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Summary
This report provides a detailed analysis of a school building in Carmarthenshire using data provided by the Local Authority and utilising current best practice documents and regulations to recommend changes that will enhance the future energy performance of the existing building. It will provide information should a similar building be built in the future.
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[bookmark: _Toc155968756]Introduction
Ysgol y Dderwen is a mainstream Welsh language primary school within the county of Carmarthenshire.
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(Google Maps, 2023) 
The school provides education facilities to 350 pupils from three to eleven years old. The site spans over 2300m² with a mix of educational buildings, carparking and open green spaces for sports, outdoor education and play areas. The single-story building was constructed in 1986 and extended in 2010. 
The site is used weekdays usually from 8am until 5pm, depending on pre and post school activities. It is situated in Carmarthen town surrounded by residential neighbourhoods including a local primary school. When the site is operational during peak times vehicle and pedestrian movements are between 8-9:30am and 2:30-4pm.
For local pupils there is also a pedestrian access route into the school via the rear of the site which encourage pupils and parents to walk to school. There is currently no provision for storing bikes on site if pupils or staff want to cycle to school. The addition of a storage facility for bikes would be a great addition to the school, supporting active travel principles. 
[bookmark: _Toc155968757]Environmental Impacts
Early Education is vital to the development of the future generation and to provide young children with the foundations to progress their key skills. Over recent years the education system has moved towards an IT focussed delivery utilising technology such as interactive whiteboards, iPads and laptops to delivery structured lessons.  The functionality of the site has an impact on the delivery of lessons and the experience children and staff have in school. Lighting, temperature, and ventilation all have an impact on the comfort levels of the staff and pupils. Warm and comfortable surroundings make for better learning experiences, encouraging outdoor play and study surrounded by biodiversity also encourages improved well-being.
The school’s younger classes from the ages of three are more vulnerable to danger therefore the safety of the site is vital. The outdoor green space can provide the feeling of freedom to the pupils whilst still being in a controlled setting. The woodland areas, play equipment and playing fields provide facilities for sports and creative activities. 
[bookmark: _Toc155968758]Economic and social values 
The Site is owned by Carmarthenshire Council, but the maintenance budget is the responsibility of the school itself. Most refit activity is funded through grant monies. Although the site is not currently used out of hours by clubs or groups this may be an option to increase the functionality of the space to generate income when it’s not being used. The monies could be reinvested back into the school maintenance. Socially, the building could be maximised for the community, as per the newest Sustainable Communities for Learning educational strategy set out by Welsh Government, showing commitment towards the environment and community cohesion. The town centre location ensures local provision for residents and would put the least pressure on the transport infrastructure if pupils can walk to school. 
[bookmark: _Toc155968759]Principles of Construction
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Description automatically generated]The site split into 6 different blocks. Block 1 is the original building which was constructed in 1986. The site was later extended in 2008 to add block 6 and later in 2010 blocks 8,7 and 9 were added to provide a nursery, special needs provision and a small hall for community use. All blocks aesthetically tie in with matching red brick finish, white double-glazed windows, and pitched roofs. The school is traditional build cavity wall construction. There is no asbestos presumed to be present within any of the blocks. See Appendix 1.
(Appendix 1)
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[image: A close-up of a document

