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. \T}'i‘\ Our future Energy

> =97 D systemwill be digital!

'c

Aim of the project

U Create awareness of the advantages of the implementation of digital
processes to the various stakeholders and users

U Provide a state-of-the-art overview of the digitalization of district
heating schemes in terms of R&D projects, demonstrators, and case
studies

U Evaluate non-technical barriers and enablers for digitalization
processes in district heating and cooling schemes such as business
models, legal aspects, and policy instruments

EL.A 2024



Digitalization to Link the Entire Supply Chain

Digitalization of the demand side C System Perspective

AoOperational optimization
= CONTROL = ONLINE

Almproved control of the heating
system with a focus on lowering:
A Supply temperature
A Return temperature
A Peak load
C Large potential as the actual heat demand is much

lower than the design load
Astrategy for developing the
building service package:
A Define the potentials
A stimulate the use of all radiators
A Data mining to identify anomalies in the SH operation
A Troubleshooting and improved hydraulic balance

EL.A 2024 EL.A 2024

Active interaction with the network, i.e. real
interventions in the operation of the network.

AAnalytics

= DIAGNOSIS = OFFLINE

No active intervention in the direct operation
of the network. Analysis of the network performance
to optimize the network

e e Business Models
Digitalization of Energy Infrastructure ¢ Unlocking the Value of Digitalization

The core issues are to

AExamine the cost drivers and qualify
the economic potential for
improvements based on digitalization.

Acollect thoughts and ideas for new
potential business models.

ANew business models that put demand
response and thermal storage capacity
in buildings into play.

Digital twins

APossible use cases

A Optimization of operation and control
AFault detection and diagnosis

AScenario evaluation /
What-If Analysis

APredictive maintenance /
Asset management

AVisualization / Virtualization

i)

ELA 2024 ELA 2024
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Digital TechnologiesX Key findings and messages

...are believed to make the whole energy system: U Optimized district heating systems are required for decarbonization.
U Increased complexity must be managed efficiently.

Asmarter, U Maximum performance is obtained when the full value chain is

Amore efficient considered.

Areliable and U Legal requirements and laws must be observed.

Ato boost the efficiency and U Some level of standardization would be good for a larger

Athe integration of more renewables into the system implementation.

U We need to advance as quickly as possible.

ELA 2024 EL.A 2024
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Conclusion from our work More information availableX

U Get your copy online here
“Digitalization of district heating and cooling systems is

. .. it e,
an essential technology for decarbonizing the thermal — 4L
energy system, and with growing complexity or the
demand for system flexibility and a green/renewable Cuidebook o theDataliaton o = :
Networks for a Sustainable Future

heat supply,

it is just vital!’
EL.A 2024

Final report of IEA DHC Annex TS4
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Thank you for your attention!

APresenter’s short bio

Dietrich Schmidt is affiliated with the Fraunhofer Institute for Energy Economics
and Energy System Technology (IEE) in Kassel/Germany. He works as Manager of
innovation Field Decentralized Flexibility — Digitalization Heat Infrastructures.
He is responsible for various national and international research projects within
the field of energy utilization in buildings, energy supply structures of buildings
and communities, innovative district heating systems, and implementation of
digitalization strategies within the built environment. Furthermore, he
coordinated several research activities within the frame of the International
Energy Agency (IEA).

AContact information

Tekn. Dr. Dietrich Schmidt
Fraunhofer Institute for Energy Economics and ?

Energy System Technology (IEE) / Germany % Frau n hOfer

eMail: dietrich.schmidt@iee.fraunhofer.de IEE

Energy Informatics.Academy 2024
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Multi-agent based modeling for investigating
excess heat utilization from electrolyzer
production to district heating network

Kristoffer Christensen, Bo Ngrregaard Jgrgensen and Zheng Grace Ma

SDU Center for Energy Informatics, Maersk Mc-Kinney Moeller Institute,
The Faculty of Engineering, University of Southern Denmark, Odense,
Denmark

SDU~=

CENTER FOR ENERGY

INFORMATICS
rA
SDU-&
o
Power - to - X
- e
77 S

TN N

\w

El-n 2“ 2 I ustration from: https //ing.dk/an o

Presentation 2
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utilization from electrolyzer production to district heating network
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ﬁ Introduction

:.—/ Methodology

Ag e n d a Eﬁ Case study and experiments
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Eﬁ Results and discussion

D_/'EI Conclusion
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Investigated business models

&

2 N
- ~=

Constant hydrogen production Flexible hydrogen production Hydrogen production from
own renewable energy sources

EL.A 2024 :
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wemss The future of Power-to-X in Denmark
The Danish Energy Agency’s AF24

