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The first project deliverable, report D1.1 “Summary of Approach, Conceptual Design and Key Research Questions”, 

sets out the analytical approach being taken to the identification and assessment of system options and the tool set 

being used. 

This second project deliverable, report D4.1 “Initial Analysis of Technology, Commercial and Market Building Blocks of 

Energy Infrastructure”, sets out the detailed components of the framework. D4.1 comprises a report and spreadsheet. 

The two deliverables should be read in conjunction with each other. 

It should be noted that both of these reports were written for the purpose of facilitating agreement regarding the details 

of the approach and consequently they are quite complex. Other reports later in the project will present the information 

in a more accessible manner for people not closely involved with the work; those later reports are commended to the 

general reader as a more suitable starting point. Nevertheless, D1.1 and D4.1 are made available for completeness.

Context:
The objective of the Consumers, Vehicles and Energy Integration project is to inform UK Government and European 

policy and to help shape energy and automotive industry products, propositions and investment strategies. 

Additionally, it aims to develop an integrated set of analytical tools that models future market scenarios in order to test 

the impact of future policy, industry and societal choices. The project is made up of two stages:  

• Stage 1 aims to characterize market and policy frameworks, business propositions, and the integrated vehicle and 

energy infrastructure system and technologies best suited to enabling a cost-effective UK energy system for low-

carbon vehicles, using the amalgamated analytical toolset.  

• Stage 2 aims to fill knowledge gaps and validate assumptions from Stage 1 through scientifically robust research, 

including real world trials with private vehicle consumers and case studies with business fleets. A mainstream 

consumer uptake trial will be carried out to measure attitudes to PiVs after direct experience of them, and consumer 

charging trials will measure mainstream consumer PiV charging behaviours and responses to managed harging 

options.
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liable for any loss, injury or damage of any kind caused by its use. This exclusion of liability includes, but is not limited to, any direct, indirect, 

special, incidental, consequential, punitive, or exemplary damages in each case such as loss of revenue, data, anticipated profits, and lost 

business. The Energy Technologies Institute does not guarantee the continued supply of the Information. Notwithstanding any statement to the 

contrary contained on the face of this document, the Energy Technologies Institute confirms that the authors of the document have consented to 

its publication by the Energy Technologies Institute.
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1 Introduction 

1.1 Background and context 

The Consumers, Vehicles and Energy Integration (CVEI) Project, commissioned and funded by the 
Energy Technologies Institute (ETI), has been established to examine how to deliver mass 
deployment and use of ultra-low emissions vehicles (ULEVs) in the UK, and address the challenges 
and opportunities of integration with the full energy system (including plug-in hybrid and battery 
electric vehicles, and hydrogen fuel-cell vehicles). 

The project is comprised of two Stages 

 Stage 1: aims to characterise: the Market and Policy Frameworks; business propositions; 
and the integrated vehicle and infrastructure system and technologies; best suited to 
enabling a cost-effective UK energy system for low-carbon vehicles 

 Stage 2: aims to validate key elements of the above through a mass-market trial with real 
users 

Within Stage 1: there are four Work Packages (WP) 

 WP1: Market Design and System Integration 

 WP2: Consumer and fleet usage behaviours and attitudes to adoption 

 WP3: Vehicle energy management systems and technologies 

 WP4: Energy infrastructure management systems and technologies 

This report represents deliverable D4.1 (TR1006_D4.1) Initial Analysis of Technology, Commercial and 
Market Building Blocks for Energy Infrastructure submitted as part of WP4 within Stage 1. 

The purpose of this deliverable is to provide an initial1: 

 ‘First principles’ view of the key components or Building Blocks (BB) that need to be 
considered as part of understanding what technology/physical, actors/commercial, 
market/policy, and Customer Proposition structures are most effective to enable mass 
deployment and use of ULEVs, and their relative importance;   

 Guide to structure the Analytical Framework, which will be created as part of deliverable 
D1.2.  The aim is to focus the framework on areas of highest materiality, by specifying 
which key BBs should be considered as part of each Narrative which will be assessed 
within the Analytical Framework.    

This document should be read in conjunction with deliverable D1.1 (TR1006_D1.1) Summary of 
approach, conceptual design and key research questions.  For each Dimension the ‘Key focus areas 
for the Analytical Framework’ and the ‘Areas for further research and development’ in this document 
are replicated in D1.1, section 4. 

                                                           
1 The document will be finalised as part of deliverable D4.2, with updates focused predominantly on further 
understanding of the potential R&D gaps. 
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 It should be noted that the data requirements associated with the various Building Blocks 
has been included in Deliverable D1.1. as this links closely to the tools used in the 
Analytical Framework and how the Building Blocks are treated as part of the analytical 
framework  

1.2 Structure of this document 

This document is structured as follows (with the supporting spreadsheet ETI-026 - CVEI - 
TR1006_D4.1 Building Blocks Spreadsheet - Baringa - 20151026 - v1_0.xls providing further 
information): 

 Section 2 describes the overall approach to developing the catalogue of Building Blocks 

 Sections 3 to 6 provide a more detailed description of the information for the Building 
Blocks related, respectively, to the 

 Customer Proposition (CP) 

 Physical Supply Chain (PSC) 

 Commercial Value Chain (CVC) 

 Market and Policy Framework (MPF) 

 Section 7 describes how the underlying Building Blocks are used to inform the Narratives 
described in D1.1. 

 Appendix A provides further information on the business models associated with the 
generic commercial entities on the CVC described in section 5 

1.3 Glossary and acronyms 

A list of key acronyms and glossary of key terms used across the project are provided in Table 1 and 
Table 2, respectively. 
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Table 1 List of acronyms 

Item Description 

BB Building Blocks 

BEV Battery Electric Vehicle 

CP Customer Proposition 

CPAT Commercial and Policy Accounting Tool 

CVC Commercial Value Chain 

DNO Distribution Network Operator 

DM Demand Management 

ECCo Electric Car Consumer Model 

ESME Energy System Modelling Environment 

ETI Energy Technologies Institute 

EV Electric Vehicle 

FCV Fuel Cell Vehicle 

HRS Hydrogen Refuelling Station 

ICEV Internal Combustion Engine Vehicle 

LDN Local Distribution Network 

MCA Multi Criteria Analysis 

MCDT Macro Charging Distribution Tool 

MEDT Macro Electricity Distribution Tool 

MHDT Macro Hydrogen Distribution Tool 

MLDT Macro Liquid Distribution Tool 

MPF Market and Policy Framework 

PiV Plug-in Vehicle 

PHEV Plug-in Hybrid Electric Vehicle 

PSC Physical Supply Chain 

SGR Stage Gate Review 

TCO Total Cost of Ownership 

ToUT Time of Use Tariffs 

ULEV Ultra-Low Emission Vehicle 

WP Work Package 

V2G Vehicle to Grid 
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Table 2 Glossary of terms 

Item Description 

Analytical tools The quantitative part of the Analytical Framework, used to calculate 
values for the quantitative Success Metrics 

Analytical Framework Overarching Multi-Criteria Assessment (MCA) framework applied to each 
narrative to help understand what ‘good looks like’ for mass market 
deployment and use of ULEVs and the potential trade-offs, via the 
assessment of the Success Metrics.  This framework comprises the 
analytical tools which are used to help inform the quantitative 
assessment as well as a set of supporting qualitative assessment metrics. 

Building Blocks Individual components that influence ULEV deployment and use within 
each Dimension.  A selected subset of BBs and their respective values or 
states (e.g. technology costs) constitute the tangible components of each 
narrative. 

Build year vintage The characteristics associated with the technology (e.g. vehicle or 
infrastructure) in the year it is built, as distinct from the time period it is 
operating in.  For example, the vehicle parc in 2020 may contain new EVs 
built in that year with lower operating costs and higher range compared 
to EVs built in 2015, but which are still operating in 2020. 

Dimensions 4 highest level areas categorising the BBs impact ULEV deployment and 
use covering: Customer Proposition (CP), Physical Supply Chain (PSC), 
Commercial Value Chain (CVC), and Market and Policy Framework (MPF) 

Narrative An internally consistent set of Scenarios and their underling Building 
Blocks covering all Dimensions and collectively characterising 
(qualitatively) a rational and distinctive model for facilitating mass 
deployment and use of ULEVs in the UK. 

Scenarios An internally consistent sets of BBs within each Dimension that are 
plausible and distinctive for ULEV deployment and use and can be 
assessed either quantitatively and/or qualitatively within the Analytical 
Framework. 

