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XIX

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 hosting member 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 D was crosscutting work that focused on dissemination 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

39

3 Net ZEB case study buildings, measures and
solution sets
Editors: Laura Aelenei,' David Waldren,?

Authors: Laura Aelenei,! David Waldren,? Daniel Aelenei,® Eduard Cubi,*
Kim Wittchen,® Jun-Tae Kim,®

Contributors: Eike Musall,” Tobias Weiss,® Frangois Garde,? Michael Donn,°
and Aymeric Delmas’"

"Unidade de Energia no Ambiente Construido - UEAC, Laboratdrio Nacional de Energia
e Geologia - LNEG, Estrada do Pago do Lumiar, Edificio Solar XXI, 1649-038 Lisboa,
Portugal

2GROCON, 3 Albert Coates Lane, Melbourne, Victoria 3000, Australia

3Department of Civil Engineering, Faculty of Science and Technology, Universidade
Nova de Lisboa, 2829-516 Caparica, Portugal

“Schulich School of Engineering, University of Calgary, 2500 University Drive NW,
Calgary, Alberta T2N 1N4, Canada

®Danish Building Research Institute, Aalborg University, Dr. Neergaards Vej 15,
2970 Horsholm, Denmark

SDepartment of Architectural Engineering & Graduate Program of Energy Systems
Engineering, Kongju National University, 1223-24 Cheonandae-Ro, Cheonan,
Chungnam Province 31080, Republic of Korea

"Bergische Universitat Wuppertal, Faculty of Architecture, Building physics and
technical services, Haspeler StralBe 27, D - 42285 Wuppertal, Germany

8AEE INTEC, Feldgasse 19, 8200 Gleisdorf, Austria

9PIMENT Laboratory, Université de La Réunion, Campus universitaire Sud, 117 rue
Géncéral Ailleret, 97430 Le Tampon, La Réunion, France

"OVictoria University of Wellington School of Architecture, PO Box 600, 139 Vivian St.,

Wellington, New Zealand
""PIMENT Laboratory, Université de La Réunion, Campus universitaire Sud, 117 rue
Géneéral Ailleret, 97430 Le Tampon, La Réunion, France

3.1 Introduction

In this chapter, the data (buildings and measures) gathered from the Task 40 Net Zero
Energy Solar Buildings Research Project is presented with detailed descriptions and
summaries. As discussed in Chapter 2, the thirty case study buildings are partitioned into
five groups by Climate and Building type (See Table 3.6). The measures deployed by
these buildings are grouped by Building Requirement and this is not a strict partitioning
as it is common that one measure contributes to meeting more than one requirement
(e.g., BIPV/T deployed to address Electricity and Heating requirements). The case
studies of the IEA SHC Task 40/EBC Annex 52 are portioned into groupings according
to building types, climate efficiency measures.

The presentation begins with a summary description of the Case Study Buildings of this
project including the selection criteria and geographic distribution. After this descrip-

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



40 3 Net ZEB case study buildings, measures and solution sets

tion, the thirty buildings are listed in two tables (Residential and Non-Residential)
including size and energy data.

The bulk of this chapter consists of descriptions of each measure in the context of
example Case Study building implementation. This measure presentation is organized
by measure category (Passive, Energy Efficiency, Renewable Energy) and Building
Requirement. Pictures of example building implementations are included.

The chapter closes with summaries of all measures adopted by all Case Study buildings.
Frequency histograms of measure counts of each Building-Climate Partition are
presented in two figures (Residential and Non-Residential buildings). These histograms
enable the reader to determine characteristics about these buildings such as: “What are
the most deployed Passive Measures adopted by Residential Case Study Buildings in a
Heating Climate?” Finally, the Measure Summary Matrices are presented. A matrix for
each Building-Climate Partition lists all measures adopted by each building in the
partition, organized by Building Requirements and the three Measure Categories. From
these matrices it is possible for the reader to extract Solution Sets such as “The set of all
measures adopted by all Residential Buildings in a Heating Climate.” The same set for
individual buildings can also be extracted.

Table summary

— Section 3.2. Tables 3.1 and 3.2: High-level description of all buildings.