" Power-to-X (not grid connected

Total net consumption of electricity (TWh) 10 DK1 2 DK21
250 m Power-to-X (grid connected to
DK1 & DK2)

B Carbon capture from point sources

200
Data centers
150
B Transport
100 Electric boilers
Large-scale heat pumps
50 8 pump
B |ndividual heat pumps
0

® Regular consumption

SDU<~
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" Methodology — Multi-agent-based simulation of
the P2H ecosystem

* Multi-agent system to investigate the ecosystem dynamics

* Anylogic as agent-based modeling software

anylogic®

e 1)
fat 2

»m e’
E- R |
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Key agents (M(MT“P
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|
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i < O N - s Il T sl
J_WI + Electrolyzer * Hydrogen customer '-' a2 - . e
. ! = =) 253 @ Scot prics PROOMAY 1
0k »  Transmission System Operator * Hydrogen infrastructure R, ey ey o il o
i @ i
* Heat exchanger + Water treatment plant s
H | 14 ®onnwors
SN
&) + District heating grid *  Wind turbine ,1 ]_
. . ) oo o s
* District heating operator * Photovoltaics 858 o -
— :E Zl
& a
Lﬁiﬂ. * P2X Company * Electricity grid % o P
Screenshot of the electrolyzer agent Simulation dashboard
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Multi-Criteria Decision-Making (MCDM) Case study — Greenlab in the city of Skive, Denmark

Selected MCDM methods: @ @ ‘L::-;’;

* PROMETHEE (Preference Ranking Organization METHod for Enrichment of Industrial park
Evaluations) - ;

GENERATE STORE SHARE

» TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution)

* VIKOR (VlIseKriterijumska Optimizacija | Kompromisno Resenje =
Multicriteria Optimization and Compromise Solution)

Selected weighting methods
* Equal weighting
* Entropy weighting

EL.A 2024 ;
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Case study — Greenlab in the city of Skive, Denmark

12 MW, Electrolyzer

@  Existing
© * In progré8s = __

HA2020 u
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Simulation experiments

Business models
» 1.X = Constant hydrogen production
* 2.X = Flexible hydrogen production Eratan

Price for utilized excess

o Electricity Electrolyzer Price for hydrogen
Electricity source - ’ heat
* 3.X = Hydrogen production from own number CESCELSEE | CLriss [euRiel [EUR/MWh]
renewable energy sources
11 No heat sold
Constant production
12 20.1and 26.8%
Sale of excess heat a1 i Mo hestanld
. - - lexibls ducti
* X.1= without selling excess heat 2 e S YRR, e
gri rif T N
+ X.2 = selling the excess heat 31 No hestsold
'E":""EME EEES Constant production
32 = 20.1and 26.8%

Hydrogen market price [EUR/kg]
+ 1.5(grey)

o 2 (blue)

* 2.7 (reference)

* 3.5 (reference’s break-even)

*Summer and winter, respectively

ELA 2024 :
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Case study — Greenlab in the city of Skive, Denmark

80 MW on-site renewable energy

District heating pipeline nearby

SDU-+&
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INFORMATICS

Simulation experiments

Business models
¢ 1.X = Constant hydrogen production
* 2.X = Flexible hydrogen production

¢ 3.X = Hydrogen production from own
renewable energy sources

Naturally ocurring Coal gasification

Nuclear power From fossil fuels

HYDROGEN

¢ X.1= without selling excess heat H

Sale of excess heat
¢ X.2 = selling the excess heat

Hydrogen market price [EUR/kg]
* 1.5 (grey)

o 2 (blue)

e 2.7 (reference)

¢ 3.5 (reference’s break-even)

