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Overview



FORTRESS – theory at the start of Discovery
Remove barriers and create a commercial model that works for Protected sites and provides flexibility to DSO
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FORTRESS findings – site with legacy high temperature systems
Sites reliant on steam and MTHW have a more complex transition to move away from fossil fuels 
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FORTRESS – sites already decarbonising
• Many sites are undertaking works to 

electrify heat
• Heat pumps being used for suitable 

loads
• Harder to treat loads using other 

electric technologies
• Decommissioning of gas CHP systems 
• Deployment of flexibility remains 

limited
• Fossil fuel boilers retained for resilience

Sites compatible with transition
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incorporating 
flexibility

Resilience 
required for all 
demand on site

Grid upgrades 
increase costs 
for sites and 
consumers

DSO requires correct 
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Flexibility and resilience
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Flexibility on resilient sites

Flexibility
• Energy demands in hospitals are compatible 

with participating in flexibility
• Sites are often located in urban areas when grid 

assets are under more pressure at peak times
• Reducing hospital electricity demand at peak 

times could avoid stressing grid assets and 
allow more use at other times 

Cost
• Operating systems flexibly could offer additional 

revenue and may allow sites to reduce operating 
costs or connect to the grid early

• Reduces cost of enforcement for grid and/or 
increases utilisation of existing assets

• Equipment costs could be higher to enable them 
to operate flexibly while providing resilience

Resilience
• Flexibility can only be introduced if sites can 

have confidence that it will not negatively affect 
their resilience

• Feedback from stakeholders is that they would 
want to see an example of a hospital having 
implemented resilience before doing so 
themselves

• FOAK trial important



Flexibility on protected sites - options
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Technology solutions to deliver flexibility

Demand moved

Electrification of heat increases demand

Demand reduced when network constrained 

+ Electric boilers

+ Heat pump

Electricity 
demand

ASHP Thermal storage
Batteries (where 

appropriate)

• Electrification of heat using heat 
pumps results in demand increase 
being less than using electric boilers

• However, enabling works required to 
transition from steam and MTHW to 
LTHW

• Using thermal storage (and 
batteries where the site is suitable) 
allows peak loads to be reduced

• Demand is increased at other times 
of day – outside peak periods

• Site load can be further reduced 
these peak times by using more 
thermal storage.

• This allows significantly lower load 
during peak periods to manage 
constraints in distribution network ASHP More thermal storage



Other findings
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Decarbonising Ninewells hospital – there is a lot to do but it can be done
• The site currently relies on steam

• Some equipment including laundry and sterilisation use steam
• There is a large number of legacy ventilation plant which uses 130°C 

Medium temperature hot water (MTHW)
• Radiators and other heat emitters use low temperature hot water, supplied 

by MTHW pipework
• Using Low Temperature Hot Water would enable a transition to heat 

pumps or district heating 
• A comprehensive plan is required to identify

• Which plant needs upgraded over time
• What is due for replacement anyway 
• Outline the specification

• The hospital requires resources to develop a plan
• Other hospitals have undergone similar transitions
• For this site, the most viable alternative is to use less efficient electric heat 

sources
• This would require increasing the grid capacity for the site from around 

5.5MW to an estimated 18MW 
• By comparison using heat pumps would increase connection capacity 

to 13MW 
• Operating cost for the hospital would be much higher without being 

able to use these more efficient heat pumps
• Other energy efficiency measures would reduce this further

New heat pump 
system and 

thermal storage

Laundry 
equipment 

replacement

LTHW 
network 

between plant 
rooms

Phased 
upgrade of 

legacy 
ventilation 

plant

Dedicated 
sterilisation 

plant

Energy centre 
upgrade

Electricity 
supply 

upgrades
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Hospital energy demand would allow flexibility but there are barriers

• Energy demands at hospitals show significant baseloads, 
providing conditions where flexibility may be possible

• Feedback from stakeholders was that flexibility not yet 
seen as an option for hospitals

• Co-ordination required between hospitals and DSOs to 
ensure that any flexibility options explored will provide 
benefits to both parties without impacting hospital services. 

