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°
will Research questions

e The future is renewable and local
* The devil is in the details

1. How can end-user flexibility in buildings aid the energy
transition?

2. How are the optimal energy solutions in buildings
affected by enabling energy flexibility?

3. How does a more detailed building sector modelling
affect the quantification of the future role and value
in the energy system of end-user flexibility in
buildings&EV?
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Presenter
Presentation Notes
Hvordan kan sluttbruker-fleksibilitet i bygninger bidra til energiomstillingen?
Hvordan påvirkes investeringsbeslutningene i bygg når fleksibilitet aktiveres?
Hvordan vil en mer detaljert modellering av bygg-sektoren påvirke rollen og verdien av sluttbrukerfleksibilitet for energisystemet?
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Modelling framework

Building sector - NHorway
Conversion e End-use SUTLER
processes
Electricity Electricity Grid Industry
- Hydro power - High voltage Boilers, Heat
: - Wind power - Low volatage pumps, CHP, Demand
Sl -PV -l -l Energy eff. -annual
resources _— .
_CHP District Heat grid — energy -
- Large services -
| rt L Cars, other . =
mpo District heat - Local vehicles, other -load Load profiles for use of = "_Tﬂ
rofiles .
Bio fuels Road transport Jagdeschare . el, DH, LH and bio Tzl Electric
Buildings (from BUTLER to TIMES) demand demand
Hydrogen Trade E—
- Electrolysers - Domestic tzirs, lirei S . Flexible loads
~SMR - International pumps, stoves, Replace building sector with BUTLER data
panel ovens, eff. o /
measures, PV =
. ] 4 = 4 ~1

/

Prices of el, DH, LH and bio

Courtecy to Eva Rosenberg (IFE) (from TIMES to BUTLER)
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Presenter
Presentation Notes
TIMES har noen funksjonelle hull.
De ønsker vi å fylle med en bedre bygningsmodell.
Vi har demonstrert at det virker
Vi er ennå i testfase og har kun aktivert SH-fleksibilitet. Så dette er delresultater.



12 building categories

3 efficiency standards

— Regular, Efficient,
VeryEfficient

4 types

— PS, NTN, DH, LH

Total 144

— single building
simulations

— Aggregation by
building area (m2)

Building sector: aggregation methodology

Eastern Norway

Apartment Commercial buildings
Houses blocks (10 categories)

(11

RN

]

RN

Point Waterborne WBH PS WBH
Source heating S\ T~ N\ T
e AN NTN DH  LH NTN DH  LH
No District Local
thermal heating heating
network
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sl Input and assumptions for 2050

» Technology costs Enegy nation and petroleum nation @ -
— NVE-report (2015) and market of today 500
— PV og battery costs 2050 (IEA)
o PV:410 €/kW 400 New 2020-2050
o Battery: 188 €/kWh %‘ 300 P
@]
 Grid tariffs -

— Peak power tariff (el): Elvia 100
— District heating: Fortum 0
2020 2030 2040 2050

¢ Pv InveStment ConStralnt a o 2020 stock composition, floor area
— 20% of floor area & max 0,2 kWp/m?2
— Roof area assumed available:
= House: 40 % (30 m2)
= Apt: 80 % (600 m2)
=  Commercial: 100 % (2000 m2)
— These assumptions may be adjusted
= Feedback appreciated

Office
8%
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 EV-use not included

* Flexibility in buildings
— Thermal mass (space heating demand)

Max 2 degrees over-/preheating

* 4 different sets of technology availability

Local heating (LH), district heating (DH), no-
thermal-network (NTN) and point source (PS)

Determines the availability of
= ASHP or GSHP (heat pumps)
= Bio fuel

= District heating grid

= Local heating grid

NOS5

NO4

NO3

NO2

Input and assumptions (cont.)

