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What Hitachi Does

ENERGY

INDUSTRY

Hitachi Metals

Hitachi Construction Machinery

LIFE

AUTOMOTIVE 

SYSTEMS

Hitachi's Vision

Achieving a 

sustainable  society 

through improving  

Quality of Life & 

adding values for 

customers

• Energy Solutions (Power Grids, Nuclear, Renewable 

Energy, Thermal)

• Industry & Distribution Solutions

• Water & Environmental Solutions

• Industrial Machinery

• Hydraulic Excavators • Maintenance and Services

• Wheel Loaders • Construction Solutions

• Mining Machinery • Mine Management

Systems

• Smart Life & Ecofriendly Systems (Home Appliances,  

Air-conditioning)

• Measurement & Analytical Systems (Medical & Bio, 

Semiconductors, Industry)

IT
• Digital Solutions (Consulting,  Software, 

Cloud Services, System  Integration, 

Control Systems)

• IT Products (Storage, Servers)

• ATMs

• Powertrains & Chassis

• Advanced Driver  Assistance, 

• Motorcycle Systems

MOBILITY
• Building Systems (Elevators, Escalators)

• Railway Systems

ZeroCarbon

Hitachi products and services 

cover five market sectors.  

Hitachi brings these capabilities 

together as a Climate Change 

Innovator to create a 

decarbonized and resource-

efficient society, harmonized with 

nature.

Hitachi Cross-Industry Green x Digital Solutions

$75bn
Revenue

350,000
Employees

$10bn
R&D

70,000
Digital Resources

• Specialty Steel Products • Magnetic Materials

• Functional Components • Power Electronics Materials 

• Functional Equipment • Wires & Cables Systems

• ZeroCarbon Fleet

• ZeroCarbon Bus

• ZeroCarbon Depot

• Intelligent Rail Infrastructure 

Monitoring



Global megatrends and challenges for Fleet Operators

Accelerate Electrification
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1. E-commercial vehicle fleets Market 2. Energy security & cost concerns 3. Volatility of energy supply due to renewables

£150bn market1, driven by regulatory & economic pressure Total annual energy bill for 20,000 buses approx. $800m Energy demand flexibility that counter-balances supply 

volatility unlocks trading opportunities

Revenue GenerationReduce TCO & Risk

Cost of transition

Technology & 

infrastructure 

challenges

Operational 

transformation

Long term cost 

control

Management of EV 

charging estate

Increased 

operational risk from 

EV

Unlocking & 

monetising energy 

demand flexibility

Becoming a more 

intelligent energy 

buyer
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EV asset base
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The UK Bus Market
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• c32,000 buses in the UK.  Largest operator is Stagecoach with 8,500 buses.  First Bus has 4,500 buses and 60 

depots in operation

• Market dominated by the larger players – Stagecoach, First Bus, National Express, Go Ahead, Arriva.  Smaller 

significant players are Metroline, RATP, ComfortDelGro, Abellio and Transdev

• Business model – 80% private operator /owner of the assets although some cities moving to franchise model 

(Manchester and Birmingham).  Bulk of the remainder is municipal operated



The First Bus Journey to a different approach

5

• Initial pilots on decarbonization:

• Leeds: 14 electric buses from October 2020

• Aberdeen: 15 Hydrogen buses from Jan 2021

• York: 33 electric buses from July 2021

• Concerns raised following pilots:

• A pilot is not the same as a roll-out to c60 depots (Cost of electric and hydrogen buses significant)

• Reliability of Hydrogen buses and practicality of deployment 

• Loss of control of power at their depots due to supplier contracts

• Reliability of some bus OEMs called into question

• A new approach required to address these issues

• First Bus and Hitachi partnership:

• Build a model for deployment at scale

• Have one partner to provide a single ‘neck on the block’

• Leverage scale economies to bring TCO of buses down

• Accelerate decarbonization through economies of procurement and optimize operational transformation opportunities

• Create a technology ‘single pane of glass’

