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19th century technology
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Content

• Solar energy 
• General design considerations
• Solar thermal applications

– Technology
– Sizing and design
– Integration (examples)

• Active solar cooling
– Background
– Technology / system types
– Design and control
– Conclusions

• Creating awareness / visualisation
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Solar energy potential

• Yearly solar irradiation Meda
– 175 - 14000 x total energy 

consumption

– Roof surface sufficient for 
heating and cooling demand

– Full sun: ~1000 W/m2

– 1750 - 2300 kWh/m2 on horizontal surface
– 1900 – 2500 kWh/m2 op sloped surface (south, slope 25°)
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Solar energy

Annual meteo data
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Solar energy
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Monthy radiation on horizontal surface 
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Solar energy
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Monthly radiation on plane of collector (slope 25 o)
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General design considerations

• Integral approach
• Trias energetica ‘Triangle of Energy’
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Solar thermal energy
thermosifon, domestic hot water

• Southern Europe

• natural convection circulation

• Glycol for anti-freezing
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Solar thermal systems
forced circulation systems

• Northern Europe

• forced circulation

• most countries: glycol 

• NL: water, drain-back

• DHWS / large scale
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• Drain-back systems : 
collectors drain back in storage tank when store 
temperature is too high

• Glycol systems : 
fluid boils into expansion vessel in collector loop
– Large enough for fluid in collectors
– Protect membrane from hot water

Solar thermal systems
overheating protection
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Solar thermal systems
combisystems: hot water and space heating

• AT, DE, DK

• Complex,
custom made

• Well insulated 
dwellings

• Low 
temperature 
(floor) heating

• Sunshine in 
winter

• Glycol, forced 
circulation

• Overheating in 
summer

• Low specific 
yield
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Solar thermal systems
Algeria combisystem
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Solar thermal systems
sizing and design

• Primary design criterion: hot water (or heat) demand

• Solar water heater: AVERAGE hot water consumption 
– 25-60 liter / person / day at 60°C

• Back-up heater: MAXIMUM hot water consumption 
– 60 – 100 liter / person / day

• Designing solar on Maximum demand results in oversized 
and uneconomic systems!

• Preferably measure hot water consumption (or heat demand)!
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Solar thermal systems
sizing and design

Collector Sizing – starting points

• AVERAGE Hot Water Consumption
• Average solar radiation

• Solar fraction (%) = yearly contribution to hot water demand

• Desired Solar Fraction 
– Depending on climate (summer / winter)
– Depending on load distribution over the year

• Small systems / standard situations: rules of thumb
• Large / special conditions: simulation
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Solar thermal systems
sizing and design

Combined solar hot water and space heating
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Solar thermal systems
sizing and design

Combined solar hot water and space heating
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Solar thermal systems
sizing and design

• Choosing the Solar Fraction…
Constant daily load, 80% coverage
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Solar thermal systems
sizing and design

• Choose the solar fraction as the economic optimum
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Solar thermal systems
sizing and design

• With irregular demand profiles…
Atlantic hotel, 200 m2, 64% coverage
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Solar thermal systems
sizing and design

• … the optimal solar fraction can be lower.
Gambi a At l ant i c  hot e l
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Solar thermal systems
sizing and design

Other design aspects:
• Sizing of storage
• Hydraulic lay-out

• Shading 
• Overheating protection

• Frost protection
• Roof integration
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Solar thermal systems
integration (examples)
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Solar thermal systems
integration (examples)

• Small solar storage + 
backup heater in every 
apartment

• Collective collector
• Possible for existing 

buildings

• No collective hot water 
circulation line
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Solar thermal systems
integration (examples)

• Individual 
solutions
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Solar thermal systems
integration (examples)

• Collective solutions
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Solar thermal systems
integration (examples)

• Façade, balcony integration
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Solar thermal systems
integration (examples)
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Solar thermal systems
integration (examples)

• ICS integrated collector storage

29



This project is funded
by the European Union

Cool Cap!
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Solar cooling
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Solar cooling
why?

• Energy demand for cooling increased dramatically

• Conventional compression cooling leads to:
� high electricity grids peak loads
� more frequent power cuts/ failures 
� high electricity consumption
� contribution to climate change
� CFC’s impact on ozon layer
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• Huge market for air-conditioning ($35.000.000.000)
• Perfect match of cooling loads and solar gains.

• Reduction of fossil energy consumption.

