Mitigating Electrical Grid Congestion using
Thermal Energy Storage for Thermal Demand
Shifting in Buildings

A Design-to-Operation Framework for Integrated Building Thermal Energy Storage Systems

]
TUDelft



Shift in energy sector

;
8
;



Shift in energy sector

Aardgas vrij




Shift in energy sector

Renewable =nergy

Aardgas vrij




Shift in energy sector

Renewable =nergy

Aardgas vrij




Shift in energy sector

Data centers

Renewable =_nergy

Aardgas vrij




Shift in energy sector

More and more electrification...

Data centers

Renewable =hergy

Aardgas vrij




Shift in energy sector

Electrification of Built Environment
More and more electrification...

Data centers

Renewable =_nergy

Aardgas vrij




Shift in energy sector

Electrification of Built Environment
More and more electrification...

Data centers

Grid congestion

Renewable =hergy

Aardgas vrij

4 Electricity demand goes up!



Shift in energy sector

Electrification of Built Environment
More and more electrification...

Data centers

Grid congestion

Renewable =hergy

Aardgas vrij

4 Electricity demand goes up!



Renewable

Aardgas vrij

Shift in energy sector

L}
N

o s S AR T W
= . _‘_—':?F\.ﬂa‘-'.-_‘ Ei R e

detocht

}
: jven
Business -
A blijkt da 2 : jin verant-
jf Brainbay DI - grijven en plemen L nterreinen ZHO VWIATEE
helft van de b"-dld ‘_‘::ﬂ ¢ opdetochti€ ﬂ?ﬁig&ﬁm{m Eedr:-dw:l?\\‘- voor ongeveer 50 ;ﬂ‘;
;an zijn plafond # zijn het grootstin waar op  woordet e
me \raqﬂ locaries ebben Ge 4an 90D rocentvan 'd-e te ) ruiken 309‘“'“¢
aroombeschikbsit. T o newwe SR, icieitnNeCT Uiy Nederland
. i i . s jer uizen-
wachdlijst voor RIEUE w‘: ieit t.“kbx;{a;‘ld Friesand m:huf ziet dat 00K dUIZEL
e wordt alsmaar 1ange: G, van Zuid-HOUR nige be- 1ac® Vo WoraeD -
s‘u‘:\:f::ﬁ conden er 9400 30" © - oland is er noB ;L den bedniVeR = . . o n hunduur
in fi in de “raf_hL In ]u“B::l}:‘_‘E s:h‘kbaa_ﬂ"\.ﬂ\d b K o ‘ncaue_s. hunen tg‘L “D it moet voor-
en moeteninsommIEE FEL on  begint bﬁmﬁnedeg\md melden RNEWE
1231 Wac yrijwel hee

i _‘,llH"II' -
e

Grid congestion



Load (kW)

Load Shifting as a Solution

Time of day

Growing need for (Thermal) Energy Storage



Load (kW)

Load Shifting as a Solution

Peak

T~

N

Off-Peak Off-Peak

Time of day

Growing need for (Thermal) Energy Storage




TES Adoption Barriers

Technical barriers Policy barriers

Changing Thermal Demands Awareness

Lack of Standardization Financial Complexity

Smart Control and Design Policy & Market Integration



TES Adoption Barriers

Technical barriers Policy barriers

Changing Thermal Demands Awareness

Lack of Standardization Financial Complexity

Smart Control and Design Policy & Market Integration



TES Adoption Barriers

Technical barriers Policy barriers

Changing Thermal Demands Awareness

Lack of Standardization Financial Complexity

Smart Control and Design Policy & Market Integration

TES Implementation Framework



abt

]
TUDelft

How can a design-to-operation framework facilitate the
co-optimization of Thermal Energy Storage (TES) capacity and control strategies
to enhance load-shifting potential

while guaranteeing occupant thermal comfort in buildings?
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Qzone

Cooling (-) or Heating (+)
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Dataset as DataFrame
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Time-step Zone 1 Zione 2 Zione 3 Zione N
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% of Peak Load
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% of Peak Load
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Normalized Thermal Demand

