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INTRODUCTION

This section looks at the different energy solutions available for the development. It animates the requirement of efficient solutions, systems and equipment needed to support the sustainable use of the energy throughout the buildings life cycle. It also measures the suitability of renewable energy solutions in order to encourage the reduction of carbon emission, efficient usage and operational management (BREEAM, 2018). 

Understanding the benefits that are associated with the optimisation of sustainability performance, are imperative for the function and duration of the buildings life. Incorporating renewable energy provides many advantages and opportunities, that range from socio-economic to political (REN21, 2020). 

Legislation, Regulations and Drivers 

This section will look at the regulations that directly impact the development. These regulations have been either imposed internationally or by the UK Government. Ensuring adherence and compliance will be priority throughout the design, construction and management phase.

With the ever expanding demand for green energy solutions, various legislation, regulations and drivers have been created to help create a baseline for consumers to follow, in an overall attempt to reduce the amount of significant greenhouse gases the UK construction industry contributes to the environment (NECP, 2019). 

The initial introduction into renewable energy legislation was the Climate Change Act 2008. It set the target of an 80% reduction of emissions from 1990 levels by 2050. It is expected that 30% of all electricity produced, will have to come from a renewable energy source by 2020 (EU RED, 2009). 

The built environment has been recognized as the primary contributor to the Greenhouse Gas emissions and with that, presents the largest risk for the UK meeting the Climate Change Act agreement.

The SA1 Waterfront Student Accommodation development will show compliance with -

1. BREEAM New Construction 2018 Scheme

The development falls under the criteria required for non-domestic new buildings. BREEAM 2018 states it requires an assessment and subsequent rating and certificate for the development. Ensuring compliance by following the criteria published.
The BREEAM New Construction 2018 scheme is a set of guidelines developed to encourage the use of energy efficient solutions, whilst also encouraging the reduction of use and carbon emissions. It follows 8 steps that define – energy use, monitoring, lighting, low carbon design, cold storage, transportation systems, laboratory systems and efficient equipment. 

2. The Energy Performance of Buildings Regulations 2012 

The development requires an Energy Performance Certificate to show compliance with building regulations and the UK’s carbon emissions target. It will be required to provide a report to obtain an EPC. 
Newly constructed buildings require an EPC, in order to measure the the energy efficiency of the building. The certificate is rated between A to G, with G being the least efficient. It is based on the characteristics of the building itself and its services. 






Consideration of Renewable Energy

This development offers students the best quality of rented accommodation, with ease of access to the nearby University as well as combining shops from the ground floor. It has the intended notion of accommodating both private sector workers and students, which will comprise over 110 total rooms. 

Utilising renewable energy resources in this development required several considerations amongst the design team. Trying to find what best suits the development is dependent on a variety of variables. The most common forms of renewable energy in these instances are between solar, wind, geothermal and biomass. However, prior to selecting the most suitable energy solution for the building, it is important to initially reflect on the many factors that help determine the end choice. These factors can be:

· Availability of the renewable energy near the development.
· Availability of siting the renewable energy technology.
· Energy cost from the provider.
· Local council regulations or incentives.
· Desire not to sacrifice design.

For this development, an examination throughout the various types of available renewable energy resources has been conducted. It has looked at 5 possible renewable energy solutions:

· Solar Electric PV
· Solar Thermal
· Geothermal
· Wind
· Bioenergy 

Efficient solutions for Development

Following the previously identified factors, it has led us to research the most efficient renewable energy that can be applied, taking into account location, usage, cost of employing and capital payback. The choices we have decided to integrate within the development are as follows:

Solar photovoltaics

The main contributor to the sustainable energy solution for this project, is a solar photovoltaic system. The reason for this selection was primarily down to the reliability and proven benefits the system can provide to the development. The current model utilises an array of solar pv on the ‘hats’ of the project but additional panels could be used within the allocated area of the site, which would allow for a better yield of renewable energy. It will also contribute to the buildings carbon footprint, provide reduction costs for energy consumption and protect future energy cost increases, with electricity, on average, increasing 7% per year for the last 10 years (Gdelectrical, 20200).  

Systems and equipment

Through data collected from “https://weather-and-climate.com/average-monthly-hours-Sunshine,swansea-glamorgan-gb,United-Kingdom” it has been possible to identify the total amount of sunshine casted over the Swansea region. The data has been collected from the nearest weather station in Cardiff (Glamorgan) and is measured through the total amount of sun hours that Swansea receives. The data was collected throughout the 2019 period and spanned from January until December. The total number of sun hours seen in Swansea was estimated to be around 1600.
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To ensure greater yield for the system, it was imperative that orientation, tilt and positioning of the panels was done so efficiency.  Ensuring a slope of around 15 degrees for each roof top allows for better water runoff, creates reduction on wind load and allows a better contact spot for solar energy to hit. The orientation is also a key factor, the decision to face the panels south will produce the best overall yield. There is a possibility to face them east to west, which would extend the length of solar production but would decrease the overall yield (SolarTrade, 2020).