• Reduction of CO2 emission.

• Reduction of expensive electric peak load.

• Replacement of electric energy.

• Generation of hot water and heating (using solar 
cooling plants).

• Emergence of new markets that create new jobs.

32

Solar cooling
benefits



This project is funded
by the European Union

33

Solar cooling
principles

Source: Carsten Hindenburg, SolCoolAirCon
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There are closed and open sorption processes: 

• Closed processes:
1) Absorption chillers .
2) Adsorption chillers .
Production of chilled water used in central ventilation stations or 
for decentralised air conditioning, e.g. fan coils, chilled ceilings. 
The liquid absorbent/solid adsorbent is needed to liquefy water 
vapour. The freed process heat is exhausted through a cooler. 

• Open processes:
Desiccant Evaporative Cooling Systems (DEC) 
Direct conditioning of air by using water evaporation to 
dehumidify and cool the incoming air. 
This process also allows for the regulation of humidity.

34

Solar cooling
systems
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Solar cooling
system integration
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Source: Dr. Hans-Martin Henning, 
Frauenhofer Institut 



This project is funded
by the European Union

Solar cooling
Morocco – reversible heat pump

Space 
heating

4

Cooling
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Electricity
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Fossil fuel at power 
plant
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Source: Solkav
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Solar cooling
different collectors for different techniques

Source: Carsten Hindenburg, SolCoolAirCon
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Solar cooling
COP-temperature

COP chillers:

• LiBr-water
- single effect: 0.7
- double effect: 1.2
- triple effect: 1.7
- non-toxic
- low pressure
- absorbent non-volatile

• Ammonia-water: 0.7

38

Source: SACE, http://www.ocp.tudelft.nl/ev/res/sace.htm

Source: IEA SHC Task 25 / TUG
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Solar cooling
fossil fuel savings
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Source: SACE, http://www.ocp.tudelft.nl/ev/res/sace.htm
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Solar cooling
control
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Source: SACE, http://www.ocp.tudelft.nl/ev/res/sace.htm



This project is funded
by the European Union

Solar cooling
efficiency
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Source: SACE, http://www.ocp.tudelft.nl/ev/res/sace.htm
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• The efficiency of active solar cooling installations can be 
increased by including elements of “passive solar cooling”.

• Passive solar cooling can also be regarded as a stand-
alone alternative to active solar cooling. 

• Passive solar cooling maximises the efficiency of the 
building envelope by minimising heat gain from the 
external environment and facilitating heat loss to the 
natural sources of cooling: air movement, cooling breezes, 
evaporation, earth coupling. It is the least expensive 
means of cooling a home and has the lowest 
environmental impact. 

42

Solar cooling
influencing efficiency
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• Huge market for air-conditioning ($35.000.000.000)

• Irradiation and cooling demand are correlated.

• Though technically possible, active solar cooling still involves
higher investments costs compared to conventional cooling.  

• Consequently, high full load operating hours are necessary.

• The control of such systems is complex and still requires 
improvement. 

• Broader application still hampered by lack of small systems 
(2-15 kW) on the market.

• Technology still in pilot phase.

43

Solar cooling
conclusions (1)
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• First use all other potential energy savers and load 
reductions measure.

• Check possibilities for passive cooling measures

• Use of intelligent shading and day-lighting

• Reduction of internal loads from equipment and lighting

• Reduction of transmission loads

• Reduction of building leakages

• Use of highly efficient thermal systems

• Use of highly efficient chillers

44

Solar cooling
conclusions (2)



This project is funded
by the European Union

Creating awareness

• Awareness of all actors in the building process
– SOLATERM - Promotion of a New Generation of 

Solar Thermal Systems in the MPC (GTZ)

• Awareness of end-users
– Outside: visible and aesthetic architectural 

integration

– Inside: visualise renewable energy production 

45



This project is funded
by the European Union

• Urban planning
• local government: street lay-out, lot-sales, regulations (EPC, 

building permits), subsidies 

• Design
• property developer, architect: proper orientation and roof 

integration, shading, placement of storage    

• System procurement
• property developer, installer: proven 

certified quality products 

• Build 
• installer: pre-qualifications, training

• Delivery
• property developer: inspection

Awareness
in building process
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Awareness 
guidelines, training and tools
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Awareness 
visualisation
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Awareness 
visualisation
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Awareness 
visualisation
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