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absolute electricity savings 168
absorbed energy 46
“active” cooling 14
air source heat pumps 31, 139, 143, 147,

149, 179, 221
– systems 179, 191
air source systems 191, 192, 195
air-to-refrigerant heat exchanger 30, 31
air-to-water heat pump 137, 139
– COP performance map 33
– defrosting 136
aluminum 43
ambient heat 25
ambient temperature 25, 26
analytical models 39
ANN. See artificial neural network (ANN)
annual thermal performance 120
antifreeze 184
aquifer thermal energy 42
artificial neural network (ANN) 120
– model 121
autonomous controller operation 127
auxiliary energy consumption, of

pumps 109
average annual performance 31
average solar irradiation 64

B
backup electric heating 155
backup unit (BU) 87
BAFA subsidies 20
behavioral model 118
“bidirectionally traded” energy 8
black boxes 75
– model 34
Blumberg single-family house 145
borehole 31
– drilling 37
– effective thermal resistance 38
– heat exchangers 32, 150, 151
– number and length 204

– heat sources 31, 174

– thermal energy storage 42
Bremer Energie Institute (BEI) 20
brine source heat pump 180, 182
brine/water heat pump evaporator 153
bSt. See system boundaries (bSt)
buffer storage 11
building
– dependent heating system parameters 202
– energy balances
– houses in climate of Strasbourg 200

– energy demand 220
– loads, levels of 219
– total heating demand of 218
buoyancy-driven natural convection 51

C
capacity-controlled compressors 32
carbon monoxide 46
Carnot efficiency 29, 33, 34
cavern thermal energy storage 42
CCT method. See concise cycle test (CCT)

method
CED. See cumulative energy demand (CED)
CEDNRE and GWPec for different energy

carriers 90
Central European climate 232
CFD simulations 51, 52
chemical heat pump processes 46
chemical storage reaction 46
chiller models 32
Chinese systems 14
circulation pumps 79
climate 64
– chamber 108
– design 8
– solar and heat pump systems 166
closed loop systems 36
coefficient of performance (COP) 3, 28, 66
– extrapolation of 34
– heat pumps 29, 47, 50, 138, 141, 161,

179, 184, 191, 209, 212
– improvements 49
CO2 emissions 34, 210, 211, 229
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– savings, fractional 91
cold storage 183
collectors 8, 11
– area/heat demand 168
– design 25
– efficiency 50
– field 49
– heat 47, 49
– models, for solar and heat pump systems

(nonexhaustive) 29
– solar (See solar collector (SC))
– thermal efficiency 67
– type 14, 17
– surveyed systems by 17
– and system concept, cross analysis
between 18

– yield 49
COM. See cooling operation mode (COM)
combined solar and heat pump systems 47
– parallel vs series collector heat use 47
combined space heating 67
combine solar thermal collectors 122. See

also collectors
combistore 122. See also heat pumps
– combi-storage energy balance 148
combi-systems 106
commercial SHP systems 16
companies, survey for pump systems 13, 14
complex systems 79
component-based simulation program
– TRNSYS 120
component-based testing 106
component performance
– coefficient of performance 70
– seasonal coefficient of performance 70
– solar collector efficiency 71
component testing and whole system

testing 106
component-wise testing approach

(CTSS) 126
– method 120
– test procedure, extension of toward solar

and heat pump systems 120
compressor 28, 32
computational fluid dynamics (CFD) 44
concise cycle test (CCT) method 121

concrete 42
condensation 26, 27, 34, 125
– gains, effect of 176
– heat gains 26
– model errors for 57
condenser 14, 143
consumed electricity 85
convective heat loss coefficient 27
convective heat transfer coefficient 26, 27
“conventional” systems with FPCs 19
conversion coefficient (CC) 68
cooling, as a heat sink 34
cooling effect 25
cooling energy 72, 79, 85
cooling functions 12
– of SHP systems 11
cooling operation mode (COM) 83
– defined 83
COP values. See coefficient of performance

