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1. INTRODUCTION
This document provides strategies for enhancing energy performance, cutting operational expenses, and lessening the environmental footprint of buildings through crafting energy-efficient designs for new constructions and the renovation of existing structures. Administering and maintaining buildings in a manner that optimizes energy efficiency. Enhancing buildings to boost ongoing energy efficiency. Showcasing the benefits of energy efficiency to clients, developers, and tenants. 
 
     1.1 THE PROPOSED DEVELOPMENT 
The client has requested in the brief that the structure will stand as a representation of Port Talbot's forward-looking vision, highlighting indigenous building materials and aiming to reduce its carbon footprint following local air quality regulations. Promoting sustainable transportation is a priority, especially given its placement in an area dedicated to sustainable mobility within the master plan. To support this goal, the building will be positioned adjacent to a cycle path, with conveniently located bike racks.

2. ENERGY GUIDES AND REGULATIONS 
2.1 INTRODUCTION
According to Benbow, (2022) starting in November 2022, every residential development in Wales must adhere to the most stringent energy efficiency standards ever implemented in the nation. New requirements, including minimum Energy Performance Certificate (EPC) ratings and energy usage targets, are being introduced alongside existing mandates for reducing carbon emissions and minimizing heat loss through building materials. The Building Regulation Approved Document Part L has undergone revisions, particularly addressing the energy efficiency aspects of new building constructions.



2.2 REGULATIONS 
During the construction of the Port Talbot Riverside Health Centre, the following building regulations concerning energy were observed:
- Ventilation: Regulated by Approved Document F
- Sanitation, hot water safety, and water efficiency: Governed by Approved Document G
- Conservation of fuel and power: Enforced by Approved Document L
- Infrastructure for charging electric vehicles: Managed by Approved Document S

The project has thoroughly examined resources, materials, and construction techniques following existing regulations. In line with the client's requirements, the report evaluates aspects such as sustainable materials, a low carbon objective, and sustainable transportation options like electric vehicle charging points. 

To achieve energy efficiency goals, the client should follow the guidelines set forth by BREEAM (Building Research Establishment Environmental Assessment Method) and LEED (Leadership in Energy and Environmental Design). These globally acknowledged frameworks offer comprehensive directives and benchmarks for sustainable construction practices, encompassing various measures to enhance energy efficiency (McPartland, 2016). By adhering to BREEAM and LEED criteria, the client can ensure that the Riverside Health Centre integrates design elements and technologies geared towards reducing energy consumption, optimizing resource utilization, and lessening environmental impact. These standards cover a range of aspects including building design, construction techniques, and operational practices such as efficient HVAC systems, incorporation of renewable energy sources, insulation improvements, lighting efficiency enhancements, and water conservation strategies. Complying with BREEAM and LEED standards not only fosters environmental sustainability but also bolsters the overall performance, comfort, and resilience of the health centre, potentially leading to certification and acknowledgement for its commitment to sustainable practices.
	

3. ENERGY STRATEGY
3.1 INTRODUCTION
An energy-efficient structure ensures optimal indoor conditions and amenities while consuming minimal energy in a cost-effective and environmentally conscious manner. This underscores the compatibility between energy efficiency and comfort, highlighting that they are not mutually exclusive. Consequently, energy efficiency can be integrated seamlessly with other principles of effective engineering practice. This strategy was created following the outline in the CIBSE guides.

3.2 Transportation 
	Transport
	

	To reduce the fuel energy cost concerning transport, it is recommended to source all materials for this project locally, this will reduce the distance travelled. 
Concerning staff members for the health centre it is encouraged to create a policy that regulates how staff to and from work. Carpooling, using public transport and cycling are encouraged to reduce fuel costs and carbon emissions. The site is situated in an area that has a train station and bus stop nearby, if members choose to drive, electric cars would be the best option. Ensuring that there are charging ports in the parking lot will encourage people to purchase electric vehicles.  








3.3 HEATING 
	Heating and Cooling
	

	 Pool, flooring and water heating: The building is fitted with an outdoor rooftop pool located on top of the Port Talbot Cycling Centre. This element alone will demand high energy in the form of heating to ensure the comfort of persons who enter. According to CIBES guide F, (2006) geothermal energy, abundant just beneath the Earth's surface, can be harnessed for electricity generation or heating systems. Two techniques are employed to extract this heat. Hot dry rock geothermal energy relies on impermeable rocks like granite, which store significant heat beneath the Earth's surface. The process involves drilling two holes in the surface. Water is pumped down one borehole, circulated through naturally occurring fissures to absorb heat, and then returned to the surface via the second borehole. In the UK, drilling to depths of 7 km would be necessary to access temperatures suitable for electricity generation. 
It is recommended to use geothermal energy as a source to heat the pool, for it will be costly to use fossil fuel techniques to consistently heat the pool over the lifetime of the building. This exact heat can be used to heat the usable water within the building. Geothermal energy can also be used to generate electricity for different areas of the building.  
Concerning heating the building this same energy can be used for example the Senedd Parliament building has twenty-seven (27) boreholes that make up the ground source heat pump, they were drilled 100 metres into the ground.  BGS, (2023) states that Shallow geothermal energy refers to the relatively low-grade heat, typically ranging from 10 to 25°C, stored in the shallow subsurface at depths of up to 500 meters. It involves utilizing ground-source heat pumps and is suitable for heating buildings across most regions of the UK. 
If geothermal energy is too costly to implement and or maintain the use of Biofuel to produce heat and electricity is an option.  According to CIBES guide F, (2006) household, commercial, and industrial wastes have the potential to be utilized as an energy resource. Numerous projects in the UK harness waste to generate electricity, heat, or both. Typically, waste possesses a calorific value of approximately two-thirds that of coal and yields about 50% more ash. Energy can be derived from waste through various methods, including:
- Incineration: burning raw waste.
- Refuse-derived fuel (RDF): burning waste after processing to eliminate unwanted components or materials that can be recycled.
- Anaerobic digestion (AD): a biological process occurring under controlled conditions in digester systems.
 During colder months, the Senedd gains additional heating is provided through the use of a biomass boiler. This boiler utilizes sustainably sourced wood chips, resulting in near-zero carbon emissions and helping to minimize the building's overall carbon footprint. Although the use of biofuel energy may pose a problem concerning the space available for the plant, it is suggested that biofuel energy is considered in the future rather than currently, while the building energy strategy uses geothermal energy. 
Waste materials such as woodchips and biowaste can be obtained from the site and neighbouring industries or buildings. Additionally, consult (WRAP) Waste and Resources Action Program if more assistance is needed. 
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Figure 1. Showing the offsetting of heat energy to buildings 3 and 4, done by Frederick, K. (2024)