Normalized Thermal Demand
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Case Study
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Case Study
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Central * Local ¢ Hybrid
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Initial Climate Design Case Study

Cascaded Flow

Cascaded Flow

Central Atrium
(Main Air Path)

UFH / Atrium
also a form of TES
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Passive Active

Thermal mass (passive) and TES (active) Thermal mass TES system

Tmax
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T time
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Passive Active
Thermal mass (passive) and TES (active) Thermal mass TES system
Tmax
pre-charge
(active)
Tswing Drift (passive)
T time
set >
Tswing Drift (passive)
Tmm zone temp.
>

Maintain (active)
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Select discharge strategy per zone
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Recharging
1. Satisfy instanteous demands Anything left? 2. recharge thermal mass or tank
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1. Satisfy instanteous demands
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Case Study
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TES first (sequential or proportional) Proportional
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Continuous Energy Balance

[
Volume Vc
« Multi-event ¢ 5o En )
 Changing grid congestion
* Control strategy $ o @ @ @
 Dynamic recovery ” J\\ M//
Fu Empty Full

{
{
{

ele -3
\\ J

ETJ"!-!’L:E’ E,I'-I'LF HIHK(E:’."ELTH,].: E{."ELTIL.,E: = om oy E-:’."!LTJ"LTL:] ﬁ Find |argeSt energy defiCit
window

Ver Ermaz gap - 3600 -5 (Emax_gap)
’ 0 - A - gy




Part 5 - TES Capacity

Thermal Demand . Optimisation
Control Strat
Nata ontrol Strategy TES Capacity (case study)
TES system based on Integration into Validation

Load Curve Building Design Simulation Mode! (case study)



Part 5 - TES Capacity

Thermal Demand . Optimisation
Control Strat
Nata ontrol Strategy TES Capacity (case study)
TES system based on Integration into Validation

Load Curve Building Design Simuiation Mode: (case study)



Part 6. Simulation Model fuDelft

Simulation Model Architecture

Legend: /Availahility Engine / / Multi-zone model / / Dataset / / Hydraulic check /

i Quources Thermal dataset | | Thermal mass : ! Vb volume sensible TES :
Dataset [ ' ' ' ' : | '
i : : ' H : ; (performed once after Ve formula) :
i Hour, GG, GD Hour, kVA Hour, Temp ' ' Hour, Temp e Building geometry | H Ag, Cipec ' ! / ATom '
' 0 far M. NW. W, SW. . SE. E. NE. Herizonial ' H ' ! .03 '
_ : P NEN 5060 1%: Lo i } 5
Data type/unit ' NEN5060 1%: B AT NEN5060 1%: : : NEN5060 1%: Solar irradation per Rc-values, surfaces, | . Zonal Thermal ' 1 '
) Solar irradation Temperature . : Temperature orientation schedules etc. ‘ ' Mass : ‘ :
i ' : (vertical surfaces & horizontal) ; H i . A 4 '
Calculation / Result ; b Lo L » Flow rate per zone :
: PV + Grid P Lo i 1 :
: P A P i ‘ :
i i ' : multi-zone, first-order lumped capacitance model ‘ H Thermal mass : ‘ '
! . ] ' based on the hourly energy balance method from < P g ' ) Y ]
; Total Available P ISO 13790 / NEN-EN-ISO 52016-1 Do constant (Mere) : } Identify :
i Electricity b Lo ; ; Peak Net Flow !
Variable ; 1 b I IR b ' :
; Fixed or proportional split i : : i L 4 '
; between 2 heat pumps b ; ; i . Y - — :
; ' ; ! ! Final volume inm?® |, hydraulic stability '
' Lorentz factor nte ' ' ON: Dynamic | | based on Vb formula AN constant Tmi: !
' Potential Th | Output: € ' ' Zonal Thermal : k '
; otental Thermal Gutput: Co Demand (Qzore) 1 : :
' kVA x COPreal hor COPreal I . ON: Fixed f S USRI
, Tsink (hearing), i ' ) . !
Strategy / priority : Treturs (cooling), Tamb : : () = cooling demand !
! - / ) ' | (+) = heating demand ;
: Rated capacity (Qcaz) ' ' 1 Final volume
i l ' Final tank volume:
. Actual available :
ERRREREE LR ELLE LR | thermal output Hour, KW : Vinai = Ve + Vo
! per hour (Qssurce.9) ] >
' — : or
R IR L LE Lt ' § Vinal = max (Ve, V)
imulati e A
Simulation Engine /
Simulation of zones for cooling and heating Ve formula capacity

