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Introduction 
Riverbank School

A feasibility study was carried out on Riverbank 
School in Aberdeen, Scotland, to assess 
the cost, carbon count and environmental 
performance of varying levels of renovation taking 
place on the school building.

In Scotland, when either building a new school 
or renovating an existing one, there is the 
opportunity to receive funding for doing so 
through the Outcomes Based Funding (OBF) 
model.

The current funding metrics consider the energy 
performance of the building as a key determinant, 
in an attempt to reduce operational emissions.  
This often results in the development of a new 
school being the default option to achieve the 
best possible energy performance.  However, 
there is currently no consideration for embodied 
carbon as part of these metrics.  Embodied 
carbon is the emissions resulting from the 
materials and construction processes used 
throughout a building’s life cycle.

There is a potential trade off between achieving 
a better energy performance through building a 
new school, and the increased embodied carbon 
that this may entail.  The refurbishment of a new 
building - or even doing nothing at all - could 
therefore result in lower overall emissions than a 
new build option.  As a result, it is important that 
embodied carbon is considered as a key factor 
in identifying the best value approach.  This study 
aimed to do this, whilst also considering cost, 
condition, suitability, risk and programme.

The four proposed options include a base level 
refurbishment, an enhanced retrofit, an optimum 
retrofit, and a new build school acting as a 
comparator.  These options were compared 
whilst considering how each would comply with 
the Learning Estate Investment Programme 
(LEIP) funding metrics.



Aspirations for Scotland
Statutory Context 
Before we can compare the four options we need 
to assess the context for education in Scotland 
and the economic, environmental, and social 
drivers for carrying out the study.

National Performance Framework
Scotland’s National Performance Framework 
(NPF) describes the Scottish Government’s 
ambitions, providing a vision for national 
wellbeing across a range of economic, social, 
and environmental factors.  It sets out the 
strategic outcomes which collectively describe 
the kind of Scotland in which people would like 
to live and guides the decisions and actions of 
national and local government.1

The Place Principle
The Place Principle recognises that places are 
shaped by resources, services and assets used 
by the community and investors.  Therefore, the 
principle advocates a collaborative approach 
to a place’s services and assets to develop a 
shared vision for the community, achieving better 
outcomes in the long run.  These opportunities 
are aligned with Scotland’s national aspirations 
through both the National Planning and National 
Performance Frameworks.

National Planning Framework
The fourth National Planning Framework (NPF4) 
will show what Scotland, as a place, could and 
should look like in 2050.  NPF4 will embed 
the UN Sustainable Development Goals and 
Scotland’s national outcomes.  There will be a 
key focus on both the Place Principle and the 
overarching goal of addressing climate change.2

Aspirations for Aberdeen 
The current National Planning Framework (NPF3) 
reflects Aberdeen’s position as Scotland’s third 
largest city and significant economic engine, 
and together with the rest of the northeast, the 
important role it plays in Scotland’s success.3   Its 
key vision for Scotland’s spatial development is to 
create: 
• A successful, sustainable place
• A low carbon place
• A natural, resilient place
• A connected place

Aberdeen currently benefits from relative 
prosperity, but evidence shows an undeniable 
inequality in health, education, and employment 
opportunities.  The Local Outcome Improvement 
Plan 2016-2026 outlines the following goals to 
achieve by 2026 as measures of success:

To have the highest GVA 
(Gross Value Added) per 
head in Scotland

Fewer than 10% of 
children living in poverty

Citizens living in good 
health for at least five 
more years

Carbon emissions to be
61% lower

Figure 1: The National Performance Framework



Key Drivers
Education 
Scotland’s Learning Estate Investment 
Programme (LEIP)
Expanding opportunities for people in Scotland to 
succeed from nurture through to lifelong learning 
is a key strategic vision.  Helping children, young 
people, and learners of all ages to reach their full 
potential is critical.

Scotland’s Learning Estate plays an important 
role in supporting this ambition and since 2007 
the government and local authorities have 
invested around £5bn in doing so.4  The Learning 
Estate Strategy (LES) have aligned their principles 
to the NPF, outlining the following 10 guiding 
principles:

Figure 2: The LES guiding principles  

LEIP compliance and funding
To be eligible for funding, a project must 
demonstrate compliance under the four key 
metrics of condition, energy efficiency, digitally 
enabled learning, and economic growth.

1 Condition
A facility must be kept in condition A (performing 
well and operating effectively), or B (performing 
adequately or showing minor deterioration), for a 
period of 25 years.

2 Energy efficiency
The Scottish Futures Trust (SFT) has set a key 
energy target for educational facilities of 
67 kWh/sqm/annum for core hours.  However, 
this is seen as an ambitious target, so funding 
is not granted on a pass or fail basis.  Instead, a 
sliding scale is applied.  This is outlined in table 1 
below.

3 Digitally enabled learning
The digital infrastructure in place must be capable 
of supporting 1Gbps, extending to at least one 
point in every teaching space throughout the 
facility.

4 Economic growth
Any infrastructure investment must contribute 
towards economic growth, supporting the 
target number of jobs as per Construction 
Industry Training Board (CITB) benchmarks.  The 
amount required is dependent on the size of the 
investment being made.

Energy Consumption 
kWh/sqm/annum

LEIP Energy Funding 
%

A 67-83 100%

B 84-99 90%

C 100-115 60%

D 116-130 30%

E 131+ 0%

   Table 1: LEIP energy funding bands

Learning environments should 
support and facilitate joined up 

learning and teaching

Learning environments should 
support wellbeing, promote 

inclusion and facilitate transition

The learning estate should be well 
managed, maximise occupancy and 

delivery best value

The condition and suitability of 
learning spaces should reflect and 

enhance their function

Learning environments should 
serve a wider community and 
integrate other public services

Learning environments should be 
greener, more sustainable and 

allow for safer active travel

Outdoor learning and the use of 
outdoor environments should be 

maximised

Good consultation about spaces, 
direct engagement and involving 

decision making is key

Collaboration across the estate and 
with neighbouring partners should 

be encouraged

Investment in the estate should 
contribute towards better learning 
outcomes and economic growth

Scottish Government’s Learning Estates 
Strategy Guiding Principles



The proposals for Riverbank recognise the 
Scottish Government’s Climate Change Act 
2009 and supporting policies, together with the 
Aberdeen Council Climate Change Plan 2021-25.  
The plan includes a pledge to become net zero 
by 2045, with interim targets of a 48% emissions 
reduction by 2025 and a 75% reduction by 2030 
(against council 2015 / 2016 baseline figures).5

72% of Aberdeen’s emissions over the past 
five years came from energy use in buildings.  
Reducing this is therefore vital for meeting both 
Aberdeen and Scotland’s net zero targets.  The 
strategy and approach outlined for each option 
in the study considered these net zero ambitions 
throughout.

Operational energy
A major component of building emissions in 
Aberdeen is from the energy used to power 
them, mostly for heating and electricity.  With 
the national grid becoming less reliant on fossil 
fuels, electricity emissions have fallen in recent 
years.  However, those from heating are being left 
behind.  They are now attributable for the largest 
proportion of building emissions in Aberdeen.

In order to reduce these emissions in line with 
Aberdeen’s net zero targets, it is vital that building 
heating demands are reduced significantly.  
Improvements in passive design measures can 
increase the thermal performance of a building’s 
envelope and subsequently drive down this 
demand.  Many developments carry out these 
measures with the aim of achieving the Passive 
House Standard - a certification for buildings 
with very high energy efficiencies.  However, it 
is not always possible to achieve the Passive 
House Standard - used in new buildings - for the 
refurbishment of old ones.  

For this reason, the Passive House Institute has 
developed the EnerPhit certification.  This outlines 
a quality approved energy retrofit with Passive 
House components.  It sets out alternative 
requirements to the full Passive House Standard.6

As older buildings use even more energy than the 
average new construction, they offer even greater 
potential for both energy and emissions savings.  
Savings of between 75% and 90% have found 
to be achieved through adopting EnerPhit design 
principles. 

Figure 3: The EnerPhit retrofit certification

Embodied carbon
For decades, greenhouse gas reduction efforts 
in the built environment have been primarily 
focused on reducing operational energy demand.  
However in reality, emissions result from all stages 
of a building’s life cycle from project inception, 
through to construction, demolition and disposal.  
Each activity carried out throughout these stages 
demands energy that is derived from fossil 
fuels.  Furthermore, as operational emissions 
continue to fall, embodied carbon is becoming 
an increasing proportion of a building’s overall 
carbon footprint.  If Aberdeen and Scotland 
are to achieve their net zero targets, there will 
need to be an increased focus towards these 
embodied emissions, alongside those resulting 
from operation.

Net Zero Approach
Operational and Embodied Carbon



Strategic Objectives
Alignment with LES Principles 
Although the study aims to include embodied 
carbon as a key factor, there are several other 
considerations that need to be made to align 
with Scotland’s statutory context and wider 
aspirations.  The project therefore set out the 
following strategic objectives, agreed upon 
via engagement with education and authority 
representatives.

Education
Ensuring the successful delivery of the learning 
curriculum.  

Wellbeing 
Encouraging a healthy lifestyle to all pupils as well 
as members of the community through a healthy 
environment.

Equity 
Ensuring that spaces are accessible to all, 
allowing easy usage by their respective users.

Early intervention 
Upgrading the condition and suitability rating of 
the school to ensure long term improvement.  