Description automatically generated]The foundation type is unknown. Bore hole logs for the area show expansive soils which mean the ground is unstable as the clay swells dependant on how much moisture it’s absorbed causing movement when fluctuating from wet to dry (Iqbal, S, 2022). See Appendix 2.
(Appendix 2, Maps BGS,2023)
Bore hole log location in relativity to site.
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(Maps BGS,2023) 
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Description automatically generated]As a result of this a raft foundation may not be the most cost-effective option over the large footprint but would offer good stability for the building. Also, raft foundation can not only assist with providing stability against movement but also offer improved thermal insulation due to their mass retaining heat from the underfloor heating (Riley and Cotgrave, 2014). The concrete absorbing internal heat within the building in colder months and releasing it during hotter months. Due to the significant load posed by the building and the bearing capacity of the ground the reinforced concrete slab will need to be highly reinforced with rebar. (Designing Buildings, 2023)
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[bookmark: _Toc155968762]Internal
Block 1 which is the original school building has 7 classrooms ranging from smaller 1-1 rooms to larger open plan classrooms. There is a large open plan hall with a kitchen. The other rooms provide storage, wide circulation areas, toilets, and offices. As you enter the building there is a reception desk in room 0/037 where guests are greeted. The doors in the circulation area are compliant with Part M and have automatic doors with a push pad (Gov, 2023). To exit via these doors a swipe card is required to activate the access control which is a safety measure to prevent children from exiting the building unsupervised. The reception waiting area leads towards the Head teacher’s office and a dedicated meeting room. This layout works well as it allows external visitors such as parents, training staff etc to visit and use the site whilst still being fully segregated from the pupils. There is also provision within the area for disabled toilet facilities.
The multipurpose hall has an internal floor area of 167m2. The raised ceiling height with high level glazed windows on all elevations allows for natural light. The hall is used for physical education lessons regularly. It is also used for daily assembly where 350 pupils gather. Similarly, its used as an eating hall at lunch times. The government 103 Building Bulletin which is the area guidance document for schools states the minimum requirements for a main hall is 120m2 for infants or 140m2 for juniors (GOV, 2023). The combined 26m2 of storage and 43m2 kitchen allows for the space to be functional for many different purposes. The ventilation requirements within the space change throughout the day dependant on its use and the high-level windows also open on all elevations to assist with ensuring natural air flow. 
The infant classrooms are set up with wet areas with non-slip vinyl and sinks with carpets at the front of the class spilt 50/50 to allow for pupils to sit down and be taught via a large interactive screen. The IT provision within all classrooms have been upgraded several times since its construction. All classrooms have external doors which lead directly outside which assists in encouraging the pupils to learn outdoors. It also allows for pupils to enter and exit their classrooms at break times and home time reducing heavy circulation in the corridor spaces. Room 0/003 is for a reception classroom and is 69m2 which is slightly larger than the minimum 62m2 for 30 pupil standards stated in the Governments Building Bulletin for school document (Gov, 2023). This classroom has toilets leading directly off from the classroom allowing pupils to go to the toilet without leaving the classroom. 
[bookmark: _Toc155968763]Construction Method - External
The original part of the site is made from cavity wall but presumed to be partially filled. 
The insulation value of the wall at design stage will have been required to meet the requirements of Building Regulations. 
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Description automatically generated][image: Image result for Brick Cavity Wall Detail]The design would also have needed to consider cold bridging to ensure its avoided and particular care given to openings and details between external walls and roofs (NHBC,2023). See below Partial Cavity fill which also shows that the rigid insulation board should not be continuous across the end of a separating wall and that a flexible mineral wool cavity closer securely taped is required (Saint Gobain insulation,2022)
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Description automatically generated]The windows are uPVC double glazed and the ceiling is partially insulated. The roof has recently had several different remedial repair works carried out due to previous roof leaks and sever water ingress making its way through the roof void. With the roof being 38 years old it is lightly the felt is failing in certain areas leading to the water ingress. To improve the lifespan of the building fully renewing the roof in the next 5 years would improve the longevity of the building, increase energy efficiency and reduce future maintenance costs. 
[bookmark: _Toc155968764]Heating Systems and Strategies
The main energy sources are gas and electricity via Ground Source Heat Pump. The school heating is a combination of underfloor heating in the newer extensions and radiators in the original building (Block 1). Block 6 of the school has an underfloor heating system with some smaller extensions to the original block also utilising underfloor heating from either from the GSHP or gas boilers (Block 7, 8, 9 & 10).
Ground source heat pumps
Ground source heat pumps use sun radiation that has been absorbed by the earth. The heat is transmitted by a system of underground pipelines or through a sequence of vertical boreholes that can reach a depth of 100 metres. The building's heating system is then powered by this heat. The GSHP system can be utilised all year round because the temperature below the surface stays relatively constant. The pipe network, also known as a ground loop or ground array, is placed approximately 1.2 metres below the surface and is filled with water and antifreeze (Vital energy, 2023). 
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After being absorbed by this ground loop, solar energy that has been stored in the ground heat is retrieved using expression and contraction technology and fed into the heating system via a compressor. The length of the ground loop influences how much heat a ground source heat pump (GSHP) produces. Larger buildings, like schools, require a longer ground loop. There is also an option to drill vertical boreholes if land is difficult to access or not suitable such as underground sewer or possible planned future development of the land (Green Leaf Innovations, 2017) 
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Description automatically generated]Underfloor heating and ground source heat pumps complement one another because they both operate at around the same heat input level and are incredibly energy-efficient means of producing warmth. Radiators have a relatively small surface area compared to the rooms they need to heat, as a result they need to generate a lot of heat to warm the room. In comparison, underfloor heating systems have the whole floor area of the room which is a much larger heating surface area (First in Architecture, 2022). 
This means that an underfloor heating system can function just as well at a far lower heat level than a radiator since radiant heat is used instead of convection heat. The underfloor heating in block 6 is supplied by Ground Source Heta Pumps served by ground loops located in the sport pitch adjacent to playground. 
Hot water to Block 6 is via an electric immersion calorifier fed by preheated water from a further the Ground Source Heat Pumps. Block 1 heating is served by 2 condensing gas boilers located in a plant room within the block. These are recently installed boilers which supply heat to Block 1 via radiator emitters and recent underfloor heated extensions. The pipework in both plant rooms is well insulated with jackets on all valves and pumps. (CCC Servicing reports,2022)