Available Thermal Power > s
Final volume in m3 < medium constants™.
based on Ve formula 3 p,ce, V

[

Repeating logic until:
difference low-high
=< 0.1 kWh

Building Demand

Charging <

ND—‘
Z" Discharging ;

Time until next Zone hunger: | | |
grid congestion Bsor struer —_ Utilization factor thermal mass Priority 1 Priority 2
\ Discharge strategy

i
!
i
i
i
|
i
i
i
!
i
Lo
b
i
I
Maintain Tee? '
|
TES = full? ¢ ¢ }
i
i
|
|
i
i
7
i
i
i
i
|
|
i
i

-1
3

oy

Restricted heat pump output Optimizer logic:

(QEPmaxty)

!

high = mid

Optimizer logic:
low = mid

Bisection search
Feedback foop

Hunger = 07

Violation (faul) No violation (pass)

|

Heat pump
modulates down

Demand / supply gap

Temperature set-points violated?

YesJ—No No e
[ Proportional ] { Sequential ]
/ Charge mass first ; Charge tank L Y
Drift t0 Tewing TES discharge
Discharge priority \

4 11,2, 3, et , Required_
System state for |l kWh c‘a:pauty

Recharging strategy next discharge cycle

Temperature of zones + =>
SoC of TES

TES discharge \ Tee

v v

[ Proportional ] [ Sequential J

l Tswing

Recharging priority
[1,2, 3, efg]

/ Optimizer /
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Simulation Model Architecture

yo- . badgaic -
1. Multi-zone Model Check

2. Availability Engine j /\

3. TES Simulation Engine
4.__Optimiser
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Simulation Model Architecture

S 5. Hydraulic _
1. Multi-zone Model Check

2. Availability Engine j /\

6. Final Capacity

3. TES Simulation Engine \/

4. Optimiser

o )
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Rated Cooling Capacity (kW)

55

65

75

85

95

105

115

125

35

Heating & Cooling Power - Sensitivity Analysis

Heat maps Heating HP Capacity

4523 EWh

o

65

m®

Optimized Hot Tank Size (kWh)

1884 kWh
256.26 m*

1834 kWh
25626 m*

1884 kWh
25626 m*

1884 kWh
25626 m*

1884 kK'\Wh
256.26 m*

1834 kWh
25626 m*

1884 kWh
25626 m*

462 KWh
G2.83 m*

462 kWh
6285 m*

462 EWh
6285 m*

462 KWh
62.85 m*

462 kWh
G2.85 m*

462 kWh
6285 m*

462 EWh
62.85 m*

|
85

7 EWh
10.48 m®

17 kWh
10.48 m*

77 EWh
10.48 m*

77 kWh
10.48 m*

77 kWh
1048 me

17 kWh
10.48 m*

77 EWh

10.48 m*

95

3.E5 m?

43 KWh
5.85 m"

43 EWh
5.85 m*

43 EWh
5.B5 m*

42 kWh
3.E5 m?

