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Development of the tool | Introduction

» Conception phase
* Online tool, user-friendly
» Based on TRNSYS simulations

» Two different configurations available: central and distributed
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Zentrale Einspeisung mit erdvergrabenen

Dezentrale Einspeisung Behalter-Warmespeicher
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The distributed system | Definition
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» The solar heating plant feeds 5
into the supply pipe

» The net is theoretically infinite

* All the heat produced at set
temperature is fed into the net
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The distributed system | Parameters I e
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 Collector type: flat-plate, high temperature flat-plate, evacuated tube, evacuated
tube with compound parabolic concentrator (CPC).

* Climate: Wirzburg, Frankfurt and Hamburg for Germany; Stockholm (SE), Milan 3
(IT) and Barcelona (ES) =
* Operation temperatures: nine combinations of winter/summer supply W

temperature and winter/summer return temperature from 70/70/30/40 to
110/90/60/70

 Collector area, azimuth and slope

Distributed
Parameter Steps Unit
100-200-500-1000-2000-5000- i .
Collector area | 10000-20000-50000 m? - 72 576 TRNSYS simulations
Collector (-45) - (-30) - (-15)-0-15-30-
azimuth 45
Collector slope |15-30-45-60
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The distributed system | Parameters

Standort

Kollektortyp

Kuollektorflache in m=2

Kollektorausrichtung in Grad

Kollektorneigung in Grad

Betriebstemperaturen im
Warmenetz in °C
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The distributed system | Results =

 Multi-linear interpolaton W .

« Radiation on the collector plane [

[ Dezentrale Einspeisung | Ertrdge ]

1 y i
L4 CO I I ector p I a.nt yl e I d [ Angaben Schritt 1: Frankfurt | CPC Kollektor 300m2 | Kollektorausrichtung 15° | Kollektorneigung 20° | Warmenetz VL(100/80); RL(30/40) ]j

« Efficiency of the collector plant j o,
- Spezifischer Solarer Nutzwarmeertrag
, Kollektorfeldertrag 123 Mwh
\ LB Flachenbezogener solarer

Nutzungsgrad des Nutzwérmeertrag

* Solar energy delivered to the
net 336 Mwh

» Heat losses through the
connection pipes amearte g

° Syste m eﬂ:l Cle n Cy [ systemnutzungsarad 37 %
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The distributed system | Results e
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Solar heat delivered to the net by the distributed system for 1000 m?2 collector area and different

comt_)inations of operation temperatures (Tsupmy’ Winter/TsuppIy, summer! Treturn. winter/ ¥ return, summer)» TOF €@Ch
location and collector type.
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The central system | Definition 5
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The central system | Parameters

 Collector type: flat-plate, high temperature flat-plate, evacuated tube, evacuated
tube with compound parabolic concentrator (CPC).

* Climate: Wirzburg, Frankfurt and Hamburg for Germany; Stockholm (SE), Milan =
(IT) and Barcelona (ES)

* Operation temperatures: supply/return temperatures 60/30, 70/40, 80/50, 90/60
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-  Collector area, azimuth and slope

» Specific storage volume

. - Specific yearly heat demand

The central system | Parameters

Central
Parameter Steps Unit
AT
100-350-1200-4300-15000-
! Collector area 50000 m?2
(-45) - (-30) - (-15)-0-15-
Collector azimuth 30 - 45 °
Collector slope 15-30- 45 °
Specific storage volume 0.05-0.15-0.4-1.1-3 m3/m?
200 - 500 - 1500 - 4000 -
Specific load 10000 KWh/m?
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» Radiation on the collector plane

. * Collector plant yield s_chrittl | |
« Efficiency of the collector plant

T { Zentrale Einspeisung mit erdvergrabenen Behilter-Warmespeicher | Ertrédge ] ;

. Angaben Schritt 1: Frankfurt | CPC Kollektor 350m? | Kollektorausrichtung 0° | Kollektorneigung 30 ° | Speichervolumen 0.15 m3/m2(Koll.) | Warmebedarf 3500
*Number of st tiond -- ]
umber of stagnation days TS TS
\ - E

i 4 =
d H ea.t Iosses th rO U g h th e -— \ Kollektorfeldertrag Speicher Solarer Nutzwarmeertrag b, = =
L7, 205 Mwh 53 m3 196 MWwh A A

