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Executive Summary 

This report provides evaluation of the SEEV4-City Operational Pilot at Leicester City Hall, in the city of 

Leicester, U.K. In cooperation with Cenex UK, a demonstration project was set up to evaluate the technical 

requireme nts and commercial benefits of V2B (Vehicle to Building) technology  at Leicester City Hall, U.K . 

It is part of a collection of reports published by the project covering a variation of specific and cross -cutting 

analysis and evaluation perspectives and span s 6 operational pilots. This report is dedicated to the 

analysis of the pilot itself. Below an indication of the set of repots is provided, including an indication 

where this OP report fits in.  

 

A large council building in Leicester, its central HQ called  City Hall, aims to link on site renewable  energy 

(PV) generat ion to electric vehicles (EVs) used by the Council staff.  Leicester City Hall based staff are 

utilising four EVs for their work and charging  these, when possible, from local  renewable energy (PV) 

generation. This study presents the analysis of the use of four such EVs and their charging profiles that 

take place at the City Hall.  

This is a relatively small -scale operational pilot (OP) studied by the EU Interreg North Sea Region  (NSR) 

funded SEEV4-City project. It aims to demonstrate the benefit of smart (controlled) charging to better 

integrate renewable energy generation  and EV charging in order to  reduce carbon footprint, allevia te low 

voltage (LV) grid stress and achieve an economically viable solution to sustainable electrical transportation 

and renewable energy supply . The different aspects mentioned in this report constitute the key elements 

of a viable/successful business model, which is essential for a wider implementation of this concept in  

real -life applications beyond that of a financially assisted innovation and demonstration one.  

This report explores these different dimensions of the business model by making use of smart charging 

of electric vehicles (EVs). Four Nissan Leaf electric vehi cles are used in this pilot. The SEEV4 -City project 

uses three key performance indicators (KPIs), namely energy autonomy, CO 2 emission savings, and grid 

investment deferral, to measure the environmental and economic benefits achieved by providing Electric-

Vehicle-for -Energy-Services (eV4ESs). 

The results are summarised in the table below, showing the degree to which the OP was able to address 

the various KPI dimensions. Owing to circumstances beyond the control of the participants, no V2B 

equipment was inst alled prior to the end of the pilot / SEEV4-City Project, thus the available outputs were 

less comprehensive than  had been originally intended.  Nevertheless, analysis could be performed using 

actual and available data to assess results of the OP for  the achieved set -up. This show the OP exceeds its 

target for CO 2 reduction through different measures, mostly as result of ICE vehicle replacement. Because 

most of the PV generation was absorbed by the energy use of the building, the ZE km increase did not 

meet its full target, although the connection capacity indicates there is room to increase the amount of PV 

which could be dedicated to EV charging.  The current set -up, where the planned V2B has not yet been 
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implemented , also indicates no Energy Autonomy incre ase. However, using existing data to assess the 

V2B in the Ʉvirtual carportɅ model shows an achievable result of Energy Autonomy for the site increases to  

41%, 

Analysis, using NPV techniques, of potential eV4ES provided by this OP shows that for the propos ed V2G 

installation to be profitable, the investment cost per  V2G charger/controller should not exceed £ 11,015.90. 

Leicester  City Hall Operational Pilot - KPIs  

KPI                                                                            Target  Results  

A CO2 Reduction  2-5 ton nes 7.19 ton nes/year  

 Sub-KPI: ZE km increase 

factor  

1.3 x increase  26793.66 km/year  (1.07 x 

increase) 

B Energy Autonomy increase  1% increase (36 to 37%) N/A (future achievable 

indication 39% increase)  

C Grid Investment deferral  

(by peak demand 

reduction)  

N/A N/A 
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Glossary 

Abbreviations Terms  

BEV Battery Electric Vehicle  

BESS Battery Energy Storage System   

CCGT Combined Cycle Gas Turbine  

CCS Combined Charging System  

CHAdeMO 
CHArge de MOde : e-mobility collaboration platform around the CHAdeMO  

system  
 

C-Rate 
Battery charging/discharging rate relative to its maximum capacity  

(1 C refers to charging of a battery from flat to full capacity in 1 hour). 
 

