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Presentation Outline 

•  Introduction 

•  Possible Impact of EVs and opportunities 

•  The Modelling Tool 

•  Smart Grid Solutions 

•  Results 

•  Demonstration 

•  Summary 
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Over 35,000 students and 3,500 staff 
Academic Faculties 

1. Faculty of Arts, Design and Social Sciences 
2. Faculty of Business and Law 
3.  Faculty of Health and Life Sciences 

4.  Faculty of Engineering and Environment 
Department of Physics and Electrical Engineering 

Northumbria University 

Northumbria 
Photovoltaics 

Applications Group 
(NPAG) 

Power and Wind 
Energy Research  
(PaWER) Group 

•  Smart controllers  
• Wind energy systems 
• Grid integration of 

renewables and EVs 
•  Smart Grids 

•  PV Materials and cell 
development 

•  Assessment of PV 
system performance 

•  Environmental Impact 40 kWp PV Façade 
Northumberland 

Building 
6 kW VAWT 

Ellison Building 
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•  October 2011 to October 2014 (total grant Є6.7M) 
•  11 partners covering 7 Member States 
•  Aim to create favourable conditions to promote common 

development of e-mobility in the North Sea Region 
•  Northumbria contribution to WP5: 

–  Study the benefits and limitations of Vehicle to Grid (V2G), 
including battery life cycle and utilization of renewable energy. 

–  Define grid requirements, specifications and business case for 
V2G to make the acquisition of an EV a more attractive 
investment to the owner, the manufacture and the grid 
operator. 

•  Outcomes: 2 Book chapters; 1 Journal paper (+3 prepared);    
6 invited talks/papers and 5 conference papers. Follow up 
projects. 
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A computer model was developed to analyse performance of 
typical distribution networks with and without EVs, renewable 
energy sources, battery energy storage, etc. 
The model allows evaluation of the impacts of EV charging and 
analysis of smart grids solutions, G2V, V2G, smart charging and 
the impact of battery cycling on the battery state of health. 

Modelling Tool to Evaluate Impact of EVs and V2G on the 
Electrical Supply Infrastructure and EV Battery Degradation 

The modelling tool was developed as part of a project funded by Charge Your Car North (Electric 
Vehicle Infrastructure – Smart Grids and EV Infrastructure Regional Impact). 
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The Need for Electric Vehicles 

•  In the UK, the contribution to CO2 emissions from the transport sector is ~21% of 
the total, leading to the need to electrify the transport sector to allow the UK to 
meet its agreed 2050 emission targets.  

•  Around 90% of this comes from vehicles and around 60% from passenger cars. 
•  The North East England has over 400 public charging points made up of a mix of 

fast and standard charging points. 

Source: “Low Carbon Transport: A Greener Future 
A Carbon Reduction Strategy for Transport” 
Department for Transport July 2009 
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The UK Electricity Supply by 2020 
•  Significant (~19 GW) of existing generating 

capacity is expected to close. 

•  Spare electricity production capacity is becoming 
smaller (could fall to 2%). 

•  Renewable energy 
–  The total offshore wind farm potential installed 

capacity could reach 32 GW, which is over 25% of UK 
electricity. Current installed capacity of wind power 
generation is ~5 GW. 

–  Up to 5 million domestic PV  installations (10-15 GW) 
–  These are intermittent, difficult to predict, largely  non-

controllable and depend on location. 

•  Up to 1-3 million electric vehicles (EV and PHEV) 
–  The Electric Vehicle is mobile energy storage and this 

capability may be employed to support the power grid.  
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Can Existing Distribution Systems Support 
EV charging? 

•  Existing power networks may have the extra capacity to 
support  the anticipated demand from EVs in the immediate 
future. 

•  Possible problems associated with distribution network 
capacity and localized areas with high concentration of EVs. 

•  System Capacity 
–  The UK After Diversity Household Maximum Demand is about  

1.4 kW. 
–  EV home chargers are rated at 3 or 7 kW, with a corresponding 

charge duration of 3 to 7 hours 
–  Widespread adoption of EV home chargers may be expected to 

overload the low voltage distribution system, in areas where it has 
not been over engineered 
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Possible Impacts of Large Deployment of EVs 

•  Potential problems due to large deployment of EVs and 
PHEVs are mainly: uncontrolled loading (supply/demand 
matching) and change in voltage profiles (violation of 
statutory voltage limits). 

•  Power quality problems and voltage imbalance may only 
occur under extreme operating conditions. 

•  EVs have high energy capacity and mass deployment 
•  Concerns have been raised about the effects of increased 

number of EV charging. 
•  Understanding the impacts of EVs will dictate the design of 

grid interface devices and the way future power networks 
will be designed and operated. 

•  Computer modelling can show problem areas. 
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Distribution Network Model and Load Profile 

11kV Feeders 400V Feeders 

Typical daily ADMD load profile for a 
domestic load 

500 kVA 
11 / 0.433 kV 
Transformer

Grid Supply
11 kV

Fault infeed = x MVA
~

400V load 400V load 400V load 400V load 400V load 400V load400V undetailed 
feeders

11kV loads

The modelled 11kV/400V section 
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Excel Based Modelling Tool 

•  The modelling tool was developed using a universally available 
low cost software (EXCEL), thus avoiding the use of expensive 
software such as Matlab/Simulink. 

•  The accuracy of the model was verified by comparison of results 
for a network based upon an actual area in the North East of 
England with those obtained for the same network modelled in 
MATLAB/Simulink and also in ERACS. 

•  The principle of the new tool was to develop a mathematical 
model of a single phase potential divider circuit, with loads and 
lines represented by complex shunt impedances and series 
impedances. 

