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Cross-optimization concept

V4

Aim - Minimize temperature
across buildings, network,
production

Do we consider load shifting?
:

X\

Aim > Utilize flexibility in buildings &
network

- to shift production
from periods with high
marginal costs

- to alleviate congestion
in the network

-

Long-term optimization: planning phase of networks

ENFOR®»»



Cross-optimization: Case 1

Optimized baseline: minimize supply temperature across buildings, network and production

‘ Production Plan
Weather Demand

forecast forecast

@@

PO: Production optimization (whole
network)

TO: Network temperature
optimization (in every subnet)

BO: Building optimization (in every
building)

ENFOR®»»



Status:

Data exchange Interface between tools /
developed and tested

Production Plan

Weather Demand
forecast forecast

Leanheat
@
Neogrid

ENFOR®»»



Overview of installations in demos

» EnergyPro Heat Solutions: *2 single family
* EnergyTRADE + MetFor houses BR2020
Installed, but not used » HeatFor *1 kindergarden
* HeatTO *1 office + workshop
All networks
» EnergyTRADE Heat Solutions * 12 multi-family *1 single family house
Installed & tested _ * MetFor buildings
» HeatFor (~500
« HeatTO apartments)
All networks Sensor-less installation
HeatSolutions * 13 multi-family
* MetFor buildings
» HeatFor (~400
« HeatTO apartments)
All networks Full installation

ENFOR®»»



Cross-optimization: Case 2a

Utilize flexibility in network & buildings for shifting production from periods with high marginal costs

Weather Demand
forecast forecast

>
Temp. need after
load shift
P
Validate feasibility

Production Plan

Because of considerable
storage capacity:

Look at historical data on
that, to check if
assumption holds >
evaluate case 23, look at
hypothetically lower
storage capacities

PO: Production optimization (whole
network)

TO: Network temperature
optimization (in every subnet)

BO: Building optimization (in every
building)

ENFOR®»»



Cross-optimization: Case 2b

Utilize flexibility in network & buildings to alleviate congestion in the network

Weather
forecast

Demand
forecast

Temp. need after

load shift
1

Load shift

\~—~

Temp. need - Initially N

Production Plan

No network limitations in
the demos—> simulate and
evaluate hypothetical
scenarios with network
limitations

PO: Production optimization (whole
network)

TO: Network temperature
optimization (in every subnet)

BO: Building optimization (in every
building)

ENFOR®»»
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Production Optimization Solution by EMD

O



Software suite for production optimization

O a,

ENErgy TRAN

ENErgyFrRI

Investment and operation Daily operation planning
analysis




Improvements to the production optimization
solution

Implementation of a MILP Solver

Development of a CSP model

Hydraulic calculations for heat transmissions

Improvements to the PV model for Assens District Heating

o
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MILP Solver

This implementation allowed to optimize the
operation of highly complex systems where:

units are producing various energy outputs

(e.g., heat, electricity and cooling)

the operation of some of the units depends on
the operation of others (e.g., heat recovery,
Organic Rankine Cycle running on heat
produced from CSP)

units with complex efficiency curves

units operating with restricted fuel

consumption

& Project identification - o I EH#

Main settings | [Calculation method! | Advanced settings | Measuring units
Type of Solver
Analytic
& MILP
MILP Settings

Ignore warning when max. runtime is exceeded

Max. solution time: 120 o | seconds

Wanted predsion: 1.0000| =g

O options - oI ES3
User Interface | Report Logo | Online Data MlLF'SDl\-'Br Data Protection Paolicy
Choice of Solver
® Built-in open source CBC

Built-in open source HIGHS
Gurobi

Solver settings

Path to solver exectuable

Choose path

o
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CSP model

« Enables to estimate thermal power output

from the Concentrated Solar Power unit in
Brgnderlev
g 251
+ Input to the model: Irradiance prognosis i T L
515—__ M
- With Enfor’s irradiance prognosis, the model £
estimates the CSP production in Brgnderslev "
for 7 days N J 1 L
<, ' < ' 2 ' < ' < ' < ' <, ' <
i . Q’-‘o;%@ z"?b;%@ o"-‘o;%o\ \)‘?b;‘g‘oo\ %;‘9‘% ‘)“?a;‘g\oﬁ Q’-o;%@ {J‘)b;‘g‘oo\
 Model validated against SAM D % % e s BN %y %Yy

o
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Hydraulic calculations for heat transmissions