CO n n e Cti o n i eS ” Frmidve Zyklenzahl Nachheizung “- —

p p Kollektorfeldertrag 11.4 3308 Mwh e |
2 =
} 86 kwih/ma Speichernutzungsgrad Maximale Machheizleistung £ E |
Nutzungsgrad des 05 o 1.6 MW

*Heat losses through the storage —

ny
0 Mwh

Number of cycles of the storage I\
s Efficiency of the storage %
i SN
* Solar energy delivered to the s i

n et Warmeverluste des Speichers

3 Mwh

b AUXIIIary heat dellvered to the [ solarer Dedlungsantell 0 % ]
net

» Maximal auxiliary boiler power
» System efficiency
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: The central system | Results
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Evolution of the solar fraction and the solar plant efficiency related to increasing
collector area per MWh yearly heat demand for the central system in two

different locations and net operation temperatures (Tgyn/Trerm) for 1 200 m2.
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Environmental performances

* Primary energy saving rate
* CO, equivalent emissions avoided in kg

* Calculation in comparison to a system in which the solar heat would be produced 5
by another energy, called energy of reference (gas, biomass, coal, oil or electricity)

Schritt 1
Eingabe

2 Schritt 2
Ertrage

{L le Einspeisung mit erd f Behalter-Wirmespeicher | Wirtschaftlichkeit und Okologie }

Die Wirtscl i h wird i nach VDI 2067 unter Berlcksichti der tk durchgefihrt

446 7 Biomasse = @
che
521 2
et %0 @
Spezifische Kosten Solarnetz
i €/MTrasse 300 z
Biomasse = @
Zinssatz in %
inssa . 2
Nutzungsgrad der Referenz-
Brennstoffkasten 2 Warmeerzeugung in Prozent 90 @
in €/MWh 50
Kosten filr Betricbsstrom
in €/MWhe|, 50 37 \\ //
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Economics

» Calculations according to VDI 2067
» Default values available for components costs

System Distributed
Collector area 10 000 m?
Location Stockholm, SE
Collector type HT Flat-plate
T Tedd Toud Tor 70/70/30/40
Specific collector cost 180 €/m?
Interest rate 3%

Additional charge building/terrain

5 % of the collector investment
cost

Additional charge control system

5 % of the collector investment
cost

Additional charge system
installations

10 % of the collector investment
cost

Design

7 % of the total investment cost
without design
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- Heat cost: 45 €/ MWh
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Economics
System Distributed
Collector area 10 000 m?
Location Wirzburg, DE
Collector type HT Flat-plate
T Ted Tou/ T 70/70/30/40
Specific collector cost 246 €/MWh
Interest rate 6%

Additional charge building/terrain

5 % of the collector investment cost

Additional charge control system

5 % of the collector investment cost

Additional charge system

10 % of the collector investment

installations cost

Design 7 % of the total investment cost
without design

Incentive 40 % on collector cost

Barcelona without incentives: 42 €/MWh and 53 €/ MWh for the highest operation
temperatures
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- Heat cost: 74 €/ MWh

- Heat cost: 44 €/MWh




Economics

System Central
Collector area 10 000 m?
Location Wirzburg, DE
Collector type HT Flat-plate
Specific storage volume 2 M3M21iector area
Total heat demand 5000 MWh
T,T, 70/40 °C
Specific collector cost 246 €/m?
Specific storage cost 93 €/m3
Specific cost of additional boiler 58 £/kW
Specific connecting pipes cost 300 €/m?2
Interest rate 6 %

Additional charge building/system
installations

12 % of the components investment
cost

Additional charge control system

8 % of the components investment
cost

Design

10 % of the total investment cost
without design

Financial support

40 % of the collector cost and
complete storage cost (maximum
possible 250 €/ MWh)
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- Solar heat cost: 75 €/ MWh
- Solar fraction: 49 %

- Compared to a 100% gas powered
system with a boiler efficiency of 0.9:

* 49 % primary energy savings
» 508 tons of CO, equivalent
emissions avoided
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Conclusion

* Different level of usage
 Extension possibility

* No replacement of detailed simulations 5
» Beta version available soon on www.sdh-online. solites.de
* German and English versions |

» Feedback welcome
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