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SALAMANCA



Portsmouth 

Commercial 
Docks  

The Camber  

The Age of 
Sail

This is a photograph 

of a port just before a 

very major change in 
what that little port 

was going to have to 
provide to keep 

operating



Portsmouth 

Commercial 
Docks 

The Camber 

Advent of the 
Steam Age

Coal – Same port, 

servicing the Navy. The 

port probably did not see 
the change coming but the 

sailmakers would have 
moved out and the coal 

merchants moved in



Portsmouth 

International Port 

The Age of 

Information and of 
Change

5 Ro-Ro berths, 2 traditional 
berths.  What’s around the 
corner? We were all running 
forwards to unrestricted 

growth, we still can. If that 

growth can be made as 
Carbon and Air Pollution can 

be reduced sufficiently.



PORT AIR QUALITY STRATEGY

CARBON AUDIT 2018 & 2019



26,000t/CO2e

Annual Emissions Alongside 

Berth 2018/2019



The biggest Winners 
for quickly decreasing 

not just the carbon we 

are pumping out but 
also improving Air 

Quality is the 
provision of shore 

power to all berths 
and the obligatory use 
of shore power where 

a ship is able to take it 
and ultimately the 
rejection of ships that 

cannot.

LED Lighting – Over 60% carbon Saving

Shore Power – 90% carbon saving ad 
significant Air Quality improvements.

Biggest Winners for Carbon Reductions



Net Carbon Neutral by 

2030

Zero Emission Shipping by 
2050

Intensity Based reduction in 

Carbon Emissions

Yes, but what does 

it mean?



• 35Kw Hydrogen Electrolyser on port (CMDC)

• Digital Twin of the Port (CMDC)
• 300HP Hydrogen powered marine engine (CMDC)
• Shore Power Provision

• Berth 1 – 1MW
• Berth 2  - 10MW

• Berth 3 – 5MW
• Berth 4 – 5MW
• Berth 5 – 4MW

• North Quay – 1MW
• 30MW needed by 2030

Measures



Power to ships from shore – Future ‘Cold Ironing’ –
Shared load with Port Batteries

Cruise Liners 2Kw to 2.5Kw  per 

passenger berth

Dual ‘Bus’ bar allows shared load

DNO’s unable to supply what’s 
needed



Joining up the 

doing……………..
after the joined-up 
thinking



Measures

Measures

• New LNG Ferries starting in 2022 and 2023
• New Hybrid Ferries starting in 2024 & 2025
• All lighting now replaced with LED

• Sea Water Heat Transfer Pump
• Sea water flushing toilets

• Princess Royal Way (Trafalgar Gate Link Road)
• Shippers Cargo portal
• New sustainable linkspan at berth 4

• Terminal Solar Array
• PESO dual chemistry Energy Storage System

• Freight Management Software Upgrades
• Passenger Information Display Systems (PIDS)
• Electric Charging Points for EV

• Electric Port vehicles



An energy efficient 

terminal heated in 
the winter and 
cooled in the 

summer using a 
sea water heat 

transfer pump, sea 
water flushing 
toilets and wind 

cowls in place of 
air conditioning.



New Solar Array



Clean Maritime Demonstration Call 2021



Increase Port Renewable Energy

Vertical Axis 

Wind Turbines
Maximum 
height is below 

15m to avoid 
planning 

concerns.



Diesel Fuel Filtering provides massive reduction in 

Particulates



Port Wide Air Quality 

Sensors

• 5 sensors around the 

port measuring, NO, 
CO2,SO and PM’s 

• Uses LPWAN not 5G or 

Wi-Fi 

• Local Technologist, full 
system including 

software and storage 
<€30K

• Annual cost is for 

replacement of sampling 
units only





Air Quality



Air Quality



Air Quality



Air Quality

The readings above show 84.6 and 64.1 for PM10



December 2020

Before this date a port could

carry on as usual, relying on

local authorities to advise them

when emissions start exceeding
local or national maximum

limits.

Since this date, since the first

death in the UK ascribed even

in part to poor Air Quality, the
usual excuses no longer apply.

Not measuring because you do

not want to know the answers is

no longer a valid management

strategy in the face of new
corporate liabilities, most

especially with fine particle

emissions.



The first UK Carbon Trading scheme that was auctioned

in May this year of 6 Million allowances sold at £43.99 
Per tonne to just 4 buyers – This table shows a 
Conservative 10% p.a. rise.
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Shore Power

Because if you 
want to be Net 
Carbon Neutral you 

are going to have 
to offset. 

If we had to offset 
this year purchase 

costs would be in 
the region of £1M
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Collaboration

You don’t need to 
go it alone.