« Transmission constraints in pipes

« Economic optimal investment also in
pipes

Considering pipe size

Heat losses
Pumping costs

« Parameters of the flow in transmission
lines — hourly values

Pressure Gradient
Total Pressure Drop
Flow velocity
Volume flow rate

O old town_New town
Name: |Old town_New town

Type of Transmission

Energy Type: Heat

Site A+ Ol tevain

[] Men availability periods

[y

Days |7 |: G | P o L/ Transmission Nawtown_SoIarSi‘v E

100

Pressure Gradient - [Pafm]

c238583388

Sun 01-08-22 Mon 02-05-22

Tue 03-05-22 Wed 04-05-22 Thu 05-05-22 Fri 08-05-22 Sat 07-05-22 Sun 08-05-22
Time

= New town_Solar Site Max Gradient- New town_Solar Site

Flowy elocity - [mis]
o
=

Sun 01-05-22 Mon 02-05-22

Tue 03-05-22 Wed 04-05-22 Thu 05-05-22 Fri 08-05-22 Sat 07-08-22 Sun 08-08-22
Time

— New town_Solar Site

Tue 03-08-22 Wed 04-05-22 Thu 08-05-22 Fri 08-05-22 Sat 07-08-22 Sun 0§-05-22
Time

— Transmission from Solar Site to Mew town Transmission from Mew town to Solar Ste

" Pressure Gradient- [Pafm K Total Pressure Drop - [Pa " Flow Yelocity - [m/fs X olurne Flow Pate - [rh Hiiark of Purnps - [kt ~ Transmission - [k




Communication with other tools

« ENFOR prognosis
« Coming 7 days (Heat demand, Temperature, Irradiance and wind speed)
« Delivered via FTP server
 Dedicated data provider created in energyTRADE

« SCADA measurements
* Production data
« REST-API interface
» Dedicated data provider created in energyTRADE

« Balance responsible parties
 Energi Danmark: API
« Danske Comodities: API

o
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Development and installation of energyTRADE In

Bronderslev

« ENFOR demand prognosis for all areas
in Brgnderslev

« SCADA measurements from
Brgnderslev system

« Connection with Energi Danmark

« Automatic update of daily gas prices -
a very useful feature considering the
highly variable gas prices

« CSP model included via Python script
running in the background - new
functionality in energyTRADE

+f=. energyTRADE 4.8 - Brenderslev model Preperation to energyTRADE 25-11-2021b

Files Settings Reports Help

Time series: | Bid type: TU Motor1 Price indeper‘ v || TU Motor2 |Price mdeper| v || TU Motor3 |Price indeper| v | TU Matord |Price indeper| v || TU Motor5 |Price indeper| v

TU Motor6 Price indeper| v || TU Mator7 |Price indeper|v TU Elkedel |Price indeper|v

Day ahead calculation

Regulating market calculation

Bids / Planned production
Calculated day-ahead Bid

[v] [spym;22 v

[] Daily values
TU Mot | TU Mot|TU Mot | TU Mot | TU Mat| TU Mot | TU Mot | TU Elke:
Expand

Calcula | Caleula| Calcula | Calcula | Caloula| Caloula | Caleula| Caloula
Spot | Price| Price Price| Price| Price| Price| Price| Price
e e | indep indep indep indep| indep indep| indep inden
Eij\mi’ [T [T MY | [V TV | MW T MW
00-01  989.5 0.00 0.00 0.00 000 000 000 0.00 0.00
0102 9314 0.00 000 0.00 000 000 000 0.00 0.00
0203 978.6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0304 9789 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0405 980.6 0.00 0.00 0.00 000 000 000 0.00 0.00
0506 996.7 0.00 0.00 0.00 000 000 000 0.00 0.00
06-07 10149 0.00 0.00 0.00 000 000 000 0.00 0.00
0708 10659 0.00 000 0.00 000 000 000 0.00 0.00
08-03 1306.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
09-10 1433.6 3.28 3.28 3.28 3.28 3.28 3.28 3.28 0.00
10-11 |1543.4 3.28 3.28 3.28 3.28| 3.28 328 328 0.00
11-12 14366 3.28 328 3.28 3.28) 3.28 328 328 0.00
12-13 13918 328 000 3.28 3.28) 0.00 328 0.00 0.00
13-14 14336 3.28 328 3.28 3.28 3.28 328 328 0.00
14-15 |1543.5 3.28 3.28 3.28 3.28) 3.28 3.28) 3.28 0.00
15-16 1866.0 3.28 3.28 3.28 3.28 3.28 3.28 3.28 0.00
16-17 (19796 3.28 3.28 3.28 3.28| 3.28 328 328 0.00
17-18 2358.5 3.28 3.28 3.28 3.28 3.28 328 328 0.00