Community and lifelong learning 
Providing physical spaces for the community, 
offering support, guidance, and networking 
opportunities for all ages and backgrounds.

Achieving more with less 
Design considering adaptability to ensure the 
life cycle of the building and performance are 
maximised.  

Future proofing and flexibility
Optimising current spaces to ensure they can be 
adapted to new uses.

Digital 
Incorporating the adequate technology within 
core education spaces to ensure a constant 
connection with the wider context and economic 
opportunities.

Environmental
Achieving LEIP standards and other sustainability 
criteria to ensure low energy costs and reductions 
in both operational and embodied carbon.

These objectives were expanded upon to 
formulate the SMART objectives, which 
summarise the key recommendations and 
demands for the project.  To ensure alignment 
with the Learning Estate Strategy, they were 
assessed on how they relate to the LES guiding 
principles.

Learning environments 
should support and 

facilitate excellent joined 
up learning and teaching

Learning environments 
should support wellbeing, 

promote inclusion and 
facilitate transition

The learning estate 
should be well managed, 
maximise occupancy and 

deliver best value

The condition and 
suitability of learning 

spaces should reflect and 
enhance their function

Learning environments 
should serve a wider 

community and integrate  
other public services

Bring together the 
school community into a 
single building that can 

support collaboration and 
integration

Fully accessible 
spaces and circulation; 

supporting inclusion and 
creating spaces fit for all

Calculate whole life 
costing for all available 

options to achieve a well 
managed and maintained 

learning estate

Condition and suitability 
of spaces to support and 
enhance the functions is 

assessed

Provide external spaces 
for eating and outdoor 
play that can be shared 

with the community

LES Guiding Principles Riverbank School
SMART Objectives

Learning environments 
should be greener, more 
sustainable and allow for 

safer active travel

Outdoor learning and 
the use of outdoor 

environments should be 
maximised

Good consultation 
about spaces, direct 

engagement and 
involving decision making 

is key

Collaboration across 
the estate and with 

neighbouring partners 
should be encouraged

Investment in the estate 
should contribute to 

better learning outcomes 
and economic growth

Enhance energy in use 
metrics

Outdoor learning 
spaces that support the 
curriculum and provide 
a communal space for 
socialising and eating

Learning environment to 
serve and add value to 
the wider community

Adopt an informal 
campus approach, 
connected to other 
facilities in locality

Good digital access 
which supports inclusive 

economic growth

     Figure 4: Project SMART objectives



The study compared four different scenarios.  
Each scenario was assessed against the same 
criteria to allow for comparison at the end.  These 
categories covered:
• Condition
• Suitability
• Energy consumption
• Embodied carbon
• Project programme
• Risk
• Cost

The selected criteria were assessed against the 
LEIP funding metrics.

Option 1
A minimal intervention involving only the essential 
internal refurbishment required to bring the 
building’s suitability rating to A.  This option does 
not include any changes to the external fabric 
and therefore only a minimal improvement to 
the energy performance is expected.  No LEIP 
funding would be received, and the building 
condition would remain at B.

Option 2 
A partial retrofit and renovation to achieve band C 
LEIP compliance, resulting in limited funding.  The 
targeted energy consumption would be between 
100 and 130 kWh/sqm/annum and the condition 
and suitability targets would both be A.

Option 3
A full retrofit of the existing building, incorporating 
all interventions required to achieve band A LEIP 
compliance, and therefore full funding.  This 
option aims to achieve an energy performance of 
below 83 kWh/sqm/annum, as well as condition 
and suitability ratings of A.

Option 4
A full new build school acting as a comparator 
for the other options.  This helps to draw 
comparisons between the more traditional 
approach and the proposed measures.  

The structured study approach allows an 
informative comparison, which can advise the 
decisions on the future of the building.

Methodology
 

Enhanced Refurbishment

2

Energy performance of external envelope 
enhanced to achieve LEIP band C

Suitability rating A
Condition rating A

Optimum Refurbishment

3

Energy performance of external envelope 
enhanced to achieve LEIP band A

Suitability rating A
Condition rating A

New Build Comparator

4

Base Level Refurbishment

1

No enhancement to energy performance of 
external envelope
Suitability rating A
Condition rating B



Existing School Review
Establishing a Baseline

Riverbank are due to vacate their current building, 
which is being assessed for its potential use 
by the current occupants of another nearby 
school - St Peter’s.  For St Peter’s to move into 
Riverbank, the building requires various upgrades 
to provide a suitable environment that supports 
the curriculum and learning needs of the new 
occupants.

Site location 
The school is located in Tillydrone, near to 
the northern border with Hayton.  It is north of 
Aberdeen city centre and west of Old Aberdeen.  
Located within walking distance of several local 
amenities, it has excellent connections to a 
variety of facilities and services:

1 District Heating Energy Centre
2 Aberdeen Lad’s Club
3 Tillydrone Community Campus
4 Hillhead Centre
5 St Machar’s Cathedral
6 University of Aberdeen
7 New Tillydrone Nursery

It is important to bear these local connections 
in mind when considering between an existing 
retrofit and a potential new build option.  This 
is because its proximity gives opportunities to 
share touchdown spaces with local facilities and 
ensures maximum utilisation of existing services 
with minimum investment.  

3

1
2

5

4

6

HAYTON DONSIDE

HILTON

UNIVERSITY OF 
ABERDEEN CAMPUS

OLD
ABERDEEN

7

TILLYDRONE

Riverbank 
School

Figure 6: Location and local services

A refurbishment of Riverbank could therefore 
further enhance and strengthen these 
connections, reinforcing the idea of community 
and a place based approach.

Site plan and layout
The building is mostly arranged over a single 
storey.  There is a two storey block to the east 
and a double height pitched roof to the dining 
hall.  A sports hall and four modular classrooms 
sit to the south.  

The classrooms are of a generous size with 
utilities and toilets deeper into the plan.  The first 
floor element contains three further classrooms 
and a staff work base.  There is no elevator to 
this floor.  The extension next to the sports hall is 
the only informal break out space on the site.

Plan compared to SFT metrics
St Peter’s has recently become oversubscribed. 
They are therefore looking for a new building 
that could accommodate 434 pupils and 40 
early learners.  To comply with current SFT area 
requirements this would require the new building 
to have a gross internal floor area (GIFA) of at 
least 3,487sqm.  Riverbank is currently 3,553sqm 
and therefore would be suitable for St Peter’s to 
move in to.

Extent of original concrete frame and masonry structure
Recent modular extension
Masonry construction extension

Figure 7: Existing site layout



Suitability and condition
A suitability assessment carried out by ACC 
revealed a limited accessibility for pupils with 
disabilities.  There was found to be a poor 
environmental performance of the general indoor 
and outdoor learning spaces, with the room 
temperature of these areas being uncomfortable.  
An overall suitability rating of B was determined.

Similarly, a condition assessment showed a 
satisfactory building condition, with some fabric 
elements nearing the end of their lifespans.  
Some fixed furniture and fittings were in poor 
condition, requiring upgrading.  An overall 
condition rating of B was determined.

Energy 
Aberdeen Council provided the following energy 
consumption figures for 2018 / 2019:

Gas Electricity District Heating

70,824 kWh 146,907 kWh 541,667 kWh

Table 2: Riverbank School energy consumption 
2018/19

This means that the total energy consumption 
of Riverbank is currently around 214 kWh/sqm/
annum.  This is significantly higher than the 
targets set for new build projects of 67 kWh/sqm/
year.

Heating 
The heating system is not zoned and has poor 
control, and the pipework is uninsulated.  This 
distributes around the school via the below 
ground services duct, feeding a mixture of 
column radiators, panel radiators and fan 
convectors.  Thermal energy is harnessed from 
the local Tillydrone district energy system, as well 
as electricity from the local DNO network.

Electrical 
Most of the original distribution boards are 
still in use.  The school is generally lit by older 
fluorescent battens and prismatic diffusers.  

Renewable energy
Three solar PV systems have been installed on 
flat roof areas, enabling the generation of onsite 
renewable electricity.

Asbestos
Asbestos was found in the building, mostly in the 
plant room where exposed heating pipes were a 
sign of asbestos removal works.

Solar gain 
The building has no external shading or solar 
control glass.  

ZONE 1

ZONE 2

ZONE 3 ZONE 2

Total area: 3553.3sqm

  Zone 1                                          413.5sqm

  Zone 2                                         2255.6sqm

  Zone 3                                           884.2sqm

GIFA(sqm)

Figure 8: Existing site layout compared to SFT metrics



Embodied Carbon
Baseline Assessment
Carbon methodology
The carbon analysis follows the methodology 
outlined within the RIBA 2030 Climate Challenge 
and the life cycle stages within BS EN 15978 
Sustainability of Construction Works.  Figure 9 
shows the life cycle stages as per the standards. 
The embodied carbon calculation considers 
those highlighted in red.

All values are measured in kilograms of carbon 
dioxide equivalent (kgCO2eq).  As well as carbon 
dioxide, this accounts for the emissions resulting 
from a range of other greenhouse gases including 
methane, nitrous oxide, chlorofluorocarbons 
and ozone. They are expressed in terms of an 
equivalent value of CO2 based on their relative 
Global Warming Potentials.

Bionovo Ltd One Click LCA software was used 
to carry out the analysis of embodied carbon for 
each of the four scenarios.

