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Teknikdiversitet och flexibilitet 1 elsystemet mo6jliggor sektorsintegration

Carbon Capture & Storage (CCS) Combined Heat and Power (CHP)

Palewny pcton,

CC;':!:‘:: %ﬂmm} p',:‘:::;’"“z. Man roneps s ppa e :,o.n_':':‘m .
(RO Energy infrastructure
‘-e"ﬂf'fﬁ__\.‘ﬂw 3 7

Gas turbines

Electric Vehicles (EV) E-methanol — biogas and hydrogen (SMRs)

- |

i

Batteries




Analys och modellering av tre framtida elsystem T

MISTR

FLECTRIFICATION D)

https://research.chalmers.se/publication/?id=536840



https://research.chalmers.se/publication/?id=536840

Analys och modellering av tre framtida elsystem B

MISTR

ELECTRIFICATION »

de (I Sy w@%mwwm%m
dm(zz onen Iinger

Uppdater
ad
2023-08-08 F'ublicerad 2023-g
~08-0g

&

UK

Inte riktigt det vi sa...

]

\ DEN
BEME -LIK
DE_S

https://research.chalmers.se/publication/?id=536840



https://research.chalmers.se/publication/?id=536840

Jamforelse mellan tre system

1 Kostnadsoptimalt

2 Karnkraft
* Minst 9 GW karnkraft i sodra Sverige

3 Havsvind
* Minst 22 GW havsvind i sodra Sverige



FOrutsattningar

« Ett koldioxidneutralt energisystem
« Dagens vattenkraftverk + karnkraft FI, UK _S

«  Overforingskapacitet ENTSO-E 2045
* Investeringar i elproduktion utan koldioxidutslapp

CHALMERS

* Investeringar i energilagring (batterier, vatgas, varme)

Ett varmare klimat
* +2 grader global medeltemperatur

« +2 TWh vattenkraft i Sverige
 +14 TWh vattenkraft i Norge
« Reducerad efterfragan varme

Kostnader fran IEA och danska energistyrelsen
5 % kalkylranta
Vaderar 1991 (torrar) och 1992 (vatar)
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Covering the
net load curve
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Covering the Netload -
net load curve
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Covering the Netload -
net load curve
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Drivs av vindkraften.

Kraftigt varierande med

och utan karnkraft.
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IlIhOorande enkat
loggning av elbilar med tillhora
GPS log

k1 Kobayashi, Maria Taljegard
Yuki

Stort tack fgr att du iy Vara meg och p
ﬁlbllsanvand 9. Nedan 5 Glier et anta
Omplettery ins, ing ay kér- o Iadda
Tagornga tar ca 1.

réknar med att
min g att begyg ara. "Ann

t mnebar att du sja), kan
ndias gy C halmers i enj, gt meg [efo
SQulation (ELy ?'”766 T kom,
:rnuppgr’fter .’r}'ngrs in ng A
ings S5hEe. Ay, .ﬁanreras kanﬁa'enzferrr.
er fmntef.; daty g, och personup.oy.'ﬁ°

ring 03 1-77 721453

Tasky, J'mforo:

mer gf f5
Ndast § for:é ",

kamm

Om du h,

Teknisig mbfem att gengyy Worag
e!b:!sfuda;se 2@chalm



Time and SOC at arriving home
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Typically the EVs arrive home about 17:00 with 60-80% SOC.



Flexibility of charging time

Distribution of duration from arriving home to

Distribution of parking and charging duration starting to charge by electricity contract
N
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« Parking and charging duration are significantly different (peak at 13 - 2 hours).
—> Large potential for smart charging and V2G.
« The EV owners with hourly electricity price contract tend to avoid charging immediately.



Survey results about the acceptance of
smart charging and V2G

Q: Would you accept charging the battery Q: What is the minimum battery level that you
more slowly if it could help the grid ? could accept that the grid operator discharges the

_ _ battery to when the car is parked?
(Ensuring full charge at the next trip)

(With financial compensation for using the battery
and ensuring full charge at the next trip)

Accept a reduction to 50% or lower

0%

94% A 5%

E——

s 20%

‘ - 30%

, - 40%

81% E 50%

, , | | , : . : : . - 60%

0 20 40 60 80 100 0 20 40 60 80 100 = 70%
Percentage among the participants [%] Percentage among the participants [%] ™ 80%

None

* 94% of the EV owners accept slow charging.

‘,ﬁ'ﬁ%ﬁaﬁ;‘d * 81% accept a reduction of SOC of the battery to 50% or lower for V2G.

—> Large flexibility can be assumed from the perspective of EV user’s feelings.



Sammanfattning

 Det ar fullt mojligt att mota det 0kade elbehovet med en stor andel vaderberoende
elproduktion genom att kombinera olika atgérder for flexibilitet:

« Elpriset styr investeringar pa ett kostnadseffektivt satt. Prisvariationerna stimulerar
investeringar i flexibla atgarder, som kompletterar vindkraftens variabla produktion.

* Investeringar i planerbar elproduktion om kostnaden blir lagre 4n vaderberoende
produktion inklusive flexibilitetsatgarder.

« Batterier bidrar till frekvenshallningen.
 Samtliga undersokta elsystem klarar att mota klimatmalen och industrins elektrifiering.

« De tre systemen ger inte nagra stora skillnader varken i elpris eller i férmaga att mota
efterfragan.

« Bade stor potential och hdg acceptans for smart laddning av elfordon
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Efterfragan pa el for det berédknade fallen
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Survey

Battery capacity
« Participants _
o 357 EV owners (340 for this presentation) i IZE
o Randomly distributed across Sweden g 60 |
(selected by SCB Statistics Sweden) ‘;"’% 40 -
« Content (56 questions) g 20
o Participants - gender, age,... 0‘3%3%%§§§§§§§§§§§§
o Infrastructure - charger (home, workplace, public),... Number of EVs
o EV - leasing, first car/not, ... Home tfingmamwmuse
o User behavior - typical trip distances, smart charging,... 150 o

o User experience - driving range, charging cost,... 100
* Submission date
o December 2022

(Follow-up survey is ongoing)

Number of EVs

Large city
Small twon
Countryside



Logged data

Number of EVs

o 226 EVs for now
(357 EVs in total soon)

(included in the participants of the survey)
Data logging period

o October 2022 to now (for 1 year for all EVS)

(March to November 2023 for this presentation)
Method

o Device logging through OBD-port (Geotab)

Status data

Odo meter

SOC

Battery charged energy (AC/DC/while driving)

Battery discharged energy (AC/DC/while driving)

OBC charged energy (AC)

OBC discharged energy (AC)

temperature (Outside/Battery)

Battery in/out power

Trip data

Time (Start, end)

Location coordinate (Start, end)

Trip Distance

Idling duration

Speed (max, average)
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