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Introduction and overview ofapplicationsand system configurations

Solar thermal systems use freaergyfrom the sun (solar radiation) to heat watr a first instanceThe
solar radiation whiclis receivedn the earth planeis called global radiation; which ismade up ofdirect
and diffuseradiation Depending on théype of collector in addition to thedirectradiationit is also
possible to us¢he diffuseradiation

The generated heat can be used for diffiet applications and combinations of applications. In the TASK 45
the following classification will be used:
1. General Heating (GH)
General Cooling (GC)
Process Heating (PH)
Process Cooling (PC)
Water Heating (WH)
Swimming Pool Heating (SH)
Relevant Combinat ion:
o GH&GC

Nogakwbd

Typical clients are:
1 office buildings, conference centers , museums and airports
1 apartment houses, hotels, hospitals, schools
1 food and beverage industry, washing and galvanizing processes
9 district heating systems
I sport centres and swimming p ools

Low operating and maintenance costs combined with a long plant life and escalating fossil fuel prices make
solar thermal a very attractive investment on a life cycle cost basis when compared to a fossil fuel plant or
electric powered systems. bddition, solar thermal is environmentally friendly and provides significant CO
reductions.

Most people are familiar with solar water heaters found on honh@sgescalecommercial solar thermal is
much different due to the system engineering required andgbkection and assembly of high quality
components to insure proper operation and a long life demanded in a commercial operation.

Depending on different application amdoviders are on the marketariouscollectortypesavailable Solar
Process Heating, @ling and General Cooling need in general higher water temperatures than other
applications Collectorawvho providethesetemperaturesare typicallymore expensivéhan otherstandard
collectors

Below list of different collector types with a trend toincreasingoperationtemperature:
1 Swimming pool absorbers T un-glazed flat plate
1 Flat plate standard T single glazing
1 Flat plate high perfor mance 1 double glazing or
improved design

1 Evacuated tube collector
Fresnel collector
1 Parabolic collector

==
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The heat transfer fluidusuallya glycolwater mixture- frost proof) in the primary circuit isymped

through the collectors, where it can absorb the heat of the sun. A heat exchanger delivers the heat to the
dSO02yRIFNE OANDIAGE 6KAOK adzJJ ASa GKS O2yadzySNRa
bridge timing differences between heptoduction and heat consumption.

Solar systems in areas without sméro temperatures can use water as a heat transfer medium (no frost),
and thusis noheat exchanger between primary circuit and storageessary

Collector

Primary
circuit
Stagnation
facility
T AR
Heat =1 E—
exchanger pump
@ Consumer
Secondary
Pump circuit Storage
\—‘/

Fig.1: Basicscheme of a solar thermal plant

At http://task45.iea-shc.org/publicationsunder” Subtask C Systerhishere is a linkto a comprehensive
data base of most of the large solar heating coolig systems worldwide.
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1 General Heating (GH)

The mainapplication General Heating includes thpaceheating of large buildingslistrict heating and
local district heating, as well combinations of different applications.

1.1 Heating of large buildigs

Solar systems for hot wat@reparation (domestic hot waterDHW) and.ocalHeating (LH) suppoih
single and multifamily houses are verwell known Here, thesolar heatis storedlocallyin a storagetank
and distributed ovethe central hotwater system to the consumelis the house.

1.2 District heating and Local district heating

Solar district heating is the provision of hot water from solar energy and distributed through district heating
networks (or in bloclor localheating systems by smallersitallations).

Solar distret heating systems can feed haato sub stations in connected buildings or are directly
connected to the district heating primary circuit on site.

District heating and solar heating has got increased interest all over Eurapeeint years and more than
100 solar plants with more than 500 mz2 of solar collecfmes planthave been put into operation since the
YAR dnQao

The majority of the largscale plants supply heat to residential buildings in block and district heating
sydems. Typical operating temperatures range from low 30°C to high around 100°C (water storage).

Most of these plants have no storage as they can utilize the district heating network as storage (as long as
they provide a small amount of heat in comparisorite total load in the district heating system). The

system should cover not more than 90% of the summer load, to prevent stagnation of the plant due to lack
of heat dissipation. By coverage of a high summer load and a time lag between heat productf@aand
dissipationthe integration ofheat storage is necessary. The combination with a storage for a local hot
water supply of buildings or with a seasonal thermal storage for the store of solar energy collected in the
summer time to the winter months areggsible.

The type of feedn scenarios can be basically divided as centralized and decentralized. The central supply is
made locally at the heat source and is mostly used for local heating networks aneamili houses.