Industry benchmarks
The RIBA 2030 Climate Challenge7 and the 
London Energy Transformation Initiative (LETI)8 
have set benchmarks for good practice regarding 
embodied carbon.  These provide a point of 
reference to the industry and are outlined in table 
3 below.

Embodied 
Carbon 

Emissions

LETI Climate 
Emergency

RIBA 2030 
Climate 

Challenge 
Target

kgCO2eq/sqm Banding Year

<125 A++

<260 A+

<400 A

<540 B RIBA 2030

<675 C RIBA 2025

<835 D

<1000 E BAU

<1175 F

<1350 G

Table 3: LETI embodied carbon benchmarks
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Baseline carbon
The baseline is usually seen as the do nothing 
option in a feasibility study. However, in the case 
of Riverbank, various upgrades would be required 
to simply continue operating the building in its 
current form.  

As a result, three variants of this do nothing 
option have been assessed in order to fully 
consider the embodied carbon associated with 
the existing building.  This includes a full do 
nothing option, a building services refresh, and a 
building services refresh with general repair and 
replacement of elements.

Do nothing
The embodied carbon stored in the existing 
building is calculated, but no improvements, 
repair works or replacements are implemented.  
The embodied carbon associated with this option 
is zero.

Building services refresh
The replacement of building services equipment 
alone.  The embodied carbon for this option is 
estimated to be 100 kgCO2eq/sqm.

Building services refresh and general repair 
and replacement
The replacement of building services and repair 
and replacement of key materials which are 
susceptible to wear and tear (eg floor finishes).  
Wholesale replacements that are likely to be 
required in the future are also included (eg 
glazing).

This model gives a level of embodied carbon 
relating to realistic assumptions made on new 
materials and services being installed to prolong 
the life cycle of the building, without carrying 
out major refurbishment works.  The embodied 
carbon associated for this variant of the baseline 
is 279 kgCO2eq/sqm.  Repair and replacement 
factors relating to finishing elements, MEP 
systems and glazing is assumed within 10 years.

Retained material: embodied carbon saving
There is a saving associated with the retention of 
material in the existing building when compared 
to building a new school.  This is known as 
the raw material embodied carbon and was 
calculated to be 164 kgCO2eq/sqm.
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Riverbank building (kgCO2eq/sqm)



Considered Design Upgrades
Building Fabric Assessment

Ground Floor

Intervention A
• Insulation above slab
Benefits
• Opportunity for alternative heating eg 

underfloor
Assumptions
• Enough ceiling height space
• MVHR to classrooms
Consequences
• Raise finish floor level
• External grading required
• Floor to ceiling height reduced to incorporate 

MVHR within ceiling void
• All doors and lintels would need replacing
• Window cills would become lower
• Potential thermal bridge if used with an 

overclad option

Intervention B
• Insulation below slab
Benefits
• Internal and external levels remain the same
• Doors could be retained
• More compatible with an overclad option
Consequences
• Only possible with certain construction types, 

otherwise it necessitates very disruptive 
demolition

Financial Impact
• Potential high cost depending on existing 

floor construction

Intervention C
• Insulate basement / plant internal face of 

external wall
Benefits
• Prevents / reduces thermal bridging through 

base of the external walls
Consequences
• Reduction of internal spaces
• Potential thermal bypass

Intervention D
• Insulate internal trench
Consequences
• Only possible with certain construction types,  

otherwise it necessitates very disruptive 
demolition

Financial Impact
• Potential high cost depending on existing        

floor construction

Intervention E
• Insulate external face of foundation
Benefits
• Prevents / reduces thermal bridging through     

base of external walls
Consequences
• Ground works required to perimeter of        

building
• Cognisance of existing services required
• Design dependent on foundation design / 

dimension
• Depending on foundation form could require 

extensive excavations

Intervention F
• Insulate external face of underbuild
Benefits
• Prevents / reduces thermal bridging through     

base of the external walls
• Less intrusive than insulating foundation
Consequences
• Ground works required to perimeter of        

building
• Cognisance of existing services required
• Design dependent on foundation design / 

dimension
• Impact of insulating the face of the      

underbuilding only and not the foundation

To select the most appropriate interventions for 
the refurbishment, the design team compiled 
a list of potential upgrades, looking into each 
element individually.  

This enabled them to assess the consequences 
and impact of each intervention on the overall 
design.



Roof

Intervention A
• Inverted roof
• Retain existing roof and overclad
Consequences
• Can retain existing roof build up
• A consistent approach of overcladding
• Fixing of overcladding would likely need to 

be to primary frame or infill, rather than to 
existing cladding (this would require either 
removal of existing cladding or fixing through 
with longer anchors) 

• Negligible additional loads to the existing 
building as a result of wind, although cladding 
specification would need to be confirmed 
before a check could be carried out on 
additional weight

Intervention B
• Additional insulation between existing joists
Benefits
• Less work required to roof build up
Consequences
• Thermal bypass may occur through joists
• Additional layer of insulation may be required 

above / below

External Walls

Intervention
• Overcladding
Benefits
• Straight forward for access
• Would give a new appearance to the facade
Consequences
• New windows would likely be required to 

prevent thermal bridging
• Access to the existing structure / wall 

construction would be required
• Reliant on the structural integrity of the 

existing fabric

Windows and Doors

Intervention A
• Reuse most of the recently renovated parts
• Replacement of old ones
Benefits
• Increased thermal performance of worst 

performing windows
• Cost effectiveness of reusing windows
• Minimised embodied carbon
Consequences
• Double glazed windows are unlikely to        

achieve highest LEIP funding
• Airtightness of existing detail is unknown
• Cill / jambs would require modifying to suit  

overclad option

Intervention B
• Reuse existing windows where possible           

and introduce secondary glazing
Benefits
• Increased thermal performance of worst 

performing windows
• Cost effectiveness of reusing windows
• Minimised embodied carbon
Consequences
• Double glazed windows are unlikely to        

achieve highest LEIP funding
• Airtightness of existing detail is unknown
• Cill / jambs would require modifying to suit  

overclad option
• Impact on operation of windows

Intervention C
• Replace all windows with triple glazing
Benefits
• Better performance
• Could maximise glazing performance
• Creates a consistent detail / aesthetic
• Likely required to achieve highest LEIP        

funding
Consequences
• Increased cost and embodied carbon



Considered MEP Upgrades
Building Services Assessment

Structural commentary
The proposed interventions centre on increasing 
the building performance though replacing or 
improving the cladding details to the walls and 
roof, with improvements to the performance of 
the ground floor.

The existing structure is largely performing 
satisfactorily.  It is therefore to be utilised as 
the substrate for additional overcladding or 
replacement cladding elements, with suitably 
engineered fixings.

An additional depth of wall makeup will likely 
require an extension to the existing foundations 
to ensure adequate support at base level.  
The existing slab appears to be performing 
adequately and will form the substrate below the 
increase build up to the floor.

The building services installations were found to 
be at the end of their useful life.  Consideration 
should be given to a full strip out and 
refurbishment.

   
Solar Gain

Solar control glass may be a good option in some 
cases to alleviate overheating.

   
Heating

Because the heating system is not zoned and 
has poor control, full replacement and connection 
to the district heating network is recommended, 
as well as installation of a new pipework system.

Local point of use hot water storage may offer 
further savings on energy consumption and 
should be considered.  Space allocation may be 
required for water cylinders at key locations.

   
Electrical

A full strip out and rewire should be included in 
any works going forward.  This should include 
a new lighting installation offering large energy 
saving potential.

   
Renewable Energy

There are no other obvious opportunities for 
generating renewable energy on site.

   
Artificial Lighting

The existing fluorescent lighting should be 
replaced with a suspended LED solution,  
meeting the required criteria for facial  
recognition, glare, and automatic controls.

   
Hot Water

The existing system should remain, serving      
the hot water outlets fed from the domestic      
hot water loop.  Local point of use hot water 
storage may offer further savings on energy 
consumption and so should be considered.

   
Daylight

The daylighting has not been modelled to assess 
daylight factors or climate based daylighting 
metrics.  It is likely that some south eastern and 
south western elevations could suffer low angle 
glare, and lower ceilings might impact on the 
daylight factor but overall no noticeable change 
would be anticipated due to the size / area of 
glazing remaining constant throughout.  It is 
anticipated that the existing school would not 
achieve the current brief in terms of daylight 
factor or CBDM metrics.
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Base Level Refurbishment Optimum RefurbishmentEnhanced Refurbishment New Build Comparator
No enhancement to energy performance of 

external envelope
Suitability rating A
Condition rating B

Energy performance of external envelope 
enhanced to achieve LEIP band A

Suitability rating A
Condition rating A

Energy performance of external envelope 
enhanced to achieve LEIP band C

Suitability rating A
Condition rating A

Option 1 involves a basic upgrade to the MEP 
systems which have reached their end of life but 
includes no alteration to the building fabric.  A 
suitability rating of A would be targeted, however 
condition would be expected to remain at B.  No 
LEIP funding would be received.

Proposed layout
An outline design was developed to reflect the 
previous engagement undertaken with St Peter’s 
business case.  This was done with consideration 
for the project objectives and wider educational 
aims of Aberdeen and Scotland as a whole.  A 
number of interventions are proposed in order to 
increase the suitability from rating B to A.

