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1.0 Introduction
Energy efficiency and building sustainability have become increasingly significant in the construction industry due to the UK’s commitment to reducing carbon emissions through more sustainable buildings and help meet the net-zero emissions targets by 2050. Modern construction projects are expected to incorporate low-carbon solutions and sustainable systems to improve the environmental performance of the building, and also reduce the long-term energy consumption. Environmental assessment methods such as BREEAM (Building Research Establishment Environmental Assessment Method) encourage the use of sustainable design features, such as green roofs and solar panels, to achieve higher environmental standards. 
BREEAM is a ‘sustainability assessment method that is used to masterplan projects, infrastructure, and buildings’ (The NBS, 2016) which was launched in 1990 by the Building Research Establishment (BRE). It is aimed to set standards for the sustainable and environmental performance of the building through the specification, design, construction, and operation phases of building projects. BREAAM focuses on the building’s sustainable values across a range of 10 different categories which are energy, land use and ecology, water, health and wellbeing, pollution, transport materials, waste, and management. Each of these categories aim to focus on the most influential factors such a low impact design, adaptation to climate change, reduced carbon emissions, ecological value, and biodiversity protection.
This section will be used to examine some of the key strategies used in this project such as air source heat pumps, solar panels, and green roof systems. Analysing how each of the factors will contribute to the improved sustainability and energy efficiency of this project.
2.0 Air Source Heat Pumps
An air source heat pump is a type of low-carbon heating that takes in the warmth from outside, and then uses it to supply buildings with heating and hot water, ‘even when temperatures get as low as -15C’ (British Gas, 2025). Air source heat pumps have been incorporated into the building’s energy efficiency design as an alternative to traditional gas heating methods, to make the buildings energy supply more sustainable. From a cost perspective, heat pumps are just as cost effective as gas boilers, so there is not an increased cost demand involved in order to go with the sustainable choice. The only key difference is that ‘heat pumps run on electricity not gas’ (British gas, 2025) and when they are installed properly, they can deliver up to ‘two to four times more heat energy to a home than the electrical energy it consumes’ (US Department of Energy) making it a lower carbon way of heating a building. This therefore helps the buildings carbon footprint and the industries’ goal to reaching net zero.
For this project, it was decided that air source heat pumps would be the best method for cooling and heating the building for the various benefits that It provides. One of the reasons is that unlike traditional boilers, air source heat pumps use electricity and are more than three times more efficient than a traditional oil or gas boiler, which will reduce the energy usage. With the building being in the UK, the heat pump can even gather heat from outside during the coldest days of the year as it can work up to -15 degrees, which means that there will never be a short supply. The primary reason that it is getting used on this project is because the buildings CO2 emissions will be significantly lower using an air source heat pump in comparison to other heating methods as they don’t rely on fossil fuels for power, and instead uses the natural environment.
3.0 Solar Panels 
Solar energy is ‘the radiant light and heat from the sun harnessed using a range of technologies such as solar panels and photovoltaic cells’ (Source Energy Solutions Ltd, 2024) and is one of the cleanest sources of renewable energy available, which makes it an essential element when chasing the idea of a sustainable building. Using solar energy as a renewable source to make the building more sustainable helps with meeting BREEAM criteria for energy management and low-carbon technologies, which helps enhance the buildings overall sustainability rating. Solar panels are the most common form of using solar energy as a renewable energy source. The building has been designed with the roof at the correct orientation and angle to capture the maximum energy efficiency from solar panels, which are going to be mounted on the roof tops, which will help with ‘significantly reducing reliance on conventional power sources’ (Source Energy Solutions Ltd, 2024). By utilising solar panels as a main source of energy, ‘commercial buildings can significantly reduce their carbon footprint and contribute to mitigating climate change’ (Kingspan, ND) Solar panels produce zero greenhouse gas emissions which helps businesses who invest in solar panels on their buildings to participate in more sustainable practices, which helps also work towards net zero targets. Installing solar panels on buildings also lowers dependence on the national grid which leaves businesses and homeowners less at risk to fluctuations in energy prices and improves the buildings Energy Performance Certificate (EPC). 
