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The Solar Heating and Cooling Programme was founded in 1977 as one of the first multilateral
techndogy initiatives ("Implementing Agreements") of the International Energy Agency. Its mission is
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collaboration to reach the goal set in the vision of sdl@rmal energy meeting 50% of low
temperature heating and cooling demand by 2050.
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of research, development, demonstration (RD&D), and test methods for s@amal energy and
solar buildings.

A total of 53 such projects have been initiateddate, 39 of which have been completed. Research
topics include:

Solar Space Heating and Water Heafihgsks 14, 19, 26, 44)

Solar CoolingTasks 25, 38, 48, 53)

Solar Heat or Industrial or Agricultural Proceg3essks 29, 33, 49)

Solar District Heating (Tasks 7, 45)

Solar Buildings/Architecture/Urban Plannifitasks 8, 11, 12, 13, 20, 22, 23, 28, 37, 40, 41, 47,
51, 52)

Solar Thermal & PMasks 16, 35)

Daylightng/Lighting(Tasks 21, 31, 50)

Materials/Components for Solar Heating and Coofifasks 2, 3, 6, 10, 18, 27, 39)
Standards, Certification, and Test Methddiasks 14, 24, 34, 43)

Resource Assessmefitasks 1, 4, 5, 9, 17, 36, 46)

Storage of Solar Heéfasks 7, 32, 42)

In addition to the project work, there are special activities:
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SHC International Conference on Solar Heating and Cooling for Buildings and Industry
Solar Heat Worldwide annual statistics publication

Memorandum of Understandingworking ageement with solar thermal trade organizations
Workshops and conferences

[ <R R

Country Members

Australia Germany Singapore
Austria France South Africa
Belgium Italy Spain

China Mexico Sweden
Canada Netherlands Switzerland
Denmark Norway Turkey
EuropeanCommission Portugal United Kingdom

Sponsor Members

European Copper Institute  Gulf Organization for Research and Development
ECREEE RCREEE

Further information:

For up to date information on the IEA SHC work, including many free publications, please visit
www.ieashc.org
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In the framework of IESHC Task 52 the future role of solar thermal in urban energy systems is

Ay @SaiaA3al SR dTechnglogy{ atmiDérhoastrators By 2 @SNBASe | yR
corresponding statef-the-art applications is given.

In ReportC1: Classification and benchmarkirgplar thermal system configurations suitable for
applications in urban environments are identified and chtdezed by representative techro
economic benchmark figures from a set of best practice examples. Objective is to provide a
comprehensive data base for techvegonomic (pre) evaluations, especially applicable for urban
planners / energy system plannersthout deeper theoretical solar thermal expertise.

In ReportC2: Analysis of best practice exampliagormation about built best practice examples as
well as conceptual feasibility studies of solar thermal applications in urban environments is
summarized Objective is to highlight technical potentials, innovative approaches and restrictions of
solar thermal applications in urban environments in a holistic energy system context on the one hand
and to identify and describe lessons learned regarding appliethadelogies, success factors and
barriers on the other side.

In addition aBestpractice Leafleprovidesflash light information and impressions about eawest
practice examplesfrom Austria, Denmark, Germany, Sweden and Swand. The examples
representthe entire range of solar thermal system configurations suitable for applications in urban
environments including systems, which are hydraulically connected to a district or block heating grid,
as well as systems which are directly attached to indafidbuildings.

2 aSiK2Rz2f 238

Classification and benchmarking of solar thermal systems in urban environments presented in this
report is derivedfrom technoeconomic analysesf 46 solar thermal systems in operation from
Austria, Denmark and Germany.

2.1 Boundaries for the assessment of technical and economical parameters

All technical and economicphrameters of the investigated solar thermal systeanselaborated for
both solarloop andsolar energystorage Conventionaheat supply is not considered (&figurel).
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Figurel: System boundaries for the solar thermal systems investigated
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All specific benchmark figurggesented in chapted are referred to gross collector area installed
0 S @3 Qoss KWhIME,0s). Cost data refer to endser (customer) prices excluding valadded
taxes or subsidies. Solar energy yi&#is referred to asspecificannual useful thermal energy
deliveredby the solar thermal systemm kWh per m2 gross collector area installgdermal losses in
solar loop piping and thermal energy storage consider&jar fractionsf is definedas shareof
annualusefulsolar thermal suppl¥soiarto total thermal energy supplyEolart Eauy).

