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Ivanpah - Mojave Desert, California, USA, 2014 
three power towers 

392 MW, Area: 14.2 km2 



CSP power plants solar 

Solaben - Logrosán, Spain, 2013 
Parabolic trough collectors 

200 MW, Collectors area: 12 km2 
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TABLE 2. STATUS OF RENEWABLE ENERGY TECHNOLOGIES: CHARACTERISTICS AND COSTS

 Technology Typical Characteristics Capital Costs Typical Energy Costs 
   (USD/kW) (LCOE – U.S. cents/kWh)

 Hot Water/Heating/Cooling

 Power Generation

Bioenergy combustion:  
Boiler/steam turbine
Co-fire; Organic MSW   

Plant size: 25–200 MW
Conversion efficiency: 25–35%  
Capacity factor: 50–90%

800–4,500
Co-fire: 200–800 

5.5–20
Co-fire: 4–12 

Bioenergy gasification
Plant size: 1–10 MW
Conversion efficiency: 30–40%  
Capacity factor: 40–80%

2,050–5,500 6–24

Bioenergy anaerobic 
digestion 

Plant size: 1–20 MW
Conversion efficiency: 25–40%  
Capacity factor: 50–90%

Biogas: 500–6,500 
Landfill gas: 1,900–2,200 

Biogas: 6–19 
Landfill gas: 4–6.5

Geothermal power Plant size: 1–100 MW
Capacity factor: 60–90%

Condensing flash: 2,100–4,200 
Binary: 2,470–6,100 

Condensing flash: 
6–13
Binary: 7–14 

Hydropower: Grid-based
Plant size: 1 MW–18,000+ MW
Plant type: reservoir, run-of-river
Capacity factor: 30–60%

Projects >300 MW: <2,000
Projects <300 MW: 2,000–4,000 2–12 

Hydropower: Off-grid/rural
Plant capacity: 0.1–1,000 kW
Plant type: run-of-river, hydrokinetic, 
diurnal storage

1,175–3,500 5–40

Ocean power: Tidal range Plant size: <1 to >250 MW
Capacity factor: 23–29% 5,290–5,870 21–28

Solar PV: Rooftop
Peak capacity: 3–5 kW (residential); 
100 kW (commercial);  
500 kW (industrial)
Capacity factor: 10–25% (fixed tilt)

2,275 (Germany; average residential)
4,300–5,000 (USA)
3,700–4,300 (Japan)
1,500–2,600 (Industrial)

20–46 (OECD)
28–55 (non-OECD)
16–38 (Europe)

Solar PV:  
Ground-mounted  
utility-scale

Peak capacity: 2.5–250 MW 
Capacity factor: 10–25% (fixed tilt)
Conversion efficiency: 10–30%  
(high end is CPV)

1,300–1,950 (Typical global)
Averages: 2,270 (USA);  
2,760 (Japan); 2,200 (China);  
1,700 (India)

12–38 (OECD)
9–40 (non-OECD)
14–34 (Europe)

Concentrating solar 
thermal power (CSP)

Types: parabolic trough, Fresnel, 
tower, dish
Plant size: 50–250 MW (trough); 
20–250 MW (tower); 10–100 MW 
(Fresnel)
Capacity factor: 20–40% (no 
storage); 35–75% (with storage) 

Trough, no storage:
4,000–7,300 (OECD);  
3,100–4,050 (non-OECD)
Trough, 6 hours storage:  
7,100–9,800
Tower, 6–15 hours storage:  
6,300–10,500

Trough and Fresnel: 
19–38 (no storage); 
17–37 (6 h. storage)
Tower: 20–29  
(6–7 hours storage); 
12–15 (12–15 hours 
storage)

Wind: Onshore Turbine size: 1.5–3.5 MW 
Capacity factor: 25–40%

1,750–1,770
925–1,470 (China and India)

5–16 (OECD)
4–16 (non-OECD)

Wind: Offshore Turbine size: 1.5–7.5 MW
Capacity factor: 35–45% 3,000–4,500 15–23

Wind: Small-scale Turbine size: up to 100 kW 3,000–6,000 (USA); 1,580 (China) 15–20 (USA)

Bioenergy heat plant   
Plant size: 0.1–15 MWth 
Capacity factor: ~50–90%
Conversion efficiency: 80–90%

400–1,200 4.7–29 

Domestic pellet heater
Plant size: 5–100 MWth
Capacity factor: 15–30%
Conversion efficiency: 80–95%

360–1,400 6.5–36

Bioenergy CHP 

Plant size: 0.5–100 kWth
Capacity factor: ~60–80%
Conversion efficiency: 70–80% for 
heat and power

600–6,000 4.3–12.6

Geothermal space heating 
(buildings)

Plant size: 0.1–1 MWth
Capacity factor: 25–30% 1,865–4,595 10–27

Geothermal space heating 
(district)

Plant size: 3.8–35 MWth
Capacity factor: 25–30% 665–1,830 5.8–13

Ground-source heat 
pumps

Plant size: 10–350 kWth
Capacity factor: 25–30% 500–4,000 7–23
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Table 2.15 Comparison of the current performance and current and projected 
(2020–2025) cost of different solar thermal technologies for generating electricity