Social Discount Application of the Treasury’s Green Book Social Discount Rate as part of 
financial analysis.  

Success Metrics Metrics used to determine what “good looks like” for each Dimension as 
part of the assessment of a narrative.  These are divided into quantitative 
metrics, which are quantifiable via the analytical tools, and qualitative 
metrics. 

Time period Annual time steps on pathway from now to 2050 

Time slice Within year disaggregation reflecting characteristic days by season and in 
some cases further within day (or diurnal) disaggregation.   
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2 Approach 

2.1 Overview and high-level categorisation 

The core purpose of the BBs is to provide a bottom-up, first principles view of the core components 
which could impact mass-market deployment and use of ULEVs.  This covers a potentially large 
number of BBs and the first step was to provide a MECE2 grouping structure for them split into: 

 Dimensions – four key overarching areas which collectively define the scope of 
assessment of the conditions for ULEV deployment and use.  These are: 

 Customer Proposition (CP) – what the customer sees at the point of interacting with 
a ULEV e.g. is the customer buying or leasing the vehicle 

 Physical Supply Chain (PSC) – the technologies and infrastructure required to deliver 
the vehicles and their energy requirements – e.g. hydrogen production or 
distribution 

 Commercial Value Chain (CVC) – the commercial entities (and their business models) 
that sit across one or more parts of the PSC to collectively deliver the CP that the 
consumer sees – e.g. an electricity retail supplier or vehicle leaser 

 Market and Policy Framework (MPF) – Government intervention in the form of 
setting the overarching market framework for commercial entities (e.g. regulated 
monopolies for network infrastructure) or more direct policy intervention (e.g. in 
terms of taxes or subsidies on commercial entities or directly at the point of the 
consumer) 

 Categories within each Dimension to help group similar types of BBs (e.g. under the PSC 
the category ‘Vehicles’ includes the BBs battery, battery management systems, fuel cell 
system, other components with a high technology-readiness level, electric motors for 
hybrids, hydrogen tanks and communication systems, whereas the category ‘Refuelling/ 
Recharging Infrastructure’ includes BBs private charging infrastructure, public charging 
infrastructure, hydrogen refuelling stations and diesel/ petrol forecourts). 

Figure 1 provides an overview of the Dimensions and their specific categories along with a number of 
illustrative examples of the types of BBs that exist within each of these. 

                                                           
2 Mutually Exclusive, Collectively Exhaustive 
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Figure 1 Overview of Dimensions and categories used to define example BBs 

 

The supporting spreadsheet contains a wide range of more detailed information for each BB.  The 
structure of spreadsheet is described in more detail in section 2.2, but at a high-level focuses on: 

 Describing the core features of the BB 

 Identifying examples that exist today or have been proposed (both in the UK and 
internationally) 

 Providing supporting evidence on the materiality of the BBs – i.e. to help assess and filter 
which BBs are likely to be more important to consider in detail as part of the overarching 
assessment framework (or to better understand current gaps in the knowledge base) 
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As part of the BB assessment the project team has undertaken a review of the available public and 
academic literature and drawn on the expertise of the entire Project Team, through a dedicated 
workshop and various bilateral conversations. 

The final step in this initial analysis has been to map the set of BBs assessed as most material onto 
each of the Narratives described in D1.1 in an internally consistent manner, such that this forms the 
foundation of what will be assessed via the Analytical Framework (again described in more detail in 
D1.1). 

2.2 Structure of supporting spreadsheet 

Accompanying this document is a supporting spreadsheet ETI-026 - CVEI - TR1006_D4.1 Building 
Blocks Spreadsheet - Baringa - 20151026 - v1_0.xls, which contains more detail on each Building 
Block of the four Dimensions.   

2.2.1 Customer Proposition (CP) 

The Customer Proposition is comprised of five categories: Ownership/ Access Model, Fuel Pricing 
Options, Availability of Refuelling/ Recharging, Billing Model and Consumer Control.  Each category 
contains multiple BBs, classified by materiality.  Each category addresses a different aspect of the 
offering to the customer, or the customer need. 

 The summary sheet sets out all of the BBs under the categories and identifies the 
overarching ‘states’ that the BB can take.  For example, under the Availability of 
Refuelling/ Recharging category sits ‘H2 Refuelling Stations’, a BB that could vary in terms 
the extent of the network and the ease with which a consumer can refuel their ULEV.  BBs 
are classified by materiality.  

 The detailed sheet is comprised of the following for each BB 

 Explanation of BB 

 Current use in the UK, examples  

 Extent of current deployment  

 Data gaps 

 Current use internationally 

 Overall materiality, informed by the above 

 Information required in order to quantify the BB within the Analytical Framework, 
including potential data sources or tools in which this is used; this links closely with 
the ‘states’ in the summarised version 

 Data sources, where applicable 

2.2.2 Physical Supply Chain (PSC) 

The Physical Supply Chain is comprised of six categories: Vehicles, Energy Carrier Generation, Energy 
Carrier Transport, Energy Carrier Storage, Refuelling/ Recharging Infrastructure and Back Office/ IT.  
Each individual BBs is part of a category and is classified by materiality.  The BBs represent different 
physical assets on the supply chain, with the exception of ‘Industry Standards’ which is particularly 
pertinent for the PSC and also appears in the MPF. 
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 The summary sheet sets out all of the BBs under the categories and identifies the 
underlying factors that are particularly relevant in defining each BB.  For example, under 
the Energy Carrier Generation category sits ‘Electricity Generators’, a BB that depends on 
the cost of new plants to meet demand, electricity generation cost, grid carbon intensity, 
and the generation mix.  BBs are classified by materiality.  

 The detailed sheet is comprised of the following for each BB 

 Explanation of the BB 

 Level of technology development 

 Current use in the UK, examples  

 Initial assessment of the potential for emissions and cost reduction relative to other 
BBs 

 Initial assessment of the technology readiness and cost for each BB 

 Overall materiality, informed by the above 

 Information required in order to quantify the BB within the Analytical Framework, 
including potential data sources or tools in which this is used 

 Data sources, where applicable 

2.2.3 Commercial Value Chain (CVC) 

The Commercial Value Chain is defined in a different manner to the other Dimensions.  This is 
because there are multiple ways in which an entity can create value, and hence many subtly or 
distinctly different business models exist along the value chain, as well as ideas for novel or new 
models.  An added layer of complexity is that one entity will often form partnerships or mergers with 
another entity or multiple other entities.   

As per the other Dimensions, an extensive list of BBs has been identified together with some short-
listing, taking into account the relative materiality of each BB.  Examples of use in the UK and 
elsewhere have been used to understand what constitutes a ‘generic’ model for each entity, and 
where variations exist. 

The overall CVC is comprised of four categories, each of which have their own value chains: Vehicles, 
Electricity, Liquid Fuels, and Hydrogen.   

 The overall summary sheet sets out all of the BBs under the categories, identifying for 
each BB name, whether it is a stand-alone entity (or a combination)  

 The summary sheet for each type of entity is the business model framework, which at a 
high level gives information about each element of the business model  

 The detailed sheets discuss the elements in greater depth and identify ways in which 
particular aspects may vary  

2.2.4 Market and Policy Framework (MPF) 

The Market and Policy Framework is comprised of seven categories: Financial Measures (Fixed Cost), 
Financial Measures (Running Cost), Non-Financial Incentives, Limits, Information, Investment and 
Regulation.   
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Each category contains multiple BBs, classified by materiality.  Some BBs are tangible in monetary 
terms; others are not.  Most BBs described have already been implemented in some form (in the UK 
or elsewhere) although ‘novel’ measures have also been considered. 

 The summary sheet sets out all of the BBs under the categories and gives a brief 
explanation, including existing examples where applicable.  BBs are classified by 
materiality. 

 The detailed sheet is comprised of the following for each BB: 

 Explanation of the BB 

 Current use in the UK, examples and success of these 

 Approximate value, extent of buyers covered, importance to the consumer 

 Current use elsewhere and success of these: in particular countries with high EV 
share and especially those with high share for relatively less financial incentives; 
countries where ULEVs were not well received despite market and policy support; 
and countries that have seen relatively high adoption of FCVs 

 Overall materiality, informed by the above 

 Information required in order to quantify the BB within the Analytical Framework, 
including potential data sources or tools in which this is used 

 Data sources, where applicable 
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3 Customer Proposition (CP) 

3.1 Overview 

The Customer Proposition (CP) Dimension covers all of the aspects faced by private and fleet buyers 
of cars and vans in the transport sector.  