DFFR Dynamic Firm Frequency Response  

Do 

DESS 

Depth of Discharge 

Energy Storage System 
 

EA Energy Autonomy  

EV Electric Vehicle  

FCR Frequency Containment Reserve  

FFR Firm Frequency Response  

FiT Feed-in Tariff  

ICE Internal Combustion Engine  

ICT Information and Communication Technology  

KPI Key Performance Indicator  

LCOE Levelised Cost of Energy  

LV Low Voltage  

NPV Net Present Value  

OCGT Open Cycle Gas Turbine  

OCPP Open Charge Point Protocol  

OSCP 

OEM 

Open Smart Charging Protocol 

Original Equipment Manufacturer 
 

OLEV Office of Low Emission Vehicles (UK)  

OP 

OSCP 

Operational Pilot 

Open Smart Charging Protocol 
 

PV Photovoltaic  

RE Renewable Energy  

SFFR Static Firm Frequency Response  

SoC State of Charge  

USD US dollar  

V2G Vehicle to Grid  

V2H Vehicle to Home  

V2X Vehicle to Anything  

V4ES (electric) Vehicle for Energy Service (eV4ES)  
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1. About the pilot 

 Background  

1.1.1. Local c ontext and Energy Profile  

In 2014, following a refurbishment, Leicester City Council (LCC) offices returned to their premises in 

Charles Street, Leicester, originally built in 1938, making City Hall (as the building is now called) its new 

headquarters.  

The Leicester City Hall operational pilot is based on an office building already provided with roof -top 

Photovoltaic (PV) system. LCC runs a fleet of 8 00 vehicles delivering a number of services. Prior to 

commencement of the project LCC had  17 Ultra Low Emission Vehicles; 7 electric vans and 10 electric cars, 

of which 4 Nissan Leaf EVs are studied as part of this project.  

1.1.2. Local partners  

In cooperation wi th Cenex UK, a demonstration project was set up to evaluate the technical  requirements 

and commercial benefits of V2B and V2G technology. A larg e council building in Leicester , its central HQ 

called City Hall, aims to link on site renewable energy  (PV) generation to  electric vehicles . Leicester City 

Hall based staff are  utilising four electric vehicles for charging, when possible,  from local PV renewable 

energy generation.  This study deals with the use of four such EVs and their charging that takes place at  

the City Hall.  In addition, Western Power Distribution (WPD), the local distribution network operator, is 

another key project stakeholder; they need to assess the grid impact due to EV charging requirements 

before tendering takes place for the associated equipment and integrating the energy 

generation/consumption.  From communications between LCC and WPD, it emerges that a formal 

application with reference to the proposed V2B system is being made via the  Energy Networks Association 

website. LCCɅs installer seeks authority to potentially export electricity to the grid  on LCC's behalf, with a 

letter of authority giving them permission to discuss LCCɅs supply with WPD. WPD will work to provide G99 

approval once the formal application is received. It appears tha t no WPD equipment will be required. This 

V2B system is a behind the meter project with no intended export to the grid.  

Cenex UK advise that energy export can be avoided by steering the charging/discharging profiles from the 

vehicles to match the building' s demand. CT clamps will provide the V2B control interface with mains 

import and solar generation data, which will permit the controller to work out what power to discharge to 

avoid any export to the grid beyond the parameters to be agreed with WPD. WPD wa nt LCC's existing 

generating capacity agreement to be increased to cover both the PV and the V2B system , which they state 

has the potential to export.  

1.1.3. Objectives  and SEEV4-City KPI targets  

This is a relatively small -scale operational pilot studied by the E U Interreg North Sea Region funded SEEV4 -

City project. It aims to demonstrate the benefit of smart (controlled) charging to better integrate 

renewable energy generation  and EV charging in order  to  reduce carbon footprint, alleviate low voltage 

(LV) power s ystem stress and achieve an economically feasible solution to sustainable electrical 

transportation and renewable energy supply . The different aspects mentioned in this report constitute 

the key elements of a viable/ successful business model, which is esse ntial for a wider implementation of 

this co ncept in real -life applications beyond that of a financially assisted innovation and demonstration 

one. 
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This report explores these different dimensions of the business model by making use of smart charging 

of  electric vehic les (EVs). Four Nissan Leaf full battery electric vehicles (BEV) are used in this pilot, which is 

referred to as EV in the rest of this report. The SEEV4 -City project uses three key performance indicators 

(KPIs), namely energy autonomy, CO 2 emission savings, and grid investment deferral, to measure the 

environmental and economic benefits achieved by providing Electric-Vehicle-for -Energy-Services (eV4ESs). 

