (solar collector viability)

Unnecessary O Essential
Temperature field

Unnecessary @ Essential
Velocity field

Unnecessary ° Essential
Pedestrians’ (wind) comfort

Unnecessary O Essential
Pedestrians’ (thermal) comfort

Unnecessary ° Essential
Pedestrians’ movement

Unnecessary O Essential
Other:

Unnecessary Essential

1]1213]4]|5|6]7]8]9]10]11 |12 | Next page

Copyright © 2011 epfl.ch. All rights reserved.

Figure 4: Web-based questionnaire disseminated to the target group of IEA Annex 51

The main aims of the analysis of returns from these questionnaires were to provide a basis
for users to select the software best adapted to their needs and also to define the require-

ments of an “ideal” urban modelling tool; this is essentially a requirements specification for
future urban modelling tool development efforts.

This was complemented by the completion of a questionnaire describing the legal, financial
and planning instruments employed in Switzerland, prepared by Planair SA Ingénieurs-
conseil under sub-contract to the LESO-PB/EPFL for another Chapter of the Guide Book.
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4. Conclusion and Outlook

The IEA ECBCS Annex 51 is seeking to promote the design of long-term urban energy con-
servation and greenhouse gases mitigation strategies, as well as their continuous optimiza-
tion at the communities and/or municipality districts level.

Forty-three international experts, issued from twelve countries of Europe, North America and
Asia collaborated for that purpose in a worldwide research network (cf. List of participants,
www.annex51.org). The major part of the knowledge transfer and dissemination to the target
group was achieved through the publication of a Guide Book.

IEA Annex 51, extending over the period of the years 2009 — 2012, was subdivided into four
different SubTasks:

* SubTask A: Methods and Design Tools for Energy Efficient Conversion

* SubTask B: Case Studies | - Local Energy Planning for City Quarters or Neighbour-
hoods and Implementation

* SubTask C: Case Studies Il - Integrated Energy Planning for Communities and Im-
plementation Strategies

* SubTask D: Knowledge Transfer and Dissemination

The Swiss contributions to IEA Annex 51 were mainly built around the participation of the
Solar Energy and Building Physics Laboratory (LESO-PB) of Ecole Polytechnique Fédérale
de Lausanne (EPFL), essentially focused on SubTasks A and D.

The contribution to SubTask A related mainly to the development of a standardized method-
ology for documentation and evaluation of case studies, based on results from recent re-
search conducted at the LESO-PB/EPFL, as well as the application of this methodology to
document the EcoParc project in Neuchatel.

SubTask B benefited from a minor methodological contribution with respect to the documen-
tation of larger scale case studies.

The case study of the City of Zurich was presented as exemplary practice for SubTask C in

medium and far range city-scale energy planning. This also benefited from work conducted

as part of the SNSF Project An investigation of strategies leading to a 2000W City based on
a bottom-up model of urban energy flows.

The contribution to SubTask D required the largest efforts and dedicated manpower in com-
parison to the other SubTasks. This is mainly linked to the publication of a GuideBook, which
represents the main knowledge transfer and results dissemination instrument of Annex 51.

As part of this effort a Web-based questionnaire was designed and developed to support the
evaluation of modelling tools’ fithess for purpose and the requirements for the next tools
generation. In addition, existing literature on urban energy and environmental modelling tools
was also reviewed; this benefitting from the editing of the book Computer Modelling for Sus-
tainable Urban Design by Darren Robinson.

Three key issues, requiring further research to accomplish substantial energy savings in
urban sites, were identified for that purpose within IEA Annex 51:

* To promote an integrated multidisciplinary approach as a basis for providing com-
puter tools, guidelines, recommendations and best-practice case studies for urban

designers and stakeholders;
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* To enable communities to set-up sustainable reliable urban energy infrastructures
and specify the proper actions necessary to reach challenging GHG mitigation tar-
gets;

* To transfer useful experiences to other communities and enable them establishing
their own proper sustainable strategies to reach the desired targets.

These issues will be hopefully addressed by upcoming national and international dissemina-
tion and technology transfer platforms imbedded within novel sustainable urban policies.
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