A summary of the Building Blocks and their materiality is shown in Table 3. Materiality has been 
assessed through considering how each Building Block might impact on the total ULEV vehicle km 
travelled (consistent with the quantitative Success Metric outlined in Deliverable D1.1).   

Table 3 Summary of BBs included in the CP 

Materiality for framework  

High  

Medium  

Low  

 

ACCESS MODEL 
FUEL PRICING 
OPTIONS 

REFUELLING 
AVAILABILITY  

BILLILNG 
MODEL 

CONSUMER 
CONTROL 

1. Outright 
purchase * 

10. Static ToU * 15. Private charging 
*  

24. Subscription 
model  

29. Sole vs shared 
use * 

2. Contract 
Purchase * 
 

11. Dynamic ToU * 
 

16. Public charging 
in motorways and 
A-roads (rapid) * 

25. Support for 
price certainty   

30. Charging 
control * 

3. Hybrid (battery 
lease)  

12. Demand 
Management 
Payment * 
 

17. Public charging 
in local points (mid-
level) * 

26. Traditional 
pay per unit 
model 

31. Vehicle 
choice * 

4. Contract hire * 13. Flat tariff * 
 

18. Workplace 
charging * 

27. Multi-modal  
  

5. Short-term 
hire/car club * 

14. Vehicle to 
Grid/House (V2G/H)  

19. H2 refuelling 
stations * 

28. Own account 

 

6. Secondary 
market * 

  

20. Battery 
swapping 

    

7. Bundled 
installation of 
charge points * 

  

21. Electrolyte 
charge 

    

8. Maintenance, 
servicing and  
insurance *  

22. Dynamic/novel 
charging methods 

  

9. Access to other 
vehicles when ULEV 
unsuitable 

  23. Forecourt *     

Note that perks (i.e. congestion charge exemptions or parking benefits), which are a part of the 
Customer Proposition, have been captured in the Market and Policy Dimension. A more detailed 
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description of each Building Block is included within the supporting spreadsheet, and Figure 2 
represents this for one of the Building Blocks.   

Figure 2  Example of detailed BB view in the supporting spreadsheet for the CP 

Category  Access model 

Building block number  1 

Building block name  Outright Purchase 

Explanation  Vehicle purchase through own finance directly from manufacturer or 
dealerships; vehicle usually counted as a fixed asset for accounting purposes. 
The customer captures indirectly any government subsidies provided to the 
manufacturer (e.g. the plug-in car grant) 

   

Currently used in UK?  Yes 

Explanation/ examples  Outright purchase constitutes a third of total new car sales and a half of new 
vans sales 

   

Impact on ULEV vkm 
(High / Med / Low, based on 
literature review experience) 

 High - the premium of PiV's capex over ICEVs is one of the most critical factors 
for private car purchase decision making, together with an 'anti-EV' bias. Highly 
critical for economically rational fleet manager decision making 

   

Data gaps  The relative depreciation of PiVs in comparison with ICEVs is not well 
understood and it is critical for outright purchase deals, as it is a popular 
ownership model among fleets. There is little evidence on PiV owner 
experience on battery life and resale value 
Depreciation is as critical parameter for fleet, but not for private purchasers. 
Fleet managers base their decisions on rational TCO assessments, for which 
depreciation is a significant parameter. However, for the private purchasers, 
other attributes such as capex, fuel economy, availability of charging 
infrastructure, range or brand are the ones on which the customer bases his or 
her purchase decision 

Extent of current deployment, 
across: (% of new sales for 
'Access model';  % of PiV users 
with access to each type of 
charging for 'Availability of 
recharging') 

a1. private cars 30% (ca. 350k cars pa) 

a2. fleet cars 25% (ca. 320k cars pa) 

b2. fleet vans 50% (ca. 160k vans pa) 

International examples of 
commercial propositions 

 Figenbaum et al (2014) found that 56% of owners in Norway cited uncertainty 
over the resale value of their EV as a disadvantage (being the third most cited 
element, behind range and uncertainty over continuation of incentives) 

   

Information Required: 
States - they are ranked in 
order of importance. The first(s) 
one(s) are be used for the 
quantitative assessment, above 

1 Finance model prevalence: - dependent on the Narrative 
traditional or new finance models 

2 Pricing strategy: 
OEMs selling at a reduced margin/at a loss to support early deployments, cross-
subsidising from other models etc. (unlikely to persist in long term) 

3 Depreciation : 
BaU (ULEVs higher depreciation than conventional cars) or same for both 

4 Indirect subsidy 

3.2 Synthesis of evidence and literature 

As part of the review of available evidence and literature for the Building Blocks, early insights were 
also drawn upon from the separate literature review being undertaken for Work Package 2, which 
focuses largely on aspects of the customer proposition for consumers and fleets.  The final outputs of 
the Work Package 2 review will be included in the corresponding Work Package deliverables 
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The research questions that have been explored are: 

 What is the relative importance of purchase cost, price, maintenance, insurance, 
depreciation, tax incentives/grants/subsidies on the uptake of ULEVs? 

 What is the relative importance of access to bus lanes, access to High Occupancy Vehicle 
lanes, parking incentives, road user charging incentives on the uptake of ULEVs? 

 What is the role of access models on the uptake of ULEVs? 

 What is the relative importance of the availability of different refuelling/charging 
propositions in the uptake of EVs? 

 What is the relative importance of fuel pricing/payment/ demand management options in 
the uptake of EVs? 

The literature review exercise provided evidence on what the most critical parameters for the 
Customer Proposition are and highlighted those elements of the Customer Proposition in which 
there is no evidence on their impact to ULEV uptake. 

 Costs of ownership 

 Purchase price is more critical to the Customer Proposition than running costs; 
recharging and driving range are also important (as these are the two most important 
‘anti-bias’ factors putting-off potential purchasers of buying a PiV)   

 Other incentives, such as parking fee exemptions/rebates, congestion charge, or High 
Occupancy Vehicle lanes, appear likely to be less important than purchase price 
incentives and are highly context dependant.  However, despite the lower impact on 
their own, evidence suggests that a package of well-designed financial incentives plus 
non-financial incentives may be the most effective means of increasing EV uptake. 

 Infrastructure availability 

 Regarding charging infrastructure, home charging is seen as a pre-requisite of PiV 
ownership at this stage of the market development, and a combination of home and 
public charging is more valued than home and work charging infrastructure. Rapid 
chargers enabling longer trips (e.g. on motorways and A-roads), are highly valued by 
PiV owners, particularly BEVs, and they are regarded as the most efficient way to 
complement overnight charging and key for mass uptake of ULEVs.  

 Infrastructure availability or range ‘anxiety’ remains an important factor for many 
prospective ULEV drivers who often anticipate higher usage of charging points away 
from their home than actually transpires.  This is compounded in some cases by lack 
of interoperability between public charging schemes (e.g. via ‘roaming billing’ models 
or standardisation of charging connections) which is flagged as a current source of 
frustration for some PiV owners  

 Charging behaviour 

 There is no clear evidence in the literature of the impact of electricity pricing 
structures (i.e. ToUT) and controllability of charging (i.e. direct control) on the uptake 
of ULEVs, as the focus has been on understanding how those parameters affect 
electricity consumption behaviour on ULEVs and the acceptability of those tariffs.  
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 A recent UK survey (sample of 4,000) to measure consumer demand in Great Britain 
for a range of demand-side response tariffs3, shows that EV owners are more likely to 
switch to static ToUT and that a direct load control tariff was the most popular, 
provided that it does not compromise end-user satisfaction4 and that overriding 
facilities are offered.  

 Additionally, My electric Avenue, a two-year demonstration trial, is testing ULEV 
customer acceptance to direct control propositions, and results will be available in 
December 2015. 

3.2.1 Combined Customer Propositions 

Whilst the Customer Proposition BBs reflect individual components of a Customer Proposition it is 
also important to understand what is likely to be effective in terms of a combined proposition.  Table 
4 presents a summary of currently available commercial propositions.  

Indicative examples present the interactions between entities and benefits for the end-users arising 
from the Customer Propositions.  For each Customer Proposition, some supporting facts are 
presented to illustrate the plausibility of the proposition. 

Table 4 Examples of combined Customer Propositions  

Description Proposition 

Fleet electric van 
in London 

A fleet manager purchases the Nissan eNV200 through outright purchase 
benefiting from the Plug-in Van Grant. British Gas, the charging point 
partner of Nissan, installs charging points at central van locations, which 
have been supplied by the manufacturer ChargeMaster. They benefit from 
the Electric Vehicle Homecharge scheme.  