Hydrolysis with

Methane pyrolysis
pyrol renewable power

Natural gas with
carbon capture

16
EEEEE W .
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Simulation experiments =
G Results SremmE | e || e | e || ==
[cuR/ig] [Mousand | operationhours |  hydrogen [ton] smissions el
EUR] [ten] [Years]
Business models 11 a1 788 870975 208517 1378376 E
12 25 s2es 870575 208517 1378376 .
* 1.X = Constant hydrogen production 21 15 ara a1 1250 e 2056 -
22 (zvey) 1788 102 37.50 8.80 55.14
e 2X= i i L. . 31 58 10322 2,515.00 50377 o
2.16=Flexiblehydrogenproduction * Results indicates that prices of 1.5 and 2 32 = e 251500 60377 o
* 3.X = Hydrogen production from own EUR/kg is not profitable. o H P e i o
renewable energy sources 21 . ot hen 000 5er a1
22 (blue) 528 807 12450 30.16 178.07
* Under the used operation logic, the excess 2! s T a0 on =
Sale of excess heat heat saving potential are: o a . B oo e )
: ; . . 12 25 11872 870575 208517 1378376 129
¢ X.1=without selling excess heat * Min. LCoH cost reduction = 3% 21 27 s 243 108550 25023 117000 .
. 0, 22 (reference) 35 905.1 3,391.50 812.10 4,255.63
¢ X.2 = selling the excess heat * Max. ..=63% 21 8 a0s 251500 60377 o
32 56 -1888 2,515.00 603.77 0 -
. Avg‘ W =19% 11 31 24638 870975 2,085.17 13,783.76 6.00
. 12 2s 23643 870975 208517 1378276 52
Hydrogen market price [EUR/kg] 2 a3 24788 7,598 50 1a1866 1155352 s
22 ““"‘:) . 28 23854 80175 201238 13,15066 521
* 1.5 (grey) 31 = 58 118 2515.00 §03.77 0 -
32 56 2963 251500 0377 o
o D (b]ue) *1f the cell is empty, no Return on Investment time was found within the simulation years (27 years).

* 2.7 (reference)

« 3.5 (reference’s break-even) El.ﬂ 2024 B El_n 202“ 18
SDU<- SDU -

CENTER FOR ENERGY
INFORMATICS CENTER FOR ENERGY
INFORMATICS

Optimization using flexible operation MCDM evaluation of best business model

the sale of the sale of i i
KPI excess heat excess heat Selected KPls WEIghtmg
* Hydrogen price ion critert . !
D Eq | Ei h
Optimal hydrogen price [EUR/kg H2] 3.498 3301 . Levelized Cost of Hvd ecision criteria TElCEE | e
evelize osto ydarogen Hydrogen Price 0.2 0.00583391
Lowest LCoH [EUR/kg H2] 2.987 2.795 * Avg.yea r|y proﬂt LCoH 0.2 0.19442628
Avg. yearly profit 0.2 0.37966943
Avg. yearly hydrogen production [ton] 1,849.60 1,83853 ¢ AVg- yea rIy prOd uced
I : hyd rogen Avg. yearly produced hydrogen 0.2 0.04040095
Avg. yearly operation hours 7,724.5 7,682.5 .
- AVg yea I’ly Coz emissions Avg. yearly CO2 emissions 0.2 0.37966943
, compared to the business model

EL.A 2024 ELA 2024
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S D U ,{. S D U 1" Decision ariteria j:“;,:t Entropy weight

CENTER FOR ENERGY Hydrogen Price 0.2 0.00583391

CENTER FOR ENERGY LCoH 02 0.19442628
NFORMATICS INFORMATICS Avg. yearly profit 02 0.37966943
Ave. yearly produced

0.2 0.04040095
hydrogen

MCDM evaluation of best business model et

0.37966943

2
i 3 7 Alternativ Experiment Average ranking of | Average ranking of all Avg. yearly
1 423 = e number all three methods three methods e LCoH arafit o yearly | v puariyproduced | S EO2 | Retumon
b Ais A (hydrogen price) | (Equal weighting) | (Entropy weighting) [EUR/ke] | [EUR/ie] | [Thousand | operationhours |  hydrogen [ton] = s
2157 As = A 11(15) 15.3 173 ELIE]
= {41 Al =4 A1 [ a2 | 1.2(15) 8.7 23.0 11 1 7289 870375 2,085.17 13,783.76 5
. 131 1= f B 21(15) 23.0 153 12 [, 29 13284 870575 208517 13,7876 =
Eq ual We|ght < 3 pra— As —aa | FEAls s e 2 as N e B 1250 e 206 )
5451 :q‘)‘ E gé AS 3.1(1.5) G5 15.0 : ‘\\(E.!y),’, 1788 102 37.50 880 5518
a ] 7 A!' - A6 3. (1.5] 4.0 I 13.0 B P 5.8 -1032.2 2.515.00 603.77 O
g §1 15 —4 A a7 T T 20 I2 56 9172 2,51500 503.77 0 |
e Ais — a3 — s | 1905 =0 So TT T B TS TOT T
1 44 — Ag =12 - - 12 29 -2103 £,708.75 2,085.17 13,783.76
b R Am a2 e £ 2 2 st a4 w000 1057 o
! Az —4 A [ A0 | 22(2) kL ] 22 (ko) s28 w07 12450 3016 178.07
q 2 7 [ A | 3102 =] L Rt 58 7084 251500 0377 o
1 Az 42 | a1z | 3.2(2) 5.7 100 12 56 5924 251500 603.77 [ -
] /ﬁlt} >+ — {{tﬁ 11(2.7) 13.7 173 11 11 7867 870975 2,085.17 1378376 1870
=181 4 — a 1.2(2.7) 8.0 15.0 12 29 11872 £708.75 2,085.17 13,783.76 12352
£ 114 420 — As 2.1(2.7) 16.0 6.3 21 27 75 243 108550 260.23 1.170.00 -
H é( — a: 22(2.7) 237 37 22 (reference) s s05.1 339150 81230 825562
H c 131 F— — 4t | a1z | (2. 113 97 11 53 2038 251500 60377 o
Entropy weight =3 S = T . . : 0 es e e 0 :
S 184 ﬁ:: AL [ a0 | 1:1 [3:5) 17.3 15.0 11 31 24638 870975 2,085.17 13,783.76 .00
I R E =0 B s N e e =
3 2.1(35) 14.7 110 ! (reference s break- - AT = .
10 22 28 2,889.4 8,401.75 2,012.34 13,150.66 5.21
] R e——— 2.2(35) 10.3 11.0 = even) s 1042 oo ren e N
] . ?4—~— A S 213 =L L2 5.6 { 29681 2,515.00 603.77 [
A2a 197 e e e o EEE e T DU i ST B T