NO1

0% 20% 40% 60%

M Local heat, LH @O District heat, LH

80% 100%

E No DH + LH
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Presentation Notes
4 different sets of technology availability
PS, NTN, DH og LH
Determines the availability of
ASHP or GSHP (heat pumps)
Bio fuel
District heating grid
Local heating grid



siill Results: Building sector in 2050

Eastern Norway (NO1) Installed capacity Heat and El produced

H N PV_LH
* PV and batteries are NO1 (2022-03-28) 2nd iteration e NO1
. 16 1,80 PV_NTN 25 PV_LH
profitable N Vo > e
ire place —_ -
. 14 1,60 bio bioler_NTN < PV_NTN
- PV 7,4 GW (5,9 TWh) bio bicler_LH E PV_DH
\ o0 bio bioler_DH ~ 20 fire place
— ies: > / mmmelc boiler_LH o o
Batteries: 0,9 GWh S 1 mmecbaler bt ¢ oo bl KT
o 0 £ mmm elc boiler_DH % bio bioler_LH
g 10 ' 5 LH_LH c e bio bioler_DH
& (] DH_DH < s :
. . o epe _8 oo 8 I GSHP_DH o '€|Cb0f|€r_LH
* Activating thermal flexibility @ © 5 mmosipL S m ccoler TN
§ 8 o -ig:g—g;N E B elc boiler_DH
C _ =
— Total costs: -1,6% < 080 < ASHP_LH = LH_LH
£ g ASHP_NTN % 10 DH_DH
] = 4] I panel oven
— Reduced capacities = I - o P
Y A S EB-HWT_PS @ B GSHP_LH
0] —
= storage (battery and heat) < ow 7 Timpetuatertan NN 5 . s
. @© =¢=hot water tank_PS T .
= peak load technologies =) 020 —=hot water tank_DH ASHP_LH
% ! ©-HS (buffer tank)_LH ASHP_NTN
— @=HS (buffer tank)_NTN I
Increased energy use 0 000 —oHs (buffer tank) DH 0 :ZZ': oven
—#=Bat_NTN
BASE =*=Bat_PS BASE
—¥=Bat_DH
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sl Flexibility — impact on optimal energy solutions

. . PV_LH
NO1 (2022-03-28) 2nd iteration PV PS

8 1,20 PV_NTN
PV_DH

fire place

Energy SO|UtiOn 7 bio bioler_NTN

: * 1,00 bio bioler_LH
— Technology choices not changed bio bioler_DH

H c|c boiler_LH
m e|c boiler_NTN
I elc boiler_DH

Technology size is smaller
— Peak load technologies
— Storage (battery and heat)

0,80

B GSHP_DH
I GSHP_LH
 GSHP_NTN
ASHP_DH
ASHP_LH
ASHP_NTN
I panel oven
. A2 A
0,20 EB-HWT_PS
hot water tank_NTN
hot water tank_LH
hot water tank_PS
hot water tank_DH
HS (buffer tank)_LH
HS (buffer tank)_NTN
O HS (buffer tank)_DH
=¥=Bat_NTN
BASE FLEX —#=Bat_PS
8 —¥—Bat_DH
=s=Bat_LH

0,60

Batteries
— Mainly to increase PV self-consumption
— HOU: disappears

0,40

Heat and electricity technologies (GW)
~
Storage Technologies (GWh)

0,00

Utilising space heating flexibility 0
— Reduces need for battery for PS

OO0 ¢ & ¢ 9

APT
APT

2
s 2
o) I
)

COMM
HOU



:
sl PV self-consumption

* Solar power production (PV) o <elfconsumption
~ Residential NO1: 3,8 TWh - 059 . 06 0. et
— Commercial NO1: 2,1 TWh (max limit) gggw 0,81 o7s %082 0.85
— Total Norway:  ~ 14 TWh ggg eI 965
0,50
0,40
* PV self-consumption 020 | | | |
— Average: 0,85 g‘;g . T S
= Residential: 0,70 g iU FLELELELG
= Commercial: 0,88 @ =0 = 5 5 5 5 5 <
— Flexibility increases self-consumption HOU | APT | OFF [ SHP | SCH | KDG | NSH [Total
" by+7 % (residential) A —

" by+2 % (commercial)
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NO1: 42% of the building area (m2)