Other forms of solar power used in the buildings design is passive solar power. The building has full height openings to each of the rooms, as well as a curtain wall entrance to the front and back of the building. This allows for the glass to harness the suns power and provide extra warmth, as well as lighting up the building with natural light throughout the day. As the building is to be used as a educational centre of excellence, it is rare that lights are required throughout the night, meaning that during daylight hours, there shouldn’t be such a need to have lights turned on in the building as this is naturally provided by the natural sunlight, which in turn will save on the uses of electricity making the buildings design more energy efficient.
4.0 Green Roof  
The building has also been designed with the incorporation of a green roof. A green roof is an installation on top of a building that provides a green environment for plants to be planted to grow and thrive. Green roofs have been around for decades in European cities like Germany and are now beginning to gain increasing popularity in the UK. A green roof is one of the simplest sustainable technologies and is easy to install. As an overview, green roofs help to ‘reduce the temperature of our cities and provide habitats for all sorts of wildlife’ (The Renewable Energy Hub. 2026), whilst simultaneously adding an extra layer of insulation to the roof of our buildings to help reduce fuel bills. 
A green roof installation comes with multiple benefits to the building’s sustainability and as a whole. One of the benefits of having a green roof is that they can help boost biodiversity. When planted with a nice mix of flowers and plants, the green roof can become a mini wildlife habitat for bees, butterflies, birds, and other pollinators ‘by providing safe spaces to feed and nest, helping to restore biodiversity in built up areas’ (The Flood Hub, 2022). Another benefit of applying a green roof to a building is an increased roof life span. One of the bigger drawbacks to installing large green roofs is the initial cost. However a green roof allows the roof to last longer  as it acts as a protective layer to protect from UV radiation, changes in temperature, and weather damage, which in the long term will reduce maintenance costs. Another benefit of incorporating green roofs in the building design is its water management. This is due to green roofs being a form of Sustainable Drainage System (SuDS) that works by managing the rainfall at the source. The plants can absorb the after which helps slow down the surface water runs that enter the drains and sewers by up to 90% in some cases. In terms of the building sustainability and building efficiency, green roofs give the building a lower carbon footprint due to ‘reduced heating and air conditioning demand’ (The Renewable Energy Hub, 2026). The reason that this is the case is because the layers of vegetation and soil help regulate indoor temperatures in the winter months and can limit heat gain through the summer as it increases the roofs thermal resistance value. Green Roofs also indirectly make solar panels better as ‘Photovoltaic panels work more efficiently at a set operating temperature’ (Green Roof Organisation, ND). This is due to green roofs being able to maintain a constant temperature regime with less fluctuations, making the solar panels more efficient throughout the day as it will stop the temperature deviating above or below the efficient operating temperature.
Within BREEAM assessments, green roofs are able to contribute credits four different categories. The first category is ‘POL5: FLOOD RISK’ (Green Roof Organisation, ND) which is the encouragement to take measures to reduce the impact of flooding on building in areas with a medium/high risk of flooding. The second category that a green roof can contribute credits to is ‘LE4: MITIGATING ECOLOGICAL IMPACT’ (Green Roof Organisation, ND), which is the ability to minimise the impact of a building’s development on existing site ecology. This is done by of course adding natural plants and flowers to a building. The third category is ‘LE5: ENHANCING SITE ECOLOGY’ (Green Roof Organisation, ND), which is to recognise and encourage actions taken to maintain and enhance the ecological value of the site as a result of development. The fourth category that the application of a green roof slips into is ‘LE6: LONG TERM IMPACT ON BIODIVERSITY’ (Green Roof Organisation, ND) which is all about minimising the long term impact of the development on the sites and surrounding areas biodiversity.
5.0 Conclusion  
Overall, the integration of air source heat pumps, solar panels, and green roof systems into our buildings design demonstrates a strong commitment towards sustainable construction and energy efficiency within the project. Each element shows a strong contribution towards reducing carbon emissions and improving the environmental performance of the building through high energy efficiency and sustainability. Furthermore, the incorporation of these sustainable measures supports the achievement of higher BREEAM ratings and aligns with the UK’s long term net-zero carbon objectives by 2050.
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