The van also has access to Polar Network’s public charging points, owned 
by ChargeMaster.  The user has to register online with the charging point 
network operator and then has access to all of the charging points in that 
network; billing is smart (e.g. via an app) and fees are Pay As You Go, 
dependant on the site. The user benefits from the congestion charge 
exemption, lower Vehicle Excise Duty, and access to (Ultra) Low Emission 
Zones. 

Facts: 50% of vans purchase outright; PAYG is one of the most popular billing 
models for charging infrastructure 

Private BEV, 
outright purchase 

A private owner uses Personal Contract Purchase5 to acquire an electric 
vehicle, which allows him/her to pay lower monthly rates than other finance 
models and provides an opportunity to own the vehicle at the end of the 
contract. The user has their own charge point at home, and benefits from a 
discount in his/her electricity tariff, provided by Ecotricity.  In some cases 
the discount and the car purchase could be linked (e.g. Tesla cars using free 

                                                           
3 Is it time? Consumers and time of use tariffs. Trialling the effect of tariff design and marketing on consumer 
demand for demand-side response tariffs; UCL Energy Institute for Smart Energy GB, 2015 
4 In terms of maintaining acceptable temperature thresholds 
5 Essentially leasing the vehicle over several years before buying outright 
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Tesla supercharger network). 

They also have access to free electricity from Ecotricity’s Electric Highway 
rapid charge points, through a swipe card that can also be used in other 
charge networks. 

Facts: Personal Contract Purchase is the most popular access model among 
private cars (40% of new sales); 

Private BEV, with 
battery leasing 

A private owner uses a Hybrid access model (battery leasing), in which they 
buy the vehicle but lease the battery from the same entity.  The battery is 
paid for monthly, and rates depend on the length of the contract and on the 
agreed annual mileage. The OEM offers a battery performance guarantee. 
The user has registered to the Charge Your Car network, which operates 
charging points and collects the payments; billing is done through an 
application or through a swipe card.  The owner primarily charges at home 
and overnight, but benefits from cheaper prices through EDF’s Eco20:20 
time of use tariff.  Suppliers start to offer tariffs directly tied to EV 
ownership.  

Facts: Battery leasing is offered as the unique access model by some OEMs 
(i.e. Renault ZOE), or as one access model option by others (i.e. Nissan); In 
the UK time of use tariffs specific to EVs are not widespread. However, 
several national ToU trials are being carried out at the moment, and other 
countries already offer EV-specific ToU tariffs (i.e. Spanish Electric Vehicle 
Tariff) 

Company car PHEV 
chosen by user 

An employee chooses a Mitsubishi Outlander PHEV as a Benefit In Kind from 
their company, which has acquired the car through contract hire, and 
remains its owner.  Being a PHEV, the user benefits from lower Company 
Car Tax rates than petrol and diesel cars, maintenance and insurance are 
paid for by the company, and the employee benefits from lower Vehicle 
Excise Duty. The user can charge via the company’s charging infrastructure, 
located at the workplace, which is leased on a three-year base and paid for 
monthly and benefits from access to (Ultra) Low Emission Zones. 

Facts: ca. 40% of company car buyers are ‘user-choosers’; POD Point 
launched an option last year to lease fast charging points to businesses 

Electric Car club A user of E-car club, in Milton Keynes, has access to the vehicles through the 
payment of a membership fee plus an hourly or daily fee. The booking is 
online, and can be done last minute. The car is collected and returned at a 
central bay 

Facts: London is the second largest market for car clubs (ca. 160,000 
members), with an industry commitment to include at least 50% ULEVs in 
fleet by 2025 (London ultra low emission future) 
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3.3 Areas for further research and known gaps 

WP2 will inform on the attitudes and behaviours of consumers and fleets towards energy demand 
management through interviews that could potentially also seek evidence on these points.  In 
particular in relation to, the impact of fuel pricing options (i.e. Static or Dynamic Time of Use tariffs) 
and related charging control options (e.g. manual, automatic) on the uptake of PiVs. 

Gaps identified in the literature include: 

 Analysis and demonstrations currently in progress aim to understand the impact of 
different billing models (PAYG, subscription) and how important this is within the 
Customer Proposition. 

 The relative depreciation of PiVs in comparison with ICEVs is not well understood and is 
particularly critical among fleets.  Similar aspects include impact of the battery life and 
resale value on the owner experience, the potential impact that the secondary market 
could have on ULEV uptake, and the potential success of battery leasing in the UK (which 
is not well understood).   

 The potential penetration of solutions to provide overnight charging to households 
without off-street parking (e.g. socket network/ street furniture connections, shared 
charge points installed in residential areas) needs to be understood further (i.e. do they 
have the same value/provide as much certainty of access as ‘home charging’ for 
consumers). 

 There is uncertainty around the mass take-up potential of car clubs in cities.  

 The monetised value attributed by ULEV customers to perks (e.g. access to bus lanes, 
free parking, etc.) is not well understood, particularly in terms of the extent to which 
customers heavily discount these benefits at the point of purchase, particularly where 
there is the potential for this value to diminish in future with significant ULEV uptake (e.g. 
the time saved from bus lane access with many users).  This could include consumer 
attitudes to car ownership and the value of ‘status’ associated with owning a ULEV.  

 The monetised value attributed to having access to a secondary vehicle (eiher 
permanently/temporarily) or e.g. via alternative transport services (e.g. longer distance 
journeys via rail) 

3.4 Key focus areas for the Analytical Framework 

This section, and the equivalent sections 4.4, 5.4 and 6.4 for other Dimensions, highlights a number of 
aspects that are important to consider in the Analytical Framework, in some cases with reference to 
specific Narratives.  These are also replicated as section 4 of D1.1, which links the Analytical 
Framework (WP1) and the BBs that the framework will measure (WP4) – further detail on the 
application of each specific BB to the framework can be found in section 9 of D1.1.   

In the CP, those BBs categorised as high and medium6 materiality are:  

 Purchase methods in the access model are outright purchase, contract purchase, hybrid - 
battery leasing only, contract hire, short-term hire/ car clubs and the secondary market.  

                                                           
6 Medium materiality BBs are italicised 
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It is therefore important to attempt to reflect the impact of leasing, such as spreading 
costs over time for contract purchase, or reducing the cost the customer sees together 
with the vehicle lifetime in for contract hire, as distinct from outright purchase, in the 
Analytical Framework. 

 The secondary market for ULEVs is negligible in the UK currently, but is viewed as an 
important determinant of the economics of ULEV ownership in fleets.  The 
depreciation of ULEVs may be higher than ICEVs particularly when the battery life is 
less than the vehicle life and especially in the ‘Organic’ Narratives (as there is less of 
coordinated push to standardise around ULEVs).   

 Bundled installation of charging points, (i.e. provided with the vehicle) is classified as 
medium materiality.  For home and fleet charging points this could be added to the 
cost of the vehicle; the use of public charging points, together with the bundling of 
other services such as O&M, insurance and fuel, will be either described qualitatively 
or as part of the tariffs seen by the consumer in the CVC.  

 Electricity pricing options such as SToU will be reflected through exogenous charging 
profile assumptions, adjusted in relation to estimates of consumer response to electricity 
price shapes from the analytical tools.  Demand Management Payments should appear in 
several of the Narratives and under these overall DNO control of charging is assumed and 
modelled as a payment to consumers.  The EV owner benefits indirectly because 
distribution network reinforcements are not as significant as they would have been 
without charging control and the EV owner would separately receive a direct payment for 
providing the DM services (to a DM Aggregator who provides the consolidated service to 
the DNO). 

 For simplicity, the extent of consumer control will vary depending on whether the 
customers see flat tariffs, SToU (some load shifting, consumer charges less at peak 
times but does not transfer power into the grid from the battery), DToU (more load 
shifting, no transfer to grid), and managed charging (DNO direct load control, 
including payments for provision of such as service).   

 In the ‘Co-ordinated’ Narratives, it is assumed that a DNO expands its services to 
become a DSO, or Distribution System Operation (for instance aggregating individual 
loads and providing balancing services to the TSO).  However, for the purposes of 
analysis this will likely be represented as a DNO and Aggregator for all Narratives in 
which Demand Management Payments for the use of automated charging control 
apply7.  Note that active network management is assumed to be through network 
automation algorithms, rather than via instructions to individual users as per a 
traditional system operator role.  V2H may appear qualitatively as part of the OEM 
Innovation Narrative. 