An elevator would be installed to connect the 
ground floor, first floor and mid level circulation.  
This includes providing an alternative level 
access connecting the circulation loop without 
any change in level.  The overall floor area would 
increase from 3,553sqm to 3,704sqm through 
the development of a new lobby and three 
additional breakout spaces.
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Figure 11: Proposed layout for option 1

Classrooms are rearranged around newly formed 
breakout spaces with retractable partitions and 
new roof lights.  The proposed layout can be 
seen in figure 11, with the changes outlined in the 
key below.

         

         
         

Option 1: Base Level Refurbishment
No LEIP Funding

Key (figure 11)
Essential work
A Asbestos removal
B Drainage work
C Replacement of leaking and pre 2021 

windows
D Refurbishment to toilets
E New entrance door

Highly desirable
F Increasing kitchen’s size and adding a     

new servery
G Optimising classroom sizes, adding new 

teaching walls and a breakout space
H Refurbishment of cloak area
I Upgrade to finishes 

Added value
E New entrance
G Creating open classrooms by adding   

sliding walls
K Partitions removed to create a visiting 

services hub
L Adding a lift
M Adding a stair lobby
N Creating new staff space and a new      

lobby
O Adding a specialist classroom
P Refurbishment of LCR area and door to 

library
G New roof lights to breakout areas
H Creating a level access, improving 

circulation, adding Hellerup stairs and   
adding area to create a link corridor



MEP Upgrades

Impact on energy performance
The ventilation, hot water and heating all involve 
replacement on a like for like basis and therefore 
do not cause any improvements to the overall 
energy efficiency of the building.  

The lighting is the only element that is expected 
to increase the energy performance as the annual 
consumption would decrease from 55 MWh/year 
to 39 MWh/year.  

This would improve the building’s energy 
performance from 214 kWh/sqm/year to 198.3 
kWh/sqm/year, however this would still fail to 
qualify for any LEIP energy funding.

Overall energy consumption
198.3 kWh/sqm/year

   
Lighting

Current Energy Consumption = 55 MWh/yr
Predicted Consumption = 39 MWh/yr
• Replace existing surface mounted fluorescent 

luminaries with LED lighting
Consequences
• Suspended direct / indirect LED lighting 

would provide enhanced lighting quality in line 
with CIBSE LG5 

• Improved uniformity, facial recognition, glare 
and colour rendering metrics

• Improved lighting energy

   
Heating

Current Energy Consumption = 467 MWh/yr
Predicted Consumption = 467 MWh/yr
• Continued use of existing heating system 

(radiators)
Consequences
• Continued lack of control

   
Ventilation / Auxiliary

Current Energy Consumption = 14.1 MWh/yr
Predicted Consumption = 14.1 MWh/yr
• Renew ventilation on a like for like basis
Consequences
• Rely on natural ventilation all year round
• Reduced air quality (windows closed to   

avoid cold drafts)
• Continued high heating energy
• Non compliance with BB101
• Continued risk of overheating

   
Hot Water

Current Energy Consumption = 85.6 MWh/yr
Predicted Consumption =  85.6 MWh/yr
• Continued use of existing hot water 

distribution fed from district heating     
network

Consequences
• None



Embodied Carbon
All carbon calculations were carried out by 
RYBKA, using detailed modelling over a 60 year 
building life cycle.

The embodied carbon is broken down into two 
key elements.  Firstly there are the emissions 
associated with the repair, replacement and end 
of life of existing building elements.  This was 
calculated to be 247 kgCO2eq/sqm, making up 
85% of the total embodied carbon.

The second contributor is the extraction, 
production and manufacture of raw materials.  
These are also known as the cradle to gate 
emissions, and are represented by stages A1-A3 
in the emissions life cycle.  These were found to 
be 44 kgCO2eq/sqm, making up 15% of the total.

Demolition waste would also be produced as 
a result of the refurbishment works.  This is 
represented by the red bar on the graph and 
was calculated to be 45 kgCO2eq/sqm.  There 
would however be an emissions saving due to 
the retention of key materials from the existing 
building when compared to a new build.  This 
is represented as a negative bar and has been 
calculated to be 140 kgCO2eq/sqm.

GIFA
3,704sqm

Repair and replacement of existing elements
914,888 kgCO2eq (247/sqm)

Raw material emissions (A1-A3)
162,976 kgCO2eq (44/sqm)

Demolition emissions
166,680 kgCO2eq (45/sqm)

Total embodied carbon
1,244,544 kgCO2eq (336/sqm)

Emissions saving from retained materials
518,560 kgCO2eq (140/sqm)

Top embodied carbon contributors
1 MEP system replacement
2 Floor finishes
3 Insulation (acoustic)
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Figure 12: Embodied carbon analysis for option 1 
(kgCO2eq/sqm)



Cost
All cost information has been aligned with 
Q42021 prices using BCIS indices and adjusted 
for an Aberdeen cost base.  Life cycle renewal 
and Hard FM have been estimated on a per sqm 
GIFA basis, drawing on benchmark data for five 
education projects in Scotland.

No material adjustments in Hard FM costs are 
proposed for LEIP standards.  This is because 
the measures associated with each are largely 
passive or broadly equivalent to pre existing 
technologies in terms of maintenance regimes 
and costs.  A slight reduction in Hard FM costs 
is associated with the connection to a heat 
network.  This reflects the reduced maintenance 
costs of plate heat exchangers in comparison to 
a gas boiler.

GIFA
3,704sqm

Prime cost subtotal (incl design development risk)
£10,380,600

Preliminaries (8.91%)
£924,900

Add on costs (fees, risk)
£1,963,300

Total development cost (excl inflation)
£13,268,800 (£3,582/sqm)

Life cycle cost
£86,941 (£23.47/sqm/annum)

Hard FM cost
£89,895 (£24.29/sqm/annum)

Programme
The pre construction development programme 
for each option is identical.  Each requires 
detailed design, planning consent, contractor 
procurement, costing / market testing and 
intrusive asbestos survey work.

Option 1 is expected to have the shortest 
construction programme, due to involving 
no upgrades to the external building fabric.  
A detailed construction programme will be 
developed following detailed design.  At this 
stage, a period of 14 months has been assumed, 
after any asbestos removal works have been 
completed.

There have been estimated to be approximately 
eight weeks of preparations required by ACC 
before procurement and design can begin.

ACC project preparations
8 weeks

Pre NPR: Tier 1 – Supply Chain
5 weeks

Hub Stage 1: RIBA 1-2 Design + Technical 
Development – Advanced
30 weeks

Main Contractor Procurement
14 weeks

Hub Stage 2: RIBA 3-4 Spatial Coordination and 
Technical Design
59 weeks

Construction
61 weeks

Cost and Programme



Summary

AAnticipated 
Suitability

BAnticipated 
Condition

198.3
kWh/sqm/annum

Energy 
Consumption

291
kgCO2eq/sqm

Embodied Carbon 
(Excl Demolition) 

45
kgCO2eq/sqm

Demolition 
Material Carbon

140
kgCO2eq/sqm

Retained
Material Carbon

£13,268,800
£3,582/sqm

Capital 
Cost

£86,941
£23.47/sqm/annum

Life Cycle
Cost

£89,895
£24.29/sqm/annum

Hard FM
Cost

Programme
Stage 1: 30 weeks
Stage 2: 59 weeks
Construction: 61 weeks

3,704
sqmArea

            

Education Education

Wellbeing Wellbeing

Equity

Early
Intervention

Early
Intervention

Equity

Community 
and Lifelong 

Learning

Community 
and Lifelong 

Learning

Achieving 
More with 

Less

Achieving 
More with 

Less

Future 
Proofing and 

Flexibility

Future 
Proofing and 

Flexibility

Digital Digital

Environmental Environmental

Strategic Objectives Compliance

Fully compliant

Partially compliant

Not compliant
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Base Level Refurbishment Optimum RefurbishmentEnhanced Refurbishment New Build Comparator
No enhancement to energy performance of 

external envelope
Suitability rating A
Condition rating B

Energy performance of external envelope 
enhanced to achieve LEIP band A

Suitability rating A
Condition rating A

Energy performance of external envelope 
enhanced to achieve LEIP band C

Suitability rating A
Condition rating A

Option 2 includes carrying out some retrofit 
measures to achieve partial LEIP compliance and 
therefore partial funding.  It targets both condition 
and suitability ratings of A.

Proposed layout
This proposal includes the fundamental 
interventions for the project such as the elevator 
providing accessibility to the first floor.  No new 
internal area is added to the scheme (3,553sqm).

Classrooms have been rearranged around 
newly formed breakout spaces.  Connection to 
the classrooms is limited to a visual connection 
through the use of glazing to the door sets 
instead of retractable partitions.  The proposed 
layout can be seen in figure 13 and the changes 
are outlined in the corresponding key.

In comparison to option 1, the renovation 
includes some intervention to the external fabric. 
This would enhance the energy performance to 
meet LEIP band C and includes upgrades to the 
exterior walls and roof.

Several external wall interventions were 
considered, with overcladding found to be the 
best option.  The same process was applied 
to the selection of wall, roof and glazing 
improvements.