• First deployment of this model at Caledonia depot, Glasgow



Our work with First Bus – Pioneering Electrification at Scale
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2nd party charging 
– fleets from local 

businesses, 
government 
bodies, local 
authorities

Private vehicle 
charging for 

employees and 
residents

PV solar 
generation

Battery 
storage

Future Potential: 
Café & Retail 

expansion (extending 
wallet share from 

charging time)

Future Potential: on or 
over-site development for 
residential & commercial

eBuses and charging 
infrastructure

PV solar 
canopies

Caledonia Depot Glasgow:

• Europe’s largest bus depot –

over 400 bus capacity

• 162 chargers

• 148 electric buses

Hitachi Role:

• Battery as a service

• ZeroCarbon Cloud:

• Smart charging

• Bus telemetry

• Operational oversight

• LCT deployment

• 2/3rd party charging  - DPD/ 

Scottish Police



Our focus on Buses – moving from a challenge to an opportunity
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Infrastructure:

Cabling

Transformers

Scada/ control systems

Charging:

Chargepoint

Firmware

CSMS software

Charging optimization 

software

Buses:

Chassis

Battery

Battery management 

system software

Telemetry software and 

hardware

Data, Comms 

& integration
Data, Comms 

& integration

Hitachi ZeroCarbon: Answering the question -

Why is my bus not charged?



Our focus on Buses – moving from a challenge to an opportunity

8

Infrastructure:

Cabling

Transformers

Scada/ control systems

Charging:

Chargepoint

Firmware

CSMS software

Charging optimization 

software

Buses:

Chassis

Battery

Battery management 

system software

Telemetry software and 

hardware

Data, Comms 

& integration
Data, Comms 

& integration

Hitachi ZeroCarbonCloud: Single pane of glass

Operational Support, Helpdesk, Issue Management



Lessons learned - selected issues (1/2)
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Lesson What Happened? Why did it Happen? Why should this change?

Buses should remain plugged in 

overnight as an operational 

process

Currently, the shunters unplug buses 

when they perceive the charge to be 

complete on the bus, 

Believed to be a challenge regarding 

having drivers unplugging the buses 

rather than shunters.

Leaving the buses plugged in will enable smarter optimisation of charging 

regimes as well as providing the conditions required for pre-conditioning buses in 

future

Buses should be plugged in to 

maximise available charge, so 

ideally:

All of the socket A's. Then All of 

the Socket B's, prioritising sockets 

where A has completed charging.  

Then in future by even distributing 

the plug-in order across the charge 

groups

Currently, buses are plugged in to the 

nearest available socket regardless of 

what is already charging

There was no written procedure or 

instructions on how to maximise the 

charging 

Charging buses using both sockets on a shared chargepoint halves the maximum 

load available to the buses, even if there is more energy available.  This 

potentially doubles the charge time of some buses and in aggregate may mean 

as much as 30% additional time to charge the fleet.

Change Management Processes 

should be established

There is no current end-end change 

management process established

Operational ownership and an 

understanding of the benefits of change 

management with the technologies in use

Change management minimises risks to operations, currently there are potential 

scenarios such as ADL making a firmware change to the buses, Heliox making a 

firmware change to charge points or Hitachi making a change to the charge 

management solution, all of which could result in charging issues without testing 

and sign-off from the various parties.  In addition, adding new buses or charge 

points requires configuration in various systems - change management would 

mean this is captured and controlled in the appropriate way

There needs to be operational 

ownership within depots and 

central functions to effectively own 

charging

There is no intrinsic operational 

ownership for all elements of charging

Caledonia has been a pathfinder and the 

established need for operations is 

emerging 

Operational owners for electrification results in knowledgeable subject matter 

experts that will identify and resolve issues, enhance operations and ultimately 

decrease the costs of electrification through better use of infrastructure and 

charging

Bus acceptance process including 

MAC address capture

The bus acceptance process was not 

enhanced with the additional process 

elements required to make fully 

commissioning the bus into service and 

able to capture data

This was a new service, it was not 

anticipated that this was required

The acceptance process with capturing the MAC address and fully validating the 

interoperation of the bus, charging etc. would mean information capture is simpler 

at a later stage and minimise the risk of missing issues in delivered buses to site 

e.g. earlier identification of any battery or charging issues



Lessons learned - selected issues (2/2)
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Lesson What Happened? Why did it Happen? Why should this change?