 Hydrogen and liquid fossil fuel pricing will be variable, although to a lesser degree of 
granularity than electricity, and charged in a PAYG manner, as per current pricing of 
liquid fossil fuels  

 Recharging availability should reflect, in particular, private charging (home), workplace 
and public charging (rapid).  For the latter, the access to charging and the extent of the 
network is important.  

                                                           
7 As the DSO model is much broader than PiV charging and considers e.g. connection and management of 
various types of embedded generation 
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 The billing models that the customer sees may vary between Narratives, such as the 
subscription model, and support for price certainty (e.g. real time data on current charging 
costs, at public locations for instance, to allow the consumer to take informed decisions 
on where it is more economically sensible to charge), may be important.  However, there 
is limited direct evidence on this and it is not practical to model differences directly within 
the Analytical Framework.  

 The variations in billing models by Narrative will be described qualitatively and could 
be tested, or simulated, in the Stage 2 Trial. 

 The extent of consumer control: sole vs. shared, charging control (indirectly captured 
through response to ToU tariffs and V2G provision) and the vehicle choice.  Shared use is 
more applicable to the ‘Mobility as a Service’-based Narratives and its impact could 
potentially be captured via the extended use of fleets as opposed to consumer vehicles, 
assuming that a higher proportion of ULEVs is fleets and consumers hire these hour-by-
hour.  

Other cost/ subsidy elements that are part of the CP are for instance VED and Company Car Tax.  
These can be factored-in to the uptake tool and will be discussed further as part of the MPF. 

The CP building blocks have been applied in a manner consistent with the description of the 
Narratives as shown in the summary Table 5, further detail is provided in D4.1 Section 7.   

Table 5 Summary of BBs to Narrative mapping for the Customer Proposition 

 

 

Building Block Name BaU 
OEM 

innovation 
City led 

ULEV 
enabled 

Hydrogen 
push 

Transport 
on demand 

       

1. Outright purchase        

2. Contract Purchase       

3. Hybrid (battery lease)       

4. Contract hire       

5. Short-term hire/car club        

6. Secondary market        

7. Bundled installation of charge points       

8. Maintenance, servicing and insurance      

9. Access to other vehicles or forms of 
transport when ULEV unsuitable  

     

      

10. Static ToU       

11. Dynamic ToU       

12. Demand Management Payment       

13. Flat tariff       

14. Vehicle to Grid/House (V2G/H)        

       

15. Private charging       

16. Public charging in motorways and A-
roads (rapid) 

      

17. Public charging in local points (mid-
level) 

      

18. Workplace charging       

19. H2 refuelling stations       

20. Battery swapping       

 Captured quantitatively 

 Captured qualitatively 

 Exists as per BaU 
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Building Block Name BaU 
OEM 

innovation 
City led 

ULEV 
enabled 

Hydrogen 
push 

Transport 
on demand 

21. Electrolyte charge       

22. Dynamic charging       

23. Forecourt       

       

24. Subscription model        

25. Support for price certainty         

26. Traditional pay per unit model       

27. Multi-modal        

28. Own account       

       

29. Sole vs shared use       

30. Charging control       

31. Vehicle choice        

In terms of building blocks that are not considered explicitly or tackled more qualitatively across the 
Narratives the rationale for these is as follows: 

 CP3 - Hybrid models -  these are unlikely to show sufficient variation compared to the 
other purchase models which span the range from outright purchase, leasing and ‘on-
demand/hire’ 

 CP9 – Access to other vehicles – there is limited evidence to quantify the monetised value 
consumers place on this and it is deemed of secondary importance given that this issue is 
considered more explicitly in the Analytical Framework via consideration of access to 
charging infrastructure and physical sufficiency of the ULEVs to meet the desired driving 
range in their role as the primary vehicle 

 CP14 – Whilst dedicated V2G could be used for flexibility services, such as providing 
power back to the grid during a shortfall, it is assumed that consumers would not 
normally enact V2G themselves (i.e. as a reaction to price signals for energy arbitrage) 
without automated controls to facilitate this process.  The focus of the literature is also 
predominantly around DNO/Aggregator led demand management (CP12/CP29), which is 
considered in a number of Narratives and would restrict the ability of the consumer to 
manage their own charging or export back to the grid.  V2G/H is also dependent on the 
level of battery degradation that might be experienced under more extensive charging 
cycles, which will be explored further as part of WP3. 

 CP24-28 – there is limited evidence to understand the extent to which consumers value 
different forms of billing models (as opposed to the actual costs of the energy or transport 
service) and hence these BBs are more illustrative examples of what might sensibly exist 
given the broader Narratives, rather than integral part of the success of the each 
Narrative 

 CP20-22 – more novel forms of PIV charging have been excluded either due to early 
evidence that they are likely to be less effective (e.g. a move away from attempts to 
commercialise battery swapping) or a high degree of uncertainty over the long-term 
prospects for others such as electrolyte or dynamic charging (at least for mass market 
consumers).  Given the number of BB permutations associated with more ‘standard’ 
charging infrastructure (availability, locations, pricing, etc) these have been the focus for 
differentiation across the Narratives  
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4 Physical Supply Chain (PSC) 

4.1 Overview 

The Physical Supply Chain (PSC) Dimension covers all of the supply chain components relevant to the 
transport sector and ULEVs in particular, including those associated with the energy supply chain.  

The materiality for the Analytical Framework and Research and Development (R&D) needs for each 
BB have been identified.  To support an initial view of materiality, two types of high-level assessment 
have been carried out: 

 Comparative assessments (e.g. change in Scenario compared to BaU): indicative impact of 
changing key parameters of each BB in terms of the costs or CO2 emissions (i.e. the 
difference in battery costs comparing a BaU vs. rapid cost reduction Scenario) 

 Absolute assessments (e.g. stand-alone materiality within Scenario): capture the relevance 
of each BB within its category (e.g. what percentage of the vehicle capex does the battery 
or the electric motor constitute), or the relevance of the BB at the system level (e.g. 
investment required by 2050 in distribution network reinforcements).  

A summary of key R&D gaps, a specific deliverable requirement for this Dimension, is captured in 
section 4.3.1, and a summary of the BBs and their materiality is shown in Table 6.   A more detailed 
description of each BB is included within the supporting spreadsheet, with an example in Figure 3.   

Table 6  Summary of BBs included in the PSC 

Materiality for framework 

High 

Medium 

Low 

 

VEHICLES 
ENERGY 
GENERATION 

ENERGY 
TRANSPORT 

ENERGY 
STORAGE 

REFUELLING 
INFRASTRUCTURE 

BACK OFFICE/IT 

1. Battery * 8. Electricity 
generators * 

12. Electricity 
distribution 
network * 

17. Large 
batteries 

21. Private 
charging * 

25. Industry 
standards 

2. Battery 
Management System 
* 

9. H2 
generation  
plants * 

13. Electricity 
transmission 
network * 

18, Large 
underground H2 
storage * 

22. Public 
charging * 

26. Assets for 
settlement (e.g. 
smart meters) 

3. Fuel Cell System 
(incl. range 
extenders) * 

10. Biofuel 
plants * 

14. H2 
distribution * 

19. Oil strategic 
reserves 

23. H2 refuelling 
stations * 

27.  Assets for 
comms. 

4. Generic high 
technology readiness 
components (e.g. 
chassis, engine) * 

11. Refineries 
 

15. Trucks for 
liquid fuels * 

20. Natural gas 
storage 

24. Forecourts * 
 

28. Data servers for 
Big Data 

5. Electric motor    16. Gas 
network 

    29. Assets for 
comms. from/ 
to vehicles 

6. Vehicle H2 tank *          

7. Comms systems            
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Figure 3 Example of detailed BB view in the supporting spreadsheet for the PSC 
 
Category   Vehicles 

Building block number   1 

Building block name   Battery 

Explanation   Electricity storage component in plug-in electric vehicles. Primary influence on 
the cost and performance of all plug-in vehicles, as well as ability to provide 
managed charging Scenarios 

      

Currently in the UK?   Yes 

Explanation/ examples   Most cars in the market have Li-ion batteries (i.e. Nissan Leaf, Mitsubishi 
Outlander) 

      

Quantification of impact 
-  
A1, A2, A3) 
COMPARATIVE 
ASSESSMENTS - how 
does changing the most 
material(s) state(s) 
across its different levels 
affects the analytical 
framework (i.e. 
comparing high/low with 
BaU Scenarios, in terms 
of costs for the system, 
CO2 emissions, etc.) 