— Section 3.3. Table 3.3: Generic listing of all measures adopted by all buildings
organized by Building Requirement and Measure Categories (Passive, Energy
Efficiency, Renewable Energy).

— Section 3.5. Figures 3.29 and 3.30: Histograms of measure counts of Building—
Climate Partitions organized by Measure Category.

— Section 3.5. Tables 3.7, through 3.11: Measure listings of all buildings with one table
per Building—Climate Partition organized by Measure Category and Building
Requirement. Solution Sets and individual building measure sets can be determined
here.

3.2 The case study buildings

The database of thirty case study buildings was established to enable analysis of
approaches to Net ZEB design and performance. These buildings are located in many
IEA member countries and feature technologies and approaches that are relevant to
current and future building projects. An overview of the case study buildings is
presented in this section, including physical and energy characteristics. Later in the
chapter the projects are described in the context of Net ZEB measures and the
methodology set out in Chapter 2. First a description is given of how the database
was established and the nature of the information that has been gathered.

Nearly 400 projects worldwide were identified by the participant building project
leaders that are claimed to have been constructed to high performance or Nearly Zero
Energy, Net Zero Energy or Plus Energy status. The location and other information
pertaining to these 400 projects can be seen on a map shown at this web page:
http://batchgeo.com/map/net-zero-energy-buildings. The research information was
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gathered from literature; reports from building owners and design teams; and from
scientists who undertook performance measurements (or related research) of these
buildings.

The database of Case Study buildings compiled for this book was developed with the
aim of compiling a group of exemplar buildings that design teams can use as an
information source of new building techniques. The selection criteria included: (i) a
building must be fundamentally or nearly Net Zero Energy, meaning it includes its own
energy generation and (ii) a building must be connected to local energy grids (not energy
autonomous or off-grid buildings, see chapter 2). Another significant requirement is that
by the end of the project, data was available on measured energy use and energy
production in the building. The selected buildings should not just present the hopes of
the design teams; the goal was to provide the performance analysis in relation to the
building design features. The energy performance of the Case Study buildings is
presented in Table 3.1 and compared in Figures 5.1 and 5.2.

A further critical factor in the building selection was that the energy demand of these
buildings should be at most 50% of the energy use of a similar building designed to code
in the same climate. This selection criterion ensures that the Case Study buildings are
genuinely high performance. The basis of this criterion is the presumption that the ideal
Net ZEB design minimizes the energy load so that the energy production system needed
to meet this load is not impractically large.

Using this selection criteria, approximately forty buildings were identified and over
the course of the project, this reduced to thirty due to practical difficulties related to
data availability. As a result of the selection criteria and process, the database is a
somewhat random collection of interesting buildings. Each provides an insight into
Net ZEB performance. The map in Figure 3.1 shows the geographic locations of these
buildings.

As shown in Figure 3.1, the majority of the Case Study buildings (23 of 30) are located
in Continental Europe including all but two Canadian Residential buildings. Triangle
icons mark the locations of Non-Residential buildings, with all Non-Residential
Buildings in Cooling climates, located outside of Continental Europe.

3.2.1 Residential buildings

There are twelve residential Case Study buildings (ten in Europe and two in Canada)
located in two climate types: (i) Heating and (ii) Heating and Cooling. Residential
buildings include both single dwellings and multi-unit types. These buildings generally
have only one or two levels. Kleechaeuser is the exception being an apartment building
having a mix of three and five levels.

The twelve residential Case Study buildings are listed in Table 3.1 including general
information and energy performance data: primary energy consumption, generation and
balance. In Chapter 5, the target (design) energy performance and the measured
performance are compared and discussed. Five buildings are located in a Heating
Climate and seven buildings are located in a Heating and Cooling Climate. There was no
building located in a Cooling climate available for study that met the selection criteria.



