20-40°C




Mismatch between supply and demand

6000 — Heat Demand
Variable
4000 — Heat Supply
baseload: e.g. geothermal
- h variable: e.qg. solar heat or P2X /
° - s
- "‘-"m.
2000 — = = = = = = =« EEIEEEIEE SIS - - - - - - -
. Heat Supply
Storage Potential baseload
O T T T T T T T T T T T

1 4 7 10 13 16 18 22 25 28 31 34 37 40 42 46 48 52
Weeks
.
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Goal & Consortium

Goal: Investigate the feasibility of HT-ATES and estimate the conditions this could take place:

- Heat demand and availability
- Subsurface

- Preliminary design

- CO, savings

- Policy & permits

- Business case

- Science case

Consortium:

“3
TUDelft M. Bloemendal, P.J. Vardon, A. Medema, S. Snelleman, K. Marif,
S. Beernink, F. van Veldhuizen

CNGIC M. Pijnenborg, G. Sudintas, T. van Oort

.
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Delft heat infrastructure developments

Alle wiizigingen opgeslagen m Drive
* Laag toevoegen -+ Delen VRIJENBAN.
@ Voorbeeld weergeven
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& TU Delft Campus Noord / No...

& TU Delft Campus Midden / C.

& TU Delft Campus Zuid / South
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Heat sources of heat at the TU Delft

Boilers Combined Heat and Power (CHP) DAPwell
e Peaks e Baseload e Flow rate: ~320m3/hr
e Capacity: 65-117MWth e Capacity: 4AMWe, 4 MWth e 7.4-14.8MWth

e Production temperature: 75°C

e Heat Pump lift to 82 °C

e Project phases:

Drilling: End 2021
Heat delivery mid-2022
Phase | — campus only
Phase Il —to city

.
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2 scenarios are investigated

1. Heat for TU Delft campus

. Supply 75-90 °C and return at 55-65°C

2.  Heat for TU Delft campus and city of Delft

. Return of campus is supply to the city with 55 °C and return at 35 °C

. city follows the heat supply to the campus

.
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Heat demand profile
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S Waalre =
Subsurface conditions il e
Oosterhout : ‘33“

Criteria for suitable aquifers -

-375

E{ - Vi 1! i i
e Thickness Ommelanden
i REGIS cross section
e Hydraulic conductivity (horizontal and vertical) - 3 m N P\ .
Confining layers : NN A
630 = ‘.‘ o \ = ' ";/}jf/' SCoRpES =
. . . . . ' . - O T 3
Risk of clogging (geochemistry / microbiology) ™ : P (g, PRI
e Depth o TN e g ®
- . - m&l&mwmbiﬂmr i ¢ : R ?;;m;
e Environmental impact » e -
“ wesire
Maasluis
Sk Oosterhout
Ommerianden
Texel Mergeisteen
T Texel Groenzand

Boven Holland Mergel
Midden Holland Kleisteen
Spontaneous potential Delft-07 Holland Groenzand

L [ Onder Holland Mergel
-7 -0 -% -0 -3 20 ~-10

5P values (mV)
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Results multi-criteria analysis

| Thickness | 1 3 1 3

Thickness
Hydraulic conductivity k 2 3 3 2
1 2 2 3
TOTAL for losses : 9.3 8.0 9.3
I I T | I -
3 1 2
Hydraulic conductivity Kk, 2 2 3
Risk of clogging 2 2 1
3 2 2
TOTAL for costs } 10.0 7.0 8.0
I I T | I -
1 2 2
TOTAL for env. impact . 4.0 8.0 8.0
- ‘| | ]
17.3 24.7 23.0 26.7
206 |
. Eeclclc
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Prellmlnary DeS|gn 0 5 o
— . s e

Operating modes s ss i

Flow capacity — loading 320 320 ms/hr
1 1 Mm3/y

Loading 320m3/hr
- 4 hot wells

\
Capacity 535 m3/hr
- 6 warm wells Ommelanden
- 8 warm wells Maassluis
N 4
Unloading : : :
Well configuration Maassluis
.
CNGIC
4-11-2020 HT-ATES TU Delft 12



Simulations - Temperature distribution after 50 years

Maassluis Ommelanden
Temperature [C], year:50.0 Temperature [C], year:50.0
04 68
-100 A
'g V2, Maassluis V2, Ommelanden A6
K =
‘é -200 -
© : _fos
| N | __---——==—=====fdanlt -
2
3 -
& 300 % i i
3 2
: b 1
-400 A & o -1 o4
T\W T S R T L L
11 0.2
100 200 300 H ~—— T hot well ——.Well efﬁcien.cy
distance from well location [m] { e oo b el —
0 10 20 30 a0 50 0 10 20 30 40 50
Ny
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Impact of HT-ATES on CO, Emissions is significant

19.000 .
Savings HT-ATES
18.000
Scenario 1: 5000 tonnes CO,
17.000
t -
£ 16000 Scenario 2: 8000 tonnes CO,
5
~ 15.000
S
@ 14.000
Y
£
S 13.000
12.000
2013 2014 2015 2016 2017 2018 2019
Year

m Tonnes of CO2 emitted — A\verage (2013-2019)
Y

G TG  CNGIC
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Policy & permits

0 e Maassluis / Ommelanden < 500m-mv
100 Water Law < 500 m-mv

HT-ATES does not meet the standard
regulations as the infiltration temperature
General legislation for potable water and ATES exceeding 25 °C and the long-term heat
surplus in the soil > Exception

200 | Competent authority: Province
300 |

400 |

500

Mining Law > 500 m-mv

600 | e Province is willing to allow pilot projects

depth(m-mv)

7007  Competent authority: Ministry of Economic affairs and Climate
800

Water License

General legislation for mining activities
900 |

. . o . _ e Impact study to quantify the effects
1.000 1 Higher risk resulting in more safety requirements and higher cost

e @EGaAaEATTa _EECCI[C
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Financial feasibility

System Costs Revenues
* Subsidy - SDE+

1880 3288 k€ « Heat sales TU Delft
g60 00 K, jeatcales City

Permits, Engineering & construction 284 419 k€

284 419 k€
—

3408 5026 k€

200 238 k€
40 40 k€
31

CNGIiC
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Combined Business case HT-ATES and DAPwell

Assumptions Results
e Operating time 30 years Business cases
| NPVKE | IRR_[ NPVKE | IRR |
e Indexation rate of 1.5% (11801) 0.00% (11801) 0.00%
(2963) 3.94%  (4364) 3.31%
e SDE+ subsidy for 15 years (+1 yr banking) 1992  6.48% 1992  6.48%

5121 7.73%

I RIVDENCIVEN NIl 6933  8.62%
e Heat sales revenues over 30 years

e Discount rate on future cash flows is 5.5%

ESP’s are replaced every 5 years

e Large maintenance on the DAPwell is scheduled
in the year 2037



Conclusions
Heat demand and availability

» There is potential for HT-ATES to significantly
contribute to the sustainable heat delivery to
the TU Delft and City

Subsurface Preliminary design

L
\\ 2\
\

N 4 A e Pa\
Potential suitable layers; 1Mm3, 4 hot wells, 6-8
Maassluis & Ommelanden warm wells

CO2 savings

Policy & permits

* No showstoppers

Business Case

« Connect the city and HT-ATES
with preference for the
Maassluis formation C—
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Next steps

e Selection process between TU Delft and WINDOW locations

Next phase in WarmingUp program

Increasing level of detail of assumptions and current design

e Uncertainty reduction of Maassluis and Ommelanden formations - DAPwell and montoring well

Quantify the effects

e Optimise the financial feasibility

.
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