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Our cities and regions will be filled with 
smart, connected electric buses, 
passenger vehicles, logistics related 
trucks and vans, and micro-mobility 
sources. These may well be autonomous 
and will include a higher degree of car 
sharing when it comes to passenger 
vehicles. These vehicles will be charging 
in residential environments such as free 
standing homes and apartments, and 
they will be charging at depots and 
offices, at DC fast charging stations and 
at destination chargers at shopping 
centres.

This future state will create new demands 
on the distribution network. There has 
rarely been such a good opportunity for 
Distribution Network Service Providers 
(DNSPs) to benefit from new revenue 
streams. The profitability of these revenue 
streams and the benefits that can be 
passed onto shareholders and the 
community, in the form of lower prices, 
will vary dramatically between DNSPs 
depending on the level of preparation and 
planning.




It is universally recognised that the grid of the future 
will include a huge number of electric vehicles. 
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The forecasting challenge

EVsim™ for Distribution 
Network Service 
Providers is a model 
that creates a virtual 
map of this future 
world. 
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Our aim was to develop an electric vehicle network impact 
forecasting tool that can be used to inform efficient network 
investment with a focus on maximum and minimum demand 
impacting long term investment in zone substations. 



This white paper provides a review of current best practice, recommendations 
for the Australian context and a modelling output case study. 



It puts the power in the hands of forecasting 
teams who can leverage EVsim’s powerful 
scenario forecasting capabilities to help plan and 
prepare for this future in a way that will maximise 
the social and economic benefits of eletric 
vehicles in relation to networks.  



The development of EVsim, under the Charge 
Together Phase 2 program with ARENA was a  
collaborative process, engaging multiple 
stakeholders and using a highly iterative 
development process.

The key contributors to this work alongside 
Evenergi were Ausgrid and ARENA. There were 
also contributions from the NSW Department of 
Planning, NRMA, South Australian Government, 
Endeavour Energy, AEMO, Macquarie University, 
Essential Energy and SA Power Networks.



The overarching project goal of this body of work 
is to accelerate the adoption of renewably 
powered electric vehicles and help to ensure that  
the grid can support them. 



What is the problem we are addressing 

for forecasters? 
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Approximately one third of energy consumed in 
modern societies is used for transport, 
predominantly by light vehicles, and this is 
currently supplied mostly from carbon based 
fuels. The energy consumed by the land transport 
sector in Australia is currently growing at a rate of 
approximately 2% per year(1).



Given the substantially greater efficiency of 
electric vehicles (EVs) relative to internal 
combustion engine vehicles (ICEs), if all transport 
were to be electrified and vehicle usage were to 
remain unchanged then the demand for electrical 
energy is expected to increase to between 5 and 
15% of total demand(2).



For example, in the Sydney region, if all vehicles 
were electric the demand for electric energy would 
increase by approximately 18 GWh per day(3)(4). 
EVs move around, and only connect to the 
electricity network at particular times and 
locations depending upon need and availability.  
The load presented to the electricity network by 
EV charging depends on many parameters, but is 
fundamentally a function of time, location and 
battery state of charge (reflecting the amount of 
charge required by the vehicle at that time) at that 
location. The aggregate of all these loads within a 
region provides the total demand within that 
region. 



The impact of EVs on the electricity distribution 
grid has been a topic of growing interest since the 
1990s. Since that time a growing number of 
researchers and electricity distributors around the 
world have been working to determine the likely 
impacts of electric vehicles on electricity networks 
to:



a) assess the impacts of EVs on electricity 
networks and/or the capability of electricity 




networks to support charging of the expected 
numbers of electric vehicles, and



b) assess the likely timing and scale of network 
upgrades (and/or other measures and controls) 
required to support the expected numbers of EVs 
(and the associated charging infrastructure) whilst 
limiting negative network impacts to within 
defined limits.



Due to the highly regulated nature of DNSPs,  
strong forecasting is required to enable 
justification of future expenditures, both capital 
and operational. The process is based on complex 
forecasting methods that account for both 
demand dynamics and the interventions that can 
be brought to bear to shape demand to fit within 
the constraints of the network. 



EVs bring new and often unfamiliar types of 
problems for forecasters.  One main challenge 
and novelty presented by EVs in load forecasting 
is that the spatial distribution of the load is 
time-dependent. For example, assuming private 
and public transport usage continues to follow 
historic patterns, then EVs will usually be located 
and connected overnight at well-defined 
residential and fleet/service vehicle parking lots 
where they may be charged over a period of 
several hours. However, they move to quite 
different and time-varying distribution around the 
electricity network during daylight hours when fast 
charging (i.e. within 10’s of minutes, or less) is 
more likely to be needed, or used if available.