•  This would then represent a 3-phase balanced system. 
•  Sources of generation are dealt with as negative loads 
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Modelling of Network Performance with EVs and  
Renewables, considering Battery Degradation 

The modelling tool developed allows evaluation of the 
impacts of EV charging and analysis of smart grids 
solutions, G2V, V2G, smart charging and the impact of 
battery cycling on the battery state of health. 

The modelling tool was developed as part of a project funded by Charge Your Car North (Electric 
Vehicle Infrastructure – Smart Grids and EV Infrastructure Regional Impact). 

The Data Input Page 
Tool Results Page 
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Possible Scenarios 

•  Normal loading conditions, with different types of real loads: 
domestic, heat pump, school, shop, light industrial.  

•  With different levels of micro generation (PV, wind and µCHP), 
including preset 2020 and 2050 targets for renewable energy 
and CHP. 

•  With EV charging at domestic rate (3 kW and 7 kW), street 
charging (23 kW) and fast charging (50 kW) with different 
charging profiles.  

•  Smart Grid solutions 
–  Controlled Charging; Grid to Vehicle (G2V) 
–  Vehicle to Grid (V2G) 
–  Demand Response (Demand Side Management) 
–  Black start 
–  Bulk (grid) storage 

•  Consideration of EV battery degradation 
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Transformer Loading for Uncontrolled Charging 
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Voltage Profiles With Uncontrolled Charging and 
Varying Uptake of 3 kW EV Chargers 
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•  EVs at 20%: Operation of the OLTC keeps the voltage within the statutory limit. 
•  EVs at 30%: The OLTC reaches its maximum limit and voltage levels at some points 

drop below the limit. 
•  With 7 kW chargers, the OLTC limit is reached  at around 10% EV penetration level.  
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Grid to Vehicle (G2V) 

Load curve                                       End of feeder voltage 

Winter Load Profiles, showing load levelling effect of delayed    
3 kW EV chargers when 30% of houses have EVs  
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Controlled Charging (G2V) at 7 kW to Avoid 
Overload and Excessive Voltage Drop 

Transformer Loading  End of line voltages 
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‘Smart’ charging, e.g. by using incentives for customers, will 
reduce daily variations, keep voltage levels within statutory limits 
and improve load factor (match network capacity) 
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2050 Renewables Level with 50% EVs and 
Controlled Charging (G2V) at 7 kW 

Transformer Loading  End of line voltages 

With ‘smart’ EV charging, charging profiles can be adjusted to match 
renewables generation profiles. 
‘Smart’ charging will support integration of renewable energy sources 
and charge EVs from renewable energy (zero carbon EVs). 
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The Need for Smart Charging 

•  Existing chargers provide limited controllability and 
flexibility to the user. 

•  Smart charger can provide for: 
–  User requirements (e.g. Charging time and length of next 

journey) 
–  Battery State of Health 
–  Grid support 
–  Charging from renewable energy resources 
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•  Plug-in Hybrid Electric Vehicle (PHEV): 5-15 kWh battery 
•  Electric Vehicle (EV): >15 kWh battery 
•  Next-generation LEAF will almost double the car range by 2017. 

[Charged EV magazine, May 19, 2014] 
•  Volkswagen is bench testing a new battery chemistry that could triple 

the energy density. [Charged EV magazine, March 12, 2014] 
•  At the end of 2012: 

–  There were 34.5 million vehicles licensed for use on the roads in the 
UK, of which 28.7 million (83 per cent) were cars. 

–  Assume 10% of existing vehicles become electric and that average 
battery capacity is 25 kWh. This is equivalent to 3.45 million EVs with 
a potential total battery energy capacity of 86.25 GWh.  

–  With only 50% EVs connected and available for grid support, there 
could be up to 17.25 GWh storage capacity available (assuming only 
40% battery capacity is used, to reduce battery degradation). 

Potential Storage Capacity of EVs 

Great Britain. Department for Transport; Vehicle Licensing Statistics; Statistical Release 11 April 2013 
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Can EVs Support the Grid? 

Surges in demand of electricity 
during a popular event 

(England-Germany World Cup 
semi-final 4th July 1990) 

Daily seasonal demand 
profiles 

EVs can provide ‘energy storage’ for supply/demand matching    
and ancillary services, e.g. voltage and frequency control 
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Vehicle to Grid (V2G) 

Transformer overload caused by EV 
charging, and its mitigation using V2G 

End of line overvoltage caused by 
renewables, and its removal using EV 

charging and V2G 
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•  Li ion batteries are tested to get better understanding 
of the  ageing mechanisms  

•  Dedicated equipment is used to analyse the state of 
health (SOH) of rechargeable batteries. Up to 16 cells 
can be simultaneously cycled (charge/discharge) in a 
controlled way (independently) and controlled 
environment (temperature and humidity).   

•  Analyse battery degradation and define factors 
affecting the ageing process  

•  Model battery SOH and develop a battery aging 
model 

•  The rate of degradation depends on the type of EV 
battery, the charging pattern and driving behaviour 

Battery State of Health 
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Battery Capacity Loss  

•  Assuming constant temperature, the battery lifetime (degradation) is determined by 
the battery average SOC and charge transfer during cycling. 

•  The effect on capacity loss varies with the initial SOC upon connection of the EV. 
•  Capacity loss is lower when using G2V and V2G, which is due to the lower average 

SOC. 
  

Li ion cells subjected to different charging patterns 
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Conclusions 

•  A versatile user friendly tool has been developed, which 
can operate without the need for expensive software. 

•  The tool enables analysis of potential problems due to 
large deployment of EVs/PHEVs and possible solutions, 
including the use of smart grid technologies. 

•  Smart charging and smart battery management systems 
can be designed to minimize or even eliminate some of 
the effects of EVs on the network as well as extend 
battery life. 
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