It's plausible that the surplus heat generated by the Riverside Health Centre could be redirected to primarily benefit buildings 3 and 4, as indicated on the site plan. To ensure heating for the entire complex, the client may need to explore the incorporation of biofuel as an alternative energy source. However, these potential solutions would need to be evaluated within the confines of the existing budget constraints.

Effective regulation of space temperature is essential for energy-efficient performance. CIBES guide F, (2006) says that as ambient temperature rises, the flow temperature of compensated circuits decreases. This helps regulate space temperature and minimizes losses in the distribution system. During warmer weather conditions, the system operates at lower temperatures, resulting in energy savings. This process is known as weather compensation. Install the controls to ensure that the weather compensator is disabled during the initial heating phase. Some units include a high-temperature limit feature that automatically turns off the heating system when the external temperature exceeds a preset threshold.






3.4 VENTILATION
	Ventilation
	

	[bookmark: _Hlk164020592] It is recommended that mixed-mode ventilation be used for this building. The Riverside Health Centre is situated in an area that would experience some noise pollution and occasional poor air quality. Some sections of the building will need mechanical ventilation such as the sauna, culinary classrooms, toilets, changing rooms etc. Along with providing mechanical ventilation, some rooms can be fitted with windows that open to allow natural ventilation, places such as the rooftop bar will already be naturally ventilated. The CIBES guide F, (2005) also explains that utilizing ducts, shafts, and solar chimneys allows for the creation of a warm air column, inducing pressure differentials that trigger the stack effect. Passive stack effects can be further enhanced through features like an atrium, which serves as a buffer to minimize heat loss through the building envelope. Automated vents situated at the top of the stack, regulated by temperature sensors within the space, control stack ventilation.
Regarding air conditioning, some rooms may require air conditioning during the summer, meanwhile, other rooms may use natural ventilation by opening windows to reduce energy use.



3.5 SOLAR ENERGY
	Lighting
	

	The use of photovoltaic solar panels is recommended, they can be placed at the top of both roofs. Figure 2 shows where the photovoltaics would be placed on the roof. 
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Figure 2. Showing the roof plan of the Health centre, taken from ACE Capital Projects Ltd, (2024).

 The use of  BIPV Photovoltaic facade systems placed facing the sun over the perforated galvanise cladding is also an option to consider. This element can take away from the aesthetic of the building therefore, it can be considered in the future energy strategy if the client approves. Additionally, photovoltaic panels should be integrated into the benches in the yard to generate electricity for the building and charging ports for members.
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Figure 3. Showing where the photovoltaics can be placed on the Health centre, taken from ACE Capital Projects Ltd, (2024).

Once solar panels are placed on the roof, electricity for the ventilation, air conditioning and lighting will be provided. The lights in the building should be energy-efficient LED bulbs, and automated light sensors in certain areas should be implemented. A smart system should be used to control the luminance of the lights when it is bright or dark outside. The building is designed to allow an abundance of natural light which will help reduce the cost of electricity. 



3.6 STORAGE
	Water
	

	[bookmark: _Hlk164020729]It is recommended that a water storing system is implemented, and water from roof guttering systems be collected and stored to be reused to flush toilets, fire suppression and washing equipment such as company vehicles or bicycles.
To save water consumption and usage single touch timed flow basin tap with regulators throughout the building. In showers use water-saving shower heads and water-efficient toilets. 







3.7 METERING
	Metering
	

	CIBES guide F, (2006) states that implementing feedback mechanisms is crucial for monitoring the building's status and functionality. These mechanisms enable building managers to assess whether energy consumption exceeds anticipated levels. Direct metering is the preferred method as it offers high accuracy and enhances the reliability of the overall energy audit. 




4. CONCLUSION
Energy-efficient buildings maintain optimal indoor conditions and services while minimizing energy consumption in a financially viable and environmentally responsible manner. All building professionals must adhere to best practices to reduce this consumption. The benefits of energy efficiency span improved building design and functionality, enhanced working environments, cost savings over the lifecycle of the building, and environmental benefits such as reduced carbon emissions and decreased reliance on finite fossil fuels. Energy efficiency also plays a crucial role in various environmental management systems, while buildings with high energy efficiency are often perceived as having greater market value by developers and property agents.
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