(COP)
corrosion 43
corrugated pipes 15
cost effectiveness 214
Courant number 45
CTSS. See component-wise testing

approach (CTSS)
cumulative energy demand (CED) 89

D
daily solar irradiation
– with higher SPF values 125
daily SPF as a function of
– daily solar irradiation and average daily air

temperature 125
database 12
data collection 12
Davos SFH45: SPF
– and electricity consumption 196
12-day test procedure 122
defrosting 31
desuperheater 33, 83
– for DHW production 83
devices, for space heating 67
dew point temperature 125
3D finite volume methods 44
DHW. See domestic hot water (DHW)
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DHW-only SHP systems
– limitations applying for test procedures

for 112
direct comparison, of CTSS and WST 109
direct electric defrosting 72
direct energy consumption 87
direct systems 82
“distinguishable” systems 14
documentations 12
domestic hot water (DHW) 67
– buffer storage 155
– circulation system energy consumption
– for SHP and SHP+system
boundaries 81

– consumption 156
– demands 212
– direct solar preheating of 180
– distribution system 81
– heating 177
– high-temperature 143
– load depends 211
– operation mode 85
– with parallel air source heat pump 179
– preparation 14, 15, 79, 141
– electric backup 176
– without space heating 19

– production 233
– secondary flow circulation
– for energy consumption 82

– solar and ground source heat pump
concept 184

– and space heating 163
– storages 42, 150
– tank 162

– system
– electric solar thermal dual-source
series 182

– tapping 136
– temperatures 203
– sensor 51

– zone excessive charging of 123
drivers for, reducing natural

stratification 51
DST test procedure, extension of
– toward solar and heat pump systems 120
dual-source heat pump 179, 191

E
Ecoinvent database 90
ecolabeling, of energy using products 66
economic analysis 214
– calculation framework 216
– energy change rate 223
– energy price change 219
– nomograph for 218
– periodicity of disbursals and interest-

related costs 214
– SHP systems 218
– advantages of 211
– nomograph for 215

– of solar and heat pump (SHP) 209
economic benefit, of SHP systems 211
EER. See energy efficiency, ratio (EER)
effective thermal capacitance 26
electrical compressor 126
electrical energy consumption 147
electrical heaters 43
electrical heating element 147
electric backup heating 179, 195
electric energy 123
– consumption penalty 203
electric heating
– backup 176
– elements 13, 138, 145
electric home appliances 67
electricity 2, 9, 25, 28, 126
– demand 32, 146
– energy price 212
– meters 136, 138
– power 28, 120
– tariffs 209, 222
electricity consumption 79, 83, 92, 122,

127, 168
– collector areas and storage volumes

195
– for distribution, assessment of 81
– electrical compressor 126
– of GHX pump 41
– of heat pump 138
electricity savings
– collector areas 168
– for ground source and air source solar and

heat pump systems 167
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energy
– carriers 90
– consumption 126, 220
– for circulation pump 82, 87

– conversion system 63
– demand 217, 223
– density 41
– efficient products 68, 104
– and environmental performance 65
– flow (See energy flow)
– performance 120
– quality 69
– related cost 216
– related products 67
– savings 34
– source, for evaporator 47
– tariff 217
– for electricity/gas 221
– of gas/electricity 222

– transformation system 75
– transforming components 8
energy balance 28, 44, 66, 79, 83,

85, 151
– equation, for thermal energy storage

44
– of a single PVT collector 25
– for a thermal storage 44
energy efficiency
– calculation, European Commission

Regulation 68
– ratio (EER) 66
energy flow 9
– charts
– diagram 229
– with parallel air source/ground
source 160

– for parallel/series/regenerative dual-
source system 175, 178

– crossing system boundary 79
– representation, of SHP system 93
energy–temperature plots
– cumulative energy demand of

building 203
EN 12977 series
– contains test procedures 121
enthalpy 28, 44, 46

– temperature curve 44
ENTSO-E European Network of

Transmission System Operators for
Electricity 89

environmental energy 8
environmental evaluation
– of SHP systems 87
environmental performance evaluation

69
environmental problems 210
environment-related aspects of system

operation 63
equivalent warming impact 91
– of SHP system 89
equivalent warming impact of the system

(EWIsys) 72
ETCs. See evacuated tube collectors (ETCs)
EU27
– electricity energy price 212
– gas and electricity prices, trend

213
– inflation rate, trend 213
EU Ecodesign and Energy Labeling

Directives 104
European Commission’s Directives
– on ecodesign 66
European electricity supply mix 89
European Heat Pump Association

(EHPA) 20
European production chains 90
European QAiST project 106
European Solar Thermal Industry