A1) CO2 emissions reduction 
potential  
(as % of total 2012 car CO2 
emissions; Low: <5%, High: 
>20%) 

 

A2) Cost reduction potential  
(as % of difference between 
Scenarios; Low: <5%, High: 
>20% difference) 

High (battery cost differ 15-20% between the 'extreme Scenarios', all along 
2020 towards 2050) 
'Extreme Scenarios': comparing low battery cost, low range and high battery 
cost, high range Scenarios. The materiality of changing the state from a low to a 
high cost case is high, as this could determine whether PiVs are viable or not 

A3) Others  
(specified when relevant) 

High (BEVs premiums over ICEVs differ ca. 10 and 5 % respectively, in 2020 and 
2050, between extreme Scenarios) 
'Extreme Scenarios': comparing low battery cost, low range and high battery 
cost, high range Scenarios 

B1,B2,B3,B4) ABSOLUTE 
ASSESSMENTS - what is 
the importance of a 
particular state for the 
analytical framework; i.e. 
what % of a BEV capex 
constitutes the battery 
  
  
  

B1) Technology development 
(high: technology development 
critical for mass deployment 
and use of ULEVs) 

High - battery cost reduction is an important factor underpinning ULEV uptake, 
among other factors 

B2) Costs  
(as % of capex; low <10%, high: 
>20%) 

High (BEVs: 25-30% and ca.20% of capex in 2020 and 2050, respectively) 
Today: 40% of costs (ca. £9k for a C-segment car; initial modelling with ECCo's 
cost and performance database) 

B3) System costs, i.e. associated 
to infrastructure investment, 
(cumulative values; Low: 
<100million; high: >1billion) 

  

B4) Others (specified when 
relevant) 

  

      

Overall Materiality    High 
Battery costs and performance are a critical influence on uptake of ULEVs and 
hence overall opportunity for managed charging 

      

Information Required: 
States - they are ranked 
in order of importance. 
The first(s) one(s) are be 
used for the quantitative 
assessment 
  
  
  

1 Battery cost:- dependant on states below 
LOW (from 160 £/kWh in 2020 to 89 in 2050; 25-35kWh band, 2010£) or 
BaU (from 208 £/kWh in 2020 to 89 in 2050) 
i.e. cost differences between Scenarios of 25%, 10%, 5% and 0% in 2020, 30, 40 
and 50 (values from ECCo's cost and performance database with HIGH range, 
LOW energy density, Li-ion batteries) 
This state is based on assumptions on the states below (range, energy density, 
type of batteries)  
Values will be based on Scenarios developed in battery cost modelling in WP3 
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  2 Electric range (underlying assumption of battery cost): - output from WP3 
HIGH e.g. OEMs 'spend' battery improvements on increasing pack sizes and 
vehicle range 
LOW e.g. OEMs favour cost reductions rather than significant range increases, 
reflecting a world where consumers become comfortable with limited range 
EVs as infrastructure increases 

3 Battery technology development (energy density) (underlying assumption of 
battery cost): - output from WP3 
HIGH (ca. 0.28kWh/kg, 2050) or  
BaU (0.14kWh/kg, 2050 as per today state-of-the-art); Values from ECCo's cost 
and performance database 

4 Battery technology development (degradation) (underlying assumption of 
battery cost): - output from WP3 
HIGH e.g. lifetime less than vehicle lifetime, some managed charging 
configurations increase degradation or  
LOW - e.g. little or no impact of charging configurations on degradation, battery 
life exceeds vehicle design life 

5 Battery type (underlying assumption of battery cost): - output from WP3 
Lithium-ion (variants and combinations of LMO, NMC, NCA) or Lithium-sulphur 
(post 2030) 

4.2 Synthesis of evidence and literature 

The Physical Supply Chain (PSC) Dimension covers all of the supply chain components relevant to the 
transport sector and ULEVs in particular, including those associated with the energy supply chain.   

The research questions for the literature review have focused primarily on: 

 What is the availability of different technology BBs? 

 How significant are the BBs expected to be in terms of driving ULEV-related costs both 
now and in the future? 

In contrast to the Customer Proposition dimension, most PSC BBs exist across multiple narratives, 
but the extent to which they are used – i.e. their materiality – depends significantly on the uptake 
and utilisation of different types of vehicles in the analysis of the Narratives.  However, key initial 
insights from the review of literature are: 

 Vehicles 

 Battery costs will continue to comprise a significant portion of the costs of PIVs in the 
near term (~40% now ~25-30% in 2020), but they are dropping steadily coupled with 
more gradual improvements in range.  A variety of more novel battery chemistries 
(e.g. Lithium Sulfur) exist, but their likely cost is subject to significant uncertainty.  A 
more detailed assessment of battery technologies is being undertaken as part of WP3 
and costs/performance data will be included within the Analytical Framework.  In 
contrast to PIVs there is still significantly higher uncertainty over the long-term costs 
of Fuel Cell systems vehicles 

 Continued, but more incremental improvements, are expected in conventional 
vehicle components through weight reduction and improved energy efficiency, but 
many of these will benefit ULEVs as well as conventional vehicles 

 Energy carriers 

 Hydrogen production is well established at small and medium scales via existing 
industrial processes (e.g. SMR).  The key challenge moving forwards is production at 
larger scale for ULEVs in a manner that has low carbon intensity and at reasonable 



 

  |  CVEI Project: TR1006_D4.1. Initial Analysis of Technology, Commercial and Market Building Blocks for Energy Infrastructure  27 

Baringa Partners LLP is a Limited Liability Partnership registered in England and Wales with registration number OC303471 and with registered offices at 3rd Floor, Dominican Court, 17 Hatfields, London SE1 8DJ UK.  

cost.  To reduce carbon intensity sufficiently this is generally dependent on CCS-
based production routes (SMR + CCS or coal/biomass gasification + CCS) or large 
quantities of cheap, low carbon electricity (e.g. from new nuclear).  Localised 
production (e.g. via small scale electrolysers) tends to be more expensive and the 
value of this route needs to be contrasted with the additional costs of distribution 
from centralised production 

 Second generation biofuel production routes offer potentially significant CO2 
reductions (e.g. 70%+ on a well-to-wheels basis compared to petrol and diesel)  

 Distribution of energy 

 Management of electrification of vehicles (both scale of supply and balancing) on the 
wider energy system and associated carbon benefits will benefit from broader 
activity associated with e.g. integration of increasing levels of intermittent generation 
and electrification of heat (which are likely to place higher absolute demands on the 
electricity system than electrification of transport) 

 Individual components of hydrogen distribution technologies are generally already 
established and the costs of distribution are generally small compared to the overall 
fuel selling price (potentially <10%).  The choice of e.g. pipeline versus truck 
distribution 

 IT / communications 

 Technology pre-requisites are required to enable greater management of PIV 
charging (either by the consumer or more directly by an Aggregator / DNO), such as 
smart metering and control systems for Active Network Management.  But, these are 
already been driven by other factors of which PIVs are only one aspect (mandated 
roll-out in the case of smart meters and the requirement for more active 
management of all supply/demand by DNOs) 

 Interoperability and standards, e.g. with respect to charging infrastructure, are seen 
as an important enabler of PIVs from the customer perspective and are primarily a 
matter of coordination as opposed to technology development 

4.3 Areas for further research and known gaps 

4.3.1 Key R&D needs 

For the PSC, key R&D needs for each BB have been identified, a summary of which is presented in 
Table 7.  These will be updated as part of the final version of the Building Blocks in deliverable D4.2.  