43 KWh
5.85 m"

43 EWh
5.B5 m*

|
105

Rated Heating Capacity (kW)

2AT me

18 kWh
247 m*

18 kWh
247 m*

18 kWh
247 m*

LB kWh
2AT me

18 kWh
247 m*

18 kWh
247 m*

I
115

24T me

18 KWh
2.47 m*

18 EWh
247 m*

18 EWh
247 m*

18 kWh
24T me

18 KWh
2.47 m*

18 EWh
247 m*

|
125
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Rated Cooling Capacity (kw)

55

65

75
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115

125

Heat maps Cooling HP Capacity

41 kWh
6.90 m*

0 k'\Wh
0.03 m®

0 k'\Wh
0.03 m®

0 k'\Wh
0.03 m®

0 k'\Wh
0.03 m®

0 k'\Wh
0.03 m®

0 k'\Wh
0.03 m®

0 k'\Wh
0.03 m®

65

Optimized Cold Tank Size (kWh)

41 kWh
6.90 m*

0 k'Wh
0.03 m*

0 k'Wh
0.03 m*

0 k'Wh
0.03 m*

0 k'Wh
0.03 m*

0 k'Wh
0.03 m*

0 k'Wh
0.03 m*

0 k'Wh
0.03 m*

41 kWh 41 KWh
6.0 m* 6.90 m*
0 k'\Wh 0 k'Wh
0.03 m® 0.03 m*
0 k'\Wh 0 k'Wh
0.03 m® 0.03 m*
0 k'\Wh 0 k'Wh
0.03 m® 0.03 m*
0 k'\Wh 0 k'Wh
0.03 m® 0.03 m*
0 k'\Wh 0 k'Wh
0.03 m® 0.03 m*
0 k'\Wh 0 k'Wh
0.03 m® 0.03 m*
0 k'\Wh 0 k'Wh
0.03 m® 0.03 m*
| |
85 95

Rated Heating Capacity (kW)

41 kWh
6.90 m*

0 k\Wh
0.03 m®

0 k\Wh
0.03 m®

0 k\Wh
0.03 m®

0 k\Wh
0.03 m®

0 k\Wh
0.03 m®

0 k\Wh
0.03 m®

0 k\Wh
0.03 m®

|
105

41 kWh
6.90 m*

0 k'Wh
0.03 m*

0 k'Wh
0.03 m*

0 k'Wh
0.03 m*

0 k'Wh
0.03 m*
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0.03 m*

0 k'Wh
0.03 m*

0 k'Wh
0.03 m*

|
115

41 kWh
B6.90 m*

0 kWh
0.03 m®

0 kWh
0.03 m®
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0.03 m®
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0.03 m®

0 kWh
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0 kWh
0.03 m®

!
125

5000

4000
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Heating & Cooling Power - Sensitivity Analysis

Heat maps Heating HP Capacity Heat maps Cooling HP Capacity

Optimized Hot Tank Size (kWh) Optimized Cold Tank Size (kWh)

5000 5000
" 41 kWh 41 kWh 41 kWh 41 KWh 41 kWh 41 kWh 41 kWh
1A 6.90 m 6.90 m® 6.90 m 6.90 m* 6.90 m 6.90 m* .90 m
w 1884 kWh 462 kWh 77 KWk 1y D L, S, D, L, e, Soamn
o 256.26 m* 62.85 m® 10.48 m* 5.85 me 2.47 me 2.47 me 4000 o 0.03 m 0.03m 0.03 m 0.03m 0.03 m 0.03m 0.03 m 4000
. 1884 kWh 462 kiWh 77 kit 43 kWh 18 kWh 18 kiWh 1 D D, S, D, Loamn e, Soamn
P 256 26 m* £2 85 m> 10.48 m® 5.85 m? 2.47 m 247 m® ™~ e m sEam slham s slham e m dlam
3 g
"4
= 3000 = 3000
e O kY R O kY O kYY) O kYY) O kYY) O kW
2 1684 KWh 462 KWh 77 kit 43 kWWh 18 kWh 18 kiWh 2o D D, S, D, Loamn e, Soamn
R 25626 m* £2 85 m? 10.48 m® 5.85 m? 2.47 m® 247 m® a @ e m sEam slham s slham e m dlam
o
= @
'] o
o
e £
2 h 1884 kiWh 462 KWWk 77 kit 43 kKiWh 18 kiWh 18 kith o 0 D D, L, D, Lo e S
Qo 25626 m* £2.85 m? 1048 m® 5.85 m® 247 m 247 m oo S m S Sesm S m Sesm s m A m
o
- N
o - 2000 o 2000
- o
2 o
\n 1824 k\Wh 462 KWh 77 Kih 43 KWh 18 kiWh 18 kiwh A D D, L, D, Lo e S
=] 256.26 m* 62.85 m® 10.48 me 5.85 m® 2.47 me 2.47 me =] 0.03m 0.03m 0.03m 0.03m 0.03 m 0.03m 0.03 m
\n 1884 kiWh 462 KWWh 77 Kih 43 kKWh 18 kiWh 18 kih - 1000 un D D, L, D, Lo e S - 1000
: 256.26 m* §2 B5 m? 10.48 m? = 0.03 m 0.03 m 0.03 m 0.03 mi 0.03 m 0.03 mi 0.03 m
uw un 0 kWh 0 kWh 0 kWh 0 kWh 0 kWh 0 kWh 0 kWh
- o 0.03 m* 0.03 me 0.03 m* 0.03 m* 0.03 m* 0.03 m* 0.03 m
—
; : ; = |:' I | | | I | | - D
85 95 105 65 75 85 95 105 115 125

