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Our journey began in 2018/19
New build: certified passivhaus 

  

Key influencing factors:

• Recognition of industry wide construction quality questions
• Poor  comfort standards with respect to air quality and summertime 

overheating
• Disappointing energy performance of new build schools 
• Challenging operational carbon targets to be addressed
• Need for system simplicity where possible 



The Energy Performance Gap (CEC 2018/19 data) 

• New build schools  were not 
realising any significant 
improvements in energy 
performance. 

• This ‘performance gap’ is a 
national issue across all sectors. 

This is a basic overview for illustrative 
purposed based on 2018/19 data. 

Detailed comparisons have to take 
account of variable energy 
consumption factors:
*swimming pools, community use, 
scale of catering operation, or system 
operational issues.

Even relatively new budlings could 
present a Retrofit challenge? 
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Passivhaus delivers:
• Benefits from the assurance of expert third party Design and 

Construction certification process

• Delivers low energy

• Addresses performance gap

• Significantly contributes to construction quality

• Has indoor comfort criteria as a key driver

• A recognised international standard (transferrable knowledge) and 
avoids dilution of specifications which can be a risk for unproven 
bespoke approaches.   

• Benefits from decades of research and delivery.

• Fabric first approach drives the correct design team behaviours

Market has responded positively: Forward thinking contractors have 
proved to be very keen to embrace the approach.

      



• build 

• Existing Operational Estate

Addressing the existing CEC 

Operational Estate

The bigger challenge from both a technical and funding perspective will be 
addressing the existing Operational Estate.

Excluding PPP/DBFM schools and Edinburgh Leisure properties, there are 
approximately 400 heated buildings across the Operational Estate which 
require to be addressed.

The variety of buildings is extensive:

30% are over 100 years old. 40% built within last 50 years. 

There is also an opportunity to show leadership in setting out an approach to 
delivering this objective. 



The challenge in addressing existing buildings

• Existing buildings have greater limitations in delivering 
low energy solutions. Orientation and form are already 
fixed. 

• However, there is still opportunity to improve the 
building fabric and airtightness.

• The Passivhaus disciplines provide a robust analytical 
approach to addressing building fabric.

• For retrofit of existing buildings the Passivhaus standard 
is Enerphit.

• Enerphit is a very deep level of retrofit and not 
affordable across the Estate 

• However, CEC’s Passivhaus experience with PHPP 
modelling pointed to PHPP as a key tool to inform any 
retrofit process.  



Learning from Passivhaus delivery, the power of PHPP 
modelling was identified (EiRP development)  

PHPP provides:

Value in steering design decisions

Encourages iterative analysis 

Robust

Accessible

Potential to inform retrofit  

An Enerphit informed Retrofit Plan (EiRP) 
approach was developed with experts in this 
area. This approach delivers the required 
building analysis, setting out potential 
interventions to reduce energy consumption 
prior to support deployment of ZDEH 
primary plant (or connection to a local Heat 
Network etc.)



• build 

• Existing Operational Estate

This presentation provides a brief overview of the EiRP 
feasibility study, including: 

• Initial site investigations 
• Liberton Nursery analysis, options/costs 
• Brunstane PS analysis, options/costs 
• EiRP rolled out across increasing number of CEC buildings
• Methodology and brief shared on collaborative basis with 

Forum 
• Approach adopted by number of other Scottish Local 

Authorities
• The flexibility of the process (PHPP modelling) 
• Next steps around typologies and information sharing  

Graphs and images in this presentation have been extracted 
from reports for CEC developed by the identified delivery team. 
The majority of tables and images are attributable to Architype 

Pilot Study initiated July 2020



Pilot Study , on site investigations 

Two buildings selected for the Pilot to take to a feasibility ‘investment decision’ 
stage.   

Liberton Nursery and Brunstane PS

• These were selected as they presented very different challenges 

• The initial work included significant building investigation and testing:

 Air leakage pressure testing

 Opening up to have certainty of main fabric element make up 

 Thermal imaging 

 Insulation (U value ) on site testing

 In addition, where necessary, the buildings were 3D scanned 
to facilitate the required analysis and minimise on site survey 
time.



Liberton Nursery
Heat Losses through External Fabric



Liberton Nursery
Comparison of Retrofit Approaches

Note: 

Internal wall insulation 

Insulation approach to 
be balanced with wall 
requirement to 
breathe (interstitial 
condensation can be a 
risk) 

For lesser 
specifications, 
secondary glazing has 
been considered to 
preserve appearance

Some Enerphit 4a 
proposals could be 
impractical (subject to 
design development) 



Liberton Nursery
Comparison of Retrofit Approaches 
(zoom in)



2021 data
• Annual 0perational costs £/year for each level of Retrofit
 Based on a conservative ASHP SCOP of 2.4 there is a 

need for a significant level of retrofit to deliver costs 
similar to current gas fired solutions 

• Whole-life carbon kgCO2e/m2(GIFA)
 Additional embodied carbon for deeper retrofits is  

offset by operational carbon reduction 

• Net Present cost (offset of capital investment over 39 years) 
 Based on 2021energy costs, this is not a building 

specific return on investment decision, more a 
carbon decision. 

