
Index

A
active solar energy usage 107. see also

photovoltaics, solar thermal
advanced envelope 65
aesthetics
– sustainable 142
air
– heat recovery, mechanical 73
– natural flows 27
– temperature, indoor 171
air source heat pumps (ASHP) 75
Alberta, Canada
– Riverdale 42, 183
amorphous silicon PV 125
architects
– priorities 3
– role in building design 114
architectural design 104
architectural structures (typologies) 135
ASHRAE GreenGuide 27
asymmetrical weighting factors 11
automation 7, 209
autonomous architecture 1
A/V ratio 138

B
balance boundaries 10, 111
Barcelona, Spain
– Case Study building 42
basic satisfaction survey 173
Beijing, China
– SIEEB 120
benchmark
– user surveys 177
Bennau, Switzerland
– Kraftwerk B 42
bioclimatic design 1
biomass fired boilers 103
biomass powered CHP 103
black globe temperature 181
brief 113
building-applied PV (BAPV) 100
building-integrated PV (BIPV) 100

– PVT systems 126
– T 30, 33, 89, 101
building management system (BMS) 186
buildings
– communication with occupants 213
– designed and measured

performance 157
– design hierarchy 35
– dysfunctions 157, 166
– embodied energy 10
– energy balance 6, 104
– energy monitoring protocols 165
– footprint 109
– hypothetical boundary 132
– load curve 168
– multi-occupant 208
– non-residential (see non-residential

buildings)
– orientation 201, 207
– overall performance 156
– owner/tenant feedback interviews 198
– post-war period 133
– quality levels 114
– requirements 18
– energy efficiency measures 26
– passive measures 22
– renewable energy measures 32

– residential (see residential buildings)
– shape 104
– standards 105
– types 103
– classification 16

– use studies 173, 177
– warranty 206

C
CAD tools 117
Canada
– case study buildings 42, 126
– discomfort 211
– monitoring 183

CAPA 121
Cargese, France

223

Solution Sets for Net-Zero Energy Buildings: Feedback from 30 Buildings 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.



– IESC 42
– monitoring 183

case studies
– Net ZEBs 5, 15
– selection criteria 41
ceiling fans 81, 203
chilled beams 77, 203
cities
– building design 129
– dense 120
– future concepts 143
– Smart City 147
CityNext programme 146
climate classification
– Köppen-Geiger 15
– tool, Ecotect 16
climate types 103
clothing garment checklists 180
clusters Net ZEBs 136, 145
combined heat and power (CHP) 8, 33,

103
comfort
– architectural design 105
– Givoni zones 179
– monitoring 7, 154, 174
– occupant considerations 208
– required/expected conditions

114
– station 176
– totem 180
commissioning
– BMS 186
– monitoring systems 163
communication with building

occupants 213
compact structure 121
Comprehensive Assessment System for

Built Environment Efficiency
(CASBEE) 132

cooling
– energy efficiency 203
– evaporative 81
– feedback interviews 199
– ground 64
– Net ZEB measures 55, 65
– passive measures 21

– radiant 77
cost constraints 114
cost optimization 154

D
daily load 170
data acquisition systems 162
database
– Case Study buildings 41
– standardized format 2
data loss 186
daylighting
– diffusing roof 207
– feedback interviews 200
deciduous vegetation 201
demand-reduction technology 10
dense cities 120
– solar potential 142
design
– architectural 104
– bioclimatic 1
– definition 103
– domain 112
– hierarchy 197
– IDP 113
– low risk concepts 4
– occupant conscious 210
– occupant considerations 208
– organizational decision making

115
– renewable energy systems 108
designed and measured data 157
designers 3, 5
diffusing roof daylighting 207
Dijon, France
– Elithis Tower
– monitoring 183, 188, 190

direct current (DC) electricity 121
Directive on Energy Performance of

Buildings (EPBD) 2
discomfort 211
– thermal 178
domestic hot water (DHW) 25, 29
– efficiency 85
double skin façade 200
dysfunctions 157, 166

224 Index



E
earth tube heat exchanger 64
Ecotect climate classification tool 16
ÉcoTerra, Eastman, Canada 42, 126
– discomfort 211
efficiency path 10, 13
electricity
– annual load/generation balance 168
– DC 121
– end-use 166
– Net ZEB measures 89
– renewable generation 205
Elithis Tower, Dijon, France
– monitoring 183, 188, 190
energy
– building embodied 10
– local grids 41
– monitoring 154
– protocols 165

– natural flows 27
– weighting system 11
energy balance
– buildings 6, 104
– designed and measured 157
energy efficiency
– feedback interviews 202
– Net ZEB measures 18, 71
– strategies 25
EnergyFlex, Taastrup, Denmark 42, 124
energy flows
– measured 161
– reusing 103
Energy Independence and Security Act of