Rated Heating Capacity (kW) Rated Heating Capacity (kW)
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Scenario A: Baseline without UFH - Sensitivity Analysis

Heat maps Heating HP Capacity Heat maps Cooling HP Capacity

Optimized Hot Tank Size (kWh) Optimized Cold Tank Size (kWh)
5000 5000
" 41 kWh 41 kWh 41 kWh 41 KWh 41 kWh 41 kWh 41 kWh
] r 6.90 m® £.90 m® 6.90 m® £.90 m? 6.90 m® 6.90 m® £.90 m?
e 1834 kWh A62 kWh 77 KWh Te) 0 kWh 0 kWh 0 kWh 0 kWh 0 kWh 0 kWh 0 kWh
Te) 75626 m* £2 85 m® 10.48 me 5 BS me 747 me 247 m® 4000 [Ta] 0.03 m? 0.03 m* 0.03 m® 0.03 m* 0.03 m? 0.03 m* 0.03 m? 4000
e 1884 kWh 462 kWh 77 kKWh 43 kWh 18 kWh 18 kWh Te) WLy 0 kih 0 kiWh 0 kwh 0 kiWh 0 kiWh
= 256.26 m* f2.85 m® 10.48 m? 585 m? 2.47 m? 247 m? P~ 0.03 m 0.02 m 0.03 m 0.03 m 0.03 m 0.03 m
= 2
— 3000 = 3000
-0
oy Ty 1884 kWh 462 kWh 77 KWh 43 kiWh 18 kWh 18 kih Eon 0 kWh D EWh O KWh 0 kiWh 0 kWh 0 kWh 0 kiWh
Yoo 256.26 m* 62.85 m® 10.48 m® 585 m? 247 m® 247 m® = @ 0.03 m* 0.03 me 0.03 m* 0.03 m* 0.03 m* 0.03 me 0.03 m*
a a
[ (5]
] ]
o
g =
E A 1884 kWh 462 kWh 77 KWh 43 kiWh 18 kWh 18 kiWh 8 in 0 kWh D kWh O kWh 0 kWh 0 kWWh 0 kiWh 0 kiWh
Qo 256.26 m* 62.85 m® 10.48 m® 585 m? 247 m® 247 m® o o 0.03 m* 0.03 me 0.03 m* 0.03 m 0.03 m* 0.03 me 0.03 m*
=
D - 2000 0 - 2000
e et
D M
o o
Ta] 1884 kWh 162 KWh 77 KWh 43 KWh 18 EWh 18 KWh T 0 k'\Wh 0 k'Wh 0 k'\Wh 0 k'Wh 0 k'Wh 0 kWh 0 kWh
E 75626 m* £2 85 me 10.48 me 5 BS me 747 me 247 m® E 0.03 m® 0.03 m* 0.03 m® 0.03 m* 0.03 m? 0.03 m* 0.03 m?
T3} 1884 kWh 462 KWh 77 KWh 43 kWh 18 kWh 18 KWh - 1000 ) D kKWh 0 kWh 0 kWh D kWh 0 kWh 0 kWh 0 KWh - 1000
:I 256.26 m* £2 85 m® 10.48 m® 5 ES my? 747 me 247 me :' 0.03 m® 0.03 m* 0.03 m® 0.03 m* 0.03 m® 0.03 m* 0.03 m?
Ta] 1884 kWh 462 KWh 77 KWh 43 KWh 18 kWh 18 KWh M 0 k'\Wh 0 k'Wh 0 k'\Wh 0 k'Wh 0 k'Wh 0 kWh 0 kWh
g 256.26 m* £2 85 m® 10.48 m® 5.85 m? 7 AT m® 2 A7 me g 0.03 m® 0.03 m* 0.03 m® 0.03 m* 0.03 m* 0.03 m* 0.03 m?
| I | i I , -0 I | | | I | | -0
55 65 75 85 95 105 115 125 65 75 85 95 105 115 125
Rated Heating Capacity (kW) Rated Heating Capacity (kW)