(©) Eq.1
0O O

2.2 Method for the assessment of the economic performance

The economic performance of thievestigated solar thermal systenssquantified using the levelized
cost of energyl(COEapproach€.g. accto /1/).

The idea of this approach is to compare the total co§srélated to an energy supply system with
the resulting energy supplied by thsystemK). Since both the costs as well as the energy supplied
are subject to the time preference of the investors, both terms are discounted at the interest rate
with an economic assessment periodtof COEre calculated according tq.2 next:

6 Op i Eq.2
B ©02p |

0600

The calculation of levelized cost of solar thermal generated h€&Erin this report is derived from
Eq.2 and may be expressed as following:

... O B 8 0p i Eq-3
vou O
B "YOp |
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lo specificsolar thermal systemsostsincl. installation(excl. VAT and subsidieg) Kgroédu
A fixed and variable O&M expenditures in the yeab € K06y
SE solar energy yieléh the yeart [kKWh/m?Zgosd
r discount(interest)rate [%]
tges period of use (solar thermalystem life time in years) Ja
t BSIENI gAGKAY G(GKS@IISNA2R 2F dza8S omzIunzIX
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3/ tlaaArA-TROIFMNIZAKSNYIf aeausSya Ay
From a technical point of view a large variety of different concepts for the (hydraulic) integration of
solar thermal sygms in urban environments exisBasicallyone may distinguish between solar
thermal systems which are directly attachéaol individual buildings (residentialor non-residential

buildings)and solar thermal systems which ahgdraulically connectedo a thermal grid (block
heating or district heatig grid)for the supply of multiplduildings[].

Based on these two categoriéBablel provides aclassification for thenost commonly appliedolar
thermal system concepts suitable for urban applications.

Tablel: Classification matrix for solar thermalystems in urban environments

Solar assisted heating of individubbildings
Al) Solar domestic hot water systems in single family homes (BHMY
A2) Solaicombi systems in single family homes-&FH)
A3) Solaicombi systems in mutiamily homes (GS1FH)

& 2 Residential buildingqsingle family homes, muifamily homes,

apartment blocks, etc.)

Non-residential buildings (schools, hospitals, hotels, offig
buildings, production halls, etc.)

Solar assisted heating of multipleuildingsvia thermal grid

B1) Solar assisted district heating (SDH)
B2) Solar assisted heating of building blocks and urban quarters (SBH)

Case Acentral storage +central solar thermal collector fielg
(central solar feedn)

@ Case Bcentralstorage +distributed solar thermal collector fielg
(distributed solar feedn; solar supply to heating grid only

A, | Case Cdistributed storage +distributed solar thermal collectot
- field (bi-directional feedin or solar supply to building only

1 According ta2/ athermal gridcan be defined as a network of pipes connecting buildings in a neighbourhood, city quarter or whole city,
so that they can be served from centralised and/éstidbuted thermal energy supply technologies (such as boilers, CHP plants, solar
thermal systems, heat pumps, waste heat from industry, etc.). Depending on the size of the pipe network it can be deximgtveben
district heating grids (large pipe nebrks for the supply of communities up to whole cities) and block heating grids (smaller pipe networks
for the supply of multiple buildings inreeighbourhood).

Rev.201805-24, AEE INTEE. Mauthner ChapterClassification Solar thermal systems in urban environments of 30
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3.1 Solar assisted heating ohdividual buildings

Solar assisted heating of residential and siesidential buildings (e.g. single and miitmily houses,
terraced houses, apartment blocks, hotels, schools, hospitals, production hallsjsetoinmonly
applied in countries all ovehe world g].

Characteristic state of the art applicatiorsre building integrated (omoof, inroof) and supply
GKSNXItf SySNHe& RANBOGfe G2 GKS odaAtRAYIQa KSI (A
domestic hot water and space heating (the: (G G SNJ I NB solds GosbspsterRs vid2 | 3adzHéf f @
this kind of solar thermal applications are part of bivalent or multivalehbiilding heating and

cooling systems including a thermal (diurnal) storage.