The objectives for the location system design therefore focused on using eV4ES solutions  to : 

1. Increase the level of Energy Autonomy as defined by the concept of energy self -sufficiency 

discussed hereafter ; 

2. Create CO2 emission savings by substituting ICE vehicle miles by EV use, and to a degree using PV 

to charge the EV rather than charging from the  fossil fuel rich energy mix  when power is drawn 

from the Grid ; 

3. Investigate the po ssibility of postponing  the need for grid reinforcement by minimising the system 

load at times of peak system demand.  

The Leicester OPɅs SEEV4-City KPI targets as stated at t he start of the project were:  

KPI  Target for OP  

A CO2 Reduction  2 ɀ 5 ton nes yearly 

  (sub-KPI) ZE km increase factor: 1.3  

B Energy Autonomy 

Increase 

From 36 to 37% Ą Ơ +1 

1.1.4. Operational Pilot  V2B/V2G System design  

The pilot site of Leicester City Hall c ombines a number of components for the (eV)ES solutions . Those 

currently in place or in the process of being adopted are visualised in Figure 1. 

 

Figure 1: Pilot site overview - design comp onents  
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The outline of the system is shown in Figure 2. The system under consideration comprises 4 X 7  kW EV 

chargers connected to the City HallɅs main distribution board, with  charging sockets. A 23  kWp PV system 

had been installed prior to the inception of this project. In the future, it is proposed to install bidirectional 

chargers to enable energy stored in the EVs to be used for V2B or V2G service, as required   [1] . A summary 

of the system components is given in Table 1. 

 

Figure 2: System  schematic   

Table 1: Summary of system components  

Overview  Initial stage 

Number of EVs  known vehicles  4 

by RIFD 4 

by charging  events  4 

Est. Average Annual Mileage (per EV) (km)  #7241 8111  km/year; #7242 5627 km/year; 

#7243 5,865 km/year ; for the 4th  EV mileage 

is not available , and hence is estimated.  

No. of existing unidirectional  EV Charge Points 5 x 7 kW 

Size of PV/ PV generation 24 kWp (16,622 kWh/annum in 2017)  

Size of Battery Storage  None  

Other generation  None  

Total Annual Electricity Consumption - kWh*  894,910 kWh/annum in 2018/ 2019 

Number of smart charg ing points  0 

Number of proposed V2B units  4 

Charging protocol for proposed V2B units  CHAdeMO 

V2B Charging output (variable)  7 kW maximum  per unit  

V2B Discharging output (variable)  10 kW maximum  per unit  

Plug connector  JEVS G105 

Back Office Requirement  Compliant with OCPP 1.6 or above  

PV

CP
1

City hall
Electricity 
demand

CP
2

CP
3

CP
3

Main electricity 
board
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2. Data collection and processing 

 Assumptions and research questions  

In conducting the evaluation of the Leicester City Hall pilot business model, as defined in the SEEV4-City 

project specification, the following key assumptions were made:  

¶ EV charging at the pilot location, Leicester City Hall, is regarded here as the only charging method. 

Charging events that may have taken place elsewhere are not considered as part of the pilot.  

¶ The battery degradation cost used in this report is based on the empirical model that  is derived 

from laboratory tests performed by Northumbria University on commercial EV cells. Currently this 

model is solely dependent on  the  C-rate  and temperature . 

¶ The eV4ES considered in this analysis covers both smart charging and V2B /V2G. Note that on ly 

simulation work has been conducted to verify V2B/V2G, as these  services are not  yet implemented 

at Leicester City Hall in view of the delays encountered  in commissioning the requisite bi -

directional EV charging equipment.  

¶ A lifetime of 10 years is assum ed for the V2B charger, and 20 yea rs for the PV system ( section 4.8). 

¶ As per industry standards, a 2% discount rate has been used fo r the Net Present Value ( NPV) 

calculation ( see section 4.8). 