No insulation was applied to the ground floor due 
to the complexity of the fitting above the existing 
slab, and because all doors and lintels would 
need to be replaced.  An air permeability figure of 
10 m3/hr/m2 was targeted for the perimeter walls.
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Figure 13: Proposed layout for option 2

Option 2: Enhanced Refurbishment
Band C LEIP Funding

Key (figure 13)
Essential work
A Asbestos removal
B Drainage work
C Replacement of leaking and pre 2021 

windows
D Refurbishment to toilets
E New entrance door

Highly desirable
F Increasing kitchen’s size and adding a     

new servery
G Optimising classroom sizes, adding new 

teaching walls and a breakout space
H Refurbishment of cloak area
I Upgrade to finishes 

Added value
E New entrance
F Partitions removed to create a visiting 

services hub
G Adding a lift
H Adding a stair lobby
I Creating new staff space
J Adding a specialist classroom
K Refurbishment of door to library
L New roof lights to breakout areas



Design Upgrades

   

External Wall - 
Original Building

 
Current U-Value = 0.27 W/m2K
Predicted U-Value = 0.15 W/m2K
• SAS ProRend lite
• 200mm mineral wool slab insulation
• SAS ProRend Colourtex
• Associated fixings
Consequences
• New windows required
• New external door
• Extend roofline and cills to suit extra depth

   

External Wall - 
Extension Building

Current U-Value = 0.27 W/m2K
Predicted U-Value = 0.15 W/m2K
Consequences
• Remove existing cladding and panel
• New external door
• Extend roofline and cills to suit extra depth

   
Replacement Glazing

Current U-Value (original building) 
= 4.8 W/m2K
Current U-Value (extension) = 2 W/m2K
Predicted U-Value (both)  = 0.8 W/m2K
• Triple glazed
• Appropriate membranes to seal
Consequences
• New cills and head required

   

Flat Roof - Original 
Building

Current U-Value = 0.35 W/m2K
Predicted U-Value = 0.15 W/m2K
• Breather membrane
• Insulation (spec TBC)
• Single ply membrane
Consequences
• New guttering

   

Pitched Roof - 
Extension Building

Current U-Value = 0.2 W/m2K
Predicted U-Value = 0.15 W/m2K
• Kalzip roof
Consequences
• Existing tiles / metal panels to be removed
• New guttering

   
New Roof Lights

Current U-Value = N/A
Predicted U-Value = 0.8 W/m2K
• Triple glazed
• Appropriate membranes to seal
Consequences
• New openings formed in roof
• Internal alterations

   

Airtightness - 
Perimeter Walls

Current (original building) = 15 m3/hr/m2

Current (extension) = 10 m3/hr/m2

Predicted (both) = 10 m3/hr/m2

• 18mm Smart ply
• Stud service zone
• Plasterboard lining
• Airtight membranes for sealing
Consequences
• Replacement of power sockets to external 

walls

   
Airtightness - Roof

Current (original building) = 15 m3/hr/m2

Current (extension) = 10 m3/hr/m2

Predicted (both) = 3 m3/hr/m2

• 18mm Smart ply fixed to underside of     
rafters

• Ceiling zone
• Suspended ceiling
• Airtight membranes for sealing
Consequences
• New ceiling required



MEP Upgrades

Impact on energy performance
The installation of MVHR would increase the 
energy consumption associated with ventilation.  
However, the improvements to the other MEP 
elements (lighting, hot water and heating), would 
cause the overall energy efficiency to improve 
significantly.  

This would fall from 214 kWh/sqm/year to 112.8 
kWh/sqm/year, making this option eligible for 
band C LEIP energy funding.

Overall energy consumption
112.8 kWh/sqm/year

   
Lighting

Current Energy Consumption = 55 MWh/yr
Predicted Consumption = 39 MWh/yr

• Replace existing surface mounted fluorescent 
luminaries with modern LED lighting and 
automatic controls

Consequences
• Suspended direct / indirect LED lighting will 

provide enhanced lighting quality in line with 
CIBSE LG5 

• Improved uniformity, facial recognition, glare 
and colour rendering metrics

• Improved lighting energy

   
Hot Water

Current Energy Consumption = 85.6 MWh/yr
Predicted Consumption =  37.1 MWh/yr

• Replace existing hot water distribution with 
local point of use water heaters

Consequences
• Reduced energy waste by circulating along 

long distribution runs
• Improved hot water energy
• Reduced losses from inefficient distribution 

pipework
• Electricity as source of hot water (electricity is 

a low carbon fuel)

   
Ventilation / Auxiliary

Current Energy Consumption = 14.1 MWh/yr
Predicted Consumption = 17.4 MWh/yr

• Introduce mechanical ventilation heat 
recovery (MVHR), providing fresh air from 
outside and enhancing air quality whilst 
retaining the heating energy through an 
efficient heat exchanger.  The system would 
be wall / ceiling mounted within classrooms 
and occupied offices  

Consequences
• Installation of MVHR units on a room by  

room basis
• Improved air quality in line with BB101
• Heating energy reduction
• Intervention and installation of ventilation 

equipment into classrooms
• External louvres
• Internal equipment and ductwork

   
Heating

Current Energy Consumption = 467 MWh/yr
Predicted Consumption = 195.7 MWh/yr

• Installation of new heating system to suit 
upgraded fabric

Consequences
• Reduced heating energy



Embodied Carbon
Option 2 resulted in a greater level of embodied 
carbon for the repair and replacement of 
elements (294 kgCO2eq/sqm) and for raw 
materials (126 kgCO2eq/sqm) than for option 1.  
Demolition waste emissions were also greater, 
increasing to 92 kgCO2eq/sqm.

There would still be an emissions saving from the 
retention of material from the existing building 
(125kgCO2eq/sqm), however this would be 
reduced due to the additional upgrades being 
carried out.

It has been calculated that approximately 6 
kgCO2eq/sqm of carbon would be sequestered 
due to the use of timber in the repair and 
replacement elements, however it is important 
to bear in mind that without a plan for their end 
of life then this stored carbon may simply be 
released again upon demolition.

GIFA
3,553sqm

Repair and replacement of existing elements
1,044,582 kgCO2eq (294/sqm)

Raw material emissions (A1-A3)
447,678 kgCO2eq (126/sqm)

Sequestered carbon
21,318 kgCO2eq (6/sqm)

Demolition emissions
326,876 kgCO2eq (92/sqm)

Total embodied carbon (incl sequestered)
1,797,818 kgCO2eq (506/sqm)

Emissions saving from retained materials
444,125 kgCO2eq (125/sqm)

Top embodied carbon contributors
1 MEP system replacement
2 Floor finishes
3 Insulation (acoustic)
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Figure 14: Embodied carbon analysis for option 2 
(kgCO2eq/sqm)



Cost and Programme
Cost
The total development cost of option 2 was 
greater than that of option 1, due to the 
associated fabric upgrades such as overcladding 
to the walls and roof, replacement glazing and 
new roof lights.  These amendments caused the 
total cost to increase to £15,565,600.

GIFA
3,553sqm

Prime Cost subtotal (incl design development 
risk)
£12,136,600

Preliminaries (8.91%)
£1,081,400

Add on costs (fees, risk)
£2,347,600

Total development cost (excl inflation)
£15,565,600 (£4,381/sqm)

Life cycle cost
£83,397 (£23.47/sqm/annum)

Hard FM cost
£86,316 (£24.29/sqm/annum)

Programme
The pre construction development programme 
for option 2 is the same as for option 1.  It 
requires detailed design, planning consent, 
contractor procurement, costing / market testing 
and intrusive asbestos survey work.

There would however be a longer construction 
period of 70 weeks.  This is due to the building 
fabric upgrades that are not included in option 1. 

A detailed construction programme would be 
developed following detailed design, however 
at this stage a period of 70 weeks has been 
assumed.

There have been estimated to be eight weeks 
of preparations required by ACC before 
procurement and design can begin.

ACC project preparations
8 weeks

Pre NPR: Tier 1 – Supply Chain
5 weeks

Hub Stage 1: RIBA 1-2 Design + Technical 
Development – Advanced
30 weeks

Main Contractor Procurement
14 weeks

Hub Stage 2: RIBA 3-4 Spatial Coordination and 
Technical Design
59 weeks

Construction
70 weeks



Summary

AAnticipated 
Suitability

AAnticipated 
Condition

112.8
kWh/sqm/annum

Energy 
Consumption

420
kgCO2eq/sqm

Embodied Carbon 
(Excl Demolition)

92
kgCO2eq/sqm

Demolition 
Material Carbon

125
kgCO2eq/sqm

Retained
Material Carbon

£15,565,600
£4,381/sqm

Capital 
Cost

£83,397
£23.47/sqm/pa

Life Cycle
Cost

£86,316
£24.29/sqm/pa

Hard FM
Cost

Programme
Stage 1: 30 weeks
Stage 2: 59 weeks
Construction: 70 weeks

3,553
sqmArea

Education Education

Wellbeing Wellbeing

Equity

Early
Intervention

Early
Intervention

Equity

Community 
and Lifelong 

Learning

Community 
and Lifelong 

Learning

Achieving 
More with 

Less

Achieving 
More with 

Less

Future 
Proofing and 

Flexibility

Future 
Proofing and 

Flexibility

Digital Digital

Environmental Environmental

Strategic Objectives Compliance

Fully compliant

Partially compliant

Not compliant



Option 3: Optimum Refurbishment
Band A LEIP Funding

1 2 43

Base Level Refurbishment Optimum RefurbishmentEnhanced Refurbishment New Build Comparator
No enhancement to energy performance of 

external envelope
Suitability rating A
Condition rating B

Energy performance of external envelope 
enhanced to achieve LEIP band A

Suitability rating A
Condition rating A

Energy performance of external envelope 
enhanced to achieve LEIP band C

Suitability rating A
Condition rating A

Option 3 involves a full building retrofit, to achieve 
band A LEIP compliance, and therefore full 
funding.  Suitability and condition ratings of A 
would again be targeted.