With the integrationof distributed solarthermal plants inexisting district heating networkshere are
severaltheoreticalpossibilities of heasupply.

1.2.1 Extractionin the district heatingreturn andfeedin the district heating flow

CGontrolled heat input on the required flow tempature (flow matched). This type of feed in is preferred by
the district heating operators (no change of return temperature, the higher part optimeping costs
contributes the solar thermal plant operafoBecause of the higher feed in temperature dre ¢ollector
yieldsabout 1®%lower than with the feed in scenario of extraction and feed in the return
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1.2.2 Extraction and feed in the return

Due to thelowest possibléemperatureshas the planthe best efficiencyOftenunfavorable for thelistrict
heatingoperators(higherheatlossesflow resistancelow efficiency of theprimaryheat sourcg. The
return temperature is ofterfixed by a contracwith the main heatproducers.

1.2.3 Extraction and fed in the return

Here, the system operatesnderthe highestrequired temperaturewith the lowest efficiency Thepump
energy isoveredby district heatinggrid pumps.This variantsdueto the hightemperaturesalreadyin the
collector inletfor solarthermal plantsrather not in use [1]

Feed-inreturn—=return Feed-inreturn—>flow Feed-in flow—>flow

flow ==
return ;i-, < < <

E from heat : : from heat

from heat
source source source

Fig.2: Hydraulic integration of solar thermal fedu (source: Wolfgang Streicher)

2 General Cooling (GC)

The mainapplication General Cooling includes the cooling of large builddigfsict cooling and local
district cooling, as well combinatis of different applications.

1.3 General

Cooling and air conditioning is one of the largest consumers of energy in buildumg$othe rising global
electricityconsumption solar thermaldriven coolingsystemshavereceivedmuchattention in recentyears

Solar heat is used to run @&t driven cooling machine. Tleéiller provides cold water or air that is

distributed in the building. The basics of this technology have been used for more than 100 years, but, until
a short time ago, the temperatures needéat thermal chillers were too high for traditional solar panels

such as those used on homes. A combination of improvements in chillers and the development of solar
panels that allow production of higher temperatures have opened the market for solar theoolng.

Increasing demand on the electric grid is causing many problems (blackouts, brownouts, etc) and is partially
due to increasing use of electric driven cooling on hot, sunny days. Solar cooling performs at its best on
these hot, sunny days andrchelp to stabilize the electric supply aysignificantly reduction dhe electric
demand.

Commercial buildings, office towers, resorts, health sector, educational buildings, large scale residéntial
are excellent applications for solar air condtileg. Smaller scale units for private housing are under
development and should soon be commercially available.
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Fig.3: Solar cooling schematic

1.4 State of the art

Heatdriven chillers/dehumidifiers can be divided into absorptamllers, adsorption chillers, desiccant
cooling systems and other technologies.

To achieve a higbapacity utilizatiorof the solar coolingystem the system is mostly designeddoverthe
basecooling loadIn mostcases of room cooling systems, ttalingbase load i80 - 40%of the cooling
peak load. This variant hatso been founésthe mosteconomical way.

1.5 Cooling and dehumidification technologies

1.5.1 Absorption chillers

The most solar assisted air conditioning systems which are in operatiorgameped with absorption

chillers (AbCH). AbCH consist of several heat exchangers designated as evaporator, absorber, generator and
condenser. The refrigerant is mainly water or ammonia. The second needed working fluid (sorbent) is a
LiBrsolution with wate as refrigerant, or ammoniavater-solution if the refrigerant is ammonia.

Features of AbCH
1 ADCH e designedor large solar applicationgundreds of kilowatts cooling capacity)
1 SomeADbCH are also availabléth lower capacities.
i Efficiency and capadgs are small at low driving temperaturés/0°C)
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91 Providers are primarily froMorth Americaand Asia.

Cooling cycle
1. The generator is provided by heat. The refrigerant is driven off as vapour through the use of hot
water or steam.
2. The refrigerant condeses in the condenser. The cooling water removes the heat of condensation.
3. Because of the evaporation of the refrigerant the temperature of the cold water is decreased.
4. The liquid sorbents absorbs the evaporative refrigerant meanwhile the absorptiorishesahoved
by cooling water.