12.10 ana & 2

| Send day-ahead bids ”é [ User defined bids
Notifications
Time stamp | Description
24/01/2022 12,3546 Day-zhead bids not sent yet
IB' 30/11/2021 13.30.00 Regulation bids not sent yet
I€3| 30/11/2021 13.30.00 Primary bids not sent yet
Ed osriyz021 113706 Demand not met
@) 24/01/2022 12.36.23 Day-zhezd calculstion
(EY | 24/01/2022 12.35.54 Dataprovider Update error
@ 24/01/2022 12.35.44 energyTRADE Started
@) 02/12/201 03.37.58 Project ssved
PN PPy p—— o —maoc i
energyTRADE | energyPRO

~

]

Days 6 |:

G =

=) Print

Operation income: -316,046 DKK

=}
T 2,000
E 1,000
?.5. 0
+ Mon 24i01/22 Tue 25/01/22 Wed 28/01/22 Thu 27/01/22 Fri 28i01/22 Sat 29/01/22 Sun 30401
I
& — SpotPrices Real DK — SpotPrices Prognosis 0K — TU Motor1 ealeulated — TU Motor1 offered
o TU Motor2 calculated TU Motor2 offered — TUMotor3 calculated — TU Motar3 offered
— TUMotord calculated — TU Motord offered — TU Motor5 calculated — TU Motarb offered
TU Motoré calculated TU Motors offered TU Motor7 calculated TU Motor? offered
— TUElkedel calculated — TU Elkedel offered
40
g W
§ 20
T 1w
1]
Mon 24/01/22 Tue 25/01/22 ‘Wed 26/01/22 Thu 27/01/22 Fri 28101722 Sat 20/01/22 Sun 30401
W ORC 1 varmeveksler M Flis1ogVvP1 M Flis20gVvP2 M TU Motort TU Motor2
B TU Motor3 [l TU Motord B TU Motors TU Motorg TU Motor? Gaskedler
B TU Elkedel — Heatprognosis — Delivered heat
§ 20
= 15
% 10
@ 5
[ o
Mon 24/01/22 Tue 25/01/22 ‘Wed 28/01/22 Thu 27/01/22 Fri 28i01/22 Sat 29/01/22 Sun 30/01
M TU Motort TU Motor2 W TU Motor3 Il TU Motord
Il TU Motors TU Motarg TU Motar? Planned prod.TU Motoré
«++ Planned prod. TU Motor7 «-- Planned prod.TU Elkedel Planned prod.TU Motor! Planned prod.TU Motor3
«++ Planned prod. TUMotord -+ Planned prod. TUMotor2 --+ Planned prod.TU Motors =— TU Elkedel
= 600 |
é 500
2 4w
=]
T 300
]
E 200
£
2 10
Mon 24i01/22 Tue 25/01/22 Wed 26/01/22 Thu 27/01/22 Fri 28i01/22 Sat 28/01/22 Sun 30401
— Storage capacity (Combined) — Storage content (Combined)
< >
| wExem..  Day a. XBalan. | XPrior.. | XProce.. + Heat + Electri.. | wFuels |« Therm.

|Autoca|c not enabled

|Auto Data update not enabled




Development and installation of energyTRADE in
Hillergd

« Automatic update of daily gas prices - a
Very useful featu re ConSIderlng the hlghly 4 energyTRADE 4.8 - energyTRADE model HFORS. 15-10-2021 energyTRADE MILP (Beregnet) - o IEH

Filer Opsastning Udskrifter  Hjeelp

Va ri a b | e g a S p ri Ce S Tidsserie: Elec prices prognosis | HKV bidding price | Bud type: HKV traded Blokbud v