Electrical infrastructure 

procurement and sizing 

should be based on known 

information e.g. ratio of 

buses to chargers, sizing of 

infrastructure coming into 

depot, dwell times etc.

The sizing of electrical 

components and site connection 

was best on a very well executed 

estimate

There was no data to use to 

inform this

The information available from the use of the buses at Caledonia 

enables the creation of predictive models to better understand how 

sizing could be constrained to decrease costs whilst protecting 

operations.  We now have intelligence to inform the decisions

Procurement of buses and 

charge point infrastructure 

should take inputs from 

additional parties e.g. pre-

conditioning

Some elements of the bus 

procurement didn't consider the 

operational requirements, this is 

because the project was a 

pathfinder

The initial procurement was the 

first time these products were 

bought into the business

Procurement should take feedback from more stakeholders e.g. 

whether to include pre-conditioning and the implications of being 

able to do that, whether to request charging sockets on both sides 

of the vehicle, what telematics requirements are needed from the 

bus and whether they need to include installation and engineering 

of aftermarket telematics within the orders for the buses

Sweating the assets more 

effectively, ADL/BYD buses 

can be used down to low 

single digit percentage rather 

than 'come back at 20%'

Buses were instructed to come 

back to depot at 20% and some 

come back even higher

There was a perception this was 

the safest way to use the buses 

and avoid battery fully discharged 

scenarios whilst on route

The warranty conditions on the ADL/BYD batteries do not limit low 

charge utilisation, using data and reviewing the guidance could 

result in significantly more usage of the BEV buses on routes

Interoperability testing well in 

advance of delivery/service

Interoperability testing was done 

after buses were operational

Was a new project which 

developed organically

Interoperability testing ahead of the deployment of any new 

combination of Bus/ChargePoint/Charge Management System will 

tease out any issues which can be resolved well before any impact 

to operations.  This has been demonstrated with Yutong where their 

bus configuration was not compatible with Dumb charging, this 

should be the process ahead of any new bus model/charge 

point/CMS



Lessons learned: Specific operational challenges
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• In the following slides we highlight a number of operational challenges we have faced in the deployment:

• Chargepoints affecting battery life

• Transformer and dumb/ smart limit management

• Interoperability testing and integration

• Utilisation management



Operational issues - Identification of Charge Point Issues
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Real example:14th October 2022

Through our software we identified massive fluctuations in the state of 

charge presented from a particular charge point on site

Upon raising and passing to CP manufacturer to investigate, issues were 

found with temperatures in the power modules within the Charge Point 

which needed a hardware fix

Without identification of the issue, prolonged charging in this manner 

would have shortened the life of batteries connected over a long period of 

time

We are now building algorithms and reporting to identify further 

anomalous behaviours within charging profiles to minimise the time to 

identify and resolve such issues.



Operational issues - Transformer Outages, Dumb and Smart Limits
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Another potential issue that can create issues with battery is unexpected power outage during a charging 

session.  This occurred several times ahead of Smart Charging being deployed as the dumb limits applied 

to the Heliox Chargers were higher than the potential electrical constraints within the Caledonia Site.

Hitachi documented the constraints and provided 

advice on how to set maximum dumb setpoints 

over time to alleviate the issue.  

Hitachi also worked with CP provider Heliox to 

ensure they could allow plug and charge and 

receive Smart Charging Control.

Once the correct firmware enabling plug and 

charge was installed, Hitachi designed the charge 

point groups to ensure they were configured to 

allow maximum utilisation without any exceeding of 

infrastructure limits

Preventing the outages, prevents unexpected cessation of charging which helps preserve battery life. 