In Table2 examples for solar thermal systems in single and nrfiaftiily homes are shown.

Table2: Examples for solar thermal systems in single and mfdtnily homes|[picture source: AEE INTEC]

Al) Solar domestic hot wate
systems in single family homes

DHWSFH

A2) Solarcombi systems ir
single family homes

CSSFH

A3) Solarcombi systems ir
multi-family homes (terracec
houses, apartment blocks)

CSMFH

Solar domestic hot water systems in single family homes (DiS¥H)are usually designed to
provide 65 to 790 of the annual domestic hot water demand. In summer (May to August) usually
100% of the thermal energy needs for domestic hot water are suppliethibykind of solar thermal

2 In Central and North Europe, North America and Australia the majority of solar thermal systems attached to individuglsbari&lin
pumped systems (closed loops with forced circulation) equipped with flat plate collectors. By contrast, in SouthernLEtiropenerica,
the MENA region and Africa thermosiphon systems especially for small scale domestic hot water applications are domiGatirey. by
far the largest solar thermal market worgide, thermosiphon systems equipped with evacuated tube ctliscare predominant3/ . In
this report only pumped solar thermal applications with fiédte collectors have been investigated.

3 In the residential sector, solar thermal systems typically providd®% of the annual domestic hot water demand or3%of the
annual building heating demand (domestic hot water + space heating). The missing demand hence needs to be providedrhgrene or
additional auxiliary energy conversion units (may be boilers, heat pumps, electrical heaters). Respective energysepp consisting
2F G2 2N Y2NB KSI (i bwslediNDBbMvaledS SNOSSINENNBRIZLALA & sa @ G Sya o
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systems. In order to utilize the energy from the sun most efficiently these systems are equipped with
a domestic hot water tank with a storage volume equivalent to around double the domestic hot
water demand for one dayFurther information (design guidelines, technical standards, etc.)
regarding solar domestic hot water systems in single lfahomes can be found hergt/, /5/.

Solarcombi systems in single family homes (SEH)and Solarcombi systems in multfamily
homes (C3/FH)are usually designed to provide 15 to%%of the buildings annual heating demand
(domestic hot water + space heating). Similar to the solar domestic hot water systems, solar energy
storage is needed for thefficient utilization of the energy gains from the solar thermal sysfEne.

design of Solacombi systemss sensitive to the building standard resp. the annual space heating
demand,the conventional heating system of the building (e.g. low temperafilwer heating or
higher temperature radiator heating) and the domestic hot water demand pattérarther
information (design guidelines, technical standards, etc.) regarding-solabi systems in single and
multi-family homes can be found her/, /7/, /8.
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3.2 Solarassisted heating of multiple buildings vikhermal grid

In dense urban areas multipleuildingsup to whole citiesmay be attached tdblock or district
heatinggrids Compared to heating of singteildings thermal gridsprovide several advantages such

as the spatial separation of thermal energy conversion and thermal energy demand, the utilization of
various heat sources within one connected system or the utilizatiowaste heat fromcombined

heat and power (CHP) plaraad/or industry.

Solar thermal systems connected tbermal grids have been applied in Europe since the early
Mpy nQad azad y2atofteé Ay {OFYyRAYlI@AlI O6{6SRSys:
Greecea number oflarge-scale applications >330M» (500m?) exist[4]. In sum, 29 large-scale solar
thermal systems connected to heatinggids and 17 systems connected to cooliggids were in
operation in Europe b@ctober 2015The total installed capacity of these systems eq68éMWi,
(991,000m?) [f].However, compared to theumulated installed solar thermal capacity Europe
theselarge-scale applicationsnly covera small niche segmemtith a market share adiround2 %[¢).

Denmark is the onlgountry worldwide, where acommercialmarket forlargescale solar thermal
plants connected to thermajrids could establishBy October 2015, seventy solar district heating
plants with a total installed capacity of 58MW:, (759,000m?2) were in operation (more than % of the
total installed capacity iEurope) Average system sizealculates to 7.6AW, (10,850m2).