Day-ahead beregning Regulerkraft beregninger

Bud/planiagt produktion Dage 7 | B B B G | & Print
Beregnede day-shead bud v| [erma v [<][>] Resultat af ordineer drift; -2.204.399 kr.
[ Dagnmzengder =
. . 3
« Readings from the SCADA system for a o ]
Beregnede day-shead buc E
. . . Tid Spot: price (prog) Blokbud [MW/] '3 =
new unit introduced to Hillergd system S T
£ o .
y 00-01 118,4 0,00 E Tor 200122 Fre 21-01-22 Ler 22-01-22 Son 23-01-22  Man 24-01.22 Tir 25-01.22 Ons 26-01-22  Tor 27-01
01-02 184 0,00 — Elecprices — Elecprice prognosis DKK — HKV traded beregnet — HKV traded Afsendt
0203 1184 0,00
03-04 148,0 0,00

0405 185,0 0,00

‘arme (Ve

100

wﬁ::ﬂ‘:— “‘———‘#_—fﬂ‘_— —
L V4 Total (i) 7620 Hu Tors0012 Fre2i01Z  Ler220122 SenZIOIZ Men260022 Ti2e032  Ons260132  Tor27on

- ENFOR prognosis fetched from ENFOR’s _ o Te . En

Send day-shead bud é ] Brugerdefinerede bud W P13_Krematarium W K1_Melose_kedler [ | ﬂ:&s}lnge_udly W K3_Gorlose_kedler
| I, S————— W K4_Ullered_kedler P2_Ullerod_solfanger [l K6_Elmegarden_kedler [l K6_KGV_kedler
F I P W K7_Frederiksgade_kedler [l HKV traded = Varmeprognose = Leveret varme
Notifkasoner —

Tidsstempe! Beskrivelse A i 800

24-01-2022 10:00:00 Day-zhesdbud er ikke afsendt endnu ‘gn 400

23-01-2022 13:30:00 Regulerkraftbud er tkke afsendt endnu g —

20-01-2022 10:51:07 Produktionsplan er sendret 5 200 b

&3 | 23-01-2022 10:00:00 Day-zheadbud er ikke afsandt endnu

. . .
° 14 € 2012022 1390100 Regulerkraftbud e ke afsendt sndnu Tor20-01-22 Fre21-01-22 Lor22-01-22 Son23.01-22 Man24-01-22 Tir25-01-22 Ons26-01-22  Tor 27-01
O n I l e C I O n W I I e r s a a n Ce €3 22-01-2022 10:00:00  Day-chesdbud er ikke afsendt endnu — Lagerkapacitet(Samletjy — Lagerbeholdning (Samist)

@I 21-01-2022 13:30:00 Regulerkraftbud er ikke afsendt endnu

res po n Si b I e pa rty —_ Da n S ke CO m m Od iti es |69 oz v oey:shesdhdenkha et v v (derefDr ~ Dayah. | XBalanc.. | X Prioriteter |+ Varme | X Elekinici.. | w Breends_ | + Varmela ,]

energyTRADE | energyPRO

|Auhnberegning Ikke aktiveret |Auto. dataopdatering er ikke aktive |

o
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Lessons learned from Case 1 implementation in
Hillerad

Testing period 7/03/2022 - 13/03/2022

« High variability in heat demand in the test week

During peak hours consumption was 80-90MW/h, when sun started shining, it went down to about
40MW/h.

« High variability of gas prices
The day ahead price was 216€/MWh, for it go down to 130€/MWh 2 days later.

« Adjustment of the model are needed to avoid short period of operation (3-4h) and
changes in operation state during the night (start or stop).

« There is a high need to have the functionality of calculating regulating bids,
especially with the highly variable prices in gas and electricity market. It is available
in energyTRADE.