2007 (EISA 2007) 2
energy independence ratio (EIR) 158
Energy Performance of Buildings Directive

(EPBD) 10
energy supply options 108
ENERPOS, Reunion Island
– monitoring 166, 183
– occupant behavior 212
envelope
– advanced 65
– feedback interviews 201, 207
– integrated supply options 6, 119
environmental image, marketability 198

European Model Home 2020 140
evaluation
– POE (see post occupancy evaluation)
evaporative cooling 81
exergy 26

F
façades
– double skin 200
– green 208
feedback interviews 196
films
– solar 200
fixed sensors 176
fixed solar shading 202
France
– Case Study buildings
– monitoring 183, 188, 190

Freiburg, Germany
– Case Study buildings 42, 136
– Kleehaeuser 42
– Plus Energy Settlement 136
– Solar Factory 139

G
gable roofs 140
generalized solution set 53
geothermal heating 32, 103
Givoni comfort zones 179
glare control 62
glazing systems
– advanced 23
Gleisdorf, Austria
– Sundays 139
green façades 208
greenhouses 130
green image, marketability 198
ground cooling, natural 64
ground source heat pumps (GSHP) 75,

103

H
Hamburg, Germany
– LichtAktivHaus 140
heat
– exchanger, earth tube 64

Index 225



– geothermal 32
– recovery 86
– reflection 20
– solar 19, 31
heating 31
– Net ZEB measures 54, 65
– passive measures 21
– radiant 72
heat pumps 75
– architectural design 106
– esthetic consequences 118
– feedback interviews 207
Hol Church, Norway 124
horizontal wind turbine 103
hot water heat recovery 86
household appliances
– efficiency 83
human behavior
– energy monitoring 190
humidity
– ENERPOS measurements 176
– relative 171
HVAC 25
– IDP 117
hypothetical boundary 132

I
IEA SHC Task 41 118
IEA SHC Task 51 130
IEA SHC Task 40/EBC Annex 52 2, 5,

6, 39, 121
IESC, Cargese, France 42
– monitoring 183
ighting
– efficiency 204
import/export balance 9
indoor air temperature 171
indoor environmental quality (IEQ) 25,

105, 153, 154
– monitoring protocol 170
inertia of occupants 210
information panels 215
installations
– zoning 172
integrated design process (IDP) 113
– feedback interviews 197

integrated project delivery 116
internet of things 148
investors 5
Italy
– case study buildings 42

K
Kleehaeuser 41, 42
Köppen-Geiger climate classification 15
Kraftwerk B 42
Kreuzlingen, Switzerland
– Educational Therapy Centre 136
Kyoto High School, Poitiers, France
– monitoring 183, 189

L
Leafhouse, Rosora, Italy 42
LichtAktivHaus, Hamburg, Germany 140
life cycle balance
– overall 12
light
– natural 21
lighting
– efficiency 81
– feedback interviews 200
– Net ZEB measures 69, 81
– passive measures 21
Lima
– Barcelona, Spain 42
Lisbon, Portugal
– Solar XXI 126
load/generation balance 9
load management 82
local energy grids 41
low risk design concepts 4
LycÉe Saint-Benoit IV, Reunion

Island 214

M
Mähdle, Austria
– Community School refurbishment 135
maintenance 105, 157
– BMS 186
– regular 164
marketability
– green/environmental image 198

226 Index



Masdar (United Arab Emirates) 8
measure categories 18
measurement and verification (M160
measurements
– objective 180
– subjective 179
measures 51. see also Net ZEB measures
– summary matrix 34
mechanical air heat recovery 73
Melbourne, Australia
– Pixel 128
Meridian, Wellingthon, New Zealand 127
Minergie Standard 136
monitoring
– building energy and comfort 154
– ENERPOS 7, 174
– software 187
– standard protocol 158
monthly net balance 9
multi-occupant buildings 208

N
natural ground cooling 64
natural light 21
natural ventilation 59
Near Zero Architecturestandard 105
Neighbor Act (Norway) 130
net floor area 12
Net ZEB line 167
Net ZEBs
– basic forms 134, 137
– case studies 5, 15
– classification 7
– clusters 136, 145
– definition 2, 7, 14
– IDB 115
– measures 51
– objective 104
– occupant considerations 208
– performance assessment 15
– physical boundary 8
– solution sets 34
Net ZE communities 6, 112, 143
non-residential buildings 45
– feedback interviews 196
– primary energy balance 155

– solution sets 103
NREL RSF 212

O
objective measurements 180
occupant conscious design 210
occupant considerations 208
office equipment
– energy efficiency 84, 204
off-site renewable energy systems 110
on-site renewable energy systems 109
optimization
– costs 154
organizational design decisionmaking 115
orientation
– buildings 201, 207
outbuildings 141
overall building performance 156
overall life cycle balance 12
overheating 200
owner
– feedback interviews 198