3 Net ZEB case study buildings, measures and solution sets

42

AuBuLIdL
‘3INqQRI “IISNIBYII
Uy OIY
(syusuntede) SaID)
00 v— 00°8¥1 00CST [eNUopISoY pue gowrwioy ( 900¢ 0Tse
00C¢ 00°¢68 00°¢9 [eNUSPISOY | IPRNIIV-Z19S | LOOT Sle
epeuR)
‘BLRQIY ‘O[epIaAry
PY1
doysyiop pue
0Svi— 09°6¢ 0T'vy [enUopISoy oIpmg Jeiqey ved
epeur)
‘aeunse] ‘LI 0
Syve— GE9l 8°0S [eNUopISoY 1yon3oN esejN | 800C 0€¢
s3urppmg [enuapISNY djew|) Suped
EQ%.NEEBV: HE@%.NEE\SM_ Tmo\n.NEE\Sﬁ odA ], 10IYIIY Teox | [w] eore Surpring
Jouereqg UOT)RIOUAD) uonduwnsuo) I00[ 1N
A31oug Arewq | ASioug Arewq | ASioug Arewng

"sonsusloeIeyd ABlsus sBuip|ing [enuspisey L' ajqeL



43

3.2 The case study buildings

(ponunuo))

ugiso( Surpyng
Jo K1oye1oqe ]

A[e)] ‘omsadLL],
snoy A319Ud 0197

[/1[310ABS
19°9¢— 86161 65881 [eNUSPISIY Opreury | 0I0¢ 8LE
s3uipping [enuapIsay dpeun|) Surjoo) pue Junesy
BLISNY ‘ZIOA\
SISNOY ASaduy snid
(sesnoy
Aqrurey
Q[3urs) 1933ouaey]
68°0C 01°0ST 16°6¢C1 [eNUapISoY olong Y21y | 900¢ 9¢8 el A
AueuLg ‘SanqR.a
‘1qIBIYOS we
JUIUR[Y)IS ASIduy Snid
(sesnoy —
Arurey
Q[3uIs) | anpyeyyoryIe[os
00CL 00Tyl 00°0L [eNUoPISoy UosI JI0Y | 900¢ 068L
PUBLIRZIIMS
‘neuudy ‘q JIamiyersy
(syuounrede) 3e
086 08'Ly 00'8¢ [enuepIsay | INP[RIYdIE qeIs | 600T covl




3 Net ZEB case study buildings, measures and solution sets

44

uery 9s3dae) HSHI

(syuounaede) B[[IA QWA
00°LS 00°8ST 00101 [eNUSpPISOY -hsened ‘N | 110C elL
b AtdiiniET|
‘dnaysee ], ‘X3 JA3.19u7]
S109)IYOTY
SuQsIe|
00°81 0€°801 0€°06 [eNUoPISoY Sutuudy | 600C 91¢
A
‘BI0SOY ‘Isnoyjed|
mozzewey
veoee— 00°8¢C1 YTIS1 [EUoPISOY 0dyIded Y21V | 800C LLY
Sves — ayoadsy
OIORIOH ‘S10)d
ydoisty)
YT 81— 9619 08'6L [eNUIPISoY ‘deqeS ueor 9%
Tmo%.NEE A1 Tmo%.NEE A1 Tmo%.NEE A1 adA, 10911y TeoX | [,w] eore Surpying
ouereqg UuoneIUAD) uondwnsuo)) 1007} 19N
A31oug Arewilg | ASioug Arewd | A31oug Arewng
(penupuoy) |'g alqelL



3.2 The case study buildings 45

5 m Residential / Heating
/"5 w Residential /
Heating & Cooling
\ 5 A Non-Residential /
X Heating
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Figure 3.1 World map illustrating STC Database: 30 Net ZEBs by building and climate type. Totals
for Continental Europe are shown. The three pictures are the Net ZEBs located in tropical climates:
ENERPOS (left) and llet du Center (middle) in Reunion Island, Saint-Pierre and BCA Academy in
Singapore (right).

3.2.2 Non-residential buildings

The eighteen non-residential Case Study buildings are located in three climate types:
Cooling Climate (four buildings), Heating Climate (five buildings) and Heating and
Cooling Climate (nine buildings). These buildings include office buildings and educa-
tional facilities. Table 3.2 lists general building information and energy performance
data: primary energy consumption, generation and balance.

Figure 3.2 Leaf house, optimized utilization of solar gains during winter.
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As in the case of residential buildings, these non-residential buildings are very high
energy performance buildings with claims to be Net ZEB or nearly Net ZEB. These
buildings range widely in size and scale form the very large Green Offices in France to
the modest Villach Offices in Austria. Building heights vary from 2-3 levels to multi-
story buildings and the building form ranges from rectilinear floor plates to cylindrical
floors and combinations of these.