« Challenge to find an appropriate heat prognosis O

PRI



Lessons learned from Case 1 implementation in
Hillerad

#. energyTRADE 4.8 - energyTRADEm X OHJEm

Ul 06-03-2022 13:30:00 Regulerkraftbud er ikke afsendt endnu
06-03-2022 04:36:50  Opdateringsfejl dataprovider
| @ 07-03-2022 10:35:09 Day-ahesd beregning
@ 07-03-202 10:21:33 Day-shesd beregning
@ 07-03-2022 03:38:37 Day-shezd bersgning
(E3 | 07-03-2022 09:00:00 Produktionsplanens vaerdi ssndret

Handlinger = 5% Vis ~ U= Kemmuniker [, Filer & ekstra = [55° Bemaerkning
H Eiler Opsaetning Udskriter Hjzlp
. | Tidsserie: Elec prices prognosis | HKV bidding price | Bud type: HKV traded Blokbud ‘v
« Improved energyTRADE, which EMD st bersguing | Rt g
Budplanlagt produktion Dage |7 S Print
can Offe r tO more Ccu StO mers Eereqnede day shead bud v mosmz vl Resultat af ordineer drift: -3.481.896 kr.
["] Dognmaengder
HKV traded [l ; E
udfold £ 3000
Beregnede day-ahead but ¥
Spot price (prog) g 2000
Tid [OKK ] Blokbud [MW =
£ 1.000 —_—
04-05 1147,0 0,00 ﬁ
. The complex energyTRADE model :
) =] o100 Man 07-03-22 Tir 08-03-22 Ons 090322 Tor10-03-22 Fre 11-03-22 Lor 12-03-22 Sn13.03-22  Man 14.03.
. - 07-08 3648,2 0,00 = Elecprices = Elecprice prognosis DKK = HKV traded beregnet — HKV traded Afsendt
enables to simulate the system in
09-10 3437,0 0,00
10-11 2668,8 0,00
H 11-12 2399,8 0,00
I e r¢ 12-13 2207,5 0,00 .
LA B 0,00 Man 07-03-22 Tir 08-03-22 Ons 090322 Tor 10-03-22 Fre 11-03-22 Lor 12-03-22 Son 130322 Man 1403
) ST .22 FilisplusCand Pillen PT_BKV_whp W P3_PERLIT W P13_Krematorium
15-16 2250,2 45,27 B K1_Melose_kedler B K2_Skavinge_keder [l K3_Gerlose_kedier B K4_Ullerod_kedler  F2_Ullerad_solfanger
16-17 2739,6 45,27 5_Elmegarden_kedler [l KE_KGV_kedler W K7_Frederiksgade_keder [l HKV traded — Varmeprognose
17-18 3072,2 45,27 . — Leverstvarme
18-19 3634,7 45,27 g
H H H 1820 3663,0 45,27 50
i €at Storage IS used extensively In e § =
2122 2775,6 45,27 $ w
22-23 2578,1 45,27 T 3
S Ste I I l 23-24 1295,0 0,00 5 20
¥ o1
[ Total gty | |73 I~ :
. . Man 07-03-22 Tir 08-03-22 Ons 09-03-22  Tor 10-03-22 Fre11-03-22 Lor 12-03-22 Son13-0322  Man 1403
* I h I s CO u | d s u g g eSt pote ntl a | fO r | Send day-ahead bud &) Brugerdefinerede bud e
implementation of Case 2a — f v —=
Tisstempsl [Baskrivelse A S
0703 202210:00:00  Day-shesdbud =r kks sfsendt endnu g
) or-3-20220:10:0  Produktionsplanens vaerdi sndret E 200

Administrator: Command Prompt - heatsaln.exe -c .\
Man 07-03-22 | c¢o\TaskSchedule.cfg -f 2020-01-01T00:00:00

W Ydre forud...

pd

energyTRADE | energyPRO

Naeste autoberegning om 56 minul Auto. dataopdatering er ikke aktive|
H | € HeatSoluti... | [F3 |  03_Scenari.. | | dg " ] oM3.7tm ... |

| HFors_V15... | CE)-Dyre... llﬁm‘mqﬂ |2/ Java Setup...

| <+ energyTR... || [=] TeamView...