=<
8
B
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Conclusion Thank you for your attention

Dr. Kristoffer Christensen completed his M.Sc. in Engineering

1 This paper explores.thf bl.\-su‘e.ys tea.‘.aib\\it‘.‘ of selling excess heat from Energy Technology (2019)’ followed b\/ a Ph.D. in Energy
an electrolyzer to district heating grids . . .

Informatics (2022), both from the University of Southern

The lowest hydrogen production cost is 2.795 EUR/kg under flexible Denmark. Currently, he holds the position of Assistant

operations linked to electricity spot prices, with excess heat sales and Professor at the SDU Center for Energy Informatics. His

i vdrogen price of 3.298 EUR/ke . . . . . . .

afixed hydrogen price of 3.298 EUR/kg primary focus is on developing agent-based simulations within

From the MCDM evaluation, the recommended business model is the energy ecosystem COI’TtEXt, emphaSIng the smart Chargmg
hydrogen production from renewszble sources combined with excess of electric vehicles and en hancing gr|d 5tab|||ty

heat sz

s, priced at 3.5 EUR

Presenter email: kric@mmmi.sdu.dk

. Future studies aim to enhance the model by integrating the Power-

4 to-Hydrogen process with the district heating network by adding y A
the district heating business ecosystem S D U 1‘

\ CENTER FOR ENERGY
‘ INFORMATICS

El.A 2024 . Energy Informatics.Academy 2024
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Using the flexibility in the network pipes
and the buildings to reduce peak loads in a
district heating network - final results of
real-life case study

El.A Conference 2024

T. Van Oevelen, T. Neven, F. A. Qureshi, J. Diriken, C. Hermans, D. Vanhoudt
VITO / EnergyVille (Belgium)

f vito vito.be

Methodology

Level 1: Supervisory control system
Optimized schedules for control setpoints ‘ External forecasting
Add-on to improve system performance Weatner, prices, - l

Level 2: Component-level controllers —'I 1. Supervisory control system

s

Tracking of setpoints Control setpoints
Already in place for standard operation
Data interface
Control signals Output feedback
Local devices connected to cloud platform with m )

IP gateway(s) Controllable assets
- Control setpoints

< Measurement data Standard operation

Setting:

m 2. Component-level controllers

Configuration

State measurements

f vito vito.be
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Dirk Vanhoudt: Fault detection in district heating substations: overview of real-life faults
in residential heating installations

Smart district heating system operation

. ," '-_ N b
Operationfl P} HPAYWARE RN
S ; 3 $ 7 A3
objectives] / \ ) f w ~.
Peak shaving, Return temperature Electricity Market Load curve flattening
reduction Interaction
| Current focus Roadmap
Controllable AN N AN NN NN 2
oo oo oo | .
assets 0o ol oo S w
Building mass Storage in the network piping Centralized storage Decentralized storage
= Demand Response = Supply Temperature Control

T~ vito

Today’s case study

vito.be
Methodology
Model-based predictive control algorithm:
Runs every 15 min.
from cloud
Updates control schedule for next 24 h
Solves optimal control problem (OCP):
control problem
Solve optimal xnu= ar;il‘:nn ](X, u, d)
control problem ”
s.t: gx,u,d) =0
Solution h(X, u, d) >0
found? .
Implementation:
o CasADi ': OCP formulation, automatic differentiation,
cloud nonlinear optimization
Ipopt 2 large-scale nonlinear optimization
1. Andersson et al_, 2009, MPC, DOI: 10.1007/s12532-018-0139-4 Vito.be

