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@ Introduction

The FGZ CDHC-network
Status quo 2020
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“ Step response test with constant boundary conditions

DIN EN ISO 7730
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Dynamic network simulation with energy market price signal
24h moving average control
A
Tooom [°C] Week: from 2018-12-31 to 2019-01-06
Price [Cent/kWh] 22| r—\ [} I
| | 20+ A [\.e. _ A A /B—WU—M_/ —8— Price, 24h moving average
) —©— Price, market signal
181 Ruice —aA— T, Setpoint
16-} Price S|tuat|_on
situation NSEEE
14 positive ' . =
12| N @ dlscharge
charge
o
87% -
6 o ﬁ;_wg—%%& —Boi-g——_go.
4 .o/ —Bg . ©
f VB
27?
0
2+
Mon , Tue , Wed Thu Fri Sat , Sun ,
| | | | I I I I I
-20 0 20 40 60 80 100 120 140
Time of the year [h]
Hermann Edtmayer, SES Conference 2020, Aalborg IS

25/09/2020


http://www.iwt.tugraz.at/

TU

6 ReSUItS Grazm
“ St test, 20°C and 24°C
€Ep response test, dll
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Characteristic diagrams of the step response test
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H Revenue potentials of the network
Investigation of different control strategies with energy spot market tariff
Szenario Room air temperature setpoint
Standard constant 22°C
Low-Temp constant 20°C .
o T o nec Annual profits or losses
Moving average variable: if 24h MA > tariff then 22°C else 20°C e 25 579
€ 20 000 S
€ 10 00
high Thermal comfort Annual electricity costs .
010000 — Standard Low-Temp Hjgh-Tenfp Moving
e 200 000 -€ 10 000 dverage
£190 000 184 091
-£ 20 000
£ 180 000 f_—\
€170 000 165649
I ‘ \ £ 160 000 e | | Ao -27 303
€ 150 000 -
Standard  Low-Temp  High-Temp § Moving Standard Low-Temp  High-Temp Moving
average average

Hermann Edtmayer, SES Conference 2020, Aalborg

25/09/2020



http://www.iwt.tugraz.at/

6 Outlook

“ Possibilities & challenges

Possibilities

= System flexibilities available

= Extra revenues with existing system topology possible

= Numerous optimisation possibilities of the network

= Simulation model for further investigation/optimisation available

Challenges

= System complexity for 5GCDH-networks

= Large number of influencing variables on the system behavior
* Modelling of undirected thermal networks

= Still high work effort for detailed simulation needed
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Thank you for your attention!
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Sector coupling with CDHC Networks

Heat pump operation strategy
» Installed electrical power & systems thermal flexibility
» Large industrial heat pumps - no pooling necessary

Power to heat potentials
= Energy spot market
» Use combination of cheap market prices and heat storage capacities

= Grid stability services
» Use installed electrical heat pump power and heat storage capacities

Flexibility potentials
» Peak clipping
= Lower the costs of peak power contract
= Peak power for other applications
= Utilise unused peak power possibilities for e.g. charging stations
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Simulation framework - IDA ICE model

Sub section with transfer station and substitute building
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Validation of substitute building with measurement data
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Regression analysis of the step response
Heat-up, cooldown & energy consumption of the water radiator system

Polynomial fit = forecast function —
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ToDo's

= Simplified model needs to be assed
= Comparison of high and low detail simulation = how much simplification is possible?

= Work flow needs to be optimized
= Raise degree of automatization
= Improve simulation model for applied studies
» Further investigations regarding system flexibilities
= Evaluation of the determined KPlIs
» Future design of 5GDHC-networks
» Forecasts on revenues & possibilities of business models
* Implementation of Model Predictive Control
= Application of characteristic diagrams and forecast functions
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Sun-air temperature
Super positioning of horizontal global irradiation & ambient air temperature
L Ambient air temperature Super positioning
Solar irradiation on as time function Sun-air temperature as time function
horizonal surface as
time function !
1
i
]
. 0 Sun-air temperature, Ziirich, 1.1.-14.1. 2018
al T a=05-
tout (T) —_ tL (T) _I_ tOtal( ) - = Sun-air temperature 1200
C(a aa = 20 W/mZK 2 Ambient air temperature 1000
20 Soral irradiation
toue (1) C Ambient temperature as sun-air temperature % 15 500 E
t(r)y °C Ambient air temperature % 10 | 600 %
e (o]
a - Absorption coefficient of surface 5 _ g =
. ased on source: E 5 B
Itotal W/m2 Horlzontal global Irradlatlon Bernd Gliick, 2018: Warmetechnische |2 400 g
Vorgéange in_ einfer AuBenwar!d 0 -
Oa W/(m?K)  Heat transfer coefficient of surface ohne und mit Dammung sowie /i
Anwendung des U-Wertes 200
www.berndglueck.de -5
-10 0

Hermann Edtmayer, SES Conference 2020, Aalborg
25/09/2020

24

48

72

926

120

144 168 192 216 240 264 288 312 336
Time of the year [h]


http://www.iwt.tugraz.at/
http://www.berndglueck.de/

@& Appendix TU

Grazm

Results of the step response test
Cool down test, 24°C to 20°C, varying heating systems
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Results of the step response test
o o . . .
Heat up test, 20°C to 24°C, with varying heating systems
Heat-up test Heat-up test
CA Water radiator system, 0% cloud cover and 0°C sun-air temperature, 20°C to 24°C C A Floor heating system, 0% cloud cover and 0°C sun-air temperature, 20°C to 24°C
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Characteristic diagrams of the step response test
Heat-up, electrical energy consumption of the heat pump
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Characteristic diagrams of the step response test
Water radiator system, heat-up and cooldown time
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