Agenda

« Cross-optimization concept recap (EMD - Marta)

« The production component (EMD - Marta)

« The network component (Enfor - Torben)

 The building component (Neogrid/Leanheat cooperation - Pierre)

« Estimation of CSO (Case 2) value based on Brgnderslev example (EMD - Marta)

« Feedback & discussion



Agenda

« Cross-optimization concept recap (EMD - Marta)

« The production component (EMD - Marta)

« The network component (Enfor - Torben)

 The building component (Neogrid/Leanheat cooperation - Pierre)

 Estimation of CSO (Case 2) value based on Brgnderslev example (EMD - Marta)

« Feedback & discussion



Value in CSO - overview of the presentation

Simulation 1: Investigation of value in load shifting in a DH system
« Simulation 1a: Load shifting in a DH system
« Simulation 1b: Load shifting for peak shaving
« Simulation 1c: Load shifting without heat storage

Simulation 2: Estimation of yearly value in CSO
« Brognderslev example
« Bronderslev example without heat storage
« Brognderslev example with transmission constraint

Simulation 3: Temperature optimization value

Discussion: Value of CSO in markets other than Day-ahead market (future
possibilities)




Investigation of value in load shifting in a DH
system participating in the Day-ahead market

Estimation of savings in a week of operation

O

Simulation 1 energyrro



Initial setup of the considered plant
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36.4 MWh load shifting forward (08/02/2021)
@ income: -272.1@
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100

[DKK MR

Initial operation income:
-272,138 DKK
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36.4 MWh load shifting forward (08/02/2021)

@:n income: -269.964 DKK

[DKKMAAR]
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70 MWh load shifting forward (30/01/2021)

e
< Operation income: -691.047 DKK
T

300

200

[DKKMAR]

100
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-691,047 DKK

Mon 25/01/21 Tue 26/01/21 Wed 27/01/21 Thu 28/01/21 Fri 28/01/:21 Sat 30/01/21 Sun 310121 Mon 01/02/21
— DK VestSpotpriser 2018

&

=

Process Heat [MW]

L]
Mon 25/01/21 Tue 26/01/21 Wed 27/01721 Thu 28101721 Fri 28/01/21 Sat 30/01/21 Sun 31/01/21 Mon 01/02:21

Wcse EFisioovP1 M Flis2o0gVP2 — Process heatconsumption

L

Heat W]

Tue 26/01/21 Wed 27/01/21 Thu 28/01/21 Fri 28/01/21 Sat 30/01/21 Sun 310121 Mon 01/02/21
W ORC M Flis1ogVvP1 M Flis2ogvP2 M Motori Motor2 [l Motor3 [l Motord [l Motors Motoré [l Motor7 Gaskedler [l Elkedel — Heat consumption

g 25 | e | - ]
2 2

s 1w

2

&

o
Mon 28/01/21 Tue 28/101/21 Wed 27/01/21 Thu 2801721 Fri 28/01/21 Sat 30001721 Sun 310121 Mon 01/02/21
W orRC M Motart Motor2 [l Motor3 [l Motord [l Motors Motors [l Motor7 — Electricity consumption

g

Thermal stare [WMAh]
[
8 8

0
Mon 25/01/21 Tue 26/101/21 Wed 27101721 Thu 2801721 Fri 28/01/21 Sat 30001721 Sun 310121 Mon 01/02/21
— Storagecapacity — Storage content

Simulation 1a ENErgy PR



36.4 MWh load shifting

@n incame: -691.047 DKK
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forward (08/02/2021)

Initial operation income:
-691,047 DKK

Operation income after
shifting: -691,047 DKK

Savings: 0 DKK
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Transmission constraint introduced at the plant

Site

Transmission
constraint ]
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o

Simulation 1b ENErgy PR




27.5 MWh peak shaving

@n income: -771.373 DKK
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27.5 MWh peak shaving

Initial operation income:
- 771,373DKK

Heat M)
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27.5 MWh peak shaving

@Dn income: -769.604 DKK
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Operation income after
shifting: -769,804 DKK
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27.5 MWh peak shaving
T —
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No heat storage at the plant
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45 MWh load shifting without heat storag
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Initial operation income:
- 807,589 DKK
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45 MWh load shifting without heat storage

@on income: -802.982 DKK
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Estimation of yearly value in CSO

Based on flexibility of buildings and network incorporated in energyPRO model

O
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Assumptions

Building flexibility Network Flexibility

The flexibility depends on the ambient temperature The flexibility depends on the AT which can be
added on the water temperature. For start AT=2

