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The ACES project 

Across Continents Electric v ehicles Services
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Distribution Feeder in Rønne

Å LV grid: 400 V

Å 10/0.4 kV 400 kVA 

distribution transformer

Å 4 subfeeders : 110 known 

load consumptions

Å 8 10 kW DC chargers

Å Common district heating

Budget: 10 MDKK (=1.4 Mú)

Public grant (EUDP): 55 %

Equivalent person -months : 

130 over 3y (04/17 -03/20)

Public chargers and EVs used

in the demo: 

20 Nissan Leaf and env -200
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Proj. Management 

Data science and simulation

Vehicle behavior model

V2G field data

Electric grid & energy data

Investigate technical and economic system benefits and impacts by large

scale electric vehicles integration in Bornholm, augmented by real usage

patterns, grid data and field testing for across continents replicability .

Project overarching objectives
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The 3 main research areas ï
some of the research questions

1 . DSO vs TSO coordination and grid modelling

ïCan a large set of EVs contribute to balance an islanded power system without 

inducing local grid issues? 

2. EV aggregating functions

ïContract phase: for how long, how large, and how fast the aggregated power of EV 

fleet should be ready on a daily, weekly or monthly basis when contracting with the 

system operator?

3. Services economic and technical analysis

ïHow much the degradation of the battery, while providing system services, affects 

the service profitability?

ïWhat is the saturation level of the ancillary service market in term of EV population ?
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Investigated AC and DC (V2G) 
charging/control options for EVs

On-board 
charger

24 - 30 - 40 kWh battery

BMS

+/ - 10 kW

3-phase

Grid 
power

Battery 
power

3.7 kW

1 phase

Å Charging options considered: 

Å 10 kW DC via external charger bidirectional control

Å 3.7 - 11 - 22 kW AC via internal charger unidirectional control
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3.7 - 11 - 22 kW

1; 3 -phase
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Calculate V2G charging / discharging profile 

(power, energy ) ïservice dependant

Calculate V2G charging / discharging profile 

(power, energy ) ïservice dependant

Overall methodological approach
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Analyze property , location and 

number of EVSE and EV

Input 1: 

EVSE and EV data 

Input 2: energy and grid data 

(production / consumption )  Input 3:

ancillary service value
Analyze energy mix 

( renewable vs conventional )  Analyze hourly / weekly price

Calculate V2G charging / discharging profiles 

(power, energy ) ïservice dependent

Calculate revenue for 

ancillary service

Calculate degradation

of battery

Estimate residual value

of the EVAssess total cost of 

ownership

Verify influence on 

frequency (TSO view )

Verify influence on 

voltage (DSO view )

Assess whether there is a cost reduction in 

CAPEX and OPEX or a benefit in more renewable
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The speakers in the ACES session

ÅDriving patterns and charging profiles ïlesson learned from Japan 

ïKenta Suzuki, NISSAN

Å100% EVs on the island of Bornholm 

ïHans Henrik Ipsen, BEOF

ÅControlling the frequency ïscheduling and degradation 

ïAndreas Thingvad, DTU

ÅManaging the distribution grid ïwhatôs the limit? 

ïLisa Calearo, DTU

ÅStabilizing the islanded Bornholm with V2G chargers 

ïAntonio Zecchino, DTU
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Å Information on Japanese EVs driving and charging behaviour made it

possible to clearly quanfity how much the evening charging peak would be.

Å For each group (G1-G10 ), knowing the SOC at the end of the day, the

plug - in rate at home is defined (no plug - in at work is considered) .

Driving patterns and charging profiles ï
lesson learned from Japan
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100% EVs on the island of Bornholm 

Simulation-model (Electrical)

Production Consumption

Sea cable

Household

Unit 6 
(Biomass)

Factory/Etc.

Diesel-Gen Street Lights

Biokraft (Gas)

WindPower

PV-Power

Sea cable
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Profile # #1 

Type Production 

Charge rule 9=V2G 

#EVs 2,500 

Capacity [kWh] 40 

Charging rate [kW] 3.6 

Discharging rate [kW] 3.6 

Charge loss [pct.] 10 

Discharge loss [pct.] 10 

Km/kWh . 5 

Behavior Daily Weekend 

Plug out [time] 06:00 10:00 

tƭǳƎ ƻǳǘ ˋ ώƳƛƴϐ 30 120 

Plug in [time] 15:30 16:00 

tƭǳƎ ƛƴ ˋ ώƳƛƴϐ 30 240 

Km/trip 35 38 
 

Å How would Bornholm power system react

to a population of 17500 EVs?

Å V2G used as source of revenue on the

energy market .

Å We assumed 11 user classes with

different driving/charging characteristics .
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Controlling the frequency ïscheduling 
and degradation 

Å How to reliably bid into the frequency market having a limited storage capacity?

Å Considering also a ñfarfrom idealòV2G charger with losses and unpredictable

frequency patterns, do we need to spare some capacity for adjustments?
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Å Can we quantify the weight

of frequency provision in

term of battery degradation

compared to driving and

calendar?
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Managing the distribution grid ïwhatôs 
the limit? 
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Å Considering realistic driving/charging behaviour,

whatôsthe expected loading impact on two

representative distribution grids assuming a 100 %

EV scenario?

Å If reinforcement is necessary, what would be a fair

value for a load deferring?