Usage

Solar Photovoltacis have been in included on the rooftop design, spanning over both ‘hats’. Each hat is 256m2 and will allow an array of solar PV’s to be situated on top. The total amount of floor area covered is 512m2. 

Each peak sun hour was estimated by SolarReviews (Accessed March 2020), to produce 1kwh of energy per square meter, per year. The average amount of peak sun hours, per day, from the worst month in the year can be seen in figure 2. It was measured that 1.0-1.9 of peak sun hours, per day. The total area of the PV arrays estimated to be 512m2. This gave us a calculation of:

1.0 peak sun light per day multiplied by 365 days would equal 365hours of minimal peak sunlight. 
1kWh per square meter, which equates to 512kW per peak hour of sunlight. 
365 hours of minimal peak sunlight multiplied by 512kW, equates to 186,880kW per year of solar energy.
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(Figure 2. World Isolation Map. SolarDirect, 2020)

Using data taken from the ‘Comparison of building energy benchmark to toal UK energy’ it was estimated that 1 person, per 15m2 of GIA would consume around 9kWh of both electricity and gas per day. This allowed us to calculate the estimate of energy consumption. There were an estimated 106 people to be in the above two floors of the structure, and 10 people per office unit on the ground floor. This equates to 226 people consuming energy within the building. 

226 people multiplied by 9kWh per day, equals 2034kWh a day. Multiply this by 365 days, gives us an estimated consumption of 742,410kWh per year. 

Capital payback

With the solar PV system outputting a minimum of 187,000kW a year and the estimated consumption to be around 742,410kWh, that means around 24% of the developments energy source would be contributed per year, by solar energy alone. The initial capital cost is noted in the cost plan. 

Ground source heat pumps 

Discussion for selection of renewable energy incorporation was previously noted, and selection of ground source heat pumps seemed to provide sustainable, efficient, green energy that will effectively pay for themselves after a certain term. Ground source heat pumps were specified for their high energy efficiencies, more than their close relative, the air source heat pump. In comparison to other heating systems, they are largely more environmentally friendly and are low maintenance once installed. The main benefit is the overall function of the unit. Which is to utilise the renewable energy sourced from the ground and to do so efficiently. However, these heat pumps do come with draw backs. The initial unit is expensive to purchase and install but this can be negated and translate into possible long-term savings on energy. The unit is also difficult to install as there is a lot of research required in terms of local geology, in identify depth and geographical thermal properties (Green match, 2020).

System Information

The installation includes a well located under the adjacent parking lot. The ground system consists of 60 bores, each in excess of 80 meters deep, with a total bore depth of 4,800 meters and a total piping length of 14,000 meters. The bores are spaced 6 meters apart with return line circuits serving 5 different wells that merge into one common header. There is a terminal GSHP unit in each room within the development including communal areas, student flats and ground floor. 

Cost

The ground source heat pump has been costed for within the cost plan for this project. The cost for installation of this unit is relatively high. This is based on the excavation of the groundwork that is required, as excavation can be extremely excessive as both horizontal and vertical bores must be dug in order to implement the components. 

A report by the Department of Energy and Climate change illustrated the ground source heat pump structure for pricing, as seen in figure 2 around 51% of the total cost is down to non-equipment work, while 49% is on equipment costs. The example below is regarding 90kW, the proposed development would require a considerable amount more and therefore pushes the non-equipment costs up further. 
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(Figure 2.)
Capital Payback

Adopting this unit is eligible for the RHI scheme and can receive around 20.89p per kilowatt produced an hour (Ofgem, 2020).The non-domestic RHI is a scheme incentive offered by the UK government to help achieve the target of producing 12% of heating from renewable energy resources. It explains that payments are made based on energy consumption from the Energy Performance Certificate. The post-completion operator receives a quarterly tariff for each kilowatt/hour you produce. This scheme is operational for 20 years (RHW, 2020).

Targeted payback for GSHP installations that replaced traditional fuel and were enrolled with the renewable heat incentive, seen a payback as short as 6-8 years with estimated annual payments being around £2610 to £3940. Although this is on a much smaller scale (Greenmatch, 2020).

Green-roof water recycling 

Embracing green roof technology has both benefits for the built environment and to support Swansea City Council in utilisation of green energy. Adopting a green roof provides a diverse contribution to the surrounding built environment through the ecological benefits. Not only does it make up for lost green areas locally, but it creates a natural habitat for flora and fauna, as well as attracting insects and smaller wildlife. Green roofs are manufactured to promote biodiversity and are extremely aesthetically inviting, if landscaped correctly. They also improve ambient air quality, act as noise reducers, and holds possibility in urban agriculture. 

However, there are disadvantages associated with green roofs. As this roof, in nature is specialised, it requires reinforcement of structural integrity. This means specific design for the construction of the roof is required, as considerations will need to be made for drainage and irrigation, which results in higher capital cost. Another disadvantage is the possible maintenance of the roof and complex systems. Although there is possibility of urban agriculture. This could possibly mean selling of sites on the green roof, for tenants to buy and use as their ‘garden’ (Willmott Dixon, 2010).