Proposed Layout
Similarly to options 1 and 2, the proposal 
includes the installation of the elevator to 
connect the ground floor, first floor and mid 
level circulation.  It would also involve providing 
an alternative level access which connects the 
circulation loop without any change in level.

There are three proposed extensions that 
increase the overall internal area.  These improve 
the form factor which in turn increases the energy 
performance of the building.  The additional 
areas also provide opportunity to create more 
welcoming and flexible learning spaces.
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Figure 15: Proposed layout for option 3

 

Classrooms are rearranged around newly formed 
breakout spaces with retractable partitions and 
new roof lights.  This encourages interaction 
not only between classes, but also between the 
various age groups within the school.

Key (figure 15)
Essential work

A Asbestos removal
B Drainage work
C Replacement of leaking and pre 2021 

windows
D Refurbishment to toilets
E New entrance door

Highly desirable
F Increasing kitchen’s size and adding a     

new servery
G Optimising classroom sizes, adding new 

teaching walls and a breakout space
H Refurbishment of cloak area
I Upgrade to finishes 

Added value
E New entrance
F Creating open classrooms by adding    

sliding walls
K Partitions removed to create a visiting 

services hub
L Adding a lift
M Adding a stair lobby
N Creating new staff space
O Adding a specialist classroom
P Refurbishment of LRC area and door to 

library
G New roof lights to breakout areas
H Creating a level access, improving 

circulation, adding Hellerup stairs and  
adding area to create a link corridor



The same design upgrades as option 2 would 
be carried out, however with the addition of 
insulation to the ground floor slabs.  This is the 
most difficult element to achieve the targeted 
thermal performance due to the complicated 
installation it would require.  

The thermal line would therefore need to be 
moved within the structure.  The airtightness 
line would be located on the internal lining of the 
walls.  An improved air permeability figure of 3 
m3/hr/m2 was targeted for the perimeter walls.

Design Upgrades

   

Ground Floor 
Insulation

 
Current U-Value (original building) 
= 0.6 W/m2K
Current U-Value (extension) = 0.22 W/m2K
Predicted U-Value (both) = 0.14 W/m2K
• 100mm Kingspan Kooltherm K103
• Polythene separation layer
• 65mm sand cement screed
• New floor finish
Consequences
• Raise floor +165mm
• All doors and lintels to be replaced
• External grading required

   

External Wall - 
Original Building

Current U-Value = 0.27 W/m2K
Predicted U-Value = 0.15 W/m2K

   

External Wall - 
Extension Building

Current U-Value = 0.27 W/m2K
Predicted U-Value = 0.15 W/m2K

   
Replacement Glazing

Current U-Value (original building) 
= 4.8 W/m2K
Current U-Value (extension) = 2 W/m2K
Predicted U-Value (both) = 0.8 W/m2

   

Flat Roof - Original 
Building

Current U-Value = 0.35 W/m2K
Predicted U-Value = 0.15 W/m2K

   

Pitched Roof - 
Extension Building

Current U-Value = 0.2 W/m2K
Predicted U-Value = 0.15 W/m2K

   
New Roof Lights

Current U-Value = N/A
Predicted U-Value = 0.15 W/m2K

   

Airtightness - 
Perimeter Walls

Current (original building) = 15 m3/hr/m2 
@50Pa
Current (extension) = 10 m3/hr/m2 @50Pa
Predicted (both) = 3 m3/hr/m2 @50Pa

   
Airtightness - Roof

Current (original building) = 15 m3/hr/m2      
@50Pa
Current (extension) = 10 m3/hr/m2 @50Pa
Predicted (both) = 3 m3/hr/m2 @50Pa



Impact on energy performance
Similarly to option 2, the installation of MVHR 
would cause the energy consumption from 
ventilation to increase.  However, the other MEP 
improvements to lighting, hot water and heating 
would cause the overall energy consumption to 
fall from 214 kWh/sqm/year to 76.6 kWh/sqm/
year.  

The insulation of the ground floor slab is 
responsible for the additional improvement in 
energy efficiency over option 2.  This option 
would therefore be eligible for band A LEIP 
compliance.

Overall energy consumption
76.6 kWh/sqm/year

MEP Upgrades

   
Lighting

Current Energy Consumption = 55 MWh/yr
Predicted Energy Consumption = 39 MWh/yr

• Replace existing surface mounted fluorescent 
luminaries with modern LED lighting and 
automatic controls

Consequences
• Suspended direct / indirect LED lighting will 

provide enhanced lighting quality in line with 
CIBSE LG5 

• Improved uniformity, facial recognition, glare 
and colour rendering metrics

• Improved lighting energy

   
Hot Water

Current Energy Consumption = 85.6 MWh/yr
Predicted Consumption = 37.1 MWh/yr

• Replace existing hot water distribution with 
local point of use water heaters

Consequences
• Reduced energy waste by circulating along 

long distribution runs
• Improved hot water energy
• Reduced losses from inefficient distribution 

pipework
• Electricity as source of hot water (electricity is 

a low carbon fuel)

   
Ventilation / Auxiliary

Current Energy Consumption = 14.1 MWh/yr
Predicted Consumption = 17.4 MWh/yr

• Introduce MVHR, providing fresh air from 
outside and enhancing air quality whilst 
retaining the heating energy through an 
efficient heat exchanger; the system would be 
wall / ceiling mounted within classrooms and 
occupied offices

Consequences
• Installation of MVHR units on a room by   

room basis
• Improved air quality in line with BB101
• Heating energy reduction
• Intervention and installation of ventilation 

equipment into classrooms
• External louvres
• Internal equipment and ductwork

   
Heating

Current Energy Consumption = 467 MWh/yr
Predicted Energy Consumption = 195.7 MWh/yr

• Installation of new heating system to suit 
upgraded fabric

Consequences
• Reduced heating energy



Embodied Carbon
Option 3 has a larger embodied carbon for both 
the repair and replacement of existing elements 
(313 kgCO2eq/sqm), and for the raw material 
emissions (133 kgCO2eq/sqm).  This was due to 
additional interventions, mainly the insulation of 
the ground floor slab.  

The increased interventions have been calculated 
to sequester more carbon due to the use of 
timber elements in the replacement products (9 
kgCO2eq/sqm).  However, it is again important 
to remember that there is currently no end of life 
plan for these materials.  Demolition emissions 
would increase to 98 kgCO2eq/sqm.

There would be an emissions saving from the 
retention of material from the existing building, 
however this would be reduced to 117 kgCO2eq/
sqm.

GIFA
3,704sqm

Repair and replacement of existing elements
1,159,352 kgCO2eq (313/sqm)

Raw material emissions (A1-A3)
492,632 kgCO2eq (133/sqm)

Sequestered Carbon
33,336 kgCO2eq (9/sqm)

Demolition emissions
362,992 kgCO2eq (98/sqm)

Total embodied carbon (incl sequestered)
1,981,640 kgCO2eq (535/sqm)

Emissions saving from retained materials
433,368 kgCO2eq (117/sqm)

Top embodied carbon contributors
1 MEP system replacement
2 Glazing
3 Floor finishes
4 Insulation
5 Aluminium products 
6 Manufactured wood products
7 Screed
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Figure 16: Embodied carbon analysis for option 3 
(kgCO2eq/sqm)



Cost and Programme
Cost
The total development cost of option 3 was 
calculated to be greater than that of option 2 at 
£16,952,900.  This is mainly due to the insulation 
of the ground floor slab.

On a per sqm GIFA basis, the LCC for option 
3 has been assumed to be the same as option 
2.  This is because there is little quantifiable 
distinction between the two scenarios as a result 
of the types of works being carried out.  As the 
floor area is greater for option 3, the total LCC 
would increase to £86,941.

The same applies for Hard FM costs, which are 
also expected to increase to £89,895 due to the 
larger floor area.

GIFA
3,704sqm

Prime cost subtotal (incl design development risk)
£13,295,700

Preliminaries (8.91%)
£1,184,600

Add on costs (fees, risk)
£2,472,600

Total Development Cost (excl inflation)
£16,952,900 (£4,577/sqm)

Life cycle cost
£86,941 (£23.47/sqm/annum)

Hard FM cost
£89,895 (£24.29/sqm/annum)

Programme
The pre construction development programme 
for option 3 is the same as for options 1 and 
2.  It requires detailed design, planning consent, 
contractor procurement, costing / market testing 
and intrusive asbestos survey work.

In addition to significant building fabric 
interventions (external walls, glazing systems and 
roof), the ground floor slab is also to be insulated, 
with consequential disruption to internal doors 
and certain partitions.  This is therefore expected 
to increase the overall construction period to 78 
weeks.

There have been estimated to be approximately 
eight weeks of preparations required by ACC 
before procurement and design can begin.