Research Questions  

In cooperation with Cenex UK, LCC proposed a demonstration project to evaluate the technical  

requirements and commercial benefits of S mart Charging and V2B/V2G technologies . The project is aimed 

at develop ing the  cost benefit analysis of these technologies with the City local authority in Leicester, the 

grid and energy companies, large  build ing owners, EV fleet operators and  EV owners. A large council 

building in Le icester has on -site renewable energy (PV) generat ion and this feeds into the building power 

distribution system where EV chargers are connected . The possibility that a large public (or in principle 

this could also be a commercial ) building in Leicester might utilise  electric vehicles for short term energ y 

storage from lo cal renewable energy generation using smart charging and V2B/V2G is considered  via 

simulation  only , as real data was not available due to delay in procurement of new equipment . 

 Data Processing  

The available data from the Leicester City Hal l pilot was provided by the Planning, Development & 

Transportation as well as the Energy department s of Leicester City Council from their own measurements. 

This data set is used to derive the four parameters that will be used in the cost -benefit analyses f or smart 

charging and V2B (described in Section 3). The four parameters are PV generation, the buildingɅs electricity 

base load, the EVsɅ driving energy consumption and EVsɅ availability for charging and provision of non -

driving services ( eV4ES). The data processing with associated assum ptions is presented as follows.  

2.2.1. EV usage data  

Four Nissan Leaf EVs are involved in the Leicester City Hall study, namely:  

¶ Ʉ7241Ʌ, 30 kWh battery, registratio n number BT16 APO  RFID 840ABFDA 100% charging at City Hall  

¶ Ʉ7242Ʌ, 24 kWh battery, registration number BD16 ABX RFID  040ABFDA/13BA876A 100% charging 

at City Hall  

¶ Ʉ7243Ʌ, 24 kWh battery, registration number BD16 AEB  RFID B4E7BADA 100% charging at City Hall  

¶ Ʉ5132Ʌ, 24 kWh battery,  registration number BL16 TOJ RFID 9490BCDA 100% charging at City Hall.  
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The first th ree EVs are 100% charged at Leicester City Hall, the fourth one Ʉ5132Ʌ initially had a 

comparatively lesser %  in this regard , being mostly charged at Duke Street, away from  the City Hall, but 

this EV is now, like the other 3, entirely charged at City Hall.  Leicester City Council has confirmed that Ʉ5132Ʌ 

has the same charging arrangements as the other EVs; namely mostly at City Hall and occasionally at the 

depot, when it ret urns for maintenance or repairs. The council expects that the 2018/19 telemetry & 

charging data to show that there is not a marked difference in the way Ʉ5132Ʌ is used compared to the 

other 3 EVs, even though the mileage of Ʉ5132Ʌ was not directly recorded . 

From the EV usage data, three parameters , namely the  drive mode, the GPS position and the charging EV 

energy were used to determine the EV driving energy consumption and their EV availability for eV4ES 

within the OP boundaries set . The EVs in this pilot  are used by Leicester City Hall staff for their duties, and 

City Hall based EV charging was  considered to be the only charging method. Charging events that took 

place when the EV was away from this base (such as public charging, or during long trips) were  not 

considered in this report. Therefore, an EV is assumed to be available when it is parked at the City Hall 

base and unavailable otherwise.  When the EVs return to City Hall during their working day they can benefit 

from smart charging. Between 16:00 & 2 3:00 (DUoS Red & Amber periods) they will be available for V2B 

bi-directional charging.  EV availability is determined by checking the telemetry data (vehicle GPS). Base 

location is GPS bounded in the vicinity of the City Hall. As such, EV availability is s hown in Figure 3 for a 

typical period in 2017. In subsequent years, EV use was better established amongst staff than in 2017; so 

idle times should be somewhat lower.  

It can be seen from Figure 3, which is based on telemetry data for March to May 2017, that the 4 EVs are 

idle at base for 34.5%, 41.4%, 46% and 48.2% of the time. An EVɅs driving energy consumption is found 

from the charging energy requirement for each base arriva l, which depends on EV usage. The charging 

energy input is recorded, and this may be compared with miles driven to enable calculation of CO 2 savings 

when compared to driving a normal ICE - powered comparative vehicle.  