[bookmark: _Toc155968765]Lighting and Renewables
The school has mostly LED fittings throughout with some fluorescent tubes in Block 1. LED lighting is very energy efficient as it uses much less light compared to fluorescent light bulbs (Green Energy, 2015). The school building has a 19.5 kWh PV installation spanning the Southeast portion of the site which generates approx. 19,000 kWh per annum (CCC Servicing reports,2022).
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[bookmark: _Toc155968766]Good Practice and Further Improvements
[bookmark: _Toc155968767]Building Regulations
Standards and regulations have changed considerably in recent years to reflect the improvement in most aspects of construction (R Chudley and Greeno, 2020). Advanced materials and technology that are now on the market allow for better performance in comparison to historical products. Also, equality and disability access has become significantly more recognised and in the current Part M building regulations document significant consideration is required to ensure compliance and suitability for all building users (Gov, 2023). The development of renewable energy and a push for a reduction in fossil fuels has also resulted in regular updating of building regulations particularly within Approved Document L. The recently updated Sustainable Communities for Learning Strategy from Welsh Government now also insists that any new build or school extensions must bet net zero operationally.
[bookmark: _Toc155968768]Sustainable Drainage Systems 
Sustainable drainage systems (SuDS) must be incorporated on all developments over 100m2 in Wales. All proposals at design stage must comply with National Statutory SuDS Standards and be approved by the local authorities SuDS Approval Body (SAB) before construction can begin. As a result, rainwater gardens, attenuation systems and other possible drainage solution can be implemented (Gov,2023). 
[bookmark: _Toc155968769]Fabric First Approach
[bookmark: _Toc155968770]Historic U Values in Roof Spaces.
An uninsulated loft space typically will have a u-value of around 2.5 W/m2K. In 1965 building regulations dictated that the maximum u-value for a loft should be 1.4 W/m2K which could be reached by only having 2.8 cm of wool insulation. In 1973, the required u-value dropped to 0.6 meaning a minimum requirement of a 7cm thick layer of wool insulation (Billington, 2017). Over time the u value required has continued to drop from 0.35 in 1985, 0.25 in 1990 and 0.2 in 2002 which requires approximately 20cm of loft insulation to achieve (The Green Age, 2015). Currently, as stated in approved document L the u-value required for roofs is 0.11 W/m2K (Gov, 2023).
Block 1 is thought to contain 100m thick loft insulation which is considerably below current requirements. By applying an additional 200mm of insulation across the whole area of the block which is around 940m2 this would bring the insolation level up to best practice. This addition would not only help save heating costs but also improve comfort levels within the building. 
[bookmark: _Toc155968771]Comfort levels 
Inadequate thermal environments put children’s health and wellbeing at risk, but they can negatively affect their productivity, concentration, and level of job satisfaction for staff.  Thermal comfort, or not feeling too hot or too cold, is defined by BS EN ISO 7730 as "that condition of mind which expresses satisfaction with the thermal environment." (BSI Group,2023).  
In school buildings the use of space at a given time can also have a big effect. 40 pupils exercising in the gym hall and 40 pupils sat on the floor during assembly are going to feel completely different even if the external factors are the same such as the internal temperature and the weather outside. The Health and Safety Executive advise that an environment should aim to thermally satisfy at least 80% of its occupants (HSE, 2019).
[bookmark: _Toc155968772]Retrofit and Future Proofing
If the site was to be extended in the future in line with the CDM Regs 2015 Modular construction would be a great option. The site is live all year with the longest period available for construction work to be carried out safely on site is 6 weeks during the summer holiday. Modular build utilises off site construction minimising time on site, and material waste. Offsite production generally has a lower carbon footprint. Education and Welsh Language Minister Jeremy Miles announced in January 2022 that all new school and college buildings including major refurbishment and extension projects will be required to meet Net Zero Carbon targets (Gov,2023).
[bookmark: _Toc155968773]Heating
97,952 kWh of gas consumption broken down per pupil equates to 298kWh a year. A cost-effective way to reduce the consumption and utility bills long term would be to install an air source heat pump to replace the gas boilers in Block 1. 
Air source heat pumps pull in air from outside and uses it to heat a refrigerant liquid. As it heats up, the liquid turns into gas and the warmth is compressed to increase its temperature which can be distributed throughout the school. The process only uses electricity and has an energy efficiency of over 350% – compared to an A-rated gas boiler, which is about 90% efficient (British Gas, 2023)
The air source heat pump replacement could heat both the hot water and provide space heating for the classrooms. Due to the older and relatively small radiators within the block to ensure maximum gain and efficiency it is lightly these would require replacing to ensure effective heat emittance.  The larger the surface area the greater amount of heat can be transferred (D.H. (2023). With the authority’s stringent net zero carbon targets this replacement would positively help the school and council work towards achieving these goals.
[bookmark: _Toc155968774]Operational Energy Use 
The table below shows annual energy consummation data provide by Carmarthenshire County based on year 2021 – 2022 (CCC, Energy Consumption Data, 2022).
	Type
	Consumption (kWh/Yr)
	Cost
	CO2 Emissions (tonnes/Yr)