(1) Energy, D.o.t.E.a., Australian Energy Update 2018. 2018, Australian 
Government. (2) Engel, H., et al, The potential impact of electric vehicles 
on global energy systems. 2018. (3)  Town, G., The Impact of Electric 
Vehicles on “Smart Grids”, in EESA NSW Annual Conference & Trade 
Exhibition (EECON). 2015: Sydney. (4) Rafique, S. and G.E. Town, 
Potential for electric vehicle adoption in Australia. International Journal 
of Sustainable Transportation, 2019. 13(4): p. 245-254.
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Another challenging problem is the need to 
understand the current and future state of 
mobility. This not only applies to the dynamics of 
the EV industry (battery capacities, charging 
typologies, potential growth in EVs), but also 
requires understanding of the future dynamics of 
mobility itself - such as the degree of shared 
mobility and autonomous mobility that may exist. 



Finally - given the EV industry is in its infancy, the 
ability to predict the way that particular vehicle 
owners will respond to demand management 
interventions is relatively unknown. 



Figure 1 highlights the complexity of predicting EV 
charger demand and load forecasting, especially if 
high resolution is required in space and/or time. 
For long term forecasting on a large scale (i.e. 
unlikely to capture localised peaks in demand) 
most of the parameters condense into long-term 
predictions of EV uptake (including the 
development of battery technology) and charging 
infrastructure development, with spatial 
distribution determined by population density and 
transport and/or electricity network layout.     



DNSPs manage one of the most critical assets in 
the country, and as such tend to be relatively 
risk-averse when it comes to forecasting network 
demand. Modelling uncertainty  will lead to very 
significant asset over or under investment, 
particularly in assets that have a long planning 
horizon such as zone substations.


The actual potential load presented by EVs at any 
point in space and time depends on many factors, 
including the number, type and location of EV 
chargers, the power drawn by those chargers 
when in operation, the duration of charge, and the 
demand for and availability of those charging 
points (including Level 1 charging from General 
Power Outlets (GPOs)). 



In turn, the latter depends on the number and 
distribution of EVs and their state of charge (i.e. 
vehicle travel patterns and plans), and the 
charging behaviours of owners (e.g. regularly vs 
infrequently). 



The charging behaviour depends on various other 
factors including vehicle type and usage (private 
commuting, fleet/service, public transport); 
nominal EV battery capacity and state of health; 
the energy used per kilometre (dependent upon 
the driver, traffic conditions, and use of in-vehicle 
climate controls) which may vary with the time of 
day, location and topology (e.g. city, regional, or in 
transit on highways); and weather (temperature, 
driving conditions).  



This load then needs to be modified to take into 
account any demand side management 
approaches that could manage peak demand 
events.



Figure 1:  Multifactor interaction with EV charging load



Introducing EVsim
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EVsim uses real time, catalogued and emulated 
data to create load curves for summer, winter, 
weekday and weekend with a focus on annual 
peaks. 



EVsim is a platform that enables DNSP 
forecasting teams to spatially allocate demand to 
specific geographical areas. 



Most importantly, it includes all typologies that 
may impact a network - buses, car parks, DC fast 
charging, fleets and residential.  By entering in a 
specific geographical area and some additional 
information the tool can use its own data sources 
to produce load curves. 

The model has been designed to be entirely 
configurable for forecasters who can manage and 
modify escalators for all assumptions. It also has 
a powerful scenario analysis tool that enables you 
to modify high impact assumptions across all 
typologies. 



All the assumptions used in the tool are provided 
by default and many of them are user 
configurable. In addition, the tool allows for new 
data sources such as locally completed surveys or 
locally connected vehicle data. 



EVsim™: a platform that enables forcasters to spatially 
allocate demand to specific geographic areas


Figure 3: EVsim data architecture
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Funding application

Hypothesis development

Incl. surveys to 8 DNSPs

Global litterature review

Framework development

Framework peer review

Consumer EV driver review

Model development

MODEL RELEASE

EVsim™: a highly collaborative solution 
designed for, and with, Distribution 
Network Forecasting teams

The core project team included Ausgrid and NSW Department 
of planning, with significant peer review from AEMO



Figure 2:  Process applied in development of EVsim



Case Study- Ausgrid
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The Australian forecasting 
context: Ausgrid Case Study

The impact from electric vehicles (EV) has been 
guided by information obtained from AEMO in 
mid-2018. The AEMO projections of the GWh 
volume impact of the EVs in NSW & ACT is 
allocated to the Ausgrid network area and 
converted to a count of EVs using mileage and 
fuel economy assumptions aligned with AEMO. 
Peak demand impacts of EVs are informed by 
results from the Smart Grid Smart City (SGSC) 
project (a smaller trial of 20 EVs) and similar US 
based trials (a much larger trial involving 
thousands of EVs). From these trials, the 
maximum demand impact of EVs is estimated to 
be +0.3kW per vehicle, based on the diversified 
maximum demand impact of +0.2kW to +0.4kW 
per vehicle observed in the SGSC and US trials. 
Impacts are spatially allocated using a 
combination of NSW vehicle registration data for 
electric vehicles obtained from NSW roads and 
Maritime Services and ABS 2016 census LGA 
income statistics.