Federation (ESTIF) 20
European Union Ecodesign Directive for

Energy-Related Products 67
evacuated tube collectors (ETCs) 17
evaporation 34
evaporators 17, 28
EWIsys factor 90
exergetic efficiency 33, 50
exergetic losses
– due to 51
– important sources 50
expansion systems, direct 36
experimental validation, of developed

model 126
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F
FE. See final energy (FE)
FE consumption, of boiler 212
Federal Office of Economics and Export

Control (Bundesamt für Wirtschaft und
Ausfuhrkontrolle (BAFA) 20

Federal Statistical Office of Germany
(Statistisches Bundesamt) 20

field test 133
– measurements 31
final electrical energy 72
final energy (FE) 88, 89
– consumption, of system 90, 210
flat-plate collectors (FPCs) 17, 24
floor heating systems 15, 161
for DHW charging control 184
fossil-based system 219
fossil fuels 89
FPCs. See flat-plate collectors (FPCs)
fractional electricity savings
– vs. FSC 169, 170
fractional energy savings 67, 74
freezing 26
– water 28
frozen temperature sensors 137
FSC method
– fractional energy savings /performance

estimation 169
fuel burners 43
fuel economy 104

G
gas boilers 106
– system 222
gas-driven heat pumps 212
gas-fired reference system 226
gas-fueled boilers 13
generic control strategy 109
geothermal heat exchanger 177
geothermal heat flux 173
g-functions 39
GHX. See ground heat exchanger (GHX)
global solar irradiance 155
global warming 32, 89
– potential (GWP) 89, 182
graphite 46

gravel–water thermal energy storage 42
“gray box” models 118
gray energy 89
greenhouse gas (GHG) emissions 63, 72,

89, 232
grid electricity consumption 185
ground depletion, effects of 174
ground heat exchanger (GHX) 36, 37, 151,

176
– combining with solar collectors 41
– horizontal (See horizontal ground heat

exchangers (HGHXs))
– inlet
– maximum, minimum, and average
temperatures 152

– models 38
– performance of 38
– simulation of 203
– vertical (See vertical ground heat

exchangers (VGHXs))
ground regenerating systems 177, 191
– simulations of 174
ground source heat pump 31, 145, 173
– systems 191
ground source only heat pump 179
ground source systems 192
groundwater heat pump 31
GSM modems 137
GWP. See global warming, potential (GWP)

H
harmonized WST procedure 117
heat balance
– on monthly and annual basis 152
heat conduction 25
heat consumption 41
heat demand 7, 49, 151
heat distribution 170
heat-driven heat pumps 47
heat exchange 25, 37
heat exchangers 36, 45, 50
– on ambient air 153
heat extraction 25
heat flows 92
– and electricity consumptions 94
– rates of ground heat exchanger 151
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– reverse 82
heat for domestic hot water (DHW) 24
heat gains 24, 25
– from rain 26
heat generators 13
heating capacity 67
heating demand 143
– single-family house 218
– to storage losses 141
heating operation mode (HOM) 83
– defined 83
heating rate
– of heat pump 42
heating SPF (HSPF) 67
heating systems 8
– residential buildings 21
heat loads 168, 169
– ground source SHP systems 170
– SFH45 simulations in Strasbourg 166
– solar and heat pump systems 166
heat load SFH45, in Strasbourg 166
heat loss 8, 44
heat meters 136, 139
heat production 41, 50
heat pumps 7, 8, 9, 11, 12, 14, 17, 19, 24,

25, 32, 47, 83, 85, 155, 156
– brine loops of 138
– capacity-controlled 34
– characteristics 15
– circuit and the space heat circuit 149
– and combi-storage 164
– compressor 35
– condensers
– low operating temperatures 50

– conventional 17
– COP of 174
– crucial for combi-storages 43
– cycle 30
– refrigerant of 184

– deliver 159
– efficiency 18
– parameters 50

– electricity demand of 36
– evaporator 125
– ground source 36
– “heat pump only” system 165

– heat pump SPFHP
– performance factors 149

– with heat source/heat rejection
subsystems 77

– installations 15
– limitations of 209
– machines 2
– models 34
– nonexhaustive 35

