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New and Renewable Energy at CEIS
 

40 kW PV System, Northumberland Building

6 kW QR5 VWT 1 5 kW HWT and 1 kW PV system
Up to  300A 10V 
battery test unit6 kW QR5 VWT 1.5 kW HWT and 1 kW PV system

Plans for further development in Pandon Building in 2012 (cost £115,000)



Recent Projects

• e-mobility NSR project: Smart grid solutions

• Electric Vehicle Infrastructure – Smart Grids and EV InfrastructureElectric Vehicle Infrastructure Smart Grids and EV Infrastructure 
Regional Impact: Development of a Modelling Tool to Evaluate 
Likely Impact of Electric Vehicles on the Electrical Supply 
InfrastructureInfrastructure.

o Jointly with the School of Built and Natural Environment. 
o Funded by: Zero Carbon Futures (ONE)



Development of Smart controllers for Dynamic Energy Management

Renewable sourcePartly funded by Narec
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controller for Small-Scale 
Combined Heat and Power 
(CHP) system
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Barrier to EV Uptake

Barriers Overall ranking
Hi h h t V hi h i ifi

Current 

High purchase cost Very high significance

Limited range of EVs (and range anxiety issues) Very high significance

Lack of recharging infrastructure (and issues relating to implementation Very high significanceg g ( g p
and operation of infrastructure)

y g g

Uncertainty about future resale value High significance
Limited performance and limited choice of vehicles High significance

Weak image association High significance

Uncertainty about future energy costs High significance

Limited environmental benefits associated with current models Moderate significance

Atkins Ltd’s report for WWF Scotland; Electric Vehicles: Driving the change

For the power networkFor the power network
Barriers Overall ranking
Heavy loading on power network due to uncontrolled charging High significance
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ea y oad g o po e e o due o u co o ed c a g g g s g ca ce

Charging from power plants fired by fossil fuel (not renewable) High significance



AimAim

• Batteries that have low cost, high energy/power capacity and longg gy p p y g
working life. Current commercial battery technology can not meet
these requirements.

• Network security and utilization of renewable generationNetwork security and utilization of renewable generation

So this project aims to develop a smart charger
which can

Extend EV battery life span
Solve range anxiety issue
M t d d ll th t hMeet user needs and allow the user to have
a proactive role.
User-friendly and more interaction with the
user
Reduce maintenance cost
Improve the reliability of grid

9

Improve the reliability of grid
Maximize use of renewable energy



Battery Aging – From Customers SideBattery Aging From Customers Side
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TemperatureTemperature
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Depth Of Discharge (DOD)Depth Of Discharge (DOD)

Ref :LIFEMIT
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Ref : Development of long life lithium ion battery for power storage



Issues to ConsiderIssues to Consider

• Battery ageing accelerate when charging at:

High temperatureHigh temperature

High current rate

High DOD
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Network Security and Stability – From grid sideNetwork Security and Stability From grid side

1. Voltage is one of the important 
reference for network security.       
For LV distribution networksFor LV distribution networks 
(230/400 V):                               
0.94 ≤ V ≤ 1.1 p.u.   UK Typical Distribution Network 

2. The loading on the network 
should not exceed the thermal 

i f h di ib icapacity of the distribution 
transformer and feeders.

UK Winter & Summer Household load
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UK  Winter & Summer  Household  load



Network Voltage Profile with EVs ChargingNetwork Voltage Profile with EVs Charging

20% EVs penetration level charging at home from 18:00 pm p g g p
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Network Voltage Profile with EVs and Local GenerationNetwork Voltage Profile with EVs and Local Generation

20%, 3 kW EVs home charging and 50% 1.5 kW micro wind generator 
t d t th idconnoted to the grid
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I t C idIssues to Consider

1 High penetration of EVs charging can increase the1. High penetration of EVs charging can increase the 
risk of overloading; affecting the grid security. 

2. Central control (e.g. on-load tap changer) may not
provide adequate solution.

3. Renewable energy generation profiles may not match
EV charging profiles and this may necessitate the useEV charging profiles and this may necessitate the use
of storage systems.
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Charging OptionsCharging Options

Home charging Public charging Fast charging
Power 3 kW 23 kW Up to 50 kWPower 3 kW 23 kW Up to 50 kW
Time 8 hours 1 hour 20 mins (80%SOC)

Average C‐Rate 1/8 C 1 C 3 Cg
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Issues Regarding ChargersIssues Regarding Chargers

1. User can’t decide how much energy exactly to charge

2. User can’t decide the charging current rate, which is
required to meet customers’ needs as well as optimize
battery life cycle (health).

3 User can’t enjoy the low price charging benefit3. User can t enjoy the low price charging benefit
(renewables)

4. Current charger can not respond to grid needs
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Requirement for Smart Charging EVRequirement for Smart Charging EV 

1 C t1. Customers care
Monitor the battery status and optimize its use

2 Ch i fl ibilit2. Charging flexibility
Customers can set the charging plan according to 
their own requirementstheir own requirements

3. Network stability and security
Voltage not to exceed the statutory limitsVoltage not to exceed the statutory limits
Avoid overloading transformers, lines and cables

4 Adaption of renewable energy4. Adaption of renewable energy
Increase charging of EVs from renewable energy 
sources (when they generating!).
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sources (when they generating!).



Simulation ScenariosSimulation Scenarios

C diti A h lf d (90% i iti l bl it ) EVCondition: A half aged (90% initial usable capacity) EV 
battery pack was chosen for simulating the following 
scenarios:

1. “Dumb” charging, finish charging in 1 hour

scenarios:

2. Smart charging without time limit

3. Smart Charging with 2 hour limit

Target: Initial SOC is assumed to be 0% and on 
completion, battery need to be fully charged (100).
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completion, battery need to be fully charged (100).



Charging CurrentCharging Current

Dumb charge Smart no T limit Smart with T limitDumb charge Smart no T limit Smart with T limit
Time 1 hour 3.3 hours 1.6 hours
Current rate 1 C 0.3 C 0.625 C
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Capacity loss per cycle 0.52% 0.005% 0.05%



V lt P filVoltage Profile
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SSummary

C d ith t h i h t h iCompared with current charging schemes, smart charging
can provide the following:

Extent the EV battery life by appropriate control and

communication with the Battery Management System (BMS)

Offer better controllability and flexibility to charge the EV

I th it d li bilit f th t kImprove the security and reliability of the power network

Maximize charging from renewable energy sources
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