CLASSIC ABSORPTION REFRIGERATION CYCLE

GENERATOR EVAPORATOR

CONDENSER
) CHILLED WATER

COOLING
N\ ATeR our

& Wout
HX Gy S Lassonem
| | [(¢

<
COOLING WATER IN

ENERGY
SOURCE Oy

gty

Fig.4: Schematic of an absorption chill@f [
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Fig.5: Cooling cycle of an absorption process. Vapour pressure as a function of vapour tempgfature.|

1.5.2 Adsorption chillers

Adsarption chillers (AdCH) work on a physical process in which the molecules of one substance are
adsorbed on the internal surface of another substance. Due evaporation and adsorption of a refrigerant

(mainly water) is the production of useful cold possibleg&heration of the sorption material is done by
heat, e.g. from the solar thermal system

Features of ADCH
1 Hot water temperatures of 680°C are suffices (use of standard flat plate collectors possible)
1 AdCH are more expensive than absorption chillers
9 Limited market choice
1 Heavy weight and big volund# installations

Cooling cycle

1. With the use of hot water is the refrigerant (adsorbed in tisorben) driven off.

2. The refrigerant condenses in the condenser. The heat of condensation is removed by thg cooli
water.

3. The condensate is sprayed in the evaporator which evaporates under low partial pressure. So is the
production of useful cold possible.

4. The refrigerant vapour adsorbs in the absorber andrifleased adsorptioheat is removed by
cooling water.

5. If the adsorberis charged and the desorber regenerated, their functions are interchajgjed
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Fig.6: Schematic of the internal chambers of an adsorption chier [
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water temperature (chilled water 9°C,cooling water 28 and 32 3C); [



Task 45 Large Systems sg.cmﬂ
Categorizatiorand applicationf large solar heating and

cooling systems
IEASHCTECHSHEET 461, pagelOof 15

1.5.3 Desiccant Cooling System

In a desiccant ading system removes desiccgatsorben¥ material moisture from the process air.
Released heat increases the dmylb temperature during the dehumidification. In the first step is the-dry
bulb temperature reduced by a heat recovery system and in therskstep by an auxiliary cooling system.
A coupling of desiccant cooling systems and solar thermal system te theerelatively low needed
temperature possible.

rp\ e
-— -—
Exhaust air w Return air
+ &
—_— —i
Fresh air \d; Supply air

© ® ONO) ©

Fig.8: Schematic of an Desiccant cooling system

Cooling cycle
1. Fresh air is ehumidified from (1) to (2) by th@lesiccantwheel.

2. Reduction of the temperature (3) due theatrecovery systema> uses the lower temperature of
the exhaust air (7).

3. Through evalporation of waterhe humidifier realizes theemperature reduction, which increase

(4).

Heat only in winter case necessary, the pressuncecasen the fan increasethe temperature (5).

5. Change of state in the room from (5) to (6).

Heat recovery from (7) to (8), in the supply air the exhaust &inisidified from (6) to (7p

temperature is lowered.

7. The heaterisesthe exhaust aitemperaturefrom (8) to (9). The haind relative dryair is used to
regenerate the sorptive material, (9) to (1[3].

B

o

1.6 District cooling

In a solardistrict cooling gridthe solargeneratedheatis central used for the production of colhd
discharged througla pipenetworkto the buildings For the production of the cold are absorptiand
adsorption chilles useablelf the situationpermits,cold water from lakes and the sea can be fme
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feeding thedistrict coolinggrid. Additional to the use of solar thermal a district cooling grid enables an
efficient use of surplus heat of diverse sour¢@aste heat from power plants) to cool kdings

Fig.9: Solar district cooling grid

2 Process Heating (PH)

In principle, the potential for solar thermal generation of process heat is enormous: In Europe, about 27%
of the total final energy emand is heat consumed by the industry. Herein, about 30% of the total industrial
heat demand occurs at temperature levels below 100°C. A significant part of this heat camebeteg by

solar thermal plants with common collectors. Temperatures over 1808@eachable with high

temperature or concentrating collectors.

LowT
below 100°C
30%
HighT
over 400°C
43%

MediumT
100-400°C
27%

Fig.10: Share of industrial heat demand tgmperature level. Data for 2003, 32 countrie&i25 + Bulgaria, Romania, Turkey,
Croatia,lceland, Norway and Switzerld.[4]
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Fig.11: Principle of solar process heating

Process heating plants are less complex with regards to solar cooling. They replace mostly oil and gas and
can deliver up to 120°C. Especially food, beverage, wood or textilstites have a huge demand for heat.
Another possibility is space heating for industrial buildings. Most syséeendesigned to provide large
guantities of hot water or steam, depending on the used collector typ.

Heating of hot water for washing or cleiag in food, textile industry, surface treatment
Heating of makaup water for steam networks in bakeries, laundries

Heating of baths or vessels for metallurgic processes

Drying and conditioning of goods, tea, coffee, wood, fruits

Distilling and chemicalrpcesses such as breweries, desalination, reverse osmosis
Etc.