– off 156
– operation 50
– performance, extrapolation of

34
– plus solar thermal system 145
– process 28
– production 156
– programme (HPP) 229
– refrigerant cycle 32
– solar collector, and backup unit 77
– and solar thermal collectors 210
– and solar thermal technologies 65
– systems 7, 85, 133, 209, 231
– technologies 104, 235
– recent developments 31

– testing and performance assessment
– standards and guidelines 66

– test procedure 121
– test standard EN 16147:2011 123
heat reservoir 173
heat sink 161
– system 79
heat source 32
– circuit 92
– typology 211
heat storage
– sensible 41
heat storing
– advantage 161
– in water storage 161
heat transfer 38, 44
– coefficients 32
– mechanisms 26
– media 136, 138
– rates 46
– resistance 45
heat traps 43
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HGHXs. See horizontal ground heat
exchangers (HGHXs)

high-quality measurement equipment 127
horizontal ground heat exchangers

(HGHXs) 31
– characterization 37
– groups 37
– integrated in basement of a building 37
hot gas defrosting 72
HVAC systems 41, 210
HVAC technology 210
hybrid collectors 17, 87
hybrid technology 1
hydraulic 12
– distribution circuit 155
– scheme 9
hydrocarbons 42
hydrogen 42
hydronic
– heat distribution 15
– heating systems 161
hygienic approaches, modern 15

I
ice storages
– freezing of 182
– for solar and heat pump systems

45
– system, ecological impact 182
IEA Heat Pump Program (HPP) 2
IEA SHC Tasks 169, 199
IEA Solar Heating and Cooling Program

(SHC) 2
indirect collector 50
inlet jet mixing 51
inlet temperature 32
in situ monitoring
– installation errors 134
Institute for Heating and Oil Technology

(Institut für Wärme und Oeltechnik
(IWO) 20

Institut Wohnen und Umwelt (IWU) 20
insulation 37, 43
intercomparable performance, methodology

for defining
– within T44A3864

International Energy Agency Solar Heating
and Cooling (SHC) Programme 229

investment cost 218
isentropic efficiency 32

K
kinetic energy 51

L
laboratory testing 64
– experience from 120
latent heat exchange 25
latent storage technique 45
life cycle impact assessment (LCIA)

182
long-wave radiation exchange 25
low-temperature heat source 7

M
– macroencapsulated PCMs 46
magnetic valves, consumption of 93
main system boundaries
– for reference SHP system for heating and

cooling applications 86
market-available systems 229
market transformation 104
mass flow rate 51
mass transfer coefficients 27
measurement data 125
– of accumulated energy over

temperature 124
Mediterranean countries, SHP systems

14, 19
mid-season day 155
minimum electricity energy tariff
– total energy demand 224, 225
minimum energy
– change rate
– annual 225
– total energy demand 227

minimum gas tariff 224
– total energy demand 225
models
– based artificial neural networks 121
– for borehole resistanceg-function 38
– choice and reliable 27
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– for covered and unglazed PVT
collectors 28

– horizontal ground heat exchangers 40
– with closed loops, to solve 40

– and simulation approach 117
– with “close to reality” test
sequences 125

– for vertical ground heat exchangers
(nonexhaustive)g-functions 39

monitored systems
– characteristics of 139
– measured or correlated SPFSHP 142
monitoring 134
– air/water heat pumps 136
– approach 134
– Blumberg single-family house 145
– data logging systems 137
– Dreieich 149
– electricity meters 138
– heat generators’ heating 136
– heat meters 137
– heat pump system with uncovered PVT

collectors and ground heat
exchanger 149

– installed heat pumps, nominal COP
of 141

– meteorological data 139
– model-based evaluation 136
– Satigny 154
– Savièse-Granois 152
– SHP system 136
– with monitoring equipment 135

– single-family house, in Rapperswil-
Jona 147

– solar and heat pump performance
– in situ measurements 139

– standards EN 255 and EN 14511 141
– of T44A38 136
– temperature sensors 139

N
National and international standards and

guidelines
– heat pump performance 66
natural convection heat transfer

coefficient 27

net heat gain 44
net PV electricity 185
net total replacement cost 216
nonrenewable (PERNRE) and the EWIsys 90
nonrenewable energy demand

(CEDNRE) 182
nonrenewable energy sources 63, 89
nonrenewable part of energy input

(PERNRE) 72
nonrenewable resources 72
numerical diffusion 45
numerical models 39, 120, 125
numerical simulation 64