SINTEF

Peak load of building sector

Base
FLEX DIFF.
HOU MW 2047 1891 -8%
APT MW 528 514 3%
OFF MW 438 387 12%
Individual SH? MW 485" 447 8%
SCH MW 179 158 12% o
peaks Ccus MW 92 85 7% — Apt
HOS MW 95 94 -1% — ;f:
HTL MW 76 74 3% -
KDG MW 30 22 -26 % — Kdg
NSH MW 61 60 1% o
UNI MW 49" 44 11% s
OTH MW 99 94 -5 % — Nsh
sum MW 4179 3869 ( 7% T fos
Aggregate Tgectr.
peak import MW 3578 3533 (-1,26%))
* Coincidence factor
o]
— reduces the aggregate effect of building's ‘
10  thermal flexibility
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LINKING RESULTS f;f“f;
ﬁﬁ*\} H-‘"‘. Fturclll-!-ulldlngi

District heat '.,
Eﬁ? "l Urban Buildings
Production -_._ I I
e 2050 . FU:IE );l'”f Ir'n:lu::tr'.'.
1 1 . 1 Jé_h T 1
e Scenario "Energy nation -~ Recrcty [ol] Tmpon |
L M.
* NO1 S— fﬁti-: —
e e ﬁfﬂl"ﬁ r
* Deterministic mode hy ?’
. . NO1 ’%a P
* No flexibility applied ? ""'*%1__;
'l.-',.xL P
M'T-..._.a- [{ﬂ j}
A Dy Y4
7 (” Ww )/, \
11 l }”ii;."i'w--;._.)
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Linking of TIMES and BUTLER

Energy use
(load profiles)

2nd
' Energy system model 3rd
| Building model

- all end-use sectors

 (industry, transport, buildings) - single building simulation
| - aII. energy carriers - 12 building types
| (electricity, district heat, bio etc.) | _ aggregation

Ost

\z_n/
3rd

Energy price

12
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Presenter
Presentation Notes
TIMES har noen funksjonelle hull.
De ønsker vi å fylle med en bedre bygningsmodell.
Vi har demonstrert at det virker
Vi er ennå i testfase og har kun aktivert SH-fleksibilitet. Så dette er delresultater.



wll Linking results

ELC prices (NO1) - TIMES
Ost —1st —2nd —3rd

=
= 140
=<
D
2120

* Electricity prices 10
s % - N_/f
— from TIMES = o U
a 40
— Convergence 2
’ 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24
= Electricity load (NO1 buildings only) - BUTLER
5
* Electricity load - buildings only “
3
— Partly convergence 1
0
P 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24
winter spring stimer fall
-2
-3
1st =—2nd —3rd
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Heat and electricity technologies (GW)

Building sector

* Use of bio energy affects the bio energy price in TIMES

15t iteration

=
=
o
O

NO1 (2022-03-24) 1st iteration

HOU

BASE

APT

COMM

HOU

FLEX

APT

1,00

0,80

0,60

0,40

0,20

0,00

Storage Technologies (GWh)

bio boiler in residential

PV_LH
PV_PS
PV_NTN
PV_DH
2o fire place
i bio bioler_NTN
mm bio bioler_LH
[ bio bioler_DH
B elc boiler_LH
mmm elc boiler_NTN
I elc boiler_DH
LH_LH
DH_DH
B GSHP_DH
= GSHP_LH
. GSHP_NTN
ASHP_DH
ASHP_LH
ASHP_NTN
I panel oven
_— A2A
EB-HWT_PS
hot water tank_NTN
hot water tank_LH
hot water tank_PS
hot water tank_DH
HS (buffer tank)_LH
=6=HS (buffer tank)_NTN
O HS (buffer tank)_DH
—#=Bat_NTN
—#=Bat_PS
=¥=Bat_DH
X Bat_LH

O ® ¢ o0

Heat and electricity technologies (GW)

2nd iteration

— ASHP in Hou., GSHP in Apt.

cCOMM

NO1 (2022-03-28) 2nd iteration

HOU

BASE

APT

COMM

HOU

FLEX

APT

1,20

1,00

0,80

0,60

0,40

0,20

0,00

Storage Technologies (GWh)

