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The modelling tool chosen for this purpose was PLEXOS. 
This commercially available software makes it possible 
to create a representation of the electricity system 
reflecting load profiles, current capacity mix by source 
(i.e., installed capacity and technical and economic 
parameters), fuel prices and renewable profiles. EVs 
were modelled with an additional EV load profile and 
as a single-system battery to represent the total EV 
battery available for flexibility services to the grid. 
The software calculated the optimal capacity mix that 
minimises the total costs of the system and meets the 
demand at the 2030 horizon and the optimal dispatch 
by type of technology in hourly resolution. It also 
calculated system indicators such as regional electricity 
cost, available energy, generation and fuel offtake. 

The outputs of the simulations were then assessed 
against a set of key performance indicators that made it 
possible to measure how V1G, V2G and MaaS contribute 
in the integration of EVs in high-renewable energy 
systems. The modelling exercise provides results for the 
year 2030. This is complemented by a qualitative view 
on how the key performance indicators could evolve 
and be interpreted in 2050. 

Finally, to assess merely the adoption of the innovations 
in the system and its impact on the remaining key 
performance indicators (e.g., curtailment, average yearly 
electricity cost), etc., a sensitivity considering the same 
capacity mix of a business-as-usual (BAU) scenario 
is simulated for the system with a high share of solar. 
For this purpose, the model is forced exogenously to 
maintain the capacity mix in 2030 at the same levels as 
the expansion previously calculated in the BAU scenario.

Modelled cases

The chosen geographies are isolated in the sense that 
are not connected to any national or bordering system; 
thus they need to meet their demand with their own 
generating sources. Also, no exports are considered to 
neighbouring systems, and the totality of the electricity 
produced within the systems is consumed on-site. 

The high-solar isolated system reflects an equatorial 
location with a close to 24% solar share in power 
generation and one of the highest annual solar 
irradiances in the area. There is a high potential to install 

Table 26: Implications of innovation in fully smart charging (V2G)
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PV in the system, both in terms of land availability for 
large-scale PV plants and in terms of integrated PV in 
building rooftops, façades or windows. 

The high-wind isolated system reflects a region with 
a 40% wind share in the power generation mix. The 
geography benefits from important wind resources, 
although the land availability for wind plants could 
become a constraint for future capacity investments in 
the system. 

Apart from meeting the definitions above, the concrete 
selection of the geographies for the two cases also has 
been based on the availability of data for the system 
modelling in the future horizon, mainly: long-term view 
on the future load demand, availability of solar and wind 
load profiles, projections of the technical specificities 
of the technologies (e.g., CAPEX, OPEX, efficiencies, 
etc.) and a good representation of the actual electricity 
system in terms of existing generation assets. 

To perform the modelling and technical simulation, the 
PLEXOS tool was chosen. PLEXOS is used to model the 
two described cases and to simulate them under four 
different scenarios in a given horizon. The results of the 
simulations will make it possible to assess the impact of 
key EV-related innovations that can influence renewable 
energy integration in the power grid. 

Modelling in PLEXOS

PLEXOS is a power system simulation tool that can 
build integrated energy models. It uses linear and mixed 
integer programming, optimisation and stochastic 
techniques to solve long-term expansion and/or short-
term unit commitment models. For this analysis, a 
model of the electricity system of the two cases was 
built. The models represent the current state of the 
system in terms of capacity mix, demand, renewable 
profiles and fuels.

The models are first simulated in a long-term capacity 
expansion and investment planning mode (long term). 
For this, the models consider the existing capacity 
installed in the systems and will calculate the optimal 
investment decisions that are needed to meet the 
demand in 2030 and that minimise the net present 
value of the total costs of the system over the 
planning horizon (Energy Exemplar, n.d.) – that is, to 

simultaneously solve a generation and transmission 
capacity expansion problem and a dispatch problem 
from a central planning, long-term perspective. The 
models can choose between the following technologies: 
combined-cycle gas turbine, open-cycle gas turbine, 
solar PV and wind. These technologies are modelled 
according to the economic and technical parameters 
of 2030. 

Once the capacity mix required to meet the demand in 
2030 is known, the models will be simulated under a 
unit commitment and economic dispatch mode (short 
term). This phase is chronological, hourly, and will better 
enable the analysis of the EVs on the system. 

Table 28 summarises the list of key inputs used for the 
modelling and their sources. 

In addition, the presence and integration of EV in the 
system is modelled in PLEXOS with two elements. 

1.	 EV load (MWh): in the form of a profile, to represent 
the extra electricity demand that EVs will add to the 
system when connected to the grid for charging. 
The load profile will be influenced by the presence 
of smart charging technologies in the system, by 
future mobility trends and by the number of EVs on 
the roads. 

2.	EV battery (MW + MWh): to represent the flexibility 
services that EVs can provide to the grid when 
being discharged or charged. This is modelled as a 
single-system battery with a size of all the battery 
capacities of the EV that will be available for grid 
services in the future. 