As outlined above, the planning process for 
DNSPs is part of a highly structured regulated 
process, where assumptions and inputs will be 
tested by regulatory bodies before being 
approved.   The underlying forecasts are based on 
a near term forecast based on trendlines of 
weather corrected historical customer electricity 
demand, and a medium to long term forecast 
based on a system level econometric model.  This 
model deals with the core existing system and 
then “out of trend” adjustments have to be made 
for embedded generation, energy storage, EVs and 
energy efficiency (5). 



The Ausgrid current planning framework 
articulates the approach to modelling as:



This methodology is a recognition that DNSPs 
must align with the regulator’s view to ensure that 
their investment submissions are accepted. 
However, it is broady recognised (even by AEMO) 
that this approach is far from realistic. This 
approach is referred to as a “top-down” spatial 
allocation approach.



Whilst top-down forecasts of EV uptake are useful 
for forecasting the average increase in global 
electrical load, their resolution in space and time is 
usually low, and so they are of limited use for 
predicting peak loads far into the future on a 
particular asset. Conversely, the many bottom-up 
methods demonstrated to forecast the local 
short-term load and grid impact of EVs are 
computationally complex and difficult to extend 
many years into the future or to generalise across 
different areas of the network.



It was therefore found that a hybrid approach is 
needed - one that not only incorporates global 
factors, but also uses location-specific drivers and 
limitations to determine the impact on electrical 
demand at an hourly resolution.



(5) Ausgrid planning guidance documentation
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Evenergi worked with Ausgrid to map the 
forecasted demand on the Waverley and Wyong 
Zone Substations in the Sydney and Central 
Coast regions. 



The reason for selecting these two regions was 
that  they represented very different profiles in 
terms of demographics, density and mix  of land 
use.  



In addition,  the two regions have a markedly 
differing mix of car parks, universities, fleets, bus 
depots, service stations, shopping centres, high 
rise residential and free standing residential 
areas.



Using EVsim, the forecaster sets up the data 
from a given area and then adjusts the sensitivity 
settings as required. 



Comparing this model with the top-down 
approach currently used by Ausgrid, we can see 
below that the current method of forecasting 
underestimates the coincident demand by up to 
73 times. In addition, the current method does 
not consider the timing of the contribution from 
electric vehicles to network peak demand.



This means that investment decisions need to 
happen much faster than is currently being 
predicted to avoid infrastructure upgrades from 
being the bottleneck to electric vehicle uptake.



Using actual data for Waverley and Wyong zone 
substations we have compared the outcomes of 
using the current top-down approach versus 
EVsim below.


 Ausgrid Waverley and Wyong 
Zone Substation

Figure 4: EVsim Outputs for Waverley 
(top) and Wyong (bottom) 
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The table below compares the increase in peak 
demand attributable to electric vehicles for both 
methodologies.

Table 1: Zone substation peak loads (Source: Ausgrid)

The actual recorded peaks for the last available 
year’s data were:

Table 2: EVsim vs top-down predicted increase due to EVs

The substantial difference 
in the two approaches 
comes down to the lack of 
granularity of top-down 
approaches. 



In this instance, for 
example, EVsim accounts 
for a highway charging 
location serviced from the 
Wyong zone substation 
which includes DC fast 
chargers that the top-down 
approach fails to pick up.



FURTHER 

INFORMATION
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FURTHER 

INFORMATION

Evenergi.com


Contact: Max Zaporoshenko

Email: maxz@evenergi.com

LinkedIn: linkedin.com/in/max-zaporoshenko-a014647

Mob: +61 407 479 639



Building future networks with EVsim™

Evenergi is constantly adding data sources to improve accuracy 
and improving emulation algorithms used to produce the 
forecasts, and through addition of this data the model will 
become more and more robust over time. 


The examples given demonstrate how inaccurate forecasting may lead to inappropriate 
network investment decisions that could cost networks tens of millions in over 
investment. This tool has been built to not only solve this problem but, having been 
developed with input from multiple DNSPs and regulators, it has also been built to 
ensure the outputs are acceptable in regulatory review processes, minimising cost and 
time.



While the future of eMobilty may be uncertain, EVsim allows DNSP forecasters to take a 
risk-adjusted view on the impact of eMobility on major assets.  The framework allows 
for year-on-year improvements in accuracy as new data becomes available, and for an 
understanding of particular risks on each asset using scenario driven analysis. As can 
be seen in the example of the Waverley zone substation, current top-down spatial 
allocation methods are yielding significant differences from a more granular bottom up 
approach.



Giving forecasters the ability to overlay localised demographics, dwelling structures, 
business types, heavy consumers (such as bus depots)  and other location-specific 
parameters produces an output that accurately reflects the impact on a particular zone 
substation.





How to ensure that the grid is 
ready for the rapid penetration of 
electric vehicles

Other recent research

Overview of our recent research 
program on accelerating adoption 
of electric vehicles

How to understand and shape the 
demand side of the  Electric 
Vehicle market

Helping local authorities to lead 
the transition to efficient, 
productive and sustainable 
mobility future

Helping bus operators to seize the 
opportunities and manage the risk 
of an eMobility future
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Helping DNSP forecasters to 
spatially allocate demand to 
specific geographic areas