75 kW: 256.26 m3 75 kW: 0.03 m3
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Scenario A: Baseline without UFH - Sensitivity Analysis

Heat maps Heating HP Capacity Heat maps Cooling HP Capacity

Optimized Cold Tank Size (kWh)

Optimized Hot Tank Size (kWh)

5000 5000
i}
i
e 1834 k'Wh 462 kWh 77 KWh
Ts) 256.26 m* £2.85 m* 10.48 m® 247 m* 4000 4000
W 1834 k'Wh 462 EWh 77 KWh 18 KWh
[ 25626 m* 62 85 m* 1048 m® 24T
2 2
= 3000 = 3000
= -
= n 1884 k'Wh 462 kKWh 77 KWh 18 KWh =
2om 25626 m* 62 85 m* 1048 m® 24T m* E
o o
m [1n]
'] )
N
= =
- =]
& 1884 k'Wh 462 kWh 77 KWh 18 kKWh =]
i 256.26 m* 62 85 m* 1048 m® 24T m* L
=
D - 2000 O - 2000
] 4
m I'ﬂ
@ [
i 1884 kWh A62 KWh 77 KWh 18 kKWh 18 KWh Tig] 0 k'\Wh D kWh 0 k\Wh 0 kWh 0 k\Wh 0 k'Wh D kWh
E 256.26 m* 62 B85 m® 10.48 m® 247 m* 2 AT m* E 0.03 m? 0.03 m?* 0.03 m? 0.03 m* 0.03 m? 0.03 m* 0.03 m?
e 1834 kKWh 462 EWh 77 KWh 18 kWh 18 KWh - 1000 L™ 0 kEWh 0 kEWh 0 k'Wh 0 kEWh 0 k\Wh 0 k'Wh D kWh - 1000
— 256.26 m* £2.85 m 10.48 m? 2.47 me 247 me ~ 0.03 m* 0.03 m* 0.03 m* 0.03 m 0.03 m* 0.03 m* 0.03 m*
W 1884 kWh 462 EWh 77 KWh 18 KWh 18 KWh Vgl 0 kEWh 0 kEWh 0 k'Wh 0 kEWh 0 k\Wh 0 k'Wh D kWh
o 256.26 m* £2.85 m 10.48 m? 247 me 247 me ~ 0.03 m* 0.03 m* 0.03 m* 0.03 m 0.03 m* 0.03 m* 0.03 m*
| | | | | = I:] I | | | I | | - ':I
85 95 105 115 125 55 65 75 85 95 105 115 125

Rated Heating Capacity (kW) Rated Heating Capacity (kW)
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Scenario A: Baseline without UFH - Sensitivity Analysis

Heating capacity of ASHP from 75 kW to 115 kW (main variable)

Cooling capacity ASHP from 75 kKW to 65 kW (set as constant)
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How to schedule the UFH?