The EV load is added on top of the system load and 
is integrated in the demand-supply balance solved by 
PLEXOS. Also, the model chooses how to dispatch the 
EV batteries in an optimal way. How the model uses 
the EV batteries to balance the system will influence 
the impact that the EV will have on the grid and will be 
further observed in the key performance indicators. 

When the simulation is completed, PLEXOS provides the 
optimal capacity investment decisions needed to balance 
the future load of 2030. At the same time, PLEXOS also 
provides the dispatch of the different technologies. Given 
this, the main outputs provided for 2030 are:
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•	 Installed capacity by source (MW)
•	 Generation by source (MWh)
•	 Available energy by source (MWh)
•	 Fuel offtake by source (terajoule, TJ)
•	 Hourly marginal cost of electricity (EUR/MWh)
•	 Hourly dispatch
•	 Emissions (tonnes/CO2).

Table 28: Input data list and sources required for the modelling

Current system infrastructure in 2017

Generation capacity (MW) by source CEEME, 2017

Load (MW) and yearly profile CEEME, 2017

Fuel costs (EUR/GJ) CEEME, 2017

Load profiles of wind and solar CEEME, 2017

View in 2040

Technology CAPEX and OPEX for future investments CEEME, 2017

Load (MW) and yearly profile CEEME, 2017

Fuel costs (EUR/GJ) CEEME, 2017

Load profiles of wind and solar CEEME, 2017

Table 29 shows the resulting capacity mix for the BAU 
scenario after the expansion of the system, for both the 
solar isolated system and the wind isolated system.

Table 29: Installed generation capacities in long-term BAU scenarios for both systems

Solar case 2030 BAU Wind case 2030 BAU

Category Installed Capacity (MW) Category Installed Capacity (MW)

New CCGT 604 New CCGT 500

New solar 336.8 New OCGT 1 000

New wind 31.6 New solar 300

OCGT 238 New wind 1 800

Solar 109 CCGT 1 261.4

Wind 0.6 OCGT 31.5

Geothermal 5 Solar 680

Internal Combustion 606 Wind 297.5

Biomass 60.7 IC 4.26

Distributed solar 42 Biomass 64.1

Distributed solar 329

Combined heat and 
power

21.09
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Examples of other studies: 
smart charging impact  

Table 30: Examples of studies assessing the impact of EV charging strategies 

REPORT STUDIED 
POWER 
SYSTEM

SCENARIO MAIN ISSUES AND KEY 
INDICATORS FINDINGS

RMI, 2016

5 selected 
US states: 
California, 
Hawaii, 
Minnesota, 
New York, 
Texas

23% EV penetration 
in the fleet in 2030, 
i) uncontrolled 
charging mode, 
ii) optimised 
charging mode

Peak load increase with 
high EV penetration, 
which will increase 
the generation and 
distribution grid capacity

A big difference in peak load 
is found in the two scenarios. 
For example, in California: i) all 
EVs in uncontrolled charging 
mode would increase the peak 
load by 11.14%; ii) with smart 
charging, this would increase 
the peak load by only 1.33%. 
Smart charging can help 
optimise the grid resources 
and avoid having to invest in 
new peak generation capacity.

Taljegard, 
2017

Denmark, 
Germany, 
Norway, 
Sweden

100% EV 
penetration in 2050, 
i) including electric 
road systems (ERS); 
ii) including ERS 
and V2G

EV charging correlates 
with the electricity 
system peak load and 
thereby increases the 
need for peak power 
capacity and an increase 
in CO2 emissions

i) If no V2G is applied, the 
ERS would increase the peak 
of the net load curve by 20% 
in Scandinavia and Germany 
(from 127 GW to 152 GW); ii) If 
V2G is applied, passenger EVs 
will smoothen the net load 
curve in the Scandinavian and 
German electricity system so 
that the hour with maximum 
net load is reduced by 7% 
(from 127 GW to 118 GW).

McKenzie 
et al., 
2016

Island of 
Oahu, 
Hawaii, US

Over 130 000 
EVs on Oahu by 
2045, and 260 
000 with US 
Energy Information 
Administration high 
oil price; 23% of 
electricity produced 
from renewables, 
very high solar and 
wind penetration 
following the 
Renewable Portfolio 
Standards

Given the island’s mix 
of renewable resources, 
without EVs, 10% to 23% 
of combined solar and 
wind energy would need 
to be curtailed

With smart charging 
(i.e., if EV charging perfectly 
tracked the solar and wind 
profiles), then up to a 18-45% 
reduction in renewable energy 
curtailment, depending on the 
charging behaviours and on 
the type of smart charging

Chen and 
Wu, 2018

Guanzhou 
region, 
China

Case based on 
real typical daily 
summer load curve 
in Guangzhou with 1 
million EVs

EV charging correlates 
with the electricity 
system peak load and 
thereby increases the 
need for peak power 
capacity

One million EVs will increase 
the peak load of the grid by 
15% without any charging 
control. However, the 
fluctuation will be reduced by 
43% without V2G technology, 
while it can be reduced by 
50% if V2G is available.
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