O
one-dimensional storage models
– stratification efficiency 45
operating conditions 63, 122
– climate supply temperature average solar

irradiation 64

P
parallel collector 50
“parallel-only” concept 18
parallel–series–regenerative system 11
parallel/series (P/S) systems
– with dual-source heat pumps 171
“parameter fitting” test sequences 112
parameterization, of physical models 34
parameters, and their application in

literature 8
“passive” cooling 14
PER. See primary energy ratio (PER)
performance
– assessment 65
– of system 64, 127

– calculation 127
– of component/system 69
– evaluation 69
– of system 125

– factors of 12-day test of system 122
– figures (See performance figures)
– loss, for SHP systems 120
– test procedures, different levels of output

of 119
performance figures 72
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– component 70
– defined 65
– efficiency and 68
– fractional energy savings 74
– renewable heat fraction 74
– solar fraction 72
phase change materials (PCMs) 41
phase changing material (PCM) 153
phase transition 45
phenomenological models 118
– within T44A38 119
photovoltaic–thermal (PVT) collectors 25,

174
physical sorption reactions 46
platform validation, checks 204
plug-and-play approach 234
plug-and-play systems 232
plume entrainment 51
polybutylene 36
polyethylene 36
polymers 43
Polysun simulations 185, 199
primary energy 89
primary energy ratio (PER) 68, 89
– of nonrenewable energy sources 89
primary energy savings
– fractional 91
P/S dual-source systems 177
pumping energy 37
pumping power electricity 174
PV cells 25
PV generation 187
PVT collectors 18, 19, 25, 26, 150, 177
– supply heat and electricity heat

demand 184
PV yield 188

Q
qualitative energy flow chart 9
quality assurance tests 104
quasi-steady-state performance map

models 32

R
radiator heating system 199
radiators 51

real SHP system
– simplified hydraulic representation 92
reference SHP system 75, 76
refrigerants 14, 32
regenerative approach 11
“regenerative only” product 18
relative humidity 26
renewable energy 21, 88
– equipment 126
renewable heat fraction 74, 156
research projects 12
residential building applications
– system layout configurations 220
reverse cycle defrosting 72
reversible heat pump cycle 29
rock bed thermal storage 42
roller test bench 104
rooftop thermosyphon constructions 14
room heating consumption 142

S
Sankey diagram 28, 166, 180
– for ground source SHP system 166
– heat exchanger, stuties 156
– with ice storage 181
SC. See solar collector (SC)
SCOP. See seasonal coefficient of

performance (SCOP)
seasonal coefficient of performance

(SCOP) 66
seasonal energy efficiency ratio (SEER) 67
seasonal performance factor (SPF) 67, 77,

126, 146, 149, 186, 209, 211, 230
– boundary for determining 141
– depending on share of domestic hot water

measured for solar and heat pumps 144
– for ground source, air source solar and heat

pump systems 167
– solar fraction 142
– SPFbSt boundaries
– on monthly and annual basis 146
– relative distribution of electricity
consumption 147

– SPFbSt values 182
– SPF*SHP performance values for air

source heat pumps 143
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– for system boundaries defined within
T44A38 95

– total electricity consumption 193
SEER. See seasonal energy efficiency ratio

(SEER)
sensible heat exchang 25
sensible heat storage 42
– capacity of water 42
– liquids 42
sensors 108
series collector operation 171
series mode 11
“series-only” concept 16
“series-only” systems 18
series runtime potential 173
SFH45 system
– energy balances 201
– heat load, climate of Strasbourg 189
– heat pump only systems 179
– T44A38 building in Strasbourg 181, 189
SFH100 system
– SPF collector areas and storage

volumes 195
SH. See space heat (SH)
shortwave solar radiation 25
SHP systems. See solar and heat pump

(SHP) systems
simplified climate data 64
simplified hydraulic schemes 10
simulation 37, 109
– boundary conditions (See simulation

boundary conditions)
– and modeling 117
– numerical 38
– programs, dynamic 32
– system (See system simulations)
simulation boundary conditions
– platform independence 199
– building load/DHW demand 203
– climates 199
– ground heat exchangers 203
– platform validation 204

single-source series 171
solar and heat pump (SHP) systems 8, 18,

19, 166, 169, 212, 216, 233, 234
– applicability 112

– of test data evaluation on 113
– assessment, with basic characteristics
– methods for 65