Wider Analysis undertaken: 
Liberton Nursery



Liberton Nursery (summary to inform investment decision ) 



Brunstane Primary
Heat Losses Through External Fabric



Brunstane Primary
Comparison of Retrofit Approaches

Note: 

External wall insulation 

Potential to reduce 
overall window area and 
provision of low-e 
glazing to address 
reported overheating 
issues

For airtightness of 3 and 
below MVHR required. 
Also addresses 
classroom ventilation 
concerns. 

 



Brunstane Primary
Comparison of Retrofit Approaches
(zoom in)



Brunstane Primary (summary to inform investment decision)





Passivhaus and Retrofit projects in delivery 

• New builds are being delivered to certified Passivhaus (with LZC primary plant)
 Current commissioned projects             RIBA Stage 
 Primary School annex building    7
 Community High School (inc. pool)   5
 Primary School     5
 High School (inc. surgery, library, café, police office etc)  5
 High School main teaching block    4
 Primary school     4
 Secondary School main teaching block and an EiRP refurb 3
 Primary school     0
    
 

• Enerphit informed Retrofits (EiRP): 
 Two pilot education properties plus Grade B block on above secondary 

school  



Brunstane Primary

Liberton Nursery
Trinity Block A

City of Edinburgh Council
3 Pilot Retrofits in Design



CEC’s Retrofit Related Workstreams 

Air Tightness 
Option. 



CEC’s Retrofit Related Workstreams Air Tightness 
Option. 

Power and accessibility of PHPP modelling



Passivhaus and Retrofit Delivery Forum
(informal group established and chaired by CEC) 

• Aberdeenshire
• CEC*
• East Ayrshire*
• Fife*
• Glasgow
• Highland
• Midlothian* 
• Moray
• Renfrewshire*
• Perth and Kinross*
• Angus*

• PHT
• BE_ST
• (SFT)
• HES (proposed monitoring and technical paper for Liberton 

Nursery and Trinity Block A) 

* Enerphit Informed Retrofit collaboration and results sharing 

Collaboration

Passivhaus and Retrofit 
Delivery Forum 

CEC shared outline EiRP briefing 
document





Next Steps

Opportunity to further analyse wider findings with 
aim to share across Public Sector

Extracts from proposal 



Approach

Data analysis of combined dataset (EiRP studies) to 
determine building typologies to facilitate 
‘typology based’ indicative cost and performance 
of retrofit interventions.

Present an example set of retrofit measures (say 3 
levels of intervention) for each typology 
represented in the sample

Discuss potential challenges/risks/strengths of 
each level of intervention for each typology. Also 
considering characteristics such as internal 
environmental quality, user disruption (decant), 
risk to fabric and heritage considerations.

Key that report is in accessible language with 
technical information and methodology provided 
in Appendices. 

Collaborative culture. All participants have agreed 
to make their feasibility study findings available for 
inclusion in the final paper.  



Example of emerging patterns
which may not be initially apparent 
when suggesting typologies/archetypes
(e.g., Form Factor) :  

Form Factor = Total heat loss area ÷ floor area 
The Form Factor of a building is key in low energy design because it tells you how thick your 
insulation has to be. If you can halve the form factor (ie, simplify the building’s shape) you can halve 
the wall insulation you need to get the same thermal performance.

poorgood



CEC’s Retrofit Related Workstreams 

Bivalent type Heat Pump 
deployment (‘fast and dirty’ 
interim approach). 

NZPSB for Existing 
Buildings. ‘Beta Test’ 

CIBSE

Air Tightness 
Option. 

Elemental Retrofit 
approach. 

Heat map in production for CEC 

buildings identifying anchor loads.

Contribute to wider public sector heat 

map

Anchor loads (over 500MWh/annum 

identified)

Funding case being made for 

Gracemount Heat Network where 

many buildings in CEC control.   



CEC Challenges/Observations so far: 

New build (Passivhaus):

Optimise any new builds. This is the ‘easy’ opportunity. CEC have adopted Certified Passivhaus.

The market/supply chain has responded positively.

Some parts of the sector promote a Passivhaus ‘Principles’ approach ducking the rigour of certification etc. This 
has potential risk of diluting the approach and repeating the Performance Gap.  The Performance Gap is more 
of an issue for clients and building operators and not an issue for ‘new build’ delivery teams who promote the 
approach.

Embodied carbon and more critically the circular economy is the emerging area of increased focus. 

Retrofit (EiRP):

Any mid -level or deep Retrofit costs are significant!  

All retrofits will attract risk of scope creep (condition and suitability) 

Retrofit is not the normal return on investment thinking, it’s a cost to transition to low carbon  

How deep to take a retrofit remains a challenge  

Low carbon solutions are not necessarily low energy solutions. Low carbon can be readily delivered but with 
risk to electricity network capacity. 

User disruption will be significant, challenging schools and residential care facilities. 

Need to be open and responsive to changing knowledge and technologies / Betamax fear



 Going forward

• New build: Passivhaus with deployment of ZEDH primary plant 
or Heat Network connection. 

• There will be ongoing challenge around construction/retrofit 
related costs and associated operational costs.

• Embodied carbon (and circular economy) will be area of 
increasing focus

• We expect greater focus on the case for Refurbishment where 
possible rather than new build. PHPP EiRP can inform the 
investment decision. 

• Recognise a need to be flexible in responding to emerging 
technologies, emerging best practices and opportunities. 

 

Picture taken at early days of CEC journey
(March 2019 student climate protests Holyrood, 5 years ago) 
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