In several otheEuropeancountries smaller niche markets exist, such as in Austria where 25 systems
>350kWih (500m2) connected to urban district heating grids, commuriigsed biomass hey

grids or block heating gridsre installed. In Germany, several remarkable demonstration plants for
the solar assisted heating of building blocks and urban quarters wittosahstorage were built.
Alsofrom other European countries such as Sweden f&ts), Spain (16 plants), Greece, France,
Poland (14 plants each) and Switzerland (9 plants) interesting achievements are repigted?).

Largescale solar thermal plants connected to thermal grids
European marketscapacities installed and No. of systems by country
550

500
450
g 400
E.Z 350
29 300
g2 250
% 200
O
150
100
50
0 H EE B B —— — —

DK* DE AT SE | other PL NL GR FR ES CH IT

m Capacity [MWth] 531 30 27 22 16 15 11 11 10 9 6 4

m No. of systems [1] 70 25 25 22 12 14 8 14 14 16 9 7

Figure2: Largescale solar thermal plants connected thermal gridsin Europeg capacities installed and No. of systems
by end of 2014 (*Denmark: October 2018)ata source: Dalenback@. - Chalmers University of Technology, SE and Trier
D.¢ PlanEnergi, DK)

In Table3 examples for solar thermal systems connectediistrict or blockheatinggridsare shown.

4 Apart fromEurope, very few largscale solar assisted heating and cooling grids are documented. Two best practice examples from e.g.
Canada and Saudi Arabia are describet®inand/10/ respectively.

5 calculation AEE INTEC based on data fron®lzfrDalenbéck Chalmers University of Technology, SE and DanielcTianEnergi, DK

6 Calculation AEE INTEC based on data from ESTIF12015
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5 S



IEA SHC Task 52: Solar Thermal and Energy Economy in Urban Environments

ReportC1- Technology and Demonstrators

Table3: Examples for solar thermal systems connectedermal grids (district heating and block heating grids)

Solar district heating(SDH)

- central solar feedn

- ground mounted collectors
- seasonasttorage

- country: DK

*PTES: pit thermal energy storage

Solar district heating (SDH)
- central solar feedn

- ground/roof mounted
collectors

- diurnal storage
- countries: DKAT, DE

*TTES: tank thermal energy storage

Solar district heating (SDH)
- distributedsolar feedin

- ground/roof mounted
collectors

- no storage/diurnal storage
- country: AT

*no storage reeded due to low solar
fraction; district heating (DH) grid acts
as buffer

Solar block heating (SBH)

- roof/(ground) mounted
collectors

- day/week/seasonal storage
- countries AT, DE

*TTES: tank thermal energy storage

Commissioning: 2012/2015 (extendec
Collector field size: 70,0002
Storageseasona(200,000m3 PTE$
Solarfraction: 4550%

Picture sourceYojens F"ernvarme

Location:Saeby, DK
Commissioning: 2011

Collector field size: 11,8662
Storage: day (existing 2x2766 TTES
Solar fraction: 6%

Picture sourc

eSaeby Varmevaerk.

Location: Graz, AT
Commissioning: 2007/2015 (extendec
Collector fieldsize: 7,450n2
Storage: no storage (DH grid
Solar fraction: 4 %

Picture sourceS.O.L.I.D. GmbH

Location: Salzburg; AT
Commissioning: 2011/2013 (extendec
Collector field size: 2,0502

Storage: dayeek(200m3 TTES

Solar fraction: 25%

Location:Dronninglung DK
Commissioning: 201

Collector field size37,600m?2
Storageseasonal (62,000m3 PTgS
Solar fraction50%

Picture sourceDronninglund Fjernvarme

Location: Eibiswald, AT
Commissioning: 1997/201@xtended)
Collector field size: 2,45012

Storage: day (1762 TTES

Solar fraction: 13%

Picture sourceS.O.L.I.D. GmbH

Location: Wels, AT
Commissioning: 2011

Collector field size: 3,4002
Storage: no storage (DH grid
Solar fraction: 26

Picture sourceMEA Solar GmbH

Location: Munich, DE
Commissioning2007

Collector field size2,800m?
Storage: seasonal (5,70@ TTES
Solar fraction: 46%
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Picture source: Salzburg AG Picture source: ZAE Bayern
Solar thermal systems connected to district heating gri@®DH solar district heating)