Grid Search Method
(6-hour UFH block)

7o
g|®

KO kO

(E.g., every day from 07:00-13:00)

MPC Rolling Horizon
(0-24-hour UFH block)

Predictive Horizon Window

/ra—/

- e

Time Step N Now Action =

Predictive Horizon Window

e

e —— ——

Time Step N+1 Now Action =

(Different schedule every day or none)
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Scenario B: With UFH - Sensitivity Analysis

Fixed UFH schedule Dynamic UFH schedule

10.15 Required Tank Volumes vs. Heating Capacity Required Tank Volumes vs. Heating Capacity

11.10

mmm Hot Tank Volume - Vc (m?) mmm Hot Tank Volume - Vic (m?3)

10 +

mmm Cold Tank Volume - vc (m?3) mmm Cold Tank Volume - vc (m?3)

10 A

o o
_§ 6 E
u v 6
= =
= =
=~ S

4 7 3.22 .

2.72 2.62 2.57
2.34 2.34 :
1.74
| . . . ) . .
0 - i i | i i i | | I:]—
—0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -0, 0.5 1.5 5
H: 95 kW C: 65 kw H: 105 kW C: 65 kw H: 115 kW C: 65 kW H: 125 kW C: 65 kW H: 95 kW l: 65 kW H: 105 RWE 65 kW H: 115 kWE 65 kW H: 125 ICWE 65 kKW

115 kW: 2.34 m3 65 kW: 2.62 m3 115 kW: 2.55 m3 65 kW: 3.63 m3
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Scenario B: With UFH - Sensitivity Analysis

Fixed UFH schedule Dynamic UFH schedule

10.15 Required Tank Volumes vs. Heating Capacity Required Tank Volumes vs. Heating Capacity

11.10

mmm Hot Tank Volume - Vc (m?) mmm Hot Tank Volume - Vic (m?3)

10 +

mmm Cold Tank Volume - vc (m?3) mmm Cold Tank Volume - vc (m?3)
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- -
_§ 6 E
b v 6
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= =
S =
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Scenario B: With UFH - Sensitivity Analysis

Fixed UFH schedule Dynamic UFH schedule
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Part 7-8. Validation & Optimisation

Initial situation: no UFH/TES + 2x 75 kW HPs

Winter Largest Energy Deficit Summer Largest Energy Deficit

Excluding TES and UFH - Largest Cooling Energy Deficit (Hours 4093-4109)

Excluding TES and UFH - Largest Heating Energy Deficit (Hours 306-349)
--- HP Heating Ceiling .- HP Cooling Ceiling
—— Baseline Demand

130 71 | — Baseline Demand
| Energy Deficit =20 4 Energy Deficit
120 | o
|
| | g
_4{] .

. 110 - || | /‘ | _
| |
__1: 100 4 | \II | | II f;:
0 ] : \
s 904 | ’ '| / | || /\H o - —
= £ o
E ‘ | LJ ‘| || III \/I 8 e e e
T 80 | | \ f Y _go-
N | | L
\ J ey N
70 - ! \| / ! ~_| H 4
I'.| JI I||
v/ ] —-100 -
60 - AT \
310 320 330 340 350 360 4080 4090 4100 4110 4120
Time (Hours)

Time (Hours)
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Initial situation: no UFH/TES + 2x 75 kW HPs

Winter Largest Energy Deficit Summer Largest Energy Deficit

Excluding TES and UFH - Largest Heating Energy Deficit (Hours 306-349)

Excluding TES and UFH - Largest Cooling Energy Deficit (Hours 4093-4109)
130 - --- HP Heating Ceiling - HP Cooling Ceiling
| —— Baseline Demand /\ —— Baseline Demand
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/ \ /
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New situation: Applied Framework
[ J
Including TES and UFH - Largest Heating Energy Deficit (Hours 331-341) Including TES and UFH - Largest Cooling Energy Deficit {Hours 4091-4112)
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120 - 20 . /A )
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Final verdict: Effect of TES + dynamic UFH + Control Strategy