P
parking lots
– PV use 110
passive approach strategies 19
passive design measures
– feedback interviews 199
passive energy design 3
Passive House standard 106
passive Net ZEB measures 18, 54
performance assessment
– Net ZEBs 15
photovoltaics (PV) 89
– architectural design 106
– building design 118, 121
– solar thermal 107
– systems 29
physical boundary
– ZEB 8
Pixel, Melbourne, Australia
– building design 128
planned sprawl 143
plug load
– energy monitoring 190

Index 227



– Net ZEB measures 82
Plus Energy Settlement, Freiburg,

Germany 42, 136
Poitiers, France
– Kyoto High School
– monitoring 183, 189

polygonal building structures 141
post occupancy evaluation 105
post-occupancy evaluation (POE) 105,

153, 154, 158
– IEQ 173
post-occupancy visits 213
post-war period buildings 133
primary energy balance 155
programmed solution sets 115
psychometric chart 178
PV-only all-electric approach 120
PVT systems 125

R
radiant cooling 77
radiant heating 72
Rainbow Headquarters, Loreto, Italy 122
rebound effect 210
reflection
– heat 20
reiteration
– feedback interviews 203
relative humidity 171
renewable energy systems 86
– building design 118
– categorization 111
– design 108
– feedback interviews 205
– Net ZEB measures 18
– off-site 110
– on-site 109
– strategies 29
renewable supply options 9
residential buildings 45
– primary energy balance 155
– solution sets 103
retrofitted Net ZEB buildings 131, 135
Reunion Island
– case study buildings
– monitoring 166, 183

– occupant behavior 212
– LycÉe Saint-Benoit IV 214
reusing energy flows 103
Riehen, Switzerland 42
right to sunlight 130
Riverdale, Alberta, Canada 42
– monitoring 183
roof area maximazation 106
roof daylighting, diffusing 207
Rosora, Italy
– Leafhouse 42

S
Saint-Pierre, Reunion Island
– Case Study buildings
– monitoring 166, 183, 188, 190
– occupant behavior 212

Schlierberg, Freiburg, Germany 42, 136
self-consumption 13
self-sufficiency 123
sensors 162
– fixed 176
SIEEB, Beijing, China 120
silicon-based PV modules 100
single family home
– solar potential 142
site context 198
site vegetation 56
skylights 69, 200
small and medium sized enterprises

(SME) 115
Smart City 147
smart grids 6, 145
Solar Factory, Freiburg, Germany 139
solar films 200
solar heat 19, 31
– gain 54
solar hot water (SHW) 206
solar ovens 130
solar shield 200
solar thermal
– building design 118, 123
– collectors 103
– vertical absorber 124
solar tubes 70
Solar XXI, Lisbon, Portugal

228 Index



– PVT systems 126
solution sets 40
– generalized 53
– Net ZEBs 34
– measures 103

– non-residential buildings 103
– programmed 115
– residential buildings 103
space applications 123
standardized database format 2
standard monitoring protocol 158
state-of-the-art technology 206
storage subsystem 19
subjective measurements 179
Sundays, Gleisdorf, Austria 139
sunshading 25, 62
– feedback interviews 200, 201, 207
supply options
– envelope integrated 6, 119
– renewable 9
surface requirements 107
surface to volume ratio 121
survey population 181
surveys 181. see also user surveys
sustainability aesthetics 142
system design monitoring 162

T
Taastrup, Denmark
– EnergyFlex 42, 124
temperature
– black globe 181
– ENERPOS measurements 176
– indoor air 171
temporal match 14
tenants, feedback interviews 198
thermal discomfort percentage 178
thermal mass 69
thermal zoning 68
Tricesimo, Italy 42
triple flow system 203
Trombe walls 23
typological repertoire 135

U
underfloor air distribution (UFAD) 74
urbanization 6, 143

user awareness 156, 210, 213
user controls 209
user education 191, 208
user surveys 165
– benchmark 177
– comfort 175
– IEQ 173
U-value, windows 66

V
variable refrigerant volume (VRV)

group 166
vegetation 56
– deciduous 201
– passive heating/cooling 25
ventilation 27
– energy efficiency 203
– feedback interviews 199
– natural 59
– UFAD 74
vertical axis wind turbines 103, 129
vertical ST absorber 124
volatile organic compounds (VOC) 174

W
walls, Trombe 23
warranty 206
weather station 175
weighting system
– energy 11
Wellingthon, New Zealand
– Meridian 127
wind generation systems 30
windows
– control 24
– distribution 138
– U-value 66
wind turbines 103
– building design 128
– vertical axis 103, 129

Z
Zero energy house, Tricesimo, Italy

42
zoning 28
– installations 172
– thermal 68

Index 229