PV_LH
PV_PS
PV_NTN
PV_DH
i fire place
[ bio bioler_NTN
[ bio bioler_LH
mmm bio bioler_DH
I elc boiler_LH
mmm elc boiler_NTN
mm elc boiler_DH
LH_LH
= DH_DH
= GSHP_DH
= GSHP_LH
B GSHP_NTN
= ASHP_DH
= ASHP_LH
mm ASHP_NTN
B panel oven
_ A2A
EB-HWT_PS
hot water tank_NTN
hot water tank_LH
hot water tank_PS
hot water tank_DH
HS (buffer tank)_LH
HS (buffer tank)_NTN
HS (buffer tank)_DH
=¥=Bat_NTN
—w=Bat_PS
—¥=Bat_DH
=¥=Bat_LH

OO0 &+ o0

3rd jteration

EUR/MWh or gre/kWh

Bio price - TIMES

1400
1200
1000

800
600
400
200

Ost

2nd  3rd

— Bio boilerin residential

NO1 (2022-03-29) 3rd iteration
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APT

Storage Technologies (GWh)

PV_LH
PV_PS
PV_NTN
PV_DH
2o fire place
m bio bioler_NTN
mm bio bioler_LH
[ bio bioler_DH
N elc boiler_LH
mm elc boiler_NTN
B elc boiler_DH
LH_LH
DH_DH
I GSHP_DH
m— GSHP_LH
. GSHP_NTN
ASHP_DH
ASHP_LH
ASHP_NTN
B panel oven
 A2A
EB-HWT_PS
hot water tank_NTN
hot water tank_LH
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O HS (buffer tank)_LH
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—#=Bat_NTN
—=#=Bat_PS

* 4+ 00
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sl Conclusion

/ (load profiles)
Preliminary results — work in progress
... MFETIVES-Norway

The linking works
Conversion Transmission End-use --15'5”"-‘m
— Investigate the role of bio energy and local e mme /\

Energy use

Building sector - Norway

heatlng (LH) :[.}"T !)i:trrgi:tﬂealgrid — .E:::E:Er ﬂl
T ! : T W - - e v g
* Building sector's space heating flexibility Buildins ¢ (rom BUTLE t TIVES 8
o e Sﬁ'rf;iﬁf;:es, Replace building sector with BUTLER data i Flexible loads
— Peak load reduction higher for individual = |\
buildings than aggregate (as expected) ! — '
4
: N eXt StEpS Prices of el, DH, LH and bio
. . . (from TIh/;ES t:n BUTLER)
— Improve climatic correlations
= stochastic optimisation (3 weather scenarios)
— Include more flexibility options Energy price
= EV charging and hot water
15
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Presenter
Presentation Notes
TIMES have a less detailed representation of the building operation.
We aim to improve this by soft-linking to a detailed building model.
We have demonstrated that the linking works! 
And tested with activation of one of several flexibility options.
This is work in progress 
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Results (1/2): energy prices

ELC prices (NO1) - TIMES
1st =—2nd —3rd

Ost

18

24

6 12

BIO prices (NO1) - TIMES
1st—2nd - - 3rd

18

Ost

24

18

24

24

18

24

80
60

EUR/MWh or

N S
o o

60
40
20

EUR/MWh or

9

LH prices (NO1) - TIMES

Ost —1st —2nd —3rd
12 18 24 6 12 18 24 12 18 24
DH prices (NO1) - TIMES
Ost —1st —2nd —3rd
12 18 24 6 12 18 24 12 18 24



sl Results (2/2): energy loads

= Electricity load (NO1) - BUTLER z 3% LH load (NO1) - BUTLER
5 30
4 j 25
3 20
2 W W 15
1 10
0 5
6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24 0 JAVANSEE N,
i winter spring sUpmer fall 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18
% winter spring summer fall
? 1st —2nd —3rd 1st —2nd —3rd
Zu0 BIO load (NO1) - BUTLER T DH load (NO1) - BUTLER

700 30
- \/\'\,_/"\_ 25
400 N 15

300

10
200
100 5
) 0
6 12 18 24 6 12 18 24 6 12 18 2 6 12 18 24 6 12 1’8 A 6 12 1B A 6 12 1B A 6 12 18
winter spring summer fall winter spring summer fall

1st —2nd —3rd —1st —2nd —3rd
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