• Can be challenging as energy demands need to be highly 
resilient  - such as heat supply to critical care facilities.

• Solutions could include 
• Distinguishing between resilient and non-resilient loads, 

or
• Using energy storage, including thermal storage to 

ensure services are not interrupted

• FOAK trial is important to demonstrate flex is possible on 
resilient sites
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Lack of capital and visibility of future capital make site planning challenging

• Sites don’t have visibility of future energy need
• Enabling works
• Technologies to be used
• Energy vectors

• Finding: Some NHS Acute hospital sites don’t have access to 
funding to plan their future energy needs and works required to 
support their decarbonisation. 

• This planning is required to usefully engage DNO on future 
electricity connection needs

• This is essential to enable networks to plan future needs of these 
sites and incorporate into network forecasts

Financial
• Limited budget
• Poor business case
• Lack of capital 

planning
• Lack of public funding 

opportunities

Technical
• Lack of engineering 

knowledge
• Ageing infrastructure
• Varying site types with 

large steam loads

Organisational
• Strategic misalignment
• Resourcing constraints
• Phased planning 

constraints
• Need for 

demonstration site

Operational
• Risk to critical services
• Poor quality metering
• Safety concerns
• Grid constraints

Stakeholder-identified barriers and concerns
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Resilience is a complex, multi layered issue, with challenges at various levels
• Resilience on acute hospitals is a complex issue involving 

many layers of resilience

• These are set out in Health Technical Memoranda and 
Scottish Health Technical Memoranda

• For example, includes guidance on number of grid 
connections to site, number of transformers, generators 
and fuel storage

• While some loads on site have different resilience needs 
from others, they often share infrastructure making 
disaggregating them challenging

• It is important to develop standard ways of designing and 
operating if flexibility is going to be allowed

• FOAK trial is important to demonstrate flex is possible on 
resilient sites

Grid resilience (Protected site)

Multiple connections (where applicable)

Resilience within site electrical infrastructure

Backup generators

Multiple fuel source

Backup fuel storage on site
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Some sites will need additional grid connections

• Finding – on example site, any significant electrification of heat 
would likely require a separate grid connection due to limitations on 
HV ring 

• Supplying from a separate grid transformer would increase site 
resilience

• There may be opportunity to use extra capacity within wider network 
to deliver flexibility benefits

• Some sites may be required to add additional grid connections to 
align with guidance

Example of HV Ring
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Sites with legacy systems may require network significant upgrades or major site works

• Finding: Heating systems on some sites are currently 
incompatible with heat networks or heat pumps
• Net zero transition would be limited to direct electric 

heating or, in some cases, biomass or biogas (where 
available)

• Without further works, many would need much larger grid 
connections to decarbonise their heat use unless work 
undertaken to make them compatible with lower 
temperature heat sources

• Scale of works required varies between sites
• Needs detailed planning to identify which systems need 

to change, the works required to update them and how 
they could be undertaken

• Lifecycle replacements often use heat at same grade, 
missing opportunity to make sites more compatible with 
lower temperatures and avoid stranded assets

Photo of steam boilers Photo of laundry 
equipment

Photo of steam pipes Photo of ventilation plant?
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There are different resilience requirements for significant energy uses

• Laundry, sterilisation and similar processes can be significant energy consumers

• Flexibility options and resilience needs can differ from rest of site

• Energy monitoring would allow distinction between loads with different resilience needs

• There may be opportunity to use more energy efficient plant to lower demand
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Low carbon backup fuels are unclear

• Fossil fuel oils stored on site play an important role in 
resilience plans at present

• These may remain for resilience purposes while the 
majority of consumption is decarbonised

• Work is required to identify suitable low carbon ways of 
providing this same level of resilience