Attribute Technology

Parabolic Parabolic Central 
trough dish tower

Powerplant characteristics
Peak efficiency (%) 21 29 23
Net annual efficiency (%) 13 15 13
Capacity factor without storage (%) 24 25 24
Capacity factor with 6 hours storage (%) 42–48 35–60 35–60
Current investment cost (€/kW) 3500–6000 10,000–12,000 3500–4500
Future investment cost ($/kW) 2000–3000 2000–3000 2000–3000
Current electricity cost (€/kWh) 0.13–0.23 0.27–0.32 0.17–0.22
Future electricity cost ($/kWh) 0.05–0.08 0.05–0.08 0.05–0.08

Storage system characteristics
Medium Synthetic oil Battery Molten salt
Cost ($/kW heat) 200 30 500–800
Lifetime (years) 30 5–10 30
Round-trip efficiency 95 76 99

Source: this chapter and IEA (2003)

2.4.1 Types of solar collectors for
space heating and domestic 
hot water

The main types of solar collectors suitable for space
heating and hot water requirements are illustrated in
Figure 2.45. Thermal solar energy can be collected
from flat-plate or evacuated-tube collectors that are

mounted on the roof or that form part of the building
fabric, stored in hot water tanks and used for domestic
hot water or to provide space heating. Here, we discuss
the key efficiency and operating characteristics of the
kinds of solar collector systems that can be used in
buildings. More detailed technical information can be
found in Preuser et al (2002) and Andén (2003).
Preuser et al (2002) present a synthesis of 30 years of
research and operating experience with solar-thermal
systems for domestic hot water and space heating in
Germany, including a discussion of issues pertaining to
the interconnection of solar panels, solar thermal
storage tanks, auxiliary water heaters and possible
auxiliary storage tanks; the sizing of various
components; and control sequences. Andén (2003)
provides a nuts-and-bolts treatment of solar thermal
collectors and related components for space and water
heating, with an emphasis on examples and
performance in Sweden, one of the world’s
northernmost countries.

Flat-plate collectors

Flat-plate collectors can be used to heat air or to heat
water. Unglazed collectors contain pipes, through
which water flows, overlain by an absorbing plate and

Source: IEA (2003)

Figure 2.44 Cost of heliostats in central tower systems as
a function of annual production rate
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times current world primary power demand. The
potential identified in Table 2.23 also applies to
concentrating solar thermal power (CSTP), given that
sunlight-to-electricity conversion efficiencies for
CSTP (10–15 per cent for central tower, 10–20 per
cent for parabolic trough and 20–28 per cent for
parabolic dish systems) equal or exceed the 14 per
cent efficiency assumed in Table 2.23. Furthermore,
electricity can be generated continuously over a 
24-hour period with central tower and parabolic

trough CSTP systems due to the thermal mass of the
heat storage medium.

As discussed in subsequent chapters, solar energy is only
one of several forms of renewable energy that could supply
a significant fraction of world energy needs. Hydrogen
produced from renewable energy or biofuels produced from
biomass will be needed where renewable energy cannot be
directly used. The critical questions involve the best mix of
renewable energy sources, the cost of energy and the overall
efficiency of the future energy system.

92 CARBON-FREE ENERGY SUPPLY

Table 2.22 Summary of PV and solar thermal methods of generating electricity

Costs Efficiency Advantage Disadvantage

PV Crystalline silicon 30–40 cents/kWh 10–15% modules, Silica is abundant, Material inputs, 
(single, poly) in best locations, 20% eventually higher efficiency greater embodied 

9–13 cents/kWh for than amorphous energy
best projection

Thin film 5–6% modules, Can go on anything, Low efficiency
amorphous 10% hoped for suited to continuous 
silicon production

Multi-junction thin Highest cost 25–32% cells, 41% High efficiency Uses toxic or rare 
films using various under concentrated elements, high cost
rare substances sunlight
(e.g. CIS, CdTe)

Nanocrystalline 10% cell at 25°C Efficiency increases Requires rare 
dye cells with temperature, ruthenium

can be transparent to 
visible radiation

Concentrating PV crystalline Si 28% @ 92 suns Potentially lower More complicated, 
CIGS 22% @ 14 suns cost, stretches rare requires direct-beam 
thin-film GaAs 29% @ 232 suns elements solar radiation
GaInP/GaAs/Ge 41% @ 454 suns

quantum dot Concentrates direct Still under 
and diffuse radiation development
without tracking

Thermal Parabolic trough 12–20 cents/kWh 15–20%, 42–48% Large scale, lots of Thermal storage more 
now, 5–10 cents kWh capacity factor with demo projects, difficult than for 
future six-hour storage some storage other thermal methods

Parabolic dish €10,000–14,000/kW, 20–28% Suitable for isolated Expensive at present, 
eventually $2000–3000/kW villages, low limited heat 
(8–24 cents/kWh) infrastructure costs, storage ability

quick start

Central receiver 18–32 cents/kWh 10–15% Most amenable to Each mirror must 
today 24-hour electricity individually track 

the sun
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