
Introduction 
 
The following is a summary of ideas and opinions 
expressed during an afternoon roundtable event 
organised by SCCS and the Scottish Hydrogen and 
Fuel Cell Association (SHFCA) at Edinburgh Centre 
for Carbon Innovation on 4 November 2016. The 
discussions followed a presentation of the H21 Leeds 
City Gate Project by Dan Sadler from Northern Gas 
Networks and a Q &A session. 

The first objective of the meeting was to inform 
delegates about opportunities highlighted in the H21 
project; existing gas network infrastructure would be 
repurposed to decarbonise heat using hydrogen and 
carbon capture and storage (CCS). The second objective 
was to initiate discussion on how decarbonising heat in 
Scotland should be approached. 

Under Chatham House Rule and given the collaborative 
nature of discussions, only ideas and opinions have 
been captured here without individual participants being 
named.

Outputs from discussion groups 
 
The discussion session was facilitated by SCCS and 
articulated around four questions:

1  Decarbonising heat – what are the key issues and 
opportunities in Scotland?

2  Which technologies or other aspects do you think are 
key to decarbonising heat in Scotland?

3  As vectors to deliver heat in different areas, which 
criteria should we use to assess hydrogen-gas networks, 
district heat and electrification?

4  What information, knowledge and data do we need to 
further assess the potential of each system in Scotland?

New opportunities for 
decarbonising heat 
in Scotland
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      Decarbonising heat – what are 
      the key issues and opportunities in         

Scotland? 

Decarbonising heat is a challenging task and some of 
the issues that need to be addressed are likely to be 
specific to a region e.g. geography, climate, variability 
of demand, population density, etc. This first question 
aimed to capture the key issues and opportunities that 
will have to be addressed when planning new heat 
infrastructure in Scotland. 

The session was run in four parallel discussion groups 
in which notes were taken. The following word cloud 
was generated using notes from all four groups, which 
highlights the key topics of our discussion. 

It was recognised that heat in Scotland needs to be 
decarbonised and that different solutions will have to be 

found to address a whole diversity of end user needs 
and local circumstances. Air quality in cities, particulate 
matters and fuel poverty were some of the key issues 
that a decarbonised heat should address. In all cases, 
it was said that Scotland should make the best use of 
existing infrastructure. 

Providing heat in Scotland is recognised as a complex 
issue for two main reasons. Firstly, there is a diversity of 
end users, such as domestic or commercial, who have 
different needs. Secondly, and most importantly, heat 
demand is seasonal and highly variable. This means 
that a new system will have to cope with high peak 
demand in winter and should include energy storage 
infrastructures.  
 
Interestingly many discussions focused on the challenge 
in managing change and in the decision-making 
process, as the panel below shows.

Word cloud generated by Romain Viguier, with an algorithm from Jason Davies, 

using words captured as notes during the first question session. The most frequently 

used words, as well as energy, include change, opportunity, need and decision.

The problem is that there are a number of options and 
decisions that can be made – should these be made 
at local or national level?

Overarching policy is needed but what is the driver?

There is misalignment between scales of decision 
making – local versus national

Need to plan locally

Devolved matters cause complexity: housing including 
heat is devolved to the Scottish parliament but energy, 
including gas, is controlled by UK parliament.

Can we actually take the decision unilaterally in 
Scotland?

System-wide change is a big opportunity for delivering 
climate change plan

SIU Scottish Independent Utility – independent gas 
networks

Energy Union – connecting Europe

Standards and requirements between building 
standards and associated regulations

DECISION MAKING PROCESS
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         Which technologies or other aspects 
         do you think are key to decarbonising 

         heat in Scotland?

With the understanding that a number of technologies 
could be considered for decarbonising heat in Scotland, 
the question was voluntarily open. 

All technologies discussed were listed according to the 
infrastructure for heat delivery they would most likely be 
associated with. For example, steam methane reforming 
(SMR), integrated gasification combined cycle (IGCC), 
and fuel cell can all produce decarbonised hydrogen 
from natural gas with CCS and will all benefit from 
a national CCS (pipeline and storage asset) and gas 
network infrastructure. Domestic hydrogen (combined 
heat and power, or CHP) and fuel cell technologies were 
also mentioned as safer alternatives to combustion 

boilers at home. Hydrogen was also advanced as a 
solution for energy storage. Heat from biomass, waste 
or industrial processes can easily be combined along 
with geothermal and feed a district heat network. The 
electrification of heat, whether from renewable or nuclear 
sources, also was thought to have a role to play in 
Scotland.

Other technologies mentioned during the discussion 
offer the possibility to decarbonise heat in locations 
where no infrastructures are accessible. These included: 
ground, air, or water source heat pumps; biomass; and 
solar thermal.

In addition, a strong case for energy reduction was made 
and technologies including insulation, building design, 
smart home and city were mentioned. 