3.3 Net ZEB measures

This section presents a list of all measures adopted by the Case Study buildings in the
Net ZEB database as a summary table (Table 3.3). As this list is based on the Case Study
buildings, it should not be considered an exhaustive list of possible means to obtain Net
ZEB status. As technology advances and Net ZEB design concepts evolve, other
solutions will develop. It is also worth noting that changes to the energy grid will have an
impact on the amount of renewable energy required on site to off-set energy required to
run the building from the grid. Regardless, the need to apply passive and energy
efficiency measures will always be a high priority in Net ZEB design.

Table 3.3 Measure Summary (categories: PA - Passive, EE - Energy Efficiency, RE - Renewable
Energy).

BUILDING PA PA EE RE
REQUIREMENT Icon Measure Icon EE Measure Icon RE Measure
Heating Passive 1 Radiant Solar
Solar Heat i Heating Thermal
Gain s
Mechanical Biomass
LIRS Air Heat &- Fired Boilers
' Recovery —
L‘. Biomass
o Powered
e | b
Heating and Optimized [ UFAD Geothermal
Cooling (10 Building s Displacement
(el e N el
@ Advanced
Envelope
@ Advanced Heat Pump
‘I‘ Glazing \PW
Thermal
I Mass
o The‘rmal
zoning

(Continued)
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Table 3.3 (Continued)
BUILDING PA PA EE RE
REQUIREMENT Icon Measure Icon EE Measure Icon RE Measure
Cooling Natural e Radiant
|@’ Ventilation ERE Cooling
Site
Q@Q Vegetation
"; Sun
f« ] Shading
Ground —— Ceiling Fans/
ﬂﬁ';@ Cooling Evaporative
e o Cooling
Lighting 0 Skylights Advanced
% Lighting
" Control
Solar Energy
Tubes Efficient
‘Solar Tubes Eneray Eficient Lighining Lighting
Plug Loads Load
Management
Efficient
Household
Appliances
Efficient
Office
Equipment
Domestic Heat Hot Water Solar
Water Heat Thermal
ot Vo Recovery
Biomass

1

Use of Blomass

Fired Boilers

Biomass
; powered

CHP

Geothermal

Geothermal Heat
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Table 3.3 (Continued)

BUILDING PA PA EE RE
REQUIREMENT Icon Measure Icon EE Measure Icon RE Measure
Electricity N Photovoltaics
Wind
| Turbine
h Biomass
] | Powered
w=roor | b

The measures of Table 3.3 are organized by building requirement (e.g., lighting) and
include measures from the three measure categories. This provides the reader with a
generalized Solution Set of measures that address Building Requirements without
regard to Climate and Building Type. Individual Solution Sets, specific to a Building-
Climate and Building Requirement combination, can be extracted from the tables
presented in Section 3.5.

The Case Study buildings illustrate that in order to approach or attain Net ZEB status,
multiple building requirements need to be met by implementing various measures. In
Section 3.4 each measure is discussed in the context of example implementations at
Case Study buildings.

As previously discussed, Net ZEB or near Net ZEB performance is always a result of the
combination of various measures implemented and working together in a building.
Building requirements are met by Passive Measures to reduce the space energy
demands, Energy Efficient Measures reduce the user demand (be it for direct use
via plug loads or indirect use for example, heating) and Renewable Energy Measures
(systems) are then used for energy generation to balance the overall demand. Never-
theless it is beneficial to discuss each particular measure in the context of the Case Study
buildings.

34 Net ZEB measures in case study buildings

The measure descriptions are organized by Measure Category (Passive, Energy
Efficiency and Renewable Energy) and Building Requirement (e.g., lighting) and
include implementation examples from the Case Study buildings.

Many measures have been adopted by both Residential and Non-residential Case Study
buildings. For example, Passive Strategies are the usual starting point for designers and
as they are equally applicable for residential and non-residential buildings, there is
extensive overlap between these uses. However, as the scale of the buildings increases
so too does the magnitude of the external envelope requirements, resulting in other
Strategies or Measures carrying a greater responsibility for performance outcomes.
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