Operational issues - Interoperability Testing and Bus Commissioning
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Ensuring battery health requires full interoperability testing between 

any combination of Bus OEM, Charge Point OEM and Smart 

Charging Platform: 

• provides significant insight into charger and bus behaviour, 

• identifies any issues with OCPP compliance and issues with 

firmware, 

Testing at Caledonia has identified:

• Yutong buses need specific firmware to charge on Heliox Rapid 

chargers, 

• The safe minimum limits required to trickle charge the ADL/BYD 

Enviro 200/400s and the impact that minimum limits have on the 

battery health and state

New Buses follow a commissioning process to pass a subset of the interoperability tests to validate nothing 

has changed in firmware or compatibility.  There is also an integrated process to commission the new buses 

including a full charge/discharge process to validate state of health of a newly delivered battery and identify 

any potential issues before the bus enters service.



Reporting for better utilisation
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The optimal way to extend battery life across a fleet is 

in better, more even distribution of utilisation across the 

assets.  This is partly prohibitive within the First Fleet 

due to liveries being physically applied to groups of 

buses which results in uneven utilisation across routes, 

but even with the constraint the reporting can advise 

which are the most underutilised assets which could 

allow better allocation to have more even use across 

the fleet.  As First begin removing liveries specific to 

routes, this reporting can be adjusted to provide 

maximum utilisation.

Battery as a Service currently provides limitations on use to minimise utilisation 

of batteries below 20% state of charge in order to maximise the state of health 

over the battery life.  Additional reporting will allow First Bus to gain the 

maximum possible utilisation of buses whilst staying within the contracted 

limitations by providing reporting against how far ahead or behind the annual 

limits individual assets are whilst still being compliant to the limitations.
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Opportunities we have identified and are delivering on
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2nd Party Charging Pilot

2

• No Cost to First Bus – this assumes First Bus proceeds with an 
implementation of 2nd Party Charging and a Revenue Sharing Partnership is 
established. Price absorbed - £51,000 plus expenses for onsite work

• Resource provided includes:

• Project Management/ back end configuration
• Technical support and Onsite support/ testing
• Transaction reporting for invoicing

Cost

• Revenue Generation

• Proof of 2nd Party Charging Operations that can be replicated across other 
depots

• Increased utilisation of charge-points

• Suggested Success Indicators – Monthly: kWh used; Revenue &  Margin (£)

Benefits

• Full ownership on First Bus and increased effort to develop operational 
processes and run charging management software to manage transactions 
and configure chargepoints

• Full ownership on First Bus to find Charging partners

Implications of not doing work

Hitachi will support the development of a 2nd Party Charging Operating model 
fit for purpose and to test:
• 2nd Party Charging Operational Processes

• 2nd Party Charging Tariff Management, Reporting and Billing

Overview

The approach for the pilot is that a minimum viable product will be developed 

to enable 2nd Party charging during the pilot period. Post-pilot this can then be 
developed and continuously improved; as well as replicated at other depots.

Hitachi will support with project management, billing & invoicing (including tariff 
setting, regularly provision of transaction data and reporting of overall usage) 

and technical requirements (including ensuring the charge-points are 
configured correctly for 2nd Parties and that RFID/ MAC authorization is working 
to identify charging sessions and provides access to the site).

Approach & Activities

The pilot will run for 6 months and is planned to start at the end of October 
(27th)  with DPD, and Police Scotland will join the pilot in November. Hitachi’s 6 
month support began on the date DPD pilot commenced. 
The project kick-off happened in April with Police Scotland testing and 

operations walk-through completed in May and June. 

Plan

• Documentation including 
Operational Processes and 
Technical Design

• Testing Plan

• Tariff Management

• Weekly/ Monthly Reporting & 
Invoicing

• Charge-Point Configuration
• Pilot Completion Report and 

Commercial Model developed

Deliverables
• Full product development (e.g. CP booking, PAYG, automated invoicing etc) 

• 2nd line support outside of Hitachi business hours
• 3rd Party Charging or Employee Charging
• Other Depots

Not in Pilot Scope



Why BaaS is important – especially in the Australian Market
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• Battery costs are a significant element of the whole bus cost (c1/3rd)

• Battery warranty extensions are c1/3 of the original price of the battery

• We have different objectives between the asset owner and the bus operator:

• State owned assets now last longer and have wider environmental/ ESG responsibilities (end of life)

• State owned assets now have new value in post-bus life and in recycling (2nd life)

• How do you effectively pass on battery risk from the asset owner to the asset operator?

