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Electric Road Systems

 An Electric Road System (ERS) is an 
economically attractive solution to decarbonise 
Heavy Goods Vehicles (HGVs) HGVs in the UK

 An ERS reduces the battery capacity needed for 
many journeys vs. “big-battery” trucks

 This reduces:
 Vehicle cost, weight & efficiency
 Embodied emissions
 Peak loading on the electricity grid

 Objectives:
 Techno-economic comparison with BEV/FCEV
 Quantify impact on battery sizes
 Country-agnostic ERS investment model



UK ERS research overview



2020 CSRF White Paper

 Three ERS “phases” / topographies identified

 Infrastructure cost of £19.4 billion over 8 years

 Attractive payback period for operators & infrastructure providers

 Government recoups 100 % of diesel tax revenues

Ainalis, D. T., Thorne, C., & Cebon, D. (2020). White Paper: Decarbonising the UK ’s Long-Haul Road Freight at Minimum 
Economic Cost. Technical Report CUED/C-SRF/TR17. Centre for Sustainable Road Freight.



2021/2022 UK ERS demonstrator feasibility study

 National system specification, cost & delivery plan

 Embodied carbon emissions study

 Design of a 30 lane-km demonstrator on the M180

 Demonstrator vehicle and charging needs identified

C de Saxe, D Ainalis, J Miles, P Greening, A Gripton, C Thorn, D Cebon, “Vehicle & charging requirements for an electrified 
road freight system demonstrator in the UK”, Transport Research Arena, Lisbon, 14-17 Nov. 2022



M180 demonstrator
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Minimum 30 lane-km
= 15 km in both directions
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2022 Technoeconomic comparison with HFCEV

 Extension and formalization of the white paper study

 Confirms beneficial economics of ERS

Ainalis, D., Thorne, C., & Cebon, D. (2022). Technoeconomic comparison of an electric road system and hydrogen for 
decarbonising the UK’s long-haul road freight. Research in Transportation Business & Management, 100914.



2023 ERS vs “big-battery” simulations

 Validated driving cycle simulation model

 Real-world edge-case logistics journeys

 Battery sizes determined for a range of charging scenarios

C de Saxe, D Ainalis, J Miles, P Greening, A Gripton, C Thorne, D Cebon, "Battery and charging requirements for a UK 
electric road freight system", Transportation Engineering, vol. 14, pp. 100210, 2023.



Driving cycle simulations

C de Saxe, D Ainalis, J Miles, P Greening, A Gripton, C Thorne, D Cebon, "Battery and charging requirements for a UK 
electric road freight system", Transportation Engineering, vol. 14, pp. 100210, 2023.



Detailed drive cycle simulation model
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Detailed drive cycle simulation model

44t
Maximum permitted 
combination mass 44t

Trailer refrigeration
(8-16kW on/off)

Cabin heating
(1-3 kW)

Regenerative
braking

ERS supplies power 
needs and charges 
battery at ~150 kW

•Based on (Madhusudhanan 
& Na, 2020)

•Updated in consultation 
with Scania & Siemens.

•Validated against German 
ERS data with 1.3% error.

Useable state-of-
charge = 20-100%

Static charging:
100 kW @ depots
600 kW @ drop/rest



Driving cycle simulations
Scenarios & journeys



ERS scenarios

2,750 km 5,500 km 8,500 kmLength (2-way):

ERS 
network



Static charging scenarios

100 kW

600 kW

600 kW

2. Drop-off charging 
(20 min)

3. Rest stop charging 
(45 min)

1. Depot charging 
(all scenarios)

600 kW

600 kW

600 kW

600 kW



Journeys

Tramping day 2
Wetherby (overnight), Newton 
Stewart, Girvan, Irvine, Tirril

Tramping day 1
Tirril, Shap, Bolton, Buxton, St Ives  
(Cambs), Wetherby (overnight)

Warehouse-to-warehouse
Royal London Hospital to Wath-upon-
Dearne

Warehouse-to-warehouse
Swindon to Newton Aycliffe

Multi-drop
Andover, Lymington, Romsey, 
Andover, Yeovil, Ongar, Andover

Multi-drop
Aylesford, Saxmundham, Woodbridge, 
Kingston-upon-Thames, Aylesford

Multi-drop
Aylesford, Bloomsbury, Kensington 
Gardens, Ramsgate, Aylesford

Multi-drop
Aylesford, Eastbourne, Lewes, 
Marylebone, Aylesford

Summary
8 trips across England

Distances of 290 – 690 km
Durations of 3.6 – 15 hr



Driving cycle simulations
Results



Drive cycle   (Tramping Day 1, ERS L + drop-off charging)
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Journey matrix (battery sizes)  (Tramping Day 1)

None L M H
None 1479 573 367 224
Drop-off 718 357 167 122
Rest stops 910 429 367 224
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Tramping Day 1
ERS topography