ACC project preparations
8 weeks

Pre NPR: Tier 1 – Supply Chain
5 weeks

Hub Stage 1: RIBA 1-2 Design + Technical 
Development – Advanced
30 weeks

Main Contractor Procurement
14 weeks

Hub Stage 2: RIBA 3-4 Spatial Coordination and 
Technical Design
59 weeks

Construction
78 weeks



Summary

AAnticipated 
Suitability

AAnticipated 
Condition

76.6
kWh/sqm/annum

Energy 
Consumption

446
kgCO2eq/sqm

Embodied Carbon 
(Excl Demolition)

98
kgCO2eq/sqm

Demolition 
Material Carbon

117
kgCO2eq/sqm

Retained
Material Carbon

£16,952,900
£4,577/sqm

Capital 
Cost

£86,941
£23.47/sqm/pa

Life Cycle
Cost

£89,895
£24.29/sqm/pa

Hard FM
Cost

Programme
Stage 1: 30 weeks
Stage 2: 59 weeks
Construction: 78 weeks

3,704
sqmArea

Education Education

Wellbeing Wellbeing

Equity

Early
Intervention

Early
Intervention

Equity

Community 
and Lifelong 

Learning

Community 
and Lifelong 

Learning

Achieving 
More with 

Less

Achieving 
More with 

Less

Future 
Proofing and 

Flexibility

Future 
Proofing and 

Flexibility

Digital Digital

Environmental Environmental

Strategic Objectives Compliance

Fully compliant

Partially compliant

Not compliant



1 2 3 4

Base Level Refurbishment Optimum RefurbishmentEnhanced Refurbishment New Build Comparator
No enhancement to energy performance of 

external envelope
Suitability rating A
Condition rating B

Energy performance of external envelope 
enhanced to achieve LEIP band A

Suitability rating A
Condition rating A

Energy performance of external envelope 
enhanced to achieve LEIP band C

Suitability rating A
Condition rating A

Option 4 involves using all new build elements 
to develop a brand new school building.  This 
helps to draw comparisons between the retrofit 
options and the traditional approach to this type 
of project.  

The key differences would be the new structural 
elements including substructure, foundations, 
and floor slabs.  These are assumed to be 
made from concrete with rebar and mesh 
reinforcement.  

No concept design has been produced at 
this stage as it is only intended for use as a 
comparator.  Instead, SFT metric compliant 
area standards have been applied based on the 
anticipated roll.  

Relevant project benchmark data has been 
applied, using comparably sized projects 
procured through Hub North Scotland, in order 
to provide a cost estimate for a new build.  A 
percentage uplift has been added to provide for 
the extra over costs (relative to the benchmark 
projects) of LEIP compliance.

It has been assumed that the new build would be 
located on a site broadly in the same location as 
the existing school.  As such, the external works 
portion of the cost estimate has been based 
upon outline drawing information provided by 
Ryder for the refurbishment options.  

Energy and environmental performance
The new build school follows the format of ACC 
standard requirements or SFT requirements.  
This is an extensive list with the following key 
headings:

Option 4: New Build Comparator
Band A LEIP Compliance

   
Overheating

Designed out and modelling results based on 
CIBSE TM52

   
Air Quality

Designed and developed in line with BB101

   
Daylighting

Climate based daylight modelling conducted 
to inform the architecture, with best balance 
of daylight whilst mitigating solar gain and low 
angle glare

   
Thermal Comfort

Designed for 21degC in line with BS EN 15251 
and CIBSE Guide A

   
Artificial Lighting

Designed in accordance with CIBSE LG5



Embodied Carbon
Option 4 had a lower embodied carbon 
associated with the repair and replacement of 
elements (105 kgCO2eq/sqm) when compared 
to each of the retrofit options.  However 
the emissions resulting from the extraction, 
production and manufacture of new raw materials 
was significantly higher at 511 kgCO2eq/sqm.  
Key contributors to this are the structural and 
building envelope elements.  Production of the 
raw materials represent the largest individual 
contribution.

3 kgCO2eq/sqm would be sequestered as a 
result of timber used in the new development, 
however there is currently no end of life plan for 
these materials.

There would be 179 kgCO2eq of emissions 
resulting from the demolition of the existing 
building, greater than each of the retrofit options.

It is assumed that no material would be kept 
from the existing building and therefore there are 
no emissions savings from the retention of key 
materials.

GIFA
3,653sqm

Repair and replacement of existing elements
383,565 kgCO2eq (105/sqm)

Raw material emissions (A1-A3)
1,866,683 kgCO2eq (511/sqm)

Sequestered Carbon
10,959 kgCO2eq (3/sqm)

Demolition emissions
653,887 kgCO2eq (179/sqm)

Total embodied carbon (incl sequestered)
2,893,176 kgCO2eq (792/sqm)

Emissions saving from retained materials
0 kgCO2eq (0/sqm)

Top embodied carbon contributors
1 Steel frame
2 Concrete slabs and foundations
3 Insulation (mineral wool)
4 MEP systems
5 Aluminium products
6 Steel reinforcement
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Figure 17: Embodied carbon analysis for option 4 
(kgCO2eq/sqm)



Cost and Programme
Cost
The total development cost of the new build has 
been estimated to be the most expensive of all 
the options at £17,030,000.

On a per sqm GIFA basis, the LCC for the new 
build has been assumed to be the same as for 
each of the retrofit options.  This is because 
there is little quantifiable distinction between the 
scenarios as a result of the types of works being 
carried out.  Due to the smaller internal floor area 
of the new build, the total LCC is lower than that 
of both options 1 and 3.

For Hard FM there is the potential for a small 
loss in efficiency of maintenance services in an 
existing building when compared to that of a 
new build.  As a result, a 2.5% lower Hard FM 
cost has been used for option 4 compared to the 
other options (£23.70/sqm/annum).

GIFA
3,653sqm

Prime cost subtotal (incl design development risk)
£13,396,300

Preliminaries (8.91%)
£1,193,600

Add on costs (fees, risk)
£2,440,100

Total development cost (excl inflation)
£17,030,000 (£4,662/sqm)

Life cycle cost
£85,744 (£23.47/sqm/annum)

Hard FM cost
£86,581 (£23.70/sqm/annum)

Programme
The pre construction development programme 
for the new build is the same as each of the 
retrofit options.  They all require detailed design, 
planning consent, contractor procurement, 
costing / market testing and intrusive asbestos 
works (on the existing school).

For option 4, it is assumed that the new building 
would be located on the same part of the site as 
the existing school and therefore full demolition 
works would be required prior to starting the new 
construction.

A detailed construction programme would be 
developed following detailed design.  At this 
stage, an eight week demolition period followed 
by a construction period of 78 weeks has been 
assumed, after any asbestos removal works have 
been completed.

There have been estimated to be approximately 
eight weeks of preparations required by ACC 
before procurement and design can begin.

ACC project preparations
8 weeks

Pre NPR: Tier 1 – Supply Chain
5 weeks

Hub Stage 1: RIBA 1-2 Design + Technical 
Development – Advanced
30 weeks

Main Contractor Procurement
14 weeks

Hub Stage 2: RIBA 3-4 Spatial Coordination and 
Technical Design
59 weeks

Demolition
8 weeks

Construction
78 weeks



Options Summary

AAnticipated 
Suitability

AAnticipated 
Condition

67
kWh/sqm/annum

Energy 
Consumption

616
kgCO2eq/sqm

Embodied Carbon 
(Excl  Demolition)

179
kgCO2eq/sqm

Demolition 
Material Carbon

0
kgCO2eq/sqm

Retained
Material Carbon

£17,030,000
£4,662/sqm

Capital 
Cost

£85,744
£23.47/sqm/pa

Life Cycle
Cost

£86,581
£23.70/sqm/pa

Hard FM
Cost

Programme
Stage 1: 30 weeks
Stage 2: 59 weeks
Demolition: 8 weeks
Construction: 78 weeks

3,653
sqmArea

Education Education

Wellbeing Wellbeing

Equity

Early
Intervention

Early
Intervention

Equity

Community 
and Lifelong 

Learning

Community 
and Lifelong 

Learning

Achieving 
More with 

Less

Achieving 
More with 

Less

Future 
Proofing and 

Flexibility

Future 
Proofing and 

Flexibility

Digital Digital

Environmental Environmental

Strategic Objectives Compliance

Fully compliant

Partially compliant

Not compliant



Conclusions
Embodied Carbon
The key differences when comparing the new 
build with the refurbishment options are the 
new build structural elements.  These are the 
substructure, foundations and floor slabs which 
are assumed to be concrete with rebar and 
mesh reinforcement.  Carbon sequestration 
opportunities should be considered, such as 
the use of timber products to replace structural 
and building envelope elements.  Key embodied 
carbon contributors should be analysed to find 
low emissions alternatives such as: concrete, 
floor finishes, insulation and metal products 
(aluminium / steel finishes).
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Figure 18: Embodied carbon analysis (kgCO2eq/sqm)

Option 1: Base Level Refurbishment                 
Total embodied carbon (incl sequestration)

1,244,544 kgCO2eq (336/sqm)

Embodied carbon saved (retained material)
518,560 kgCO2eq (140/sqm)

Option 2: Enhanced Refurbishment                   
Total embodied carbon (incl sequestration)

1,797,818 kgCO2eq (506/sqm)

Embodied carbon saved (retained material)
444,125 kgCO2eq (125/sqm)

Option 3: Optimum Refurbishment                    

Total embodied carbon (incl sequestration)

1,981,640 kgCO2eq (535/sqm)

Embodied carbon saved (retained material)
433,368 kgCO2eq (117/sqm)

Option 4: New Build Comparator                       
Total embodied carbon (incl sequestration)

2,893,176 kgCO2eq (792/sqm)

Embodied carbon saved (retained material)
0 kgCO2eq (0/sqm)