– boundary 79
– characteristic 136
– companies entering market of 13
– components 234
– concepts DHW, solar heat 162
– for cost effective 221
– economic advantage of 233
– ground source 170
– for heating, and cooling applications
– main system boundaries for
reference 80

– lifespan 214
– limitations of test approaches for 114
– measurement and evaluation 231
– net present value (NPV) 212
– parameters energy tariff investment 217
– performance assessment of 65
– principles for definition of system
boundaries for 78

– with “series-only” concepts 15
– single components used in 229
– technologies 231
– testing and rating standard for 104
– test procedures 106
– with useful energy distribution

systems 77
– variants
– application 234
– application fossil-based system 219

– without useful energy
– distribution systems 77
– storage 77

solar and waste heat recovery series 181
solar-assisted heat pump 184
solar circuit 92
solar collector (SC) 2, 12, 15, 17, 23, 25,

26, 47, 50, 75, 85, 87, 108, 122, 153, 159,
168

– efficiency 50, 87
– stagnation 11
– theoretical limit 173
– use of 180
– yield 151
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solar combi-storage 147
solar combi-system 52, 183
– with natural gas burner 170
– with space heat distribution control 162
solar DHW preparation 188
solar DHW systems 168
solar energy 11, 17, 19
– usable 169
solar fraction 67
– yield 73
solar heat 32, 42, 45, 46, 47, 173, 176, 191,

233
– from antifreeze fluid 42
– for DHW and space heating 163
– source 33
solar installations 143
solar irradiation 9, 25, 88, 139, 169, 171
– on earth’s surface 173
– Strasbourg and collector inlet

temperature 172
Solar Keymark certification 17
“solar only” sourced systems 191
solar only source systems 197
solar only systems 192, 195, 197
solar photovoltaics 2
solar radiation 23
– fluctuating supply of 177
solar regenerated systems, robustness

of 176
solar source heat pump systems 191
solar storage tanks 161
solar subsystem 9
solar thermal and heat pump systems 159
– in situ monitoring 133
solar thermal and storage systems
– without heat pumps 133
solar thermal collectors 17, 21, 23, 24, 26,

52, 66, 67, 122, 185, 186, 209, 210, 235
– design 25
– field 147
– subdivision of the systems 230

– low operating temperatures 50
– PVT collector 151
solar thermal cooling 41
solar thermal heat 164
solar thermal savings

– PV yield 188
– solar thermal and electricity yield 187
– vs. photovoltaic electricity

production 187
solar thermal systems 15, 21, 106, 119, 137
– design 169
– test procedures 106
solar thermal technology 1, 36
solar thermal yield 187
sorption processes 41
space cooling 15
– functions 14
space heat (SH) 211
– area, building loads 219
– consumption 142
– DHW load 193
– distribution 51, 123, 147, 161
– pump 147
– systems 161

– load 42
– climate of Strasbourg 202

– loop 43
– useful energies for 79
SPF. See seasonal performance factor (SPF)
stand-alone solar thermal systems 136
standard heat exchanger design 203
standardized testing
– and rating procedures 104
stationary collector efficiency 71
statistical analysis
– market-available solar thermal heat pump

systems 11
– methods 12
steady-state collector efficiency 71
storage
– devices 41
– of energy
– in fuels 42
– seasonal storage 42

– models, phase change materials 48
– SPFbSt, performance factors of

system 149
– stratification 50
– tank 51
Strasbourg SFH45/SFH15
– collector areas and storage volumes 195
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– electric energy consumption for heat
pump 194

– seasonal performance factor
– simulation results for 190
– vs. collector area 192
– vs. effort indicator 193

stratification efficiency 51
stratified thermal energy storage
– thermal mass for modeling 44
supply temperature 64
surveyed systems
– by concept 18
– correlated by collector type
– and system concept 18

– by function 15
– by source 16
sustainable growth 104
Swedish single-family home systems 176
Swiss weather conditions 27
switching potential 173
system analysis
– approaches and principles 7
– and categorization 7
– graphical representation 8
system boundaries (bSt) 85
– definition of 75
– for performance evaluation 62
system concepts 15
system energy price
– total cost of ownership (TCO) 220
system functions 14
system investment costs 214, 220
system lifespan 214
system performance figures 71
– seasonal performance factor 71
system prefabrication 234
system quality testing 234
system simulations 27
– parallel solar/heat pump systems 159
– climates and heat loads 168
– concepts 163
– FSC method, fractional energy
savings………/performance
estimation 169