• How do you determine liability when batteries are not charged?

• How do you determine liability when batteries are not appropriately managed and maintained?

• How do you monitor and manage battery use:

• Ensure warranty conditions are maintained

• Provide proof assets managed appropriately- operator: owner: OEM pas-through of liability

• Manage in-warranty and out-of-warranty battery swap outs

• Manage and maintain the asset life and residual value

What legitimately works for the operator may not deliver the best outcomes for the asset owner!



BaaS can alleviate the key challenges faced by bus operators and 

asset owners
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Urgent need to decarbonise.

Financial strain of electrification.

Technological risks. 

Upfront cost of EVs are inflated by battery 

prices

Battery-as-a-Service makes fleet 

electrification quicker and easier.

Complexity of new technologies & 

interconnectedness between them

Operational burden to manage transition

Reduced capex burden enabling more vehicles 

to be purchased

Guaranteed battery performance for the 

length of the contract

Increased uptime through continuous 

monitoring and proactive maintenance 

Software and intelligence to prolong asset life 

and maximise residual value 

Fully managed service with tiered support 

packages

Risk of mismanagement reducing battery 

life and residual value

Risks of wasted investments in a fast-

moving industry



EV Battery-as-a-Service value

ZeroCarbon Services

Battery monitoring & 

analytics

Battery Lifetime 

Maximisation
Total value optimisation

Battery health reporting Operations alerting

Battery maintenance

Battery safety & failure 

alerting

Portfolio management, 

swap-out and 2nd life

ZeroCarbon Technology

Risk reduction:

• Avoid residual value risk

• Reduce reputational risk associated with 

end of life battery management

• Reduced technology risk – possible 

impact on performance outside warranty 

period (expected 25 year bus life vs 8 year 

battery warranty)

• Move assets off balance sheet

Cost reduction:

• Lower battery cost compared with current 

capex plus debt finance approach 

• Lower maintenance cost through better 

battery monitoring 

• Increased vehicle uptime through early 

visibility of emerging battery issues

• Avoided cost of investment in battery 

management skills

• Avoided cost of battery system 

interoperability development

• Avoided battery recycling/repurposing 

costs



Key Lessons which may be useful for the Australian Market
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Electrification is an 
opportunity and not just a 
challenge to be overcome

We are deploying a 
completely new energy and 

mobility system – avoid 
thinking systematically at 

your own risk

Going the easy route and 
giving value away to third 
parties will lock you out of 

the future energy and 
mobility opportunities

Charging infrastructure is 
critical national 

infrastructure and a natural 
monopoly  - manage across 
all modes but leverage bus 

sunk costs

One depot deployment is 
not the same as  a multiple 

depot roll-out

A battery has three key life 
stages, don’t just focus on 

first life but consider all 
three, up front

Splitting battery from 
charging requires careful 
management – whoever 

owns the battery owns the 
risk

The opportunity from 
second life of the battery 

should not be 
underestimated – other 
mobility resources, fixed 

storage, etc



Australia is a key market for Hitachi – we want to help
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• We can accelerate the path to decarbonization

• We can help you lower the costs of transition, the TCO of electric vehicles and the lowest costs for operation and 

management of the new electric system in your depots

• We can help you deliver new revenue streams at the depot and from the battery

Our Australian team, backed by global Hitachi:

Michael Miller

Managing director,

Hitachi Australia

Jack FitzGerald

Director,

Smart Cities & 

Mobility Group

Brett Dolan

General Manager,

Green Energy & 

Mobility Group

Susan Potgieter

Director,

Business Incubation 

& Ecosystems