The following panel shows the technologies and aspects 
raised during discussions.

ENERGY REDUCTION

DECARBONISED GAS NETWORKS

SMR with CCS to produce hydrogen 

IGCC to hydrogen

Fuel cell with CCS to produce decarbonised hydrogen

Gas feed mix: biogas, shale gas, liquefied natural gas 
(LNG) 

Gas CHP with CCS

Domestic hydrogen CHP fuel cell 

ENERGY STORAGE

Storage of heat; electricity with hydrogen 

Heat batteries as well as hot water storage

DISTRICT HEAT NETWORKS

Industrial by-product heat

Industrial heat (high temperature)

Excess, usable process heat

Heat from waste 

Local CHP (waste to energy with CCS) 

Local biomass CHP

Geothermal, ground source heat pumps

Wet geothermal

Dry geothermal with CO2 as working fluid

ELECTRIFICATION OF HEAT

Renewable generation of electricity for heat 

Electrification of heat from nuclear 

OFF-GRID DECARBONISED HEAT

Ground, air, water source heat pumps 

Heat exchangers

Heat recovery with pumps (in rural areas)

Heat pump (large and small scale)

Biomass

Solar thermal

Better use of solar 
 

Building design, construction, behaviour change to 
use less heat

Innovation in construction technology

Additional benefits (e.g. better insulation of housing 
stock to reduce fuel poverty and improve living 
standards

Housing stock retrofitting, new build

Energy efficiency: fabric plus energy services 
(radiators) to reduce costs and fuel poverty and make 
business more attractive 

Energy reduction

Smart home and smart city to reduce heat loss

Insulation
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        As vectors to deliver heat in different 
        areas, what criteria should we use 
        to assess hydrogen-gas networks, 
        district heat and electrification?

Given the diversity of technologies that Scotland could 
exploit to bring about the decarbonisation of heat, and 
to avoid potential bias towards particular technologies, 

the discussion was placed at the infrastructure level. 
Heat can be delivered via gas network infrastructure (the 
current vector) via hot water pipe (district heat network) 
or via electrification (also the current vector to some 
extent). Decarbonising heat is a task that will involve 
new infrastructure, and all three vectors will have a role 
to play. This question helps to identify the criteria that 
local communities should consider when making heat 
infrastructure investment decisions.

END-USER REQUIREMENT

Type of housing, industry, business

Heat demand, density and change

Demand profile of end-users (domestic, industrial, 
etc.)

Seasonality of heat demand (need energy storage)

Flexibility of supply (storage and generation)

Consumer (domestic and industrial) and taxpayer 
acceptance of option

Public acceptance for different technologies

Minimum disruption

Appliance conversion

Levels of disruption

Diversity of need: heating for domestic, offices, 
commercial premises

SOCIAL AND ECONOMIC BENEFITS

Export potential

Social benefit

Job creation

Skills development opportunity

Is there a revenue stream for local council?

Scottish benefit

Local economic regeneration

Synergies – is the system addressing different 
demands (eg. hydrogen can deliver energy storage 
while decarbonising heat and transport)

Impact on fuel poverty

Reuse of infrastructure

Availability of workforce: skills, expertise – (in industry 
sector)

Knock-on consequences (heat pumps, electricity use)

LOCATION

Geography, some areas with no infrastructure

Need to match the right technology to the right 
location and local requirements

Different technologies will suit different regions

Population density

Urbanisation degree (urban/suburban rural)

Existing access/existing opportunities (local energy 
system)

Proximity to feedstocks 

Local facilities (storage)

Off-grid systems such as Stornoway, Wick, Thurso, 
Oban and Campbeltown (LPG)  offer opportunities for 
climate change targets

Off-grid fuel poverty 

Grangemouth provides good opportunities for 
removing CO2 from different sectors (industry, power, 
heat)

Industrial heat – high temperature – is often 
overloaded

Excess heat from industry

Hurdles to use of excess heat – risks of outage

Offshore CO2 storage capacity is an opportunity for 
Scotland
Some areas could benefit from key infrastructure (gas 
network, pipeline for CO2 transport, North Sea CO2 
storage asset)

COST

Cost and how the technology might pay for itself – 
investability – and proving it works

Cost of delivery

Cost of running 

Social cost

Need to understand the cost of the different vectors 
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        What information, knowledge and 
        data do we need to further assess the 
        potential of each system in Scotland?

The objective of this last question was to identify any 
knowledge gaps and areas where further efforts should 

be focused. The three main area identified are: the 
decision making process; the need for national data to 
be shared with the regions of Scotland; and the need to 
accurately model whole-energy systems. This last area 
could be achieved with building small-scale prototypes 
for demonstration. 