• For example:
• Sites connecting to heat networks – to what extent are 

resilience requirements provided on-site or by the heat 
network

• For heat pump systems – will resilience requirements 
be passed onto the grid or dealt with on-site.
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Role of the CHP in site decarbonisation
• The site must transition away from natural gas to meet Net Zero 

targets
• CHP system has recently undergone mid-life overhaul and is expected 

to operate for up to 10 years
• The CHP system on site can play a role in enabling the long-term 

transition of the site during its remaining lifespan

• Transitioning the heating systems in the hospital to low temperature 
hot water (LTHW) will enable:
1. Use of heat generated by CHP which cannot currently be used
2. Option for parallel operation with heat pumps during transition 

phase
3. Subsequently fully switching to heat pumps serving LTHW 

system if CHP not replaced at end-of-life

• Alternate CHP fuel options:
1. Biomass – seen in other sectors but less suitable for this site.
2. Hydrogen and biogas – may be considered if a suitable supply 

chain for these fuels becomes available to supply the site, not the 
case at present..

Note: there will be an increased electricity import post-CHP 
decommissioning, but within the site’s existing connection capacity.
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Findings from site

Electricity Network & Infrastructure
• Future capacity uncertain due to limited data & legacy plant
• MV/LV infrastructure requires major upgrades to support de-steaming, PV, EV charging, potential second grid connection would all need 

considered

Heat Demand Reduction Opportunities
• Ventilation heat recovery
• Fabric & insulation improvements
• Steam leak maintenance

Decarbonised Heat Options
1. Steam electrode boilers – high electricity demand
2. LTHW ASHPs – lower demand, major infrastructure changes, with alternate steam source needed
3. MTHW cascade heat pumps – moderate demand, less infra change, higher CAPEX

Key Enablers
• Shift from 130°C to ≤85°C (ideally ~65°C) for cost-effective heat pump use

• New ventilation equipment with heat recovery reduces energy demand

• Without temperature shift, electric boilers remain fallback (high OPEX)



More detail
• Stakeholder feedback
• CBA details

• Inputs/assumptions
• Findings
• Key risks
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Stakeholder feedback

Challenges identified: NHS

Stakeholders Feedback summary and challenges identified

NHS sites

• Lack of budget and constrained funding. 
• Difficulty convincing the board to adopt a “new” technology less widely adopted. 
• Need for improved communication between: Finance team, Board, and Operational estates team to understand the 

benefits of alternative technologies.
• Risk of impacting critical services. 
• Inability to carry money over financial years, resulting in limited time to spend allocated funds. 
• Misalignment between phased planning and Scottish Government plans. 
• Significant resourcing constraints. 
• High proportion of site energy demand is steam, making transition to a Low Temperature Hot Water (LTHW) system 

challenging.

NHS governance

• Require more information on: 
• What data is needed before considering energy flexibility.
• What setup is required to enable flexibility in estates.

• Exploring case studies, including those outside the health estate, to gather transferable insights. Working on 
understanding how quickly or slowly NHS Trusts must transition to meet net zero targets.

• Believe that a First-of-a-Kind (FOAK) hospital project would: 
• Help de-risk new approaches.
• Provide practical guidance for other hospitals.
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Stakeholder feedback

Challenges identified: Other protected sites

Stakeholders Feedback summary and challenges identified

Airports

• Ageing infrastructure and restrictions on switchgear. 
• Lack of metering data and export opportunities. 
• Limited understanding of the engineering involved, and benefits gained with a flexible connection. 
• Significant resourcing constraints. 
• Reluctance to try demand flexibility due to risks of infrastructure not responding. 
• Safety concerns around diverting loads, especially in sensitive environments like airports. 
• Need for realistic and high-quality demand projections with firmer cost estimates to strengthen business cases. 