Table 7 Summary of R&D needs for the Physical Supply Chain 
 

VEHICLES 
ENERGY 
GENERATION 

ENERGY 
TRANSPORT 

ENERGY 
STORAGE 

REFUELLING 
INFRASTRUCTURE 

BACK OFFICE/ 
IT 

Battery*: Li-on 
energy density, Li-S 
and Li-air batteries, 
degradation rates, 
battery pack 
manufacture 

Electricity 
generators: 
conventional, 
mature. R&D for 
most renewables  

Electricity 
distribution 
network: low 
voltage control 
technology (i.e. 
solid state 
transformer) 

Large 
batteries: 
technically 
proven. R&D 
specific to 
technology 
type 

Private charging: 
inductive charging, 
cost and 
performance (i.e. 
higher power 
ratings) 

Industry 
standards: 
several under 
development 
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BMS*: state-of-
charge, state-of-
health and control 
algorithms for 
central management 

H2 generation: 
‘Brown H2’ 
production roll-
out ready  

Electricity 
transmission 
network: HVDC 
cables, better 
deep-water 
foundations 

Large 
underground 
H2 storage: 
large scale salt 
caverns, 
interaction with 
intermittent 
renewables 

Public charging: 
inductive & 
dynamic charge, 
street furniture, 
electrolyte 
refuelling 

Assets for 
settlement: 
Smart meters - 
capabilities, 
data exchange 
protocols 

Fuel Cell System: 
industrialisation of 
initial FCEV volume 
manufacturing 
processes 

Biofuel plants: 
next generation 
fuels e.g. from 
gasification of 
solid biomass 

H2 distribution: 
mature. 
Increase mass 
stored per truck 

Oil strategic 
reserves 
mature 

H2 refuelling 
stations (HRS): 
demonstrate ‘roll-
out ready’ HRS, 
compressor 
reliability, 
maintenance cost 

Assets for 
comms.: 
demonstration 
of Active 
Network 
Management  

Generic high 
technology 
readiness level 
components: novel 
materials and 
efficiency measures 

Refineries: 
mature. 
Introduction of 
drop-in biofuels 
(Hydrotreated 
Vegetable Oil) 

Trucks for 
liquid fuels: 
mature. 
Improved 
efficiency 

Natural gas 
storage 
mature 

Forecourts 
mature 

Assets for 
comms. 
from/to 
vehicles: 
navigation 
software, apps 

Electric motor: low 
voltage and cheap, 
no rare earth metal 
motors 

  Gas network: 
mature 

    Data servers 
for Big Data: 
mature 

Vehicle H2 tank: 
novel materials for 
lower costs, higher 
capacity-to-weight 
and capacity-to-
volume 

       

Communication 
systems: standards 

          

 
Note: *A literature review will be conducted in WP3 for these BBs 

Table 8 summarises the main sources used to address the R&D needs within each BB, where a more 
detailed description can be found. Those where the technology is fully mature, have been excluded 
from Table 8.   

Table 8 Summary of sources for key R&D needs 
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5        x              

6        x              

7        x              

8        X              

9          x x  x         

Sources: 

1) Website (indicated as a comment in ‘Level of technology development’, in the workbook) 
2) Cost and performance of EV batteries. Element Energy for the Committee on Climate Change, March 2012 
3) Technology Innovation Needs Assessment (TINA) Hydrogen for Transport Summary Report, Low Carbon 

Innovation Coordination Group, November 2014 
4) Intelligent Mobility Technology Roadmap, Automotive Council, 2013 
5) Technology Innovation Needs Assessment (TINA) Offshore wind Power Summary Report, Low Carbon Innovation 

Coordination Group, February 2012 
6) Technology Innovation Needs Assessment (TINA) Bioenergy Summary Report, Low Carbon Innovation 

Coordination Group, September 2012 (covered under ‘biopower’) 
7) Technology Innovation Needs Assessment (TINA) Marine energy Summary Report, Low Carbon Innovation 

Coordination Group, August 2012 
8) Technology Innovation Needs Assessment (TINA) Carbon Capture and Storage in the Power sector Report, Low 

Carbon Innovation Coordination Group, August 2012 
9) Technology Innovation Needs Assessment (TINA) Electricity Networks and Storage (EN&S) Summary Report, Low 

Carbon Innovation Coordination Group, August 2012 

4.3.2 Outputs of other Work Packages for the Analytical Framework  

Information about the battery and battery management system will be provided as part of WP3 and 
incorporated into the Analytical Framework (e.g. in terms of updated cost and performance data).   

4.3.3 Gaps in the literature 

Gaps identified in the literature include: 

 More research may be required on the potential role of low voltage motors for PiVs and 
to quantify the impact on the total cost (e.g. there may be a trade-off between cheaper 
batteries and more expensive motor/electronics controls), however, this is currently 
considered to be a low materiality BB based on the low R&D impetus vs. improvement of 
high voltage battery packs.   

 Industry standards: a more detailed understanding of the impact of different levels of 
industry standards (e.g. strict standards to guarantee the interoperability of ULEVs with 
the charging infrastructure) 

4.4 Key focus areas for the Analytical Framework 

The high/medium materiality Building Blocks in the PSC are discussed below: 

 For the vehicles the material components are the battery and battery management 
system (which will be part of the focus of WP3) and the fuel cell system.   

 The electricity generators and H2 generation plants are an important part of the energy 
generation category and will be accounted for in the system modelling.  The price of 
electricity and H2 will vary under different Narratives depending on the generation mix 
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(including types and capacities of H2 generation technology deployed).  A distinction will 
need to be made between localised H2 generation (e.g. on-site via electrolysis) and 
centralised generation and the cost differences between these.   

 Energy carrier transport needs to be considered, in particular the electricity distribution 
network, H2 distribution network and to a lesser extent the electricity transmission 
network. The investment requirements for the networks depend on demand for energy 
vectors which varies by Narrative.  In most Narratives it is assumed that H2 distribution is 
carried out by trailers as this is generally more cost effective at lower volumes, however, 
the H2 Push Narrative may include pipelines in the longer-term (to forecourts) 

 The focus of the recharging/ refuelling infrastructure should be on private charging, 
public charging, H2 refuelling stations and petrol/ diesel forecourts – the demand for 
infrastructure will vary between the Narratives8  

The PSC building blocks have been applied in a manner consistent with the description of the 
Narratives as shown in the summary in Table 9, further detail is provided in D4.1 Section 7.   

Table 9 Summary of BBs to Narrative mapping for the Physical Supply Chain 

 

 

Building Block Name BaU 
OEM 

innovation 
City led 

ULEV 
enabled 

Hydrogen 
push 

Transport 
on demand 

       

1. Battery       

2. Battery Management System        

3. Fuel Cell System       

4. Generic high technology readiness 
components (e.g. chassis, engine) 

      

5. Electric motor        

6. Vehicle H2 tank       

7. Communication systems        

      

8. Electricity generators       

9. H2 generation plants       

10. Biofuel plants       

11. Refineries       

       

12. Electricity distribution network        

13. Electricity transmission network       

14. H2 distribution       

15. Trucks for liquid fuels       

16. Gas network       

       

17. Large batteries       

18, Large underground H2 storage       

19. Oil strategic reserves       

20. Natural gas storage       

       

21. Private charging       

                                                           
8 E.g. less demand in Narratives without FCVs due to a lack of H2 stations that would otherwise have been sited 
at petrol/ diesel forecourts.  In this situation fossil forecourt retailers would likely require Government 
subsidies to remain commercially viable given the same number of overall forecourts. 

 Captured quantitatively 

 Captured qualitatively 

 Exists as per BaU  
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Building Block Name BaU 
OEM 

innovation 
City led 

ULEV 
enabled 

Hydrogen 
push 

Transport 
on demand 

22. Public charging        

23. H2 refuelling stations       

24. Forecourts       

       

25. Industry standards       

26. Assets for settlement (e.g. smart 
meters) 

      

27.  Assets for comms.       

28. Data servers for Big Data       

29. Assets for comms. from/ 
to vehicles (e.g. autonomous vehicles) 

      

In contrast to the Customer Proposition dimension, most PSC BBs exist across multiple narratives, 
but it is the extent to which they are used which will depend on the uptake and utilisation of 
different types of vehicles in the analysis of the Narratives.  The rationale for excluding specific BBs or 
treating them more qualitatively is as follows: 

 PSC7/25/26/27/29 - Measures such as industry standards should form a part of the 
relevant overarching Narrative but their impact cannot be quantified explicitly and hence 
they can only be explored more qualitatively 

 PSC10/11/17 are included in the Analytical Framework as part of the existing tools used, 
but are modelled only at a relatively high level (e.g. large scale batteries in the ESME 
model) or treated as a boundary condition (e.g. Refineries via exogenous assumptions for 
petrol/diesel wholesale costs) 

 PSC16/19/20 are not modelled explicitly as part of the Analytical Framework tools, but 
their direct impact on ULEV uptake is deemed to be very limited (as they have limited 
impact on the cost of availability of infrastructure from the perspective of the ULEV 
owner) and hence there is negligible value to including them in the analysis 
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5 Commercial Value Chain (CVC) 

5.1 Overview 

The CVC consists of the entities that exist in the value chain, together with the underlying business 
models that define how each of these creates value.   