Options Appraisal
Scoring Matrix

Criteria
Baseline
Existing 
School

Option 1 - 
Base Level 

Refurbishment

Option 2 - 
Enhanced 

Refurbishment

Option 3 - 
Optimum 

Refurbishment

Option 4 - New 
Build Reference

Weighting
Factor

Demonstrates alignment 
with the Project Vision and 
Strategic Objectives

4 8 9 10 8 x2

Anticipated conditions rating B/C 7 B 9 A 9 A 10 A x1

Anticipated suitability rating B 9 A 8 A 9 A 10 A x2

Ability to attract LEIP funding E (0%) 0 E (0%) 9 C (60%) 10 A (100%) 9 A (100%) x1

Anticipated energy 
consumption 
(kWh/sqm/annum)

214 4 198.3 8 112.8 9 76.6 10 67 x2

Whole life carbon 
assessment (kgCO2eq/sqm)
(incl sequestration)

10 1,244,544
(336/sqm)

7 1,797,818
(506/sqm)

6 1,981,640
(535/sqm)

2 2,893,176
(792/sqm)

x3

Programme - 10
S1: 30 wk
S2: 59 wk

Const: 61 wk
9

S1: 30 wk
S2: 59 wk

Const: 70 wk
8

S1: 30 wk
S2: 59 wk

Const: 78 wk 
7

S1: 30 wk
S2 : 59 wk

Demo: 8 wk 
Const: 78 wk

x1

Overall construction risks - 8 6 5 10 x1

Capital cost before funding

£0 7

£13,268,800
(£3,582/sqm)

8

£15,565,600
(£4,381/sqm)

10

£16,952,900
(£4,577/sqm)

9

£17,030,000
(£4,662/sqm)

x3
Available SFT funding £0 £4,669,680 £8,476,450 £8,515,000

Required ACC funding £13,268,800 £10,895,920 £8,476,450 £8,515,000

Life cycle cost - 5 £86,941 7 £83,397 9 £86,941 10 £85,744 x3

Total
(Including weighting factor)

133 149 163 155

To reach the selection of a preferred option, an 
appraisal exercise was carried out to evaluate 
each potential option and provide a consensus 
score for each.  A series of assessment criteria 
were agreed between the organisations, scoring 
them independently of each other from zero to 
10.  The scores can be seen coloured orange in 
table 4 above.

A weighting factor was then applied to each 
criteria to reflect the council’s priorities for 
achieving the best possible value from capital 
outlay whilst maximising suitability, reducing 
embodied carbon, energy use and whole life 
costs, as well as aligning with the project’s 
strategic objectives.

Table 4: Options appraisal scoring matrix 

The ability to attract LEIP funding refers to energy 
efficiency only.  Each refurbishment and the new 
build option achieve the required improvements 
to building condition and suitability.  

Baseline existing school
The baseline existing school is not scored.  This 
is because the do nothing option is not a real 
consideration for the council.  Certain scoring 
elements are also not applicable in a do nothing 
scenario (programme, construction risk and 
whole life cost).



Option 1: base level refurbishment
Option 1 aligns relatively well with the project 
vision and strategic objectives, and achieves 
a suitability rating of A.  Its condition would 
be expected to remain at B.  As it involves no 
upgrades to the building fabric it has been found 
to have the lowest overall development cost. 
However, the energy efficiency would only reduce 
to 198.3kWh/sqm/annum and therefore no LEIP 
funding would be achieved.  As a result, it would 
be the most expensive option to ACC in terms of 
net cost.

Option 1 would have the lowest overall embodied 
carbon due to the minimal level of intervention 
involved, however it does not align well with 
ACC’s net zero targets due to the energy 
efficiency of the building remaining so low.  As 
a result, this option achieves the lowest score, 
finishing in fourth place.

Option 2: enhanced refurbishment
This option aligns well with the project vision and 
objectives, and would be expected to achieve 
both suitability and condition ratings of A.  The 
MEP and fabric upgrades would result in an 
improved energy efficiency of 112.8 kWh/sqm/
annum, but this would only be eligible for 60% 
LEIP funding.  As a result, this option would be 
the second most expensive to ACC in terms of 
net capital cost.

The additional interventions would improve 
energy efficiency but would also cause embodied 
carbon to increase by 44% compared to option 
1.  The construction programme would be 
extended by nine weeks, and project risk is 
thought to increase as a result of the changes 
to the building fabric.  Overall, this option scored 
third in the options appraisal.

Option 3: optimum refurbishment
Option 3 was determined to align best with the 
project vision and objectives, achieving condition 
and suitability ratings of A.  The additional 
insulation of the ground floor slab would increase 
embodied carbon by 10% over option 2, but 
there would be a significant improvement in 
energy efficiency of 47%.  The new figure of 76.6 
kWh/sqm/annum would make it eligible for full 
LEIP funding.  

Although there would be an additional capital 
cost to insulating the slab, the increased funding 
would reduce the net cost, making this option 
cheaper than option 2 overall.  Construction 
programme would increase by another eight 
weeks and the project risk is also thought to 
be greater, but high scores in the other criteria 
result in this option scoring highest, making it the 
preferred choice.

Option 4: new build reference
The intent of the new build reference was to allow 
comparison with each of the retrofit options in 
order to support and inform decision making.  It 
is understood that this is not an option that ACC 
are considering for delivery.

Compared to the enhanced and optimum 
refurbishments, the new build did not score as 
high in terms of aligning with the project vision 
and objectives.  It did receive the same condition 
and suitability ratings, however it is important to 
bear in mind that any new build would likely be in 
a better condition than a refurbishment, despite 
being in the same scoring bracket.

The new build is expected to achieve the best 
energy performance at just 67 kWh/sqm/annum, 
down 12.5% on option 3.  However, it would 
involve a significantly higher level of embodied 
carbon, estimated to be 46% greater than the 
optimum retrofit (option 3), and 61% greater than 
the enhanced retrofit (option 2).

The resulting energy performance would make 
the new build eligible for full LEIP funding, but 
would require the greatest capital cost.  As 
a result, this option would be the second 
cheapest in terms of net cost, after the optimum 
retrofit.  It would also involve the longest overall 
programme, with an additional eight weeks 
required for demolition of the original building.  
Despite this longer time frame, project risk is 
thought to be lower for the new build compared 
to each of the retrofit options.



Summary

As the grid continues to decarbonise, operational 
emissions will continue to fall and embodied 
carbon will form a greater proportion of a 
building’s overall footprint.  This means that if 
Aberdeen and Scotland are to achieve their 
net zero goals then the level of embodied 
carbon associated with projects will need to be 
significantly reduced.

The options assessed demonstrate that 
reduced embodied carbon is the key benefit 
of refurbishment in comparison to a new build, 
rather than cost.  However, at present, the level 
of embodied carbon in projects is not incentivised 
through current schools funding models in 
Scotland.  This is an aspect which we anticipate 
will be addressed in future to encourage 
refurbishment of the existing building stock as a 
viable option for local authorities.



References

1 Scottish Government (2021) National 
Performance Framework.  Retrieved from: 
https://nationalperformance.gov.scot/

2 Scottish Government (2021) Fourth National 
Planning Framework: Position Statement.  
Retrieved from: https://www.gov.scot/binaries/
content/documents/govscot/publications/
progress-report/2020/11/scotlands-fourth-
national-planning-framework-position-statement/
documents/scotlands-fourth-national-planning-
framework-position-statement/scotlands-fourth-
national-planning-framework-position-statement/
govscot%3Adocument/scotlands-fourth-national-
planning-framework-position-statement.pdf

3 Scottish Government (2014) Scotland’s 
Third National Planning Framework.  
Retrieved from: https://www.gov.scot/
binaries/content/documents/govscot/
publications/advice-and-guidance/2014/06/
national-planning-framework-3/
documents/00453683-pdf/00453683-pdf/
govscot%3Adocument/00453683.pdf

4 Scottish Futures Trust (2021) Infrastructure 
Finance and Programmes: Learning Estate 
Investment Programme.  Retrieved from: https://
www.scottishfuturestrust.org.uk/page/new-
education-infrastructure-programme

5 Aberdeen City Council (2021) Council Climate 
Change Plan 2021-2025: Towards a Net Zero 
and Climate Resilient Council.  Retrieved 
from: https://www.aberdeencity.gov.uk/sites/
default/files/2021-10/_Council%20Climate%20
Change%20Plan%202021-25%20Towards%20
a%20Net%20Zero%20and%20Climate%20
Resilient%20Council.pdf.pdf

6 Passive House Canada (2021) EnerPhit 
Certification.  Retrieved from: https://www.
passivehousecanada.com/enerphit-certification/

7 RIBA (2021) RIBA 2030 Climate Challenge: 
Version 2.  Retrieved from: https://www.
architecture.com/-/media/files/climate-action/
riba-2030-climate-challenge.pdf

8 LETI (2020) LETI Climate Emergency Design 
Guide: How new buildings can meet UK climate 
change targets.  Retrieved from: https://
b80d7a04-1c28-45e2-b904-e0715cface93.
filesusr.com/

9 NBS (2011) BS EN 15978:2011 Sustainability 
of construction works - assessment of 
environmental performance of buildings - 
calculation method (incorporating corrigendum 
November 2011).  Retrieved from: https://www.
thenbs.com/PublicationIndex/documents/
details?Pub=BSI&DocID=299697