Defence sites

• Lack of funding and competing priorities requiring immediate attention. 
• Challenges in upgrading electrical infrastructure at the building level. 
• Backup and resilience requirements cannot be compromised. 
• Lesser confidence in a flexible connection due to operational risks. 
• Complexities arising from PFI contracts. 
• Infrastructure challenges, including reliance on steam and complex site needs. 
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Stakeholder feedback: Major barriers identified

Need for proven 
examples Limited load 

forecasting

Reliance on early adopters

Phased planning constraints
Lack of metering data

Resourcing constraints
Ageing infrastructure

Limited budget Lack of capital planning

“Unproven” Technologies

Safety concerns

Lack of funding opportunities

Large steam demands

Risk to critical 
services

Strategic misalignment

Lack of engineering 
knowledge

Competing priorities

Poor business case

Desire for reference site

Grid constraints
Lack of guidance
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Cost-benefit analysis: Modelled cases

BAU base case Least capital base case – regulation-
driven / compliance pathway

Large Hospitals with CHP Large Hospitals with Gas Boilers

Archetypes

Continue using CHP / gas boiler 
equipment, replacing when 

needed. 

Continue until change is forced for net 
zero, then quickest and least capital 

decision (replace CHP / gas boiler with 
electric boiler)

Base cases

Solutions

FORTRESS solutions allowing for pre-
planning and coordination with the DNO 

to allow for efficiency measures and 
infrastructure changes needed for more 

efficient outcome 

Enhanced planning and coordination 
case Innovative business model case

All benefits of the Enhanced planning 
and coordination case, but also 
including FORTRESS flexibility 

options where network or system 
benefits can be gained

• For each hospital archetype, the analysis considers two base 
cases — Business as Usual and Regulation-Driven 
Electrification. 

• For each base case, we then model two solution scenarios 
— Enhanced Planning and Innovative Business Model — to 
compare the impacts of different decarbonisation strategies.

• This results in in four CBAs per archetype, and eight CBAs 
in total across both archetypes.
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Cost-benefit analysis: Benefits included

Financial Environmental Social Financial Environmental Social
- CAPEX for 
HP/thermal 
storage/ESM

- Avoided gas costs

- Electricity usage 
costs

- Avoided local 
reinforcement cost 
(2036)

- Direct emissions 
reduction - Avoided gas costs

- CAPEX for 
HP/thermal 
storage/ESM

- Avoided 
reinforcement cost 
at connection (2040)

- Indirect emissions 
reduction (2040 
onwards)

- Avoided 
boiler/electric boiler 
replacement

- Direct emissions 
reduction

- Indirect emissions 
increase

- Electricity usage 
costs

- Avoided CHP/boiler 
replacement

Solutions vs Regulation-
Driven (2040 electrification)

- Network 
reinforcement cost 
at connection (2036)

- Indirect emissions 
increase 
(2036–2040)

Solutions vs BAU (gas)
- Network 
reinforcement cost 
at connection (2036)

- Avoided local 
reinforcement cost 
(2036)

Costs included Benefits includedSolution vs BAU case
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Cost-benefit analysis: Summary 

• DNOs will need to invest in grid reinforcement to support 
the decarbonisation of Hospitals. Financial and social 
benefits are negative when comparing to the No 
decarbonisation (BAU case).

• In scenarios where hospitals move to low-carbon 
technologies ahead of regulation, coordinated planning 
reduces peak demand growth and avoids part of the 
reinforcement costs (2040), providing financial gains 
for the DNO.

• Gas boiler sites start with higher carbon emissions than 
CHP sites, so switching them to low-carbon heating 
delivers a larger reduction in emissions and therefore 
higher environmental benefits.

• Working with hospitals on pre-planning and staged 
electrification would allow DNOs to focus 
reinforcement where it delivers the greatest 
environmental impact. In both proactive solution cases, 
the combined NPV is positive within 20 years, 
showing that early coordination benefits both DNOs 
and hospital operators.
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