= =4 =4 -8 -8 -9

Fig. 13: Solar thermal process planhot water Fig.12: Solar thermal process plansteam
produdionused in the beverage industry production in chemical industry (source: Fichtner
(source: SOLID Gmbkystria) Solar GmbH, Germany)
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3 ProcesgCooling (PC)

Process cooling on basis of solar thermal energy works with the same principle explained in 2hapter
Compared to air conditiongifor buildings the cooling loads for processes are usually more constant over
the day. In order to achieve a higher solar fraction, the collector field and storage tank can be dimensioned
larger to be able to provide a higher solar cooling fraction atsidui@e level of risking stagnation conditions.

4 Water heating (WH)

Solar systems for hot wat@reparation (domestic hot wateii singlefamily and multifamily houses are
verywell known Here, thesolar heatis storedlocallyin storageand distributedoverthe central hotwater
system to the consumeia the house.

5 Swimming Pool HeatingSH

Largepoolsmustoften be kept ata certaintemperature levelFor this purpose required energy cha
covered to acertain extentby means of solagnergy. Dudo the lowtemperatureleveloften swimming
pool absorbergan be usedwhichconsistentirely of plastic mostly without a cover

6 Solarin Combination with aHeat Pump (SCHP)

During the operation of solahermal heat plants, the temperature level of the solar heat might not be high
enough to be used in a process. Mostly in spring, autumn and also after sunset is the possibility given to use
lower collector temperature due the integration of a heat pump eyst Therefore heat pumps can be

installed to reach the useful temperature levels more often and due to increase the solar fraction of the

plant itself.

Heat pumps absorb heat at a low temperature levels, the working medium inside the heat pump
evaporatesat this low temperature level. The evaporated medium is shifted to higher pressure and
temperature level by compression. On this higher temperature level, heat is transferred to a heat sink and
the medium condensates. After the medium is relaxed in tHeeyahe cycle starts again with evaporation.
The main heat pump typesdaorption or compression heat pumps have the same effect, but use different
methods to reach higher temperature levels.

Heat pumps can be connected to the storage tank or in the gmjrsolar circle. Heat source of the
evaporator can be on the one hand the cold side of the storage tank, or on the other the primary solar
circle. The heat sink for treondenseiis mostly the warm side of the storage tank.

Because of colder return tengpatures and therefore less thermialssesthe collector efficiency raises.

Compression heat pump

Most of the heat pump systems work with the vapour compression cycle. The main components in this
system are the compressor, the expansion valve and two éechangers referred to as evaporator and
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condenser. Those components build together a closed circuit. The working fluid or refrigerant circulates
through the four components.

Heatingcycle

1. The temperature of the working fluid is kept lower in theaporator than the temperature of the
heat source. Thereby heat flows from the heat source to the working fluid, which evaporates.

2. Vapour from the evaporator is compressed to a higher pressure and temperature.

3. In the condenser enters the hot vapour, whétreondenses and gives off useful heat.

4. Atthe end of the heating cycle the high pressure working fluid is expanded to the evaporator
pressure and temperature in the expansion valve (original state). The working fluid enters again the
evaporator[5]

Ebectricity

Heat In

/—. 2 Cevnpyession \

1 rn’?‘ﬂ'ﬂf ‘an andenahsn

k 4 Cxpanzk Q/

Expansion Valve

Fg. 15: Closed cycle, electric motdriven vapour compression heat pump

The compressor is usually driven by an electric motor but is also possible by a combustion engine.

Absorptionheat pump

Absorption heat pumps are thermalliyiven. Beside solar thermal as heat source are alsdigal waste
heat and high pressure steam are possible to drive the heat pump.

Absorption systems use the liquids or salts, which are able to absorb the vapour of the working fluid.

Most common verking pairs are:
1 Water (working fluid) and lithium bromide (absorbent)
1 Ammonia (working fluid) and water (absorbent)

The solution circuit of a thermal driven absorption system consists of an absorber, a solution pump, a
generator and an expansion valve.

Heatingcycle
1. Low pressure vapour is absorbed in the absorbent. In this process heat is generated.

2. With the pump the solution are moved to the generator with a higher pressure, where the working
is boiled off with an external heat supply at a high tergiure.
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3. The vapour (working fluid) condenses in the condenser while the absorbent is returned to the
absorber over the expansion valve.

4. Useful heat at medium temperature can be used at the condenser and in the absorber. High
temperature heat is supplieth the generator to run the process.

Compared to the compression heat pump a smaller amount of electricity is needed for the operation of the
solution pump.

Heat Dut

Fig.16: Absorption heat punip]
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