– performance 166
– series/dual-source concepts 171

– ground regeneration concepts 174
– multifunctional concepts, include
cooling 183

– parallel/series concepts, potential 171
– single source 182

– series systems, special collector
designs 184

– direct expansion collectors 184
– photovoltaic–thermal collectors 184
– using solar heat with ambient air 186

– with similar boundary conditions 189
– collector size/additional (cost) effort,
dependence 192

– Davos SFH45 196
– electricity consumption 193
– heat sources 191
– Strasbourg SFH45 189
– Strasbourg SFH15/SFH100 195, 196
– system classes 191

systems, with flow circulation 82
systems with/without additional heating, of

distribution pipes 81

T
tank-in-tank solar combistorage 147
tapping cycle 125
tapping test cycle “XL”, 122
T44A38 project 141, 229, 231
– boundary conditions 182, 188
– buildings SFH15–SFH100, 181
– companies 12
– market survey 112
– SFH15 with MATLAB/Simulink Carnot

Blockset 176
– systems 229
– T44A38, simulation activities 232
– web site 14
TCO. See total cost of ownership (TCO)
techno-economic conditions, SHP

systems 220
temperature 26
– dependent density 45
– homogenous 44
– inversion 45
– range for solar installations in

dwellings 42
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– required by heat demand 47
– sensors 136, 139
– of undisturbed ground 36
test approaches, for SHP systems
– supplying DHW and space heating 114
test cycle
– roller test bench 104
testing boundary 106, 107
– boundary of WST for combi-systems 108
– case for CTSS 107
– characterize performance of SHP systems

comparison of approaches 110
– WST methods 107
test laboratories 104, 127
test methods
– for characterization, of SHP combi-

systems and DHW-only SHP
systems 107

– general requirements for 105
test procedures, for SHP systems 103
– current challenges in developing 106
test sequences
– and applied modeling structure
– on long-term performance prediction,
implications 116

– and determination of annual
performance 115

thermal activation, of building elements 42
thermal bridges 43
thermal capacitance 26
thermal characterization 121
thermal collectors 23
– covered 24
– yield 166
thermal conduction 51
– and diffusion 51
thermal convective exchange 24
thermal depletion
– ground source heat pump 173
thermal diffusivity 45
thermal energy storage 41
thermal heat conductivity 27
thermal interference 38
thermal mass 44
thermal performance 67
– of heat pump 125

thermal plume 51
thermal resistance 38
thermal storages 44, 161
thermochemical material
– for reaction 46
thermochemical reactions
– and sorption storage 46
thermostatic valves control 161
tidal energy 88
total cost of ownership (TCO) 216, 218
TRNSYS, IDA, ICE, MATLAB/Simulink

and Polysun platforms 199

U
ultrasonic heat meters 138
ultrasonic volume flow meters 137
uncovered/unglazed collectors (UCs)

18
unglazed absorber 24
unglazed collectors, selective 24
useful energy 79, 82, 88
– for DHW preparation 81
U-values 43

V
vacuum tube collectors 24
validation 121
– of capacity-controlled heat pump

model 34
– of unglazed collector models 26
ventilators 79
vertical ground heat exchangers

(VGHXs) 37
– modeling of 38
– vertically drilled boreholes 37
VGHXs. See vertical ground heat

exchangers (VGHXs)
visualizations 9
– scheme, introductory example for 9
– solar and heat pump systems 10
volumetric efficiency 32

W
wastewater 16
– heat exchanger 180
– heat recovery, use of 180
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water heaters 184
water reservoir, as a direct energy source

36
water storage vessels 43
water tanks, storage models for 47
whole system testing (WST) 108
– for combi-systems 109
– direct extrapolation of results 116

– procedures for combisystems 108

wind convection coefficient 27
wind energy 88
wind speeds 26, 27
– for reference SHP system for heating/

cooling applications 87
wood stoves 13
– for horizontal ground heat exchangers

(nonexhaustive) 40
WST. See whole system testing (WST)
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