  

Figure 3: EV usage data March to May 2017  

In Figure 4, the charging profile for the four  EVs is shown, superimposed on to  the PV output for the period 

from the 6th  to the 12th  of  March 201 7. It can be seen that , generally speaking , the EVs are arranged to 

charge in a  ɄsmartɅ way when PV output is available. The EVs do not charge during the hours of darkness 

so it may be anticipated that some PV energy will be available for charging. EVs may or may not charge at 

the same time; even the power taken by a single 7  kW charger will often exceed the available PV output. 

In this situation grid power must be used to make up the shortfall in charging power. If variable power 

chargers were available, more of the PV energy could be used for charging if a lower power setting for a 

longer period was used.  A discussion of the possibilities offered by Smart Charging is provided in section 

4.9 below.  
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2.2.2. Leicester City Hall energy data  

Figure 2 depicts the power flow within the pilot. Power consumption for the City Hall is  monitored, as is 

PV generation and  EV charging data is measured separately. The City Hall baseload profile (incl uding the 

EVsɅ charging) and PV generation profile are shown in Figure 4. 

In Figure 5, the electrical load of the office building is shown, together with the recorded PV output, for 

the period March to June 2018. Prior to March 2018 the PV data was o nly recorded monthly, and so cannot 

be used in this analysis for comparison purposes. The PV output figures are probably subject to inaccurate 

measurement according to LCC. The Baseload includes the EV charging. As may be seen, the PV output 

never approach es the minimum building demand, so there will be no possibility of PV energy export, and 

all of the PV production is consumed within the building, thus reducing the import of power flow from the 

Grid. It was thought worthwhile to consider the PV generation  as comprising a Ʉvirtual carportɅ in which it 

is assumed that PV output is preferentiall y used to charge the available four  EVs. In fact no such physical 

carport exists but the electrical measurements can reveal the performance of an actual carport with t he 

EV charging fed directly from the PV output, rather than flowing through the City Hall distribution system.  

In this way one may obtain information which can inform a possible further development of the upcoming 

V2B installation at City Hall, (which does  not include prioritising PV for EVs) or EV4ES schemes elsewhere 

in Leicester.  

 

 

Figure 4: EV charging profile and PV output 06/03/2017 to 12/03/2017  

 

Figure 5: Electricity demand & PV data  for the perio d  March to May 2018  

Table 2 gives a description of the available energy flow data to be used in this report.  

06/03/1 7   07/03/1 7      08/03/1 7     09/03/1 7     10/03/1 7     11/03/1 7     12/03/1 7 
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In addition, driving telemetry data is recorded, as shown in Table 3. Unfortunately changes in battery S oC 

were not recorded, but the overall energy consumption may be gleaned from the charging data.  The 

proposed new V2B control interface will be specified to gauge the battery SoC.  

Table 2: Ener gy flow variable list  

 Name in the database  Interpretation  Data source  

1 Grid to Building kWh  Half hourly figures  Recorded  

2 PV Output kWh  Half hourly figures  Recorded  

3 Charging connector  Socket type used  Recorded  

4 Charging start time and date  Time and date  Recorded  

5 Charging end time and date  Time and date  Recorded  

6 Charging duration  Time in hours  Recorded  

7 RFID number  Number of card used for charge  Recorded  

8 Energy  Amount of charge in kWh  Recorded  

Table 3: Traffilog  telemetry data recorded  

 Name in the database  Interpretation  Data source  

1 Vehicle number  Vehicle ID code Recorded  

2 Vehicle group  Driver ID  Recorded  

3 Start drive  Time and date  Recorded  

4 Start location  Address Recorded  

5 End drive  Time and date  Recorded  

6 End location  Address Recorded  

7 Distance  Miles  Recorded  

8 Drive time  Journey time  Recorded  

 

As an example , Figure 6 shows the charging profile in kWh per charge for RFID 13BA876A which represents 

EV Ʉ7242Ʌ 24 kWh Leaf EV registration number  BD16 ABX for the period 13 th  March 2019 to 29 th  March 

2019. Figure 7 shows the duration of connection time for the same EV over the same period. It is evident 

that some connections are for a very long period, well in excess of that required to charge the EV. 15 th  and 