# vito
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2. Wachter, Biegler, 2005, Math Program, DOI: 10.1007/s10107-004-0559-y



Methodology Brescia case study

Single family hauses

Thermal Flow rates distribution and Substation Heat exchange to space heating

temperature propagation g circuit & supply temperature control iy 4

network ) _ ) § —
Regression model trained with

ﬁ response test data

Heat exchanger model + heating curve
+ controller logic

Indoor temperature evolution g

Space heating Thermal power, flow ratg apd Building -
return temperature prediction NP 2nd order linear RC-model trained with
Modified nonlinear radiator model las historic data /
m trained with historic data m 4 et
S ——
Reference: Van Oevelen et al,, 2023, Smart Energy, DOI- 10.1016/j segy.2023.100105 E:i‘:‘:::pes C ) Mixing station location

[ Consumer involved

f& vito vito.be ) ft vito
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in residential heating installations 12

Block of

apartments

Peripheral branch in Brescia (Italy) DH network

Residential area: apartment building (40%) and 34
single-family houses (43%)

Total contracted capacity 700 kW

Local, controllable supply temperature reduction in
mixing station

{""‘1-. a2aq | Calore

Y8 Fecomeany | € Servizi

vito.be



Brescia case study

Brescia case study

Controlled variables: Supply temperature Legend
\
@ mixing station - “Supply temperature control” #  Clamp-ontemperature sensor Benchmark | Test 2 Benchmark Test2 Test 4 Test 6
@ apartment building > “Demand res ponse" ﬁ & In-outrloor tsmperstura sensor No control Demand response No control Demand response z;lr;‘a‘r.:lgl temperature Combined control
VAN HEATING IXING SUBSTATION ﬂ@n Heat meter Mixing station Non-mixing | Non-mixing | Mixing Mixing Mixing Mixing
SRID STATION Muu:;n)—;ggmw MULTI-FAMILY HOUSE E& 1P gateway (NODA) operating mode  (bypass) (bypass)
" . @ Control Peak Peak Peak Peak
T oy o - : - -
) @ L il objective shaving shaving shaving shaving
m@, m@% -
Fuge Fuen Control ATSS,MS =0 ATSS,MS =0 ATSS,MS? ATSS,MS?
' i 2 2 = 2
Torms Torsarit| m - Indirect control: ODT override variables AT“,MFH . AT“rMFH B ATSS-MFH =0 AT“rMFH :
_ N <C Control MFH indoor MFH indoor | MFH supply | MFH indoor
f&@ fg& Tss constraints temp. temp. temp. temp.
SINGLE FAMILY HOUSES bounds bounds reference bounds
(R
PV %] 8 m W # test days 34 8 12 29 )
Tout AToye
ft vito vito.be f vito vito.be
7
Test 2: Demand response lo1inoo swuis1aqgmsl yiqque :h 12oT
Typical day profile comparison for test-2/mixing mede and benchmark S shermrioned bs b-tze! 10l noziteqmoa elioq yeb lesigyT
Multi-family house szuorl yimet-
- Test_label [ | 0 Test_labe! Iodsl_lasT Iodsl_jesT
— o | — iz
benchmark | tenchmark
[ I
| |
| |
j
W00 w0 1250 180000 w0000 %0000 20000 180000
100
— todl_iesT
——— 1 ® T o : :
—— benchmark hamrtons a)
a 21 o ] @ __@M % 32 ) e ; &
Average outdoor temperature 0] _ :jj.:;m » ; artones — 08 s1is18qmat 100biuo spEISVA
103°C do00 w %0 2500 Taon00 Booon w0000 26000 e wdoar ongost wom 00000 w0dost oogost w0008 000009 oror
Peak heat production 169 kW 2 deied N Wi €3I noitauboiq 15 Ass9
threshold (red line) 15 !etlsgi“ o !etglﬁ;i [ Rl z: o i (5riil ba1) blorlzsrt
Temperature offset g ‘z — benchmak E' 1‘; —— benchmark w Hamdonad 2 “E ‘; iszfio swis18gmsT
(+) discharge heat % . = ; ! a £ 4 tearl spsrivaib (+)
F 5 & d
(-) charge heat S &1-10 [ d t 2; E - ts8r op18rd ()
-1 15
00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:0000 18:0000 oo oosr oooost 000030 000000 roooan oooosk fooos 000000
f VItO vito.be ad.otiv
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Test 6: Combined control

Average outdoor temperature
11.6°C

Peak heat production 169 kW
threshold (red line)