With district heatingcommunities up to whole citieare supplied with thermal energy by means of a

district heatinggrid. Solasthermal feedin may be centralized (close to the boiler holasstrict

heating plant-Figure3, No. 1a/1b or distributed (at any point of the district heatimgid -Figure3,

No. 2a/2b). Bpendirg on space availability installation of the collectors may be possible on ground
(Figure3, No. 1a/2a)r building integratedFigure3, No. 1b/2b) Distributed and buildingntegrated

solar thermal plantsnay be hydraulically desiged in a way to either supplyne district heatinggrid

only (Figure3Z  Hto Supply the building only (district heating as bagkq Figure3Z H 0 QQU 2 NJ
supplyboth the buildhgand thedistrict heatinggrid (bi-directional feedin ¢ Figure3~Z 5.0 QQQ

Basically, SDH planteay be technically realized without any additional solar energy storage if the
solar supply at the feeth point is very low compared to the demand base ldddwever, in most
cases solar energy storages attachedin close distance to the solar thermal feegdpoint.

Solar fractions of begtractice solar assisted district heating installations range from very low-(<1%
2%) for SDH plants without storage (esgveral examples for distributed solar feedin district
heatinggridsin Austria) up to 815% for SDH plants with sheierm (diurnal) storages (e.g. most of
the Danish SDH planfg as well as solar assisted biomass heating plants in Austrissandany{e]).
Higher solar fraction of 455% can be reached if seasonal storages are instg]led

AL

1a: central feed-in, ground mounted 2a: distributed feed-in, ground mounted

1b: central feed-in, roof mounted 2b’: distributed feed-in, roof-mounted, solar supply to heating grid only

2b”: distributed feed-in, roof-mounted, solar supply to building only
2b"": distributed feed-in, roof-mounted, bi-directional feed-in

Figure3: Integration options for solar thermal systems inidtrict heatinggrids(source: AEE INTE@apted from/12/)

7 Most of the Danish SDH installations are ground mounted flat plate collector fields hydraulically connectsdally @lready existinyy
load-balancing storages in close distance to the disti@ating main distribution line (Figure 3, No. 1a). Typical solar fractions range from
5-15% of the thermal energy demand for communities with 1,000 to 2,500 households.

8 In Austria, Germany and Switzerland it is quite widespread to supply communitresligtitict heat based from local biomass. In Austria,
around 30 of suclocal biomass heating gridsave been extended by solar thermal systems in order to cover the summer base load and
to avoid part load operation of the biomass boiler(s) or biomass |@&t#®s installed olar assisted biomass heating plantypically, the

solar thermal collectors are mounted on the roof of the biomass (wcltig) storage building.

° Three very large ground mounted SDH plants with central-fieewnnected to pit thermbenergy storages (PTES) have been realized in
the Danish cities of Marstal (23.3 MWth; 33,300 mz2; 85,000/&8), Dronninglund (26.3 MWth; 37,573 m?; 61,700 Wi¥/ and Vojens
(50 MWth, 70,000 mz, 203,000 n3)5/ .
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Furtherinformation (design guideies, technical standards, etegarding solar district heating can
be found heref16/,/17/. A database of techreconomic benchmark figures and monitoring data of
several Danish best practiceanples can be accessed hetEs/.

Solar thermal systems connected to block heating grids (§BMlar block heating)

With block heatingmultiple buildings in aneighborhoodare jointly connected and supplied with
thermal energy bymeans of a block heating gri&olar thermal systems atthed to block heating
gridsare typically building integrated and may supply thermal energy either directly to the building
attached and/or to thethermal grid connected. Solar energy storages may be attached to the
buildings (mostly diurnal storageahd/or to the heating network (can be diurnal, weeklyseasonal
storages) Typical solar fractions of solar assistedckl heating systems range from -200 for
installations vith diurnal storages and from 400% for installations with seasonal storaged Slar
fractions of X90% have been successfully demonstrated [

Figure4 schematically shows an urban district (Freib@gtleutmatten, DE) supied by ablock
heating gridand assisted by various distributed and rawbunted solar thermal systems (orange
areas). The hydraulic integration of the solar thermal systems as highlighted in the red box is same
for all buildings