29th  March 2019 were both Fridays, so it would appear that the very long connection times represent 

leaving the EV connected over the weekend. There would be scope for increasing energy autonomy  and 

green EV charging by enabling the charging function over the weekends when the EVs are not being 

utilised.  At present all EVs are fully charged by mid/late evening, but they are not required until 7  a.m. at 

the very earliest the following day. With the proposed V2B scheme as designed, after discharging to the 

City Hall onwards from 11 p.m. the EVs will be able to recharge from the mains on the Council's cheaper 

overnight rate. There  may be scope here to use the smart functionality of the chargers to achieve some 

battery management good practice. Thus the EVs could be brought up to 50% S oC by the early hours and 

held here until 4 a.m. or 5  a.m. when the remainder of the charging could be completed. Normally the EVs 

are only used in weekday office hours and not at w eekends. Thus at weekends at Bank Holidays charging 

would either be split between the night of the last working day and the night of the next working day, or 

fully take place during the latter.  Normally the EVs are only used in weekday office hours and not  at 
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weekends. Thus at weekends at Bank Holidays charging would either be split between the night of the last 

working day and the night of the next working day, or fully take place during the latter. However, if the 

battery management approach is taken ther e will be little or no opportunity for EV charging to benefit 

from weekend solar generation. To date, no batteries on any of the Leicester City CouncilsɅ EVs (mostly 

purchased in 2016) have needed replacing.  

 

Figure 6: Charging pr ofile in kWh for EV Ʉ7242Ʌ 

 

Figure 7: Charging profile connection time in hours for EV Ʉ7242Ʌ 

2.2.3. Yearly data selection  

The aforementioned parameters, PV generation, base load, EV driving consumption and EV availability, 

have all been  prepared in the format of a 30 -minute resolution and were used in the cost -benefit analysis 

of (smart charging) presented in Section 4. 

Calendar Year 2017 was initially selected to carry out the yearly analysis.  However, the period between  

the  5th  March 2018 to 31 st March 2019 was subsequently chosen since before  the  5th  March 2018, when 

the PV was connected to the Automatic Meter Reading system (AMR), data was recorded manually on a 

monthly basis from a panel on  the front of the inverter, and thus is not available for processing on a 30 -

minute resolution basis.    
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3. SEEV4-City Results ï KPIs 

 Methodology  

Each of the SEEV4-City pilots adopt different system components and have their own approach within its 

system boun daries. They do not all use the same combination of components but are applied in different 

combination s and variations. The SEEV4-City project recognise d the potential value in identifying the 

benefits of individual energy system components (such as PV, B ESS and EV battery as storage) for design 

decisions for a specific location  in relation to the projectɅs main KPϥs, for CO2 and Energy Autonomy in 

particular.  

CO2 emissions savings consist of ICE substitution (by EV), where the different lifecycle emission s of ICE and 

EV have been considered, as well as those achieved via energy autonomy ( section 3.3.1). 

Energy autonomy for this pilot is defined as Ʉself-sufficiencyɅ (see section 0). 

These are then translated into percentage values of improvement for the associated  component savings . 

The project has therefore chosen to define several sub -indicators for KPIs  for the purpose of capturing 

potential additional insights in rel ation to CO 2 (KPI A) and Energy Autonomy (KPI B) objectives and the role 

these different components may play. The methodology for calculating their contributions is described in 

more detail in the project's KPI Baseline and Methodology Report. The identifi ed sub -indicators within the 

methodology are:  

 

KPI  A  ɀ  CO2 reduction  

¶ CO2 related to baseline demand  

¶ CO2 related to use of battery: EV  

¶ CO2 related to use of battery: BSS  

¶ CO2 savings by PV production  

¶ Zero Emission kilometres increase  

KPI  B  ɀ  Energy Autonomy  

¶ Self-consumption  

¶ PV to Baseline Demand  

¶ PV to EV 

¶ PV to BSS 

¶ PV to Grid 

 

For KPI C ɀ Grid Investment Deferral , the methodology does not narrow itself to the specific pilot site 

only, but instead looks at the impact potential of the chosen eV4ES solution of the locationɅs system design 

within the regional grid context (where the pilot is  based).  

Relevant results for the combinations used at Leicester City Hall  are highlighted  in section 3.3 of this 

report.   

  






















































