T
(P_flex) Content (P_flex) Content
0-37+0T-065*bma(1)x((15-8- 3%P flex Eventyrvej Time Series*AT 0.228*AT
Skoleoate 0.48+0.—12Tml’x()( o o Time Series*AT 0.587*AT
Stolegade Rl S fex Time SeriesaT  0.532+4T

Jyllandsgade 0.49+0.10*max(( 15.3-

o
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Assumptions

Building flexibility Network Flexibility

The flexibility depends on the ambient temperature The flexibility depends on the AT which can be
added on the water temperature. For start AT=2
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energyPRO model

Simulation 2
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Results in Brgnderslev

With both
flexibilities

With network
flexibility

With buildings

Without flexibility flexibility

Net heat production

cost [DKK] 1.116.717 1.112.892
Savings [DKK] 0 3.825
Savings [DKK/MWh] 0 17.4

Building Flexibility
included [MWh]

Flexibility used when

Buildings

Eventyrvej 57.3

Buildings

Jyllandsgade 78.1

Buildings

Skolegade 83.9

Network
Eventyrvej

0

Network
Jyllandsgade

0

Network
Skolegade

0

Sum 219.3

Simulation 2a

1.114.849

1.868

28.1

1.112.197

4.520

15.7

Flexibility used when
Network Flexibility
included [MWh]

Flexibility used when
Both Flexibility included

Buildings
Eventyrvej

Buildings
Jyllandsgade

Buildings
Skolegade

Network
Eventyrvej

Network
Jyllandsgade

Network
Skolegade

Sum

[MWh]
Buildings
Eventyrvej 56.5
Buildings
Jyllandsgade 74.6
Buildings
Skolegade 83.4
Network
Eventyrvej 13.2
Network
Jyllandsgade 31.9
Network
Skolegade 28.9
Sum 288,5

O
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Results if no heat storage in Bronderslev

Net heat production cost

[DKK] 8.486.461 7.711.394
Savings [DKK] 0 775.067
Savings [DKK/MWh] 0 444 .3

Flexibility used when
Network Flexibility
included [MWh]
Buildings
Eventyrvej 0

Buildings
Jyllandsgade 0
Buildings
Skolegade 0
Network
Eventyrvej 364,8

Network
Jyllandsgade 703,3
Network

Skolegade 676,5 0
Sum 1744,6
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energyPRO model - with transmission constraint

- N
Flexibility of other Eventyrve crenyre
sites disabled H . Aot ';f"*
: S Buiking o— ==
5 = Flexibility :le“"",“m'; =
yllinz:q;ne Jyliands gade ﬁ“& q
lllllll ity Flexibility
w Em s /&’ Eventyru
- .
p ._—'1}'; Skolegade
pienssasde % Artificial transmission constraint
to Eventyrvej = 5.8 MW
7 (based on a different plant)
e jr-le =
=]

o
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Results in Brgnderslev

Comparison of operation incomes in the period: 01/04/2020 - 01/04/2021

Net heat production cost without flexibility 1,240,789 DKK
Net heat production cost with flexibility of buildings and network 1,231,150 DKK
Savings - both flexibilities 9,639 DKK
Savings - both flexibilities 55.5 BN
MWh
CO2 emissions in the period: 01/04/2020 -
01/04/2021 Flexibility used when Both Flexibility
Without flexibilty o 1
ithout flexibilit 70,175 tonne Buildings Eventyrvei 1429
m 70,296 tonne Buildings Jyllandsgade 0
-121 tonne Buildings Skolegade 0
Network Jyllandsgade 0
Network Skolegade 0
Sum ' 173.6 0

Simulation 2c
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Eventyrvej heat demand supply - no flexibility

Heat (M)

Wed 27/01/21 Thu 28/01/21 Fri 28001/21 Sat 3001721 Sun 31401421

Tue 26/01/21

Sun 24/01/21 Mon 25/01/21

o
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W Peak Boiler [l Received from Skolegade — Heat consumption



Eventyrvej heat demand supply - with flexibility

Heat (]
(4]
(53]

0
Sun 240121 Mon 25/01/21 Tue 28/01/21 Wed 27/01421 Thu 28101721 Fri 28001/21 Sat 30/01/21 Sun 31401421

W Peak Boiler [l Received from Eventyrvej Metwork Flexibiity [ll Received from Eventyrvej Building Fledbiity [l Received from Skolegade — Heatconsumption =— Sentto Eventyrvej Metwork Flexibility — Sentto Eventyrvej Building Flexibility
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Value of Temperature optimization in Brgnderslev

Initial estimations for a year of operation

O
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Assumptions

« Representative supply temperatures for a year of operation
« Representative return temperatures for a year of operation

« Reduction in supply and return temperature: max. 5°C
(limits: 60°C supply and 30°C return)

4 g

Efficiency gain Heat loss reduction
Efficiency gain of the Wood Chip Reduction of heat loss in the
Boilers due to lower condensation network.

temperature.