Figure 4: Schematic overview over the solar assisted block heating system in Freib@hgtleutmatten, DE (source:
Fraunhofer ISEjDetails¢ based on design datd otal heated floor area: 40,00®2 / Total roofmounted solar thermal
systemarea: 2,000m2 / Total solar energy storage volume: 1668 / Total anual thermal energy demand: 2,200Wh /
Totd annual solar energy yield: 660 MWh / Solar fractiorg20

Especially, block heating grids designed for the supply of new and renovateén&gy
neighborhoods or urban quarters show good potential for the integration of solar thermal systems
since lower supply temperatures are needed for space heafingongst others, in Task repoti?:

0, Germany, ten solar thermal systerwith seasonal storage for the supply of several terraced houses up to small urban quarters have
been demonstrated with different kinds of losigrm storage technologies attached. Solar thermal system sizes range from 560 m2gross to
around 8,200 m2grossnd solar fractions achieved are between 45 and 75 %.

11 Highest solar fractions in combination with seasonal storage of solar heat are achieved in Alberta, Canada where moé thiah€0
energy needed for space heating of 52 detached energy efficient homes are provided by a 1.6 MWth (2,293 m?) solapldermal
connected to a borehole thermal energy storage (BTES) with an activated soil volume ofr82(088 boreholes a 35 m dept9/ .
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Analysis of built best practice examples and conceptual feastiilitjes the example of the slar-
assisted urban quarter Freibufglutleutmattenis described, analyzed and discussed in more detail.

4 . SYOKYYy AJ &N 0 KSNXYI

seadsdvya Ay d

The benchmarks presented in this chapter were derived from aobddest practice examples in
operation from countries participating in IEBHC Task 52 (AT, DE, and DKsum 46 systems
covering all categories froriable2 and Table3 have beenanalyzed Objective of chapted is to
provide a comprehensive data base for techemonomic (pre) evaluations regarding the role of
solar thermal in urban energy systems, especially applicable for urban planners / egstem s
planners without deeper theoretical solar thermal expertif®r each systenmvestigatedat least
the following characteristics and key figures were determined:

Energy / techn

ical data:

1 Solar thermal system category (according to classificatidrable2 and Table3)
1 Kind ofsolar thermalcollector

o}
o}

T Kind of
o

O O OO

(0]

Energy

Typical
Typical

=A =4 =4 =4 -4 -8 -8 9

Financial data:

§ Specificostper unitready installed(excl. VATSEOf & & dz0 & A RA S& 0
1 Specificostper unitfor material only (excl. VAT, excl. subsidiesM Z 1 ng@sE K Y u
o Cost (material) solar loop (collectors, steel structures, piping, control)

(0]

FPC; flat plate collector

ETQ; evacuated tube collector

solar energy storage

domestic hot water tankDHWtank)

pressurized tank thermal energyorage (pressurized TTES)
non-pressurized tank thermal energy storage (fmessurized TTES)
BTES borehole thermal energy storage (only seasonal storages)
PTES pit thermal energy storage (only seasonal storages)

ATES aquifer thermal energy storagenly seasonal storages)

Sizeper unitin gross collector arepn?2gosd
Thermal peak capacityer unit[k\Win]

storage volumper unit[Itr. yzod

Annualusefulsolar energysupplyper unit (Esoia) [KWh/a]
Specifienergy storage volume per unit [leod M2 grosd
Typicalkolar energy yiel SHkWh/(mZ0ss )]

elar fractionsf[%0]
technicadolar thermal systertife time [yrs.]

Cost (material) storage (tank, insulation)

WMZNnNnek

Specific cosper unitforlaboronlyd SEOf ®@ +! ¢ SEOf,] &dz6aARASA0

0 Labor required per unit (design, tendering, mounting, commissioning) [hrs.]
[F02N) 02480 wek KNE®PB O6SEOft® ! ¢0
CAESR hga 0240 LISN dzyrAid wekl 8

+F NAFOfS hga LISNI dzyAd ekl 6

(0]

Levelized cost

ofolar thermal heat:

Based on the energy and financial data levelized cost of solar thermalll@@@isy) were calculated

according toEq

3.