Temperature offset
(+) discharge heat
(-) charge heat

f vito

Typical day profile comparison for test-6 and benehmark

Mixing station Muit-famiy house
o]  Testiabel o Tost_labol
— esto — w0
benchmar bonchmark
%20!7
=)
100 N
=~
o
00000 060000 20000 180000 w0000 06.00:00 120000 180000
100 100
P L R
e
£
g mn
o 80
2 — —
Test_label i -~ ~—— _
— festf o =
— benchmark 0
0:00 06:00:00 12:00.00 18:00.00 00:00:00 06:00:00 12:00:00 18:00:00
s
st _tabal
% o tst-6.
e _ —
— o —E s benchmark —~—— - \_
— I 5 S—
£ o
K]
Test_label 55
]
- lest:8 =
— bonchmark
-15
00000 060000 120000 180000 w0000 06,0000 126000 186000

Test performance overview

1600 -
1400 4
1200
1000

800 4

kWh/day

600

400

200

Peak heat production mixing station (kWh/day): all tests vs benchmark in mixing mode

X

X X . &g:;{::__;x N

vito.be

benchmark
test-2
test-4
test-6

f vito
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f
10 12 14

Daily outdoor temperature (°C)

vito.be
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Test results evaluation

Aggregation of measurement data on daily basis:

Outdoor temperature [average] — disturbance variable
Mixing station heat load [total]

Mixing station peak heat load [total above threshold] = fdaymaX(O — 0y, 0) dt

500

400

] 1000 2000

7& vito

3000

—— Peakload threshold 169 kW
Poak load energy (20% of total)

Base load energy

f Peak heat load
1 Base heat load

4000 5000 6000 7000
Hours.

Test performance overview

Peak heat load —
benchmark average (*)

Peak heat load —
test average

Peak heat load -
average difference

Total heat load —
difference

Test 2

Demand response

301 kWh/day
216 kWh/day

-85 kWh/day (-28%)

+4.1%

8000

Test 4

Supply temperature control

474 kWh/day
358 kWh/day

-116 kWh/day (-24%)

-0.4%

— Peak power threshold

Test 6

Combined control

273 kWh/day
165 kWh/day

-108 kWh/day (-40%)

+2.4%

(*) Benchmark performance estimated using LOWESS regression based on average outdoor temperature

- vito

14

A

vito.be
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Conclusion

Smart energy systems require district heating (DH) upgrade
Matching heat supply and demand improves cost and sustainability
Development of a DH supervisory control system Thank you .
Model-based predictive control
Data-driven modelling
Successful implementation in Brescia case study
Demand response & supply temperature control
Substantial peak load reduction: -24% to -40% on average depending on test configuration
Next steps:
Implementation at VITO’s headquarter site
Scale-up of the technology
Add control of heat supply and heat storage

f vito vito.be

Dirk Vanhoudt
dirk.vanho
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Our future Energy

System will be digital!
'c

Aim of the project

16

Create awareness of the advantages of the implementation of digital
processes to the various stakeholders and users

Provide a state-of-the-art overview of the digitalization of district

heating schemes in terms of R&D projects, demonstrators, and case
studies

Evaluate non-technical barriers and enablers for digitalization

processes in district heating and cooling schemes such as business
models, legal aspects, and policy instruments

EL.A 2024



Digitalizationof the demandside

Almproved control of the heating
system with a focus on lowering:
A Supply temperature
A Return temperature
A Peak load

C Large potential as the actual heat demand is much
lower than the design load
Astrategy for developing the
building service package:
A Define the potentials
A stimulate the use of all radiators
A Data mining to identify anomalies in the SH operation
A Troubleshootingand improved hydraulic balance

ELA 2024

Digitalizationto Link the Entire Supply Chain
G System Perspective

AOperationaI optimization
= CONTROL = ONLINE

Active interaction with the network, i.e. real
interventionsin the operation of the network.

AAnalytics
= DIAGNOSIS = OFFLINE
No active interventionin the direct operation

of the network. Analysis of the network performance
to optimize the network

ELA 2024

Presentation 4
Michele Tunzi: Using the flexibility in the network pipes and the buildings to reduce

peak loads in a district heating network — final results of real-life case study

Bottom-up approach: DE operators

Heat generation

prioritize optimizing demand-side operations
to plan investments in renewable sources

and secure viable business models.

Demand side

Top-down approach: Conventional DE
operators control/operate the networks and

plan the investments in renewable sources.