DECISION MAKING PROCESS

Energy system analysis 

Based on CO2 emissions, and with full carbon life 
cycle analysis 

Minimum transmission losses 

Efficiency of system and devices

A good evidence-based system-wide policy 
approach

Decision makers need to be fully informed on 
commercial and technical aspects

Assessments made based on Best Available 
Technology (BAT)

Opportunities: look at different scenarios using 
TIMES Energy System model

Comparable information for different technologies to 
allow informed decision-making

Danger of parallel processes that generate 
redundancy

It is not either or for decarbonising heat – it is 
whatever approach fits the circumstances or, in 
other words, “horses for courses”.

MORE SHARING OF INFORMATION IS NEEDED

Need to assemble data from local studies – but 
these need access to national data

Local studies need to know what assumptions 
are made on incentives and costs of large-scale 
infrastructure 

Knowledge of regional and national UK policy plans 

Knowledge of master plans by Government required

Gap in knowledge of waste heat from industry – or 
unwilling to share

Grid analysis on water sources heat pump (WSHP) 
heating

 
 

TO ACCURATELY MODEL WHOLE ENERGY 
SYSTEMS 

Need scenarios of how we expect heat demand to 
change over 20 years

Whole-system benefit and whole-system cost

TO BUILD SMALL-SCALE DEMONSTRATION 
NETWORKS

Prototype networks for testing 

Need trial projects before choosing which to run with

Small-scale demo of hydrogen – has to be a private 
network (Gas Act prevents public network test)

Regulation to support investments in infrastructures 
(CCS and district heating)

END USERS ENGAGEMENT

Receptiveness of gas supply companies

Public engagement

Public perception

National Grid, SGN

(TECHNICAL) QUESTIONS ON HYDROGEN

How hydrogen interacts with existing pipeline 
materials?

Risk assessment of hydrogen leakage

Odorant – difficult because molecular

Evidence about hydrogen – no visible flame need for 
additive?

How useful would depleted oil ands gas fields be? 
i.e for hydrogen storage

INFORMATION ALREADY KNOWN

Already about 6 reports on comparing technologies/
vectors 

Most information is already there
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Group Highlights 
 
At the end of the workshop, each group highlighted 
discussion points from the above questions, which they 

considered key to further dialogue and action. These are 
listed below.

Conclusions
Scotland experiences high seasonality of heat demand 
and needs to put in place the adequate infrastructure 
to enable the production, delivery and storage of heat. 
Diversity in population density and urbanisation creates 
a complex situation, where heat demand and the need 
for infrastructure are location-specific. 

Decarbonising heat in Scotland is an important task and 
will require a set of solutions involving the development 
of new infrastructures to support all three heat vectors 
(gas, district heat and electrification). With regard 
to technology choices, the main message from our 
discussions is that options should be kept open as 
different technologies will suit different regions and feed 
into different local infrastructures.

 

 
 
When planning new infrastructure, the decision-making 
process should be based on end-user requirement, 
existing infrastructure and population density as well 
as environmental, social and economic benefits for the 
region.

Assessing the validity of different systems or 
technologies for a specific location is a complicated task 
so the ability to accurately model whole energy systems 
will be very useful to decision makers. 

Small-scale trial networks should be built to develop 
accurate models and demonstrate appropriate solutions 
based on selected criteria. 

Decisions based on best available technology used 
in industry projects should be used when planning 
national infrastructure

Need criteria for choosing technologies (as above)

Should keep options open as they provide resilience

Understanding impacts

Existing facility of storage infrastructure

Population density

Need for small-scale testing of hydrogen network in 
Scotland

Keep options open (district heating network, 
electrification from renewable technology, gas 
network)

Juxtaposition of local and national policy – local 
plans need access to national plans and where 
opportunities lie. 

Every property will need some form of change and 
people must be made aware of this

We are running out of time to deliver so decisions 
must be made quickly

Don’t have to think of it as granular – can socialise as 
for gas or electricity as currently

Scottish Carbon Capture & Storage (SCCS), based in Edinburgh, 
is a research partnership of British Geological Survey, Heriot-Watt 
University, the University of Aberdeen, the University of Edinburgh 
and the University of Strathclyde. Its researchers are engaged in 
high-level CCS research as well as joint projects with industry, with 
the aim of supporting the development and commercialisation of 
CCS worldwide.  
 
 
www.sccs.org.uk

The Scottish Hydrogen and Fuel Cell Association (SHFCA) is 
the industry sector body representing member interests for 
the development and deployment of hydrogen and fuel cell 
technologies in Scotland, and is now one of the largest hydrogen 
& fuel cell industry associations in Europe. SHFCA has a broad 
membership base including technology developers & researchers, 
energy companies, government, development agencies, and local 
authorities.  
 
www.shfca.org.uk

Dr Romain Viguier, SCCS
16 November 2016

Event Organisers