1 LCOHRper unitreadyinstalled (excl. VAT, excl. subsidi¢s)ct/kWh]

4.1 Summary of characteristi,echno-economicbenchmark figures

In the following tables characteristiechnical and financial benchmark figui@® summarized for
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IEA SHC Task 52: Solar Thermal and Energy Economy in Urban Environments

ReportC1- Technology and Demonstrators

1 A) solar thermal systems in single andlti-family homes Table4)
1 B)roof-mountedsolar thermal systems connected @alock heating gridsTable5) and
1 C)groundmountedsolar thermal systems connected fdistrict) heating grid{Table6)

Table4: Benchmarks for solar thermal systems in single and mfdtnily homes(size of sample21)

Solar thermal system category

DHW-SFH
Solar domestic hot
water systems in single
family hanes

CSSFH
Solarcombisystems in
single family homes

CSMFH
Solarcomhb systems in
multi-family homes

All systems of this category areof
mounted

All systems of this category are equipped
with short-term (diurnal) storages

_ LHigie

Energy/technical data

Kind of solathermal collector used FPC FPC FPC
optional ETC ETC ETC
Kind of solar energy storage used DHWtank TTES (pressurized) TTES (pressurized)
Typical size per unfm?2grosq 7 18 100
-range (from-to) 5¢10 12¢24 30¢ 300
Typical thermal peak capacityer unit[kW] | 5 13 70
-range (from- to) 4¢7 8¢1l7 21¢ 210
Typical storage volume per unit [Itr.] 400 1,500 9,000
Typical annual production per unit [kWh/a]| 2,625 5,940 39,500
Specificstorage volume per unifltr./m2 gosd | 65 85 95
-range (from- to) 50-80 60-110 70-120
Typical solar energy yiel8EkWh/m?y.sda] | 380 330 400
-range (from- to) 330-430 310- 350 350- 450
Typical solar fractiosf[-] 68% 20% 15%

60¢ 75% 15¢ 40% 10¢ 25%

-range (from- to)

(domestic hot water only)

(DHW + spackeating)

(DHW + space heating)

Technical life time [years]

25

25

25

Financial data

Specificcostready installedo M = N NgRs§ K
(excl. VAT, excl. subsidies)

0.93(+/- 13%)
(0.81 ¢ 1.05)

0.76(+/- 13%)
(0.67¢ 0.86)

0.66(+/- 21%)
(0.52¢ 0.80)

Specificcost fnaterial onlypy ®OM Z goBd N
(excl. VAT, excl. subsidies)

0.70(+/- 6%)
(0.66¢ 0.74)

0.61(+/- 8%)
(0.57¢ 0.66)

0.55(+/- 20%)
(0.44¢ 0.66)

Laborrequired hrs]
LaborO 2 & fir] @elIkVAT)

18 (+£+ 6hrs)
90 (reference: AT)

30 (++ 10hrs)
90 (reference: AT)

120 (++ 30hrs)
90 (reference: AT)

Investment per unit ready installed

6.5 (+/-13%)

13.8(+/-13%)

65.8(+/-21%)

omMInnnekdzyAtie o6SEOf| (57¢7.3) (12.0¢ 15.5) (52.1¢ 79.5)
Fixed O&M.IS NJ dzy fosiia]* coe kK Yu | 7.0 6.1 55
£F NRAFOE S hgagddNI dzy| 1.4 1.2 1.4
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IEA SHC Task 52: Solar Thermal and Energy Economy in Urban Environments

ReportC1- Technology and Demonstrators

* 1% of netinvestment cost (excl. labor)

FF 9t SOGNROAGE

F2NJ a2€ 1 NJ LddzvYLd ' yR O2y (i NERft

6 I NBUUBYWIR

Table5: Benchmarks foroof-mounted solar thermal systems connected tblock) heating grids(size of sample: 34

All systems of this category areof-mounted
and may be equipped withither
- shortterm (diurnal) storageg§A) or
- longterm (seasonal) storagéB)

Energy/technical data

A) with diurnal storage

B) with seasonal storage

optional

Kind of solar thermal collector used FPC FPC
optional ETC (ETC)
Kind of solar energy storage used pressurized TTES BTES

non-pressurized TTES

non-pressurized TTES, PTES, AT

Typical size per unfim?yosd 1,000 5,000

- range (from-to) 500¢ 5,000 1,000¢ 10,000
Typical thermal peak capacity per urfkW] 700 3,500