Demand side is the last part of the system

EL.A 2024

Digitalization the key driver for cultural shift in DE industry

Digitalizationof Energy Infrastructure Digital Twins

metering historical
data data
= ~ =
|| B
“Avirtual representation of a physical system that is used ’ i
to monitor, control, and optimize its operations”
virtual representation
| “_ Sy 'C’éY
A Virtual counterpart of a physical entity ez Sl
] . ¥ ¥ §
A Real-time execution e Y1 coive: Ml e
A . . . . . . . service service service
Bi-directionality of physical and virtual domain ake- | | ke || k-
& ¥ ¥
Ictuator operator user
e @ 2

EL.A 2024
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Digital Twin

DHC system



BusinessModels L Conclusion from our work [Eo
¢ Unlockingthe Value of Digitalization IEADHC

“Digitalization of district heating and cooling systems is
an essential technology for decarbonizing the thermal
energy system, and with growing complexity or the
demand for system flexibility and a green/renewable

The core issues are to

AExamine the cost drivers and qualify
the economic potential for
improvements based on digitalization.

AcCollect thoughts and ideas for new
potential business models.

ANew business models that put demand
response and thermal storage capacity
in buildings into play.

heat/cold supply,
it is just vital!”

EL.A 2024 EL.A 2024

More information availableX

U Get your copy online here Sl { » *‘ .“ﬂ

|t [

s caa% [ Waa% Aare the key chaﬁlenges to the
Sl ! full &e\*iefapment ofdngttallzatlon?

District Heating: Transforming Heat
Networks for a Sustainable Future -
it

‘&w

:«z

Final report of IEA DHC Annex TS4 Fe ¥y 1 =

ELA 2024 e oY e
—" ELA-2028 - .
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Legacy from |IEA DHC Annex TS4:

SAIAGIEATFB2Y

ELA 2024

Aims of the IEA Annex TS9

A Create awareness for the advantages of the
integration of data and signal from different
domains

A Investigate solutions for interoperability, protocols
and standardization of data communication
between the involved components in DHC networks.

A Evaluate non-technical barriers and enablers for
digitalization processes in district heating and
cooling schemes such as business models, legal
aspects and policy instruments.

A Provide an updated state-of-the-art overview of the
digitalization of district heating schemes in terms of
R&D projects, demonstrators and case studies,
building further on IEA-DHC TS4.

EL.A 2024

Presentation 4

Interoperability Dimension

Heterogeneity Lack of
of DHC standards for
systems DHC

Vendor-lock in

an
interoperability

compliance

Lack of
reference
dataset and
benchmarks

Safety and
security of
IT systems

Business layer

Function layer

Communication layer

Component layer /<>/

Generation

Transmission & S
Distrbution X =

oen
S Process

Customer
Premise

" Market

Domains

Michele Tunzi: Using the flexibility in the network pipes and the buildings to reduce
peak loads in a district heating network — final results of real-life case study

Technology Collaboration Programme
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Digitalization of DHC:
Improving Efficiency and Performances Through Data Integration

A To allow different components 8 such as sensors,
energy sources, and control systems & to share
and interpret data based on a common
understanding

A To ensure data exchange between different
applications and system components, facilitating a
seamless communication and control across the
DHC systems

A To assess non -technical barriers integrating
sustainable business models and robust data
policies

ELA 2024
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MoreinformationavailableX _
Thank you for your attention!

X

Latest developments and project's updates
’ .
APresenter’s short bio
@ + &é I 3 -z I_E. | yz4 I Dietrich Schmidt is affiliated with the Fraunhofer Institute for Energy Economics
G]' @ B {] CO Cdpa) \] and Energy System Technology (IEE) in Kassel/Germany. He works as Manager of
. T p— SR innovation Field Decentralized Flexibility — Digitalization Heat Infrastructures.

I\] I' I\J (ID |U IHJ diki M EFM .ﬁ:YU LW@ He is responsible for various national and international research projects within
the field of energy utilization in buildings, energy supply structures of buildings
and communities, innovative district heating systems, and implementation of
digitalization strategies within the built environment. Furthermore, he

X 1St Wor'klng Phase meetlng in StOCkhOI m neXt coordinated several research activities within the frame of the International

14th and 15t November (Host KTH) A;Zgry\;g:gt“:formation

Tekn. Dr. Dietrich Schmidt

— IO

X Please reach out if you would like to join the

Fraunhofer Institute for Energy Economics and =
Team! Energy System Technology (IEE) / Germany % FraunhOfer
eMail: dietrich.schmidt@iee.fraunhofer.de IEE

ELD 2024 Energy Informatics Academy 2024

Thank you for your attention!

APresenter’s short bio

Michele Tunzi is an Associate Professor at the Civil and Mechanical
Engineering Department at the Technical University of Denmark. His
research centers on driving innovation in the next generation of district
heating and cooling systems. This includes investigating innovative solutions
for integrating heating, cooling, and electricity networks and the role of
digitalization as an enabler for the green transition of the energy sector. He
established solid collaborations with academia and industry, coordinating
national and international projects.