Heating Largest Energy Deficit

Including TES and UFH - Largest Heating Energy Deficit (Hours 331-341)
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Final verdict: Effect of TES + dynamic UFH + Control Strategy

Heating Largest Energy Deficit

Including TES and UFH - Largest Heating Energy Deficit (Hours 331-341)
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Final verdict: Effect of TES + dynamic UFH + Control Strategy

Heating Largest Energy Deficit

Including TES and UFH - Largest Heating Energy Deficit (Hours 331-341)

130 A
120 A
110 A ﬁ
- |
S \
~ 100 - N T—
= [\
& H —
| e
g -
o |
v \__—
80 - -
_Full Cycle Tank Window
--- Baseline HP Heating Ceiling
70 1 --- Dynamic HP Heating Ceiling
— Baseline (No TES)
00 - — Dynamic MPC
Tank Discharge

| | | | |
310 320 330 340 350 360
Time (Hours)



Part 7-8. Validation & Optimisation fuDelft
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Main Recommendation

Current model

Multi-zone model

Strict thermal demand
calculation based

ON Tzer = 21 (fixed)

\. J
Excluding: natural vent,

sun shading,
free-floating

Multi-zone model

Realistic thermal
demand calculation
. J
Including: natural vent,

sun shading,

free-floating

Sequential

CSV dataset

Zonal Thermal
per Demand (Qzone)
for 6760 timesteps

(-) = cooling demand
(+) = heating demand

Live feedback

Zonal Thermal

per Demand (Qzoxe)
per time-step

(-) = cooling demand
(+) = heating demand

Zone state update

Simulation Engine

-
Control strategy:
simplified temperature
update calculation
.

Based on: thermal mass
constant (Mzone)

Simulation Engine

Control strategy:
Drift to TE'l'r'I-I'IE]'
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Optimisation Recommendation

# Shared Building Seitings
COMFORT = {

'T_start’: [21.0, 22.0, 21.0, 21.0, 21.01,
*T set ': [21.0, 22.0, 21.0, 21.0, 21.0],
*T_swing?’: [2.0, 0.0, 2.0, 2.0, 2.0]

}

# Heat Pump Hardware Capacities (kW)
HP _CAPACITY = {

'heating’: 95.0,

'cooling’: 75.0,

‘min mod Eva‘®: 1.5

}

# Thermal Energy Storage (TE5) Strategy Settings
TES_STRATEGY = {
‘heating’: {

‘reheat_strat': "proportiomal®,
‘reheat_prio?’: [1, 2, 3, 4, 5],
*dis_strat’: "proportiomnal",

‘dis_prio*: [1, 2, 3, 4, 51,
‘tes_first?’: [False] * 5,
'delta_t?*: 10.0,
*manunal _kwh?: Nomne

},

*cooling?: {
‘reheat_strat': "proportiomnal®,
‘reheat_prio’: [1, 2, 3, 4, 5],
*dis_strat’: "proportiomal",
‘dis_prio’: [1, 2, 3, 4, 5],
‘tes_first’: [False] #* 5,
*delta t?: 8.0,
*manunal _kwh?: Nomne

}

# Physical 8 Systiem Constants
CONSTANTS = {

fg?: 1.2,
*rho?: 1000,
'cp’: 4.18,

‘eta_str*: 0.95,

‘*dead =zomne’: 0.20,
*drift_rate?: 0.0001,
'utilization_factor?: 1.2

}

# Grid & Distribution Control
GRID_CONTROL = {
'split_mode’: 'proportiomal?,
'heating_share’: 0.5,
*show_flow _rates?: True
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e Unique Variations for One Strategy + Priority pair:

1P7"0p0rti0ml + 120Sequemml = 121

e Unique Operational States per Tank:

12 recharse X 12V vischarse X 3278 FirsT = 468 , 512

e Grand Total Unigque Simulation Outcomes:

468,512 X 468,512 X 1Proporti0nal6ridSplit = 219,503,494,144