The port has been fortunate in being at the Centre 

of a vibrant City with a newly invigorated University 
with an International standing.  Current 
collaborations include:

• Portsmouth University (CMDC)
• Brighton University (SHAPE CMDC)

• The Connect Places Catapult
• The Energy Catapult
• B4T

• Knownow
• Iotics

• Lloyds Register
• Solent Southampton University (PECS)
• Bournemouth University (SPEED)

• Marine South East (PESO)
• InnovateUK



Moving 

Forward

1. Continuous Annual Carbon Audit

2. Continuous Air Quality Sensing

3. Continuous Grant Applications

4. Lobby for local off-setting

5. Co-ordinate Carbon credit management

6. Lobby to Push mitigation up the control hierarchy

7. Push PIP forward as a ‘laboratory’ port

8. Share Air Quality data using visualization

9. Increased co-operation with Universities and other 

(self-funded) research organisations

10. Turn around the way we look at doing business





An introduction to the technology deployed through 

the trial and key findings.

Dr Amit Roy 
Founder & CEO, 

Engas Global Ltd



Which one is more energetic? 1 lt diesel vs 1 lt hydrogen at 350bar?

Safety first

Which one is more energetic? 1 lt diesel vs 1 lt LIQUID hydrogen?

# diesel has 10 times more energy than 1lt H2 stored at 350bar.

# diesel has 4 times more energy than 1lt liquid H2.



My experience

AFC Energy Plc (2006-2009), Chief Scientist, Head of Fuel Cells Division, Business Development manager, I 
developed fuel cells stacks & systems (balance of plant).   

University of Portsmouth: Senior Lecturer, School of Energy and Electronic Engineering; Course Leader of an 
industry focussed BEng / MEng degree programmes on renewable energy engineering.

2017-ongoing: Member of UK working group OIML on Gas Metering for Product safety & standards, 
appointed by BEIS, the UK Govt.

Engas UK Ltd, Founder/CEO: Biogas upgrading to bio-CNG for EV charging & refuelling.

Engas Global Ltd, Founder, CEO, electrolyser, hydrogen compressor, hybrid power, system integration. 

Developed the UK’s first wind-solar hydrogen field demonstration project at Loughborough in 2002 (PhD research).

2015-2017: Member of green hydrogen standards committee, appointed by the Department of Business, 
Energy & Industrial Strategy- BEIS- UK Govt. 



We are an energy storage & system integration company, offering:

3. Consultancy services and feasibility studies to integrate hydrogen energy within an 
existing system including cost analysis, engineering specification & system engineering services.

1. A lower cost, modular electrolyser for green hydrogen production to displace diesel for 
multi-modal application e.g., H2 refuelling of boats and vehicles, & shore-power for charging of 
electric boats and EVs.

2. A hydrogen compressor for low-cost hydrogen storage.

4. Supporting PhD, at the School of Energy & Electronic, University of Portsmouth. 

Topic: Hydrogen production using electrolysers powered by wind turbines and solar PV for grid 

balancing, refuelling of vehicles & injecting hydrogen to the gas-grid to decarbonise the heating sector. 



Engas Global’s integrated electrolyser & 

compressor at Portsmouth International Port, UK Modular, 

containerised, 
plug and play, 
rapid installation.



H2 production unit

Refuelling of H 2 boat

Shape UK project layout



Electrolyser & H2 compressor at Portsmouth 

International Port, UK.

35kW stack, 7-8Nm3/h, 25 bar, 

4.2kWh/Nm3 (stack). 

15kg H2/day.

H2 compressor: 150bar.

References: 

Vandenborre HS, 

Hydropac, and various 

component suppliers.



350bar Hydrogen refueller



Hydrogen & oxygen vents, ventilation and 

cooling system



Electricity cost of hydrogen

It takes about 50kWh electricity, 

and 11.2 litre water to make 1kg H2. 

1kg hydrogen= 3.78lt diesel on 

energy content basis.

The electricity cost @ 1pence/kWh 
from solar PV= 50kWh * 
1pence/kWh = £0.5/kg H2. 

(equivalent diesel price=£6/ gallon), 

Also 7.8kg O2 is produced as free 
by-product for every 1kg H2.



System integration & hybrid power for 
smarter-grid balancing

We provide system 

engineering solution, system 

modelling, scenario 

forecasting of energy 

systems, feasibility studies 

for scaling up or down.



Hydrogen safety

0 1 2 3 4 5 6 7 8 9 10

Hydrogen 350bar

Hydrogen 700bar

Liquid Hydrogen

LPG

Petrol

Natural gas (CH4)

Diesel

1.05

2.1

2.22

6.6

8.76

9.8

10

ENERGY DENSITY, KWH/LT

Energy density of fuels



Hydrogen safety

In a ventilated 

space hydrogen will 

disperse 5 times 

faster than LPG 

(propane) due to 

the higher diffusion 

coefficient of 

hydrogen than LPG. 