	Electric
	189,477
	£28,611
	40

	Gas
	97,952
	£2,204
	18

	Total
	287,429
	£30,815
	58



Based on 350 pupils in the school this equates to around 541 kWh consumption per pupil. Data from a department for Education Energy Survey in Spring 2022 shows this to be at the higher end of across-the-board averages. This highlights a need to introduce ways of reducing electricity consumption. PIR lighting along with sessions reminding staff and pupils to turn off lights should be encouraged to ensure energy savings are maximised. Simple low-cost automated monitoring controls and timers can also help reduce energy consumption.  See Appendix 3.
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[bookmark: _Toc155968775]Maintenance
Although data on maintenance spend is unknown in the last 5 years all capital money spent has been on general repairs and roofing works. Consideration needs to be given to the life cycle of both old and new technologies and budgets need to account for future maintenance costs as these can sometimes be overlooked.
[bookmark: _Toc155968776]Embodied Carbon
Medium and deep retrofitting of current schools rather than demolishing them and building new instantly reduces the carbon emission impacts. All new additions to the site in the future during planning and designs stages should apply the concept of a life cycle assessment to identify sustainable options an reduce the embodied carbon of the extension. 
To reduce embodied carbon consideration should be given to:
· The selection of low carbon materials eg Glulam timber instead of steel.
· Analysing the whole buildings life cycle – retrofitting instead of new build
· Implementing low carbon procurement principles
[bookmark: _Toc155968777]End of life / recycling 
Although the building is in good condition throughout, when considering future development of the site the building materials from the demolition can be recycled and reused as bi products for road construction or as fill for land reclamation (Emmitt, 2013).  In the UK, in 2018 the building sector used 295 million tonnes of virgin material yearly, replaces 22 million tonnes of industrial "by-product" through industrial ecology, and generates about 150 million tonnes of garbage from construction and demolition each year (Concrete Centre, 2018). Of this, 46 million tonnes are recycled and as technology and building materials develop it is hopeful that more waste can be reused within the sector. It may not be cost effective to sort and crush material during demolition, but the importance of reusing materials is vital for the future. 
[bookmark: _Toc155968778]Conclusion
To conclude, the report presents a typical school building with some recent refitting to improve efficiency and reduce carbon emissions already in place. It highlights that to maximise the efficiency of the current installs, further ‘fabric first’ activities such as renewing the roof, improving insulation should be undertaken. 
Also, following a review of the annual gas consumption a recommendation is made to install air source heat pumps in place of the gas boiler. Further activities could include pupil and staff behaviour change training alongside the introduction of more simplistic and low-cost monitoring/automated controls. 
Any end-of-life equipment e.g. old boilers should be recycled, insulation could be made from recycled materials too supporting circular economy principles. 
If we are to reduce both embodied carbon and overall emissions figures in the construction sector, in most circumstances, retrofitting existing buildings must surpass any decision to build new.
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Figure 5: Estimate of annual electricity consumption per pupil in kilowatt hours -
Primary schools
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Estimated Annual Electricity kWh Consumption (Per Pupil)

Base: 266 responses matched to a primary school

‘Source: DfE Energy Survey — Spring 2022

Caveats
« Includes 266 responses matched to a primary school.

« Omits responses stating they consume less than 10,000 kWh annually or more
than 285,000 kWh annually, to remove anomalies.

« Pupil headcount was taken from Get Information about Schools (GIAS) records
and matched to stated URN. Stated annual consumption was then divided by this
headcount to generate a per pupil estimate.

« There may be instances where stated energy consumption was taken from Covid-
19 impacted timeframes whereby consumption may have been lower than usual.

o The stated energy consumption timeframe and GIAS pupil records date may also
not be perfectly aligned.
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