- range (from-to) 350¢ 3,500 700¢ 7,000
Typical storage volume per unit [m3od 100 12,000
Typical annual production per unit [MWh/a] | 390 1,500
Specificstorage volume per unifltr./m2 grosd 100 2,400

- range (from-to) 75¢ 125 1,400¢ 3,400
Typical solar energy yiel8EkWh/m?2yesdal 390 300

- range (from-to) 350- 450 260- 340
Typical solar fraction sf|[ 20% 50%

- range (from-to) 10¢ 25% 40¢ 75% (up to 90%)
Technical life time [years] 25 25

Financial data

A) with diurnal storage

B) with seasonal storage

Specificcostready installedd M = N NgRs§ K
(excl. VAT, excl. subsidies)

0.54(+/- 22%)
(0.42¢ 0.66)

0.64(+/- 25%)
(0.48¢ 0,80)

Specificcost fnaterial only) O M Z gosd N €

0.47 (+1- 22%)

0.54(+/- 25%)

(excl. VAT, excl. subsidies) (0.37¢ 0.57) (0.40¢ 0.67)
Specificcost {aboronlyd & M X g5 fierck | 0.07 0.10

VAT, excl. subsidies) (0.05¢ 0.09) (0.08¢0.13)
Investment per unit ready installed R 540 (+/-22%) 3,200 (+/-24%)
oMInnnekdzyAiie 6 SEOf @ (421¢659) (2,400 ¢ 4,000)
CAESR hga LIJSMFdzyAl o« 35 4.0

£F NAFOE S hgagddNI dzy A| 1.4 1.1
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* 0.75% of net investment cost (excl. labor)

FF 9t SOGNROAGE FT2NJ a2fF N Llzyld FyR O2y GNBE o6 NBRMAWR mdp 12K

Table6: Benchmarks fogroundmounted solar thermal systems connected f@listrict) heating grids(size of samig: 11)

All systems of this category ageound-

mounted and may be equipped with either
- shortterm (diurnal) storage§A) or
- longterm (seasonal) storagéB)

Energy/technical data

A) with diurnal storage

B) with seasonal storage

Kind of solar thermal collector used FPC FPC

optional - -

Kind of solar energy storage used Nonpressurized TTES PTES

optional pressurized TTES BTESATES)
Typical size per unfim?yosd 10,000 50,000

-range (from-to) 5,000¢ 20,000(up to 150,000) 20,000¢ 70,000
Typical thermal peak capacity per urfikW] 7,000 35,000

-range (from-to) 3,500¢ 14,000 14,000¢ 140,000
Typical storage volumger unit [m34204 1,200 125,00
Typical annual production per unit [MWh/a] | 4,100 17,500
Specificstorage volume per unifltr./m2 grosd 120 2,500

-range (from- to) 90¢ 150 1,500¢ 3,500
Typical solar energy yiel8EkWh/m?2yesdal 410 365

-range (from- to) 380¢ 460 340¢ 390
Typical solar fraction sf][ 12% 50%

- range (from-to) 5¢20% 40¢ 60%
Technical life time [years] 25 25

Financial data

A) with diurnal storage

B) with seasonal storage

Specificcostready installedd M X 1 NgRs§ K

0.24(+/- 12%)

0.29(+/- 15%)

(excl. VAT, excl. subsidies) (0.21¢0.27) (0.25¢ 0,33)
Specificcost fnaterial onlyy ®M X gogdn €| 0.22(+/- 12%) 0.27(+/- 15%)
(excl. VAT, excl. subsidies) (0.19¢ 0.25) (0.23¢0.31)
Specificcost {aboronly) ® M Z 1 ngasg (exdl.u| 0.02 0.02

VAT, excl. subsidies) (0.02¢ 0.02) (0.01¢ 0.02)
Investment per unit ready installed 2,400(+/-12%) 14,500 (+/-15%)

OoMEnnnexkdzyAi8 o0SEOf ¢ (2,100¢2,700) (12,325¢ 16,679
CAESR hga LJSHMFdzyArAl o 17 2.0
£F NAFOE S hgagddNI dzy A| 1.5 1.3
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