Contacts

Dr Amit Roy

Founder, CEO
Engas Global Ltd
76 Bennetts Road 

Horsham
West Sussex, RH13 5JZ, UK

Ph:0044-74 269 04 789
aroy@en-gas.com
www.en-gas.com

mailto:aroy@en-gas.com




This SHAPE work package aims to demonstrate a retrofit hydrogen dual 

fuel system for Cox's diesel outboard engine

65

Cox CXO300 engine specification

Power 220 kW (300hp)

Weight 393kg

Displacement 4.4L

Cylinders V8

Aspiration Twin turbochargers with electronic boost control
Water-to-air charge cooling

Fuel system Electronically controlled high pressure common rail fuel 
injection

Emissions compliance IMO Tier 2, EPA Tier III, EU RCD

Work package objectives

Demonstrate a retrofit solution for up to 50% hydrogen 

substitution

Develop a roadmap for future development



The team used simulation to understand hydrogen flows and combustion
66

Hydrogen mass fraction, 4000 rpm, 50% hydrogen substitution

Single injector Two injectors

Two injectors

Single injector

Example simulation results: Understanding the effect of injector location on hydrogen distribution



Minimal engine hardware changes were made for this retrofit solution, a 

bespoke control system was designed for the hydrogen system

67

Inlet manifold based hydrogen delivery system 
developed to operate in parallel with existing 
diesel fuel injection hardware

Bespoke hydrogen injection controller developed 

to minimise turnaround time with integrated 

control of a “fail-safe” on vessel hydrogen storage 
& delivery system



Control

Engine modifications

Gas distributionGas injection

The demonstration vessel has a range of new systems for hydrogen 

operation, and has been retrofitted by Subsea Craft

68

Gas storageSafety



The work completed in this project informs Cox’s future fuel strategy and 
supports University of Brighton’s research on clean propulsion

69

▪ Work with Portsmouth International Port to 

complete regulatory permissions for testing 
with Lloyds Register and Maritime Coastguard 

Agency

▪ Final installation and commissioning of the 

completed hydrogen propulsion system

▪ Comprehensive programme of on vessel 

testing to determine:

i. Hydrogen combustion performance of the 
prototype hardware

ii. Performance of the bespoke hydrogen 

control and delivery systems

▪ University of Brighton are planning journal and 

conference dissemination of this work and 
applications for further funding

▪ Data and learning gathered from this project 

will be used to inform Cox’s ongoing R&D 
programme, particularly as regards to the 
future potential implementation of a hydrogen 

product

Next Steps Future Opportunities
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The Value of Digital





the artefact





Shipping, 

Hydrogen 

And 

Port 

Ecosystems, UK



Sustainability

“sustainability in maritime transport entails, among other features, the ability to provide 
transportation infrastructure and services that are:

Lloyd's Register – creating sustainable pathways 83

IMO’s 2013 definition, updated by UNCTAD 2019

Safe

Socially inclusive

Accessible 

Reliable

Affordable

Fuel-efficient 

Environmentally friendly 

Low-carbon 

Resilient to shocks and 

disruptions



Key features of hydrogen

84

• High gravimetric energy density 

• Low volumetric energy density

• Liquid cryogenic storage at -253 C, 1 bar

• Flammability, invisible, high temperature flame 

• form explosive mixtures with air

Lloyd's Register – creating sustainable pathways



A transition involving a wider system

85

Putting shipping into the wider energy context as we transition to alternative energy sources and technologies

Resources 
Production , conversion 
and system integration

Bunkering and Ports 
integration

Fuel storage and 
handling onboard 

Propulsion

Lloyd's Register – creating sustainable pathways



Shipping, Hydrogen And Port Ecosystems, UK

86

Resources 
Production , conversion 
and system integration

Bunkering and Ports 
integration

Fuel storage and 
handling onboard 

Propulsion

Lloyd's Register – creating sustainable pathways



Contact details:

Name Charles Haskell

Email  Charles.Haskell@lr.org

Thank you
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Innovation in the Solent
ShapeUK Workshop 24th March

Sarah Duckering

Director of Research and Innovation Services



‘Hampshire is a county 
unparalleled in England, an 
economic powerhouse in its 
own right.



Innovation Assets

Images courtesy of Hampshire Story



Centres of Research and Innovation



Innovation Spaces

Courtesy of BAE Systems Plc



Innovation People and Networks



Innovation Ecosystem

• Government co-operation

• Housing and Land Use 
policies

• Digital, Civic and Open Data 
platforms

• Larger firms and future 
growth sectors

• Enterprise-friendly 
pathways and regulation

• Proactive and risk taking 
knowledge anchors

• Skills and talent appeal

• Connectivity to markets

• Access to capital

From CPC Hubs of Innovation Playbook



Innovation Ecosystem Enablers

• Government co-operation

• Housing and Land Use 
policies

• Digital, Civic and Open Data 
platforms

• Larger firms and future 
growth sectors

• Enterprise-friendly 
pathways and regulation

• Proactive and risk taking 
knowledge anchors

• Skills and talent appeal

• Connectivity to markets

• Access to capital

From CPC Hubs of Innovation Playbook



Innovation Opportunities

• Solent Freeport

• Freeports will 

• create hotbeds of innovation

• Demonstrate a halo effect in the region

• Solent Maritime Innovation Gateway (Solent MIG)

• Government commitment

• Can/will we respond?



Thank You
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_SHAPE UK_

_Shipping, Hydrogen And Port Ecosystems, UK_