Acontact Information
Associate Professor DTU
Michele Tunzi o
Department of Civil and Mechanical Engineering o

eMail: mictun@dtu.dk

Energy Informatics.Academy 2024

Presentation 4
Michele Tunzi: Using the flexibility in the network pipes and the buildings to reduce
peak loads in a district heating network — final results of real-life case study 20



Energy Informatics.Academy 2024

Fault detection in district
heating substations: overview of
real-life faults in residential
heating installations
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1Aalborg University

Motivation (2/3): district heating sector transformation
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Motivation (1/3): building sector

A75% of the EU building sector is energy inefficient

A65% in Denmark, >50% in Sweden, Lithuania, Estonia, and >40% in
Poland of buildings are connected to district heating network

ABetween 50-60% of these domestic installations are faulty

almost 75% of existing buildings
are inefficient in terms of energy and will require
energy renovation on a large scale

Motivation (3/3): digitalisation

ADigitaIization of the DH networks, in particular the rollout of smart
heat metering providing hourly readings, has given a new possibility
for analysing customers' heating patterns and domestic heating

installations.

EL.A 2024

Gaelder energi-, varmtvands- og varmefordelingsmalere



Contribution

1. Method for collecting explicit and
labelled faults in the DH
substations in residential
buildings, which is an essential
component to facilitate machine
learning for automated fault
detection and diagnosis (AFDD).

2. Database with labels

Presentation 5:
Anna Marsza-Pomianowska: Fault detection in district heating substations:
overview of real-life faults in residential heating installations
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Results (1/2)

Methods characteristics:
1. Digital uniform template

2. Developed by DH utility
and AAU

3. Faults are collected
A only for customers with a
temperature difference 10K

A only with direct DH
connections

Tnput _group Selection option

Customer 1D

Date

Contact witth a customer
Tel e fEhmaniel

Contact details
(open tlext filed

Visit

[ 3 ]
'H'H\'»
Connect(dosdptwnp gme n u
- Direct
Indirect
SH ins (dalotpawn oyme nu
Installation detaRhsliators
@drdpwn) list Underfloor heating
Combi(miexd of radiators and underfloor heating
DHW i ns (darletpa Wi o)me n u
Plate heat exchanger
Water storage tank

Fault In(dsmnwmpressure differential regu -]

‘ e
Dot 2%iator thermostat _—r
UFH shunt S

]_

Banle 00 MMWpsyﬁTteéu%era(ure regulation val
n€orrect settings in the
down) list

Incorrect pump settings

{

— Foresurans

Fault summary

©pen text fIleﬂAddll\anal description of the fault

Fault status

Pro¢emlt has been)identified and ve*led
@rapwn) 1ist

Susplacsisoumpaiibn has ot been verifie

Error i@auésohasidmépnwithed
Following action .
. Customer contacts HVAC specialist

drdpwn) Iist

No atoiaaction takes place




Results (2/2)

SH-"Other" NMM

DHW - heat exchanger: regulator [ - -

SH+DHW - user behaviour NN 1 P
SH-UFHshunt R 1 O
150 141 SH- radiator thermostaticvalve NN O N
179 | Detailed faul labels Single Repo DHW - heat exchanger: incorrect settings I N =
Proven faults DHW - storage tank: temperature regulator [N N 1
DHW-"Other’ [N NO
Al DHW - water tank: incorrect settings [l NN

29 Duplicate
“Other" fault labels SH-Towel dryer [N NN
SH- UFH: telestat [l N M

i 382
‘ault reports.
SH-radiatorvalve Il ©
SH-too small heating surface [l 1

SH+ DHW - pump failuer

203 SH - return thermostat: too high settings
Suspicion SH- UFH: error in master controller
SH-incorrect settingof apump [l

SH+DHW - Too low pressure on secondary side (indirect
SH+DHW - Summer valve
SH4DHW - pressure differential regulator

Overview of the faulty %Hr@cnﬁeﬁsefﬁnfurglsamermmpensaticm

Zwmimoooo

0 10 20 30 4 S0 6 70 8 9 100 110

Distribution of fault |abels
space heating and domestic
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Conclusions

Aldentification of the reason behind < 50% of the faults are labelled as
proven faults

AWrong settings are an “easy fix” that could be fixed by a video call

AcCoupling the fault reports and labelled faults with the smart heat

meter readings and the application of datadriven methods to identify
the patterns of specific faults in an automated manner (paper under

review)



Presenter@Qinformation

Associate professor at the Department of
Built Environment, Aalborg University working
with energy-efficient buildings, demand
response and end-users’ engagement in the
green transition.

ajm@build.aau.dk
Thank you!
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