First estimation based on
previous project: 1% /5°C

Simulation 3 PRI




Assumptions — Heat Loss Reduction

Heat loss represents 20% of total demand

Heat loss calculation:

« Original heat loss
HL,=U-(Ts—T;) +U - (T — T¢)
« Reduced heat loss
HL,=U-(T¢=5—-T;)+U-(Ts —5—T;)
« Heat loss reduction (considering temperature assumptions)

HL,  Ts+Tp— 2T
HL, Ts+ Tr—2T; — 10

o
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Savings from temperature reduction in the network

With HL reduction
and efficiency
increase

With efficiency

Reference With HL reduction increase

Net heat production
cost [DKK] 1,139,628 886,548 840,451 591,592

Savings [DKK] 0 253,080 299,177 548,036

O

ENErgY FRO

Simulation 3




Value of CSO in markets other than
Day-ahead market

O



Danish electricity markets
(which are to be implemented in the rest of EU)

Marked Gate closure Organisering Prisafregning
Frekvensregulering 8.00 the day before | Minimum 1 MW symmetric | Marginal price
Frequency up/down
containment reserves Divided into four-hour
(FCR) blocks

Bloc 1: KI. 00.00 - 04.00
Bloc 2: KI. 04.00 - 08.00
Bloc 3: KI. 08.00 - 12.00
Bloc 4: KI. 12.00 - 16.00
Bloc 5: KI. 16.00 - 20.00
Bloc 6: KI. 20.00 - 24.00
Radighed i 9.00 the day before | Bids for each of the 24 Marginal price

regulerkraftmarkedet
manual Frequency
Restoration Reserves
(mFRR)

hours tomorrow.
Asymmetric bids.

Spotmarkedet
Day ahead wholesale
market

12.00 the day
before

Bids for each of the 24
hours tomorrow.
Asymmetric bids. Price
independent, price

dependent or bloc bids.

Marginal price

Aktivering i
regulerkraftmarkedet
Replacement
Reserves (RR)

45 minutes before
the operating hour

Bid for the next hour.
Asymmetric bids.

Marginal price

Aktivering i 45 minutes before Bid for the next hour. PayAsBid
specialregulering the operating hour | Asymmetric bids.
Elbas 45 minutes before Bid for the next hour. PayAsBid

Intraday wholesale
market (ID)

the operating hour

Asymmetric bids.

o
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Steps in the scenario building for CSO in Brgnderslev

Starting point:

« The won sale in the Day Ahead market will fill the thermal storage in Brgnderslev in this
hour and Intra Day sale is thus not possible in this hour.

« Downward regulation will be offered in the Regulating Power market (RR) in the hours
before to make room in the storage, making Intra Day sale possible in this hour.

However, Cross System Optimization offers another opportunity for Intra Day sale in
this hour:

« A request is sent from the plant tool to the building tool asking for advancing the heat
demands to be made in hours before.

« If this is possible, the building tool will send a new prognosis to the grid tool, which will
create demand prognosis (amounts and temperatures) to be send to the plant tool.

 The plant tool will calculate how much sale is thus possible in this hour and calculate the
marginal price for this sale, and the information will be send to the Balancing Responsible
Party, that can start trading this hour in Intra Day market.




Overall summary

« Improvements introduced in all tools

« Potential of the tools increased

« Case 1 tested in Hillergd

« (Case 2a and 2b simulated with inputs from all the partners

« Potential gains quantified
« High potential gain in systems where thermal storage is not present

o

ENErgY FRO



Feedback and discussion

Marta Murkowska
c- R&D Engineer

EMD E-mail: mim@emd.dk
memational Djrect Phone: +45 6916 4870
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