Given the myriad of potential commercial entities across the value chain these have been simplified 
to focus on generic commercial entities (and variants of these), which are closest to the consumer or 
more material in terms of ULEV specific investments.  This section describes the approach taken in 
doing so and the final list of entities that will be incorporated within the Analytical Framework, 
whereas the logic for how the ‘commercial viability’ of the entities will be assessed is described 
within the separate deliverable D1.1, as part of the discussion on the tools used in the Analytical 
Framework. 

5.2 Synthesis of evidence and literature 

The approach taken was to first identify all entities on the value chain, categorised in a matrix by: 

1. Category: e.g. transport (Vehicles, Batteries, Fuel Cells) or Fuel & Infrastructure (Electricity 
& Charging Points, Hydrogen & Pipelines/ Trucks/ Trailers, Liquid Fuels & Trailers) 

2. Position: along the value chain, in terms of ‘classic’ business models (Manufacturer, 
Broker/ Exchange Operator, Installer, Site Developer, Owner, Operator, Distributor, 
Retailer, Service Provider and Secondary Services) 

An initial assessment of materiality for the Analytical Framework was undertaken and partnerships/ 
mergers already in existence were noted, together with those that may make commercial sense in 
the future.  This raised several key challenges that commercial entities might need to meet in order 
to efficiently achieve high ULEV uptake (aside from the commercially viability of the business model, 
which will be assessed using the Analytical Framework): 

 How can the impact of plug-in vehicles on electricity distribution networks be managed? 

 How can network management be structured?  How can efficient reinforcement be 
incentivised? 

 How would hydrogen be delivered to the consumer? 

 How could a hydrogen network be financed?   

 What drives the viability of pipeline versus truck-based distribution? 

 How might integration of vehicle provision, energy provision and other bundled services 
be achieved? 

 What constructs efficiently achieve this integration? 

 How can fossil fuel business models be sustained? 

 As volumes decline, can a fossil fuel distribution business be made viable? 

 How will deployment of charging infrastructure be financed? 

 Public finance, private businesses, individual installation? 
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Targeted research was undertaken by E3 and Baringa, to provide information on how these 
questions might be answered by the CVC, and to understand the roles of each entity and relevant 
business models already in existence in the UK and elsewhere (this information has been 
incorporated into the descriptions of the business models in the supporting spreadsheet).  Key 
insights include:   

 Vehicle-related propositions 

 Vehicle manufacturers/retailers are already beginning to offer a range of 
financing/leasing packages to PIV consumers mirroring the Customer Proposition 
Building Blocks and this is expected to increase in future helping to overcome the 
barrier of high upfront cost of ownership for ULEVs  

 PIV-based car hire/sharing is still in its relative infancy, particularly in the UK.  There 
are however, more developed examples in other countries, such as Car2Go in the US, 
which also includes bundling of additional services including energy.  This is 
facilitated via free charging at a number of points in San Diego owned by partner 
charging point operator ECOtality  

 Charging infrastructure and propositions 

 A wide range of entities are involved in the development of non-home charging point 
infrastructure from dedicated charging point providers (e.g. Chargemaster), OEMs 
such as Tesla to retail suppliers such as Ecotricity in the UK.  However, the 
deployment of such infrastructure is still at relatively small scale and many charging 
points are either free or heavily cross-subsidised to serve other purposes (e.g. 
promote customer loyalty, advertising) and a question mark remains of the viability 
of these approaches at larger levels of infrastructure deployment and use. 

 Other more novel forms of charging infrastructure have proven less successful 
commercially.  ‘Better Places’ battery swapping business in Denmark/Israel went into 
administration in 2013 and Tesla have recently dropped plans to commercialise 
battery swapping stations, instead focusing on their rapid charging network 

 Enabling demand management 

 Demand management of PIV charging in the UK has been delivered through DNO-led 
innovation trials under Ofgem’s Low Carbon Network Fund, such as SSEPD’s My 
Electric Avenue project and UKPN’s Low Carbon London project.  To date the focus 
has been on been on the technical and economic issues associated with managed 
charging at the DNO level and less on new commercial arrangements.   

 Whilst aggregators could at present monetise PIV demand management services and 
sell these to the TSO (e.g. as part of National Grid’s Short Term Operating Reserve 
programme) commercial routes to monetise these services at the DNO level are still 
in their relative infancy.  This is driven in large part by the clear separation of network 
ownership from supply of energy in the GB market, which does not exist in many 
other countries (e.g. some utilities in California) and hence these markets are often 
more developed in terms of their commercial structures to facilitate demand 
management 

 At the distribution level active management of PIV demand is closely tied into the 
broader evolution of the DNO in the UK to more actively manage both supply (e.g. 
distributed generation) and demand as part of a move to a DSO (Distribution System 
Operator model). 
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 Facilitating new hydrogen infrastructure 

 Large-scale hydrogen network development for transport is not necessarily 
contingent on significant Government intervention and bodies of work such as the 
H2Mobility project in the UK have illustrated how such a network could be developed 
organically through coordinated private sector activity.   

 This does have implications for how such infrastructure may be developed as it tends 
to favour e.g. truck and trailer distribution to facilitate more incremental roll-out and 
avoid the potential for significant lumpy investments in larger scale pipeline 
infrastructure.  These could be more economic with larger volumes of hydrogen in 
later years, but have a higher risk of asset stranding 

Using the targeted research, the long list of entities (defined by their position and category) was 
condensed to a short list of generic entities that are considered to be material, and variations to 
these that are novel, or that could be particularly important for ULEVs.   The specific entities (BBs) on 
the CVC will vary by Narrative.   

5.2.1 Framing the business models 

Using the short list of commercial entities, the business models have been defined using a 
framework.  This gives high-level information about the elements that collectively represent each 
specific model: Partner Network, Key Activities and Resources, Offer, Customer Relationships and 
Distribution Channels, Customer Segments, and Revenues and Costs.  

‘Generic’ models have been used as a basis, either drawing on traditional models, or existing 
examples (in the UK or elsewhere) that are starting to gain traction.  Variations to these generic 
models are included on each framework as either: 

 Changes to the activities assumed within one model, e.g.  

 a Charging Point Operator may vary through its use or not of distributed generation 
on-site, tariffs used for cost recovery, payment to host (e.g. host sites the stations for 
free or a fee/ rent), and ownership models (charging points owned by Charging Point 
Operator itself, by an OEM, a utility, or the host) 

 Vehicle Sharing Schemes might provide different offerings to their customers; for 
instance, manufacturer or third-party led (BMW DriveNow uses BMW cars, whereas 
Car2Go buys cars from local dealerships), the range of operation (ZipCar uses range 
extender vehicles, whereas other operators may be city-led and offer BEVs only), 
incentivised charging, cost of parking, and the extent of associated apps/ digital 
offerings  

 Closely-linked or very similar types of business models that can be described on the 
same framework, e.g. 

 a Hydrogen Network Operator may typically operate at least in the short-medium 
term by delivering hydrogen gas in high pressure tube trailers/ cannisters; variants 
may be building new pipelines, re-purposing using existing gas pipelines (through 
injection and recovery of hydrogen in the natural gas stream) or delivery as a liquid in 
tankers 

 a Vehicle Leaser is described as the generic business model; a Battery Leaser is 
similar enough to be described as a variant to this and would likely combined with 
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the Vehicle Leaser.  Vehicle Sharing Schemes have been described separately as their 
focus is on shorter-term mobility and in some cases these could also be used as an 
advertising tool to encourage uptake of ULEVs  

Appendix A shows the business model examples using the framework.  Detailed descriptions of the 
business models for the short listed commercial entities are provided in the supporting spreadsheet.   

These entities are represented on the Analytical Framework in deliverable D1.1, section 8.1.1 – Focus 
of CPAT Tool.   

5.2.2 Example business model 

An example of the business model on the framework for the Vehicle Manufacturer is shown in Figure 
4.  Table 10 provides the detailed description of this example, taken from the supporting 
spreadsheet. 
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Figure 4 Business model of the Vehicle Manufacturer described using the framework 

 

 

Table 10 Business model of the Vehicle Manufacturer described in detail 
 

Vehicle Manufacturer  

Known 
examples 
  

Nissan LEAF, Mitsubishi Outlander PHEV, Tesla Model S, Chevrolet Volt, Toyota Prius 

Honda FCV Concept (US, 2017), Toyota FCV Mirai (US 2015-16), Hyundai FCV Tucson (US, 
2014) 

  

Generic Vehicle Manufacturer (e.g. Nissan LEAF) 


















































































