Justification for the selection of a green roof was based on the many benefits it offers for tenants and the uniqueness of it, to entice respective students. The dramatic effects green roofs can have, can prevent local flooding during heavy showers, as over 50% of run-off water can be reduced compared to pitch roofs (Barbour, 2020). 

Capital Payback

The cost of the initial system would be included within the cost plan. As there are a variety of variables that make justification for the implementation of a green roof. Some of the data was unavailable and subsequently, could not estimate the cost of capital payback. Although the system
can be seen to increase the thermal insulation, reduce carbon footprint and increase the roof lifespan. There will be expenditure involved with maintenance, however the proposed idea of selling singular plots of land to the occupiers is a possibility and would generate more income.
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‘World Insolation Map

This map shows the amount of solar energy in hours, received each day on an optimally flted surface during
the worst month of the year. (Based on accumulated worlwide solar insolation data.)
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To ensure greater yield for the system, it was imperative that orientation, tit and positioning of the
panels was done so efficiency. Ensuring a slope of around 15 degrees for each roof top allows for
better water runoff, creates reduction on wind load and allows a better contact spot for solar energy to
hit. The orientation is also a key factor, the decision to face the panels south will produce the best
overall yield. There is a possibillty to face them east to west, which would extend the length of solar
production but would decrease the overall yield (SolarTrads, 2020).

Usage

‘Solar Photovoltacis have been in included on the rooftop design, spanning over both hats’ Each hat
is 256m2 and willallow an array of solar PV's to be situated on top. The total amount of floor area
covered is 512m2.

Each peak sun hour was estimated by SolarReviews (Accessed March 2020), to produce Tkwh of
energy per square meter. The average amount of peak sun hours per day, from the worst month in
the year can be seen in figure 2. It was measured that 1.0-1.9 of peak sun hours, per day. The total
area of the PV arrays estimated to be 512m2. This gave us a calculation of:

1.0 peak sun light per day x 365 days = 365hours of minimal peak sunlight

KW per square meter, which equates to 512kW per peak hour of sunlight

365 hours of minimal peak sunlight multiplied by 512kW, equates to 186.880KW per year of solar
energy.

Cost

9KWh per person, a day

Capitel payback
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The non-equipment prices for a 90 kW retrofit ground source heat
pump are slightly higher than the equipment price, mainly due to
the drilling, boreholes, and ground work (~60% of this cost) as well
as the added complexity in the design and specification process.

90 KW Ground Source Heat Pump ( Vertical Borehole)

s 51% non-equipment

60% of which drlling and groundwork

MATCH

As you can see in the figure above, 51% of the total price of
ground source heat pump installation is non-equipment costs, of
which 60% is the price of drilling and ground work. The price of the
heat pump itself and complementary equipment accounts for 49%
ofthe total ground source heat pump price.

Below is a detailed breakdown of the ground source heat pump
installation cost in the UK

GSHP COSTBREAKDOWN
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Discussion for selection of renewable energy incorporation was previously noted, and selection of
ground source heat pumps seemed to provide sustainable, efficient, green energy that will effectively
pay for themselves after a certain term. Ground source heat pumps were specified for their high
energy efficiencies, more than their close relative, the air source heat pump. In comparison to other
heating systems, they are largely more environmentally friendly and are low maintenance once
installed. The main benefitis the overall function of the unit. Which s to utiise the renewable energy
sourced from the ground and to do so efficiently. However, these heat pumps do come with draw
backs_ The iniial unit is expensive to purchase and install but this can be negated and translate into
possible long-term savings on energy. The unitis also diffcult o install as there is a lot of research
required in terms of local geology, in identify depth and geographical thermal properties (Green

match, 2020)

System Information

The installation includes a well located under the adjacent parking lot. The ground system consists of
60 bores, each in excess of 80 meters deep, with a total bore depth of 4,800 meters and a total piping
length of 14,000 meters. The bores are spaced 6 meters apart with return line circuits serving 5
different weils that merge into one common header. There is a terminal GSHP unitin each room
within the development including communal areas, student flats and ground floor.

Cost

The ground source heat pump has been costed for within the cost plan for this project. The cost for
installation of this unit s relatively high. This is based on the excavation of the groundwork that is
required, s excavation can be extremely excessive as both horizontal and vertical bores must be dug
in order to implement the components.

Capitel payback
A report by the Department of Energy and Climate change illustrated the ground source heat

pump structure for pricing, as seen in figure 2 around 51% of the total cost is down to non-
equipment work, while 49% is on equipment costs.
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The weather today in Swansea:
The monthly total of sunhours over the year in Swansea (Glamorgan), United Kingdom. Show in Celsius

Average Monthly Hours Of Sunshine In Swansea (Glamorgan)

Patchy rain possible
4TF | 43°F
0.563 Inches of rain
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Staying in Swansea? Check out our
extended forecasts.
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‘Average monthly sunhours in Cardif, United Kingdom Copyright © 2019 ww:veather-and-climate.com

* Data from nearest weather station: Cardiff (Glamorgan), United Kingdom (48.0 KM).

+ On average, July is the most sunny.
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