600 kW

600 kW

600 kW

600 kW

100 kW 600 kW

Tirril  Shap  Bolton   Buxton   Leicester (rest)  
 St Ives (Cambs)   Wetherby (overnight)



ERS vs. ‘big-battery’ scenarios

Big-battery + static charging ERS (no static charging)

Challenging 
tramping & 

multidrop journeys

~40% reduction in 
median battery size 

with ERS Light

Low spread, 
dictated by driving 
time between rests

Diminishing returns 
at ERS Heavy,

but fewer ‘big-
battery’ trips

Additional 20% 
reduction with ERS 

Medium

Up to ~1500 kWh



Battery reductions relative to ‘big-battery’ scenario

L M H
None 43% 64% 79%
Drop-off 38% 58% 71%
Rest stops 42% 64% 74%

41% 62% 75%

ERS topography

Average reduction:
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Ave. battery size 
reductions (% )

1st generation 40t BEVs are ~£300k…
A large portion of this is battery cost!



An ERS economic
model for any country

Parth Deshpande et al. (2023), “A breakeven cost analysis framework for electric road 
systems”, Transportation Research Part D: Transport and Environment, 103870.



ERS cost breakeven model

0 5 10 15 20 25 30 35 40
    

0

5

10

15

M
on

ey
 (£

m
n/

km
) Expenditure

Income

Construction time (𝑛𝑛c) 98% usage ramp-up time (𝑛𝑛r)

Breakeven point (at 𝑛𝑛y years)

Loan duration (𝑛𝑛i)

Time (years)

Money in/out for maximum number of trucks (𝒏𝒏𝐓𝐓) = 3000/day

Parth Deshpande et al. (2023), “A breakeven cost analysis framework for electric road 
systems”, Transportation Research Part D: Transport and Environment, 103870.



ERS cost breakeven model

 Aim: To determine number of trucks required for 
cost breakeven

 For 1 km of ERS:
 Expenditure:

• Infrastructure (£2m) on loan
• Maintenance (5%)

 Profit:
• Electricity selling (7p/kWh)

- Depends on number of trucks

𝑛𝑛𝑇𝑇 =
𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 𝑛𝑛𝑦𝑦

𝑟𝑟𝑖𝑖 1 + 𝑟𝑟𝑖𝑖 𝑛𝑛𝑖𝑖

1 + 𝑟𝑟𝑖𝑖 𝑛𝑛𝑖𝑖 − 1 + 𝑓𝑓 1 + 𝑟𝑟𝑧𝑧 (𝑛𝑛𝑦𝑦−𝑛𝑛𝑐𝑐) − 1
𝑟𝑟𝑧𝑧

∆𝑟𝑟𝑒𝑒
100 𝑒𝑒𝑡𝑡𝑡𝑡 𝑛𝑛𝑑𝑑 1 − 𝑒𝑒

−4(𝑛𝑛𝑦𝑦−𝑛𝑛𝑐𝑐)
𝑛𝑛𝑟𝑟 1 + 𝑟𝑟𝑧𝑧 (𝑛𝑛𝑦𝑦−𝑛𝑛𝑐𝑐) − 1

𝑟𝑟𝑧𝑧

Capital cost of 
ERS (£/km)

Number of 
years for 
breakeven

Annual 
maintenance 
cost fraction

Sum of 
inflation terms 
over �
�

𝑛𝑛𝑦𝑦 −
𝑛𝑛𝑐𝑐 years

Number of days of 
ERS use per year

Energy transferred 
per vehicle 
(kWh/km)
(= Max. power / 
average speed)

Electricity profit 
margin (pence/kWh)

Maximum 
number of 
trucks

Annual loan 
instalment 
fraction

Ramp-up curve for number of 
trucks using the ERS

Number of 
years for 
ERS 
construction

Number of years for 98% 
ERS usage

^ In terms of freight flow

𝑄𝑄𝑇𝑇 =
𝑒𝑒𝑡𝑡𝑡𝑡 𝑛𝑛𝑇𝑇 𝑛𝑛𝑑𝑑

𝐸𝐸𝑇𝑇
Annual freight flow (t/year)

Energy efficiency of 
freight (kWh/t-km)

Number of days of ERS 
usage (days/year)

Max. number of trucks 
(1/day)Energy transferred per 

vehicle (kWh/km)

Parth Deshpande et al. (2023), “A breakeven cost analysis framework for electric road 
systems”, Transportation Research Part D: Transport and Environment, 103870.



Country results

2
3

India

South Africa

France



Conclusions



Conclusions

 ERS is the lowest cost and emissions solution for 
decarbonising HGVs in the UK

 This is backed by robust economic modelling and 
simulation studies

 The driving cycle simulation model has assessed the 
real-world “on-the-ground” implications for UK logistics

 An investment model suitable for all countries has been 
developed (requires HGV traffic data)

 UK announcement on UK ZERFD ERS trial…?



Thank you!

Contact:
chris@zeuslabs.com

Collaborators

Funding
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