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Project Description Methods

MTES Integration and Co-Simulation

This project is part of the EU-funded PUSH-IT initiative, which develops and demonstrates
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RUB = Ruhr Universitat Bochum

Fig. 3 Schematic setup of the current system (/eft) and the system with integrated MTES (right), as
developed in this project.

Software:
Aim: U te heat f h ' e for the heat e to red ing t  Heating and cooling system (surface) modelled with Modelica
im: Use vyas e heat from the cooling cycle for the heating cycle to reduce cooling tower . MTES (subsurface) modelled with Python
and gas boller usage : .
Co-simulation.

* Problem: Waste heat is available when heat demand is low, and vice versa (Fig. 2)
« Approach: Integrate MTES system to store excess heat and balance seasonal
mismatch between demand and supply

Heating at the RUB 2022
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* Coupling: Orchestrator and MTES model in Python, Modelica is
translated with Functional Mockup Unit (FMU) (Fig. 4)
« Solving algorithm: non-iterative Gauss-Seidel
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Fig.2 Overview of one year of the RUB’s heating cycle data.

The energy distribution for the current setup

Results

-— Cooling Tower
Cooling Demand 78.01 GWh
78.01 GWh
.
Total Demand CHP
306.01 GWh 141.82 GWh

« MTES volume: 7,000 m?
 Heat pump size: 2.5 MW
« Timeframe: 2.5 years

Heating Demand
228.00 GWh

Gas Boiler
86.18 GWh

Tab. 1 The gas boiler and cooling tower output for
the case study, compared to the current system.

Variable Gas boiler output [GWh] Cooling tower output [GWh] Se ns itiVity Analys iS

The energy distribution for the optimal practical setup

Old system 86.31 78.01 o Cooling Tower
42.50 GWh
New system 51.57 53.06 Component Sizing
: . . Cooling Demand Heat P 1
Difference -34.74 -24.95 Tab. 2 Heat pump sizes. Tab. 3 MTES sizes. 78.01 GWh BE a1 G
Variablos HP size [MW] 1.0 2.5 4.0 5.5 7.0 Variables MTES size [m’] 4,000 7,000 10,000
Comparlson to Other TeChnOIOQIeS 13.06 | 3474 | 4937 | 51.86 | 50.94 33.91 34.74 35.52 Total Demand CHP
Total output [GWh] - : . : . Total output [GWh] : - - 306.01 GWh 141.82 GWh
o LCOH for Different Technologies Total input [GWh] 3.27 10.00 16.78 20.75 20.87 Total input [GWh] 9.65 10.00 10.33 Heating Demand
—1 Total COP [ 3.99 3.47 2.94 2.50 2.44 Total COP [] 3.51 3.47 3.44 22 [Ehdn
1201 GB energy saved [GWh] 13.06 34.74 49.37 51.86 50.94 GB energy saved [GWh] 33.91 34.74 35.52 Heat Pump 1 + 2
52.83 GWh
= 1001 1 CT energy saved [GWh] 10.98 24.95 34.22 34.88 33.75 CT energy saved [GWh] 24 .33 24 .95 25.53
z 1 Total energy saved [GWh] 2404 | 5669 | 8359 | 8674 | 84.69 Total energy saved [GWh] 58.24 59.69 61.05 Gas Boiler
D)
= Tot. energy saved per size [GWh MW-1] | 24.04 | 2268 | 2090 | 1577 | 1210 Tot. energy saved per size [MWh m=] 14.56 8.53 6.11 33.35 GWh
= ' —— I CO, reduction [kt y"'] 0.84 226 3.28 349 | 346 CO; reduction [kt y™'] 2.22 2.26 2.30
—— LCOH [€ MWh'] 81.5 67.2 73.1 93.7 114.8 LCOH [€ MWh] 67.9 67.2 66.5
40 —I—
— — — — — The energy distribution for the optimal theoretical setup
< & & & < . .
¢ & & € < Operational Parameters  Cooling Tower
Technology 21.41 GWh
—— Median [ Interguartile Range (IQR) —— Whiskers Tab. 4 AT Va|ueS Tab. 5 MTES temperatu reS Cooling Demand Heat Pump 1
= 56.60 GWh
Flgl 5 The LCOH Of the MTES Compared to Other V ) bl AT [K] 0 5 10 15 MTES temp. [OC] 40 50 60 70 7801 GWh
. ariable Variable
technologies.
Total output [GWh] 36.72 36.72 34.74 27.89 Total output [GWh] 34.29 34.74 28.16 26.84 e
. . -1 - - 10.70 10.70 10.00 7.42 - Total Demand
« Min. LCOH: 48.47 € MWh (Flg : 5) Total input [GWh Total input [GWh] 9.72 10.00 768 7.32 306.01 GWh o — 141.82 GWh
Total COP [- 343 3.43 347 3.76 i . 47 67 67 eating Ueman
+ Max. LCOH: 67.16 € MWh~! (Fig. 5) S Total COP [ S 27| a6 26,00 O
. - . g ] GB energy saved [GWh] 36.72 36.72 34.74 27.89 GB energy saved [GWh] 34.29 34.74 28.16 26.84
e CO ) reduction: 2.26 kt a— 1 (F|g _ 6) CT energy saved [GWh] 25.28 25.28 24.84 21.71 CT energy saved [GWh] 24.51 24.84 22.02 21.57 I g;,%ng{/nvﬁ 1+2
Total energy saved [GWh] 62.00 62.00 59.58 49.60 Total energy Saved [GWh] 58.80 59.58 50.18 48.41
Comparison of CO2 Reduction for Different Projects Tot. energy saved per dT [GWh K] N/A 12.4 5.96 3.31 Tot. energy saved per temp. [GWh °C1] 1.47 1.19 0.84 0.69 g;;fgﬁlrh
- CO, reduction [kt y-'] 2.38 2.38 2.26 1.89 CO, reduction [kt y'] 2.25 2.26 1.89 1.81 . . . . . | .
LCOH [€ MWh] 65.3 65.3 67.2 755 L COH [€ MWh™] 573 57 2 —_— — Fig. 7 The energy distribution for different scenarios.

Optimal Setup Conclusion

CO, Reduction [kt CO; MW-1 a—1]

For the optimal setup, the energy distribution of the following situations are analysed The MTES system is technically, environmentally

(Fig. 7): and economically effective, offering a promising
* Optimal practical setup: HP 5.5 MW, AT 5 K; MTES 10,000 m?, 50 °C solution for balancing seasonal mismatches
Fig. 6 The yearly CO, reduction per capacity. « Optimal theoretical setup: HP 5.5 MW, AT 5 K; MTES 497,809 m?, 50 °C between demand and supply.

,; Contact Information:
PUSHERIT i 4 Fraunhofer TUDelft — moes
IEG l.spenglier@gmall.com

www.linkedin.com/in/till-spengler/

\|




	Foliennummer 5

