Contents

1 Introduction. ......... ... .. . . . ... .. 1
1.1 Key Contexts. . ..ottt e e 1

1.2 Solar Energy Law, Politics and Economics. . .............. 4
References. .. ... i 8

2 The Solar Energy Resource. . ............................ 9
2.1 OVEIVIEW . . oot 9
2.2 Terrestrial Measurement of Solar Energy . . ................ 12
2.3 Prediction of Solar Energy . ........... ... ... ... ...... 18
2.3.1 Insolation a Horizontal Plane . . .. ................. 18

2.3.2 InsolationonaTiltedPlane...................... 21

2.4 Use of Satellite Information to Produce Solar Energy Data. . . . . 23
2.5 Solar Radiation Utilisability . . .. .................... ... 23
2.6 DaylightData.......... ... ... 24
2.7 Geographical Availability of Solar Energy . ................ 25
2.8 Solar GEOMetIY . . . o vttt e 30
2.9 Skyward Distribution of Diffuse Insolation. . .............. 33
References. . . ... 36

3 Optics and Heat Transfer in Solar Collectors. . ............... 39
3.1 OVEIVIEW .« vt e e e e e 39
32 Glass. .. oot 40
3.3 Plastic Materials. . . ... 40
3.4 Transmittance of Solar Energy . ........................ 42
3.5 Solar Energy Reflector Materials. . .. .................... 46
35.1 FlatReflectors. . .......... oo, 46

3.5.2 ParabolicReflectors............................ 48

3.6 Heat Transfer in Line-Axis Concentrators. . ... ............ 59
3.7 Collector Absorbers. . ....... ... ... . i 66
References. . ... ... 70

Xi



Xii

Contents
Storageof Solar Heat . . . .. .......... .. ... ............... 75
41 OVeIVIEW . v ottt ettt e e 75
4.2 Sensible Heat Storage in Liquids . . . ..................... 77
4.3 Sensible Heat Storagein Solids . . . ...................... 80
4.4 Latent Heat Storage. . ..........ouiiiiniinenneenn. 81
References. . ... ... . 87
Flat-Plate and Evacuated Tube Collectors. . ... .............. 91
5.1 OVeIVIEW . o oottt 91
5.2 Air Heating Flat-Plate Collectors. ... .................... 93
5.3 Water Heating Flat-Plate Collectors. . . ................... 97
5.4 Evacuated-Tube Flat-Plate Collectors. . .. ................ 104
5.5 Rating Tests for Solar Collectors . . .. .................... 108
5.6 Architectural Integration of Solar Collectors. . . ............ 109
References. .. ... 111

Use of Heat From, and Thermal Management of, Photovoltaics. . . 115

6.1 OVEIVIEW . . . e e e e e e e 115
6.2 PV/T Water Heating Collectors . . . . ............cuuun... 116
6.3 PV/T Air Heating Collectors . . . . ......... ..., 118
6.4 Thermal Management of Photovoltaics. . ................. 118
References. . ... ... . 120

Solar Thermal Power Generation and Industrial Process Heat. . . 123

8 T © )/ 4 [ 123
7.2 Parabolic Trough Systems. .. ............ ... .. ......... 125
721 OVEIVIEW . . .o 125
7.3 Fresnel Mirror System. . . ... ..o v ittt 126
7.4 Heliostat Field Central Receiver Systems. . ................ 127
7.5 Parabolic Dish Systems. . ............................. 128
7.6 Characteristics of Concentrating Solar Thermal Electricity
Generating SyStemS . . . . v v vt e 129
7.7 Non-convecting Solar Panels. .......................... 130
7.8 Solar Chimney Power Plants. . ......................... 137
7.9 Solar Process Heating . . . ............ ... .. ... ... 138
7.9.1 Industry......... ... ... . 138
7.9.2 Water Treatment Using Solar Energy . . ............. 139
7.93 CooKING . .. ovv ittt 139
References. . ... ... . 141
Solar Water Heating and Combisystems . . .. ................. 145
8.1 OVeIVIEW . . o o e 145
8.2 Integral Passive Solar Water Heaters IPSWH) . . ............ 153
8.3 Distributed Water Heaters . . .. ......... ... 156
8.4 Photovoltaic Solar Water Heaters. . . .. .................. 166
8.5 Freeze Protection. ......... ... . ... 166
8.6 System Testing Methods. .. ...... ... ... ... ... ... ... 169

References. . . ... i e 171



Contents

9 Solar Drying. .. ... ...
References. .. ... i
10 Solar Cooling, Refrigeration and Desalination. . ..............
10.1 Introduction. ........... .. ...ttt
10.2 Adsorption Units. . . .. ...t e
103 Absorption Units. ........ ... .. ... ... ...
10.4 Solar Desalination. . .. ..........c.cuuuieinnenneenn.n.
References. .. ... i
11 Greenhouses. . .......... ... .. i
T1T OVEIVIEW . . ottt e e e e e e e et
11.2 Greenhouse Materials . . . ......... . ... ...
11.3  Mathematical Modelling the Internal Environment

MaGreenhouse. . ... vv vttt et

11.4 Auxiliary Heating Environmental Control and Energy
Storage in Greenhouses. . ...,
References. . ... ... .
12 Passive and Hybrid Solar Design of Buildings. . . ... ..........
12,1 OVerVIeW . . o et
122 S0lar ACCESS . . o v v vttt e e
12.3 Passive Features for Temperate Climates. . . ..............
123.1 DirectGain. .. ...ttt
1232 IndirectGain. ............c.uuiiieennnennn..
1233 Isolated Gain..............cciiiiiineennn..
1234 Hybrid Systems. . . ....... ... .
12.3.5 Overheating Prevention. . . ....................
12.4  Auxiliary Heating and Controls in Passive Solar Buildings. . . .
12.5 Passive Features for Hot Climates . . .. ..................
References. . . ... i e
References. .. ... ... . . . . .
Index. .. ...



2 Springer
http://www.springer.com/978-94-007-7275-5

Harnessing Solar Heat
Morton, B.

2014, XV, 258 p. 193 illus., 7 illus. in color.,
ISBN: @78-94-007-7275-5



	Contents

