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[bookmark: _Toc4789904]1.0 Introduction 

This report aims to support the University of Wales Trinity Saint David in its sustainable strategy. Suggestion for a renewable energy source that can illustrate how the university can minimize its environmental impact in regards to the overall reduction of carbon dioxide output. Integrating a renewable energy source into the new building design will reduce its carbon footprint, and reduce overall operational costs over its life span. Therefore, it is vital that analysis and consideration are given conducted when choosing a renewable energy source. Factors such as, its suitability, geographical position, its location and evaluating the local environment to determine the most suitable energy source.  As the new proposed building is a recreational facility, by nature it will be a high consumer of energy. Therefore, this report will aim to provide examples and case studies of how renewable technologies can aid in the creation of a low carob building that is commercial size. In the current built environment, designers are incorporating more and more renewable and sustainable energy sources, which is leading to innovation in building design. The report will focus on reviewing and analyzing one renewable energy source. However, firstly one must take into consideration the different types of renewable technologies and how they best suit the sites geographical position and local environment.
[bookmark: _Toc4789905]1.1 Aims of Report 
· Review possible green energy sources to be used
· Decide on one suitable energy source
· Evaluate geographical location
· Explain the renewable energy source and how it works
· Provide supporting literate and case study’s to back up decision
· Discuss limitation of renewable energy source

[bookmark: _Toc4789906]1.2 Types of Renewable Energy 
There are a number of different establish technologies when it comes to renewable energy, these include:
· Wind power
· Wave power
· Geothermal power
· Solar power
· Biomass or biofuels
· Anaerobic digestion and biogas.

A brief overview of each must be given in order to reach a fair decision.
[bookmark: _Toc4789907]1.2.1 Wind Power
The use of wind power as a renewable energy source is well advanced. However, it is dependent on the fickle nature of the weather and can only be regarded as a supplementary energy source unless the surplus power is stored (Building service handbook, 2017, P.735).  The wind drives a propeller, which rotates a shaft through a gearbox to dive an electric generator, the generator then produces direct current, and the stronger the wind the more electricity is generated. As the university is located on the coastal line this type of renewable energy would be a viable option for the prosed project. However, due to it also being an area surrounded by residential apartments, the noise will be a factor that can cause concern.  Along with the high level of cost for the overall units, including installation.  Whether it be a traditional wind turbine or a smaller turbine which can be attached to the building.


[bookmark: _Toc4789908]1.2.2 Wave Power
As the site is located at the marina, it could utilize wave power.  One method to generate energy from using wave power is that the wave arriving cause the water chamber to rise and fall, which then forces air in and out of a chamber at the top. A turbine is placed at the top of the chamber, which is turned by the inflow and outflow of air, it then turns a generator used to create electricity.  

[bookmark: _Toc4789909]1.2.3 Geothermal Power
This method allows heat energy to be produced, by boring two or more holes (depending on the size of the operation), into the ground. Cold water is then pumped down one borehole, and convert into hot water or steam which is extracted by the other borehole(s). This water can then be used for direct heating or the steam can be used to drive turbines and electricity generators on the surface. A benefit to using geothermal system is that the system can use 25% to 50% less electricity than conventional systems for heating or cooling, and with their flexible design they can be adjusted to different situations (Green Match, 2018). However, the initial investment to incorporate to the system is high, due to the drilling and installation of a pretty complex system.

[bookmark: _Toc4789910]1.2.4 Solar Power
[bookmark: _Toc4789911]Photovoltaic system 
These systems use UV light in order to generate energy, the PV system works by processes natural light into electrical energy by through the intermediary of a semiconductor (Building service handbook, 2017, P.747).  The layout can be arranged as a large array of panels either on the ground or mounted to the roof, surplus energy can be stored for periods or limited or no light such as nighttime or a cloudy day.  
[bookmark: _Toc4789912]Thermal System
Solar thermal technologies capture the heat energy from the sun and use it for heating and/or the production of electricity (Muise, 2016). It is then used to supplements hot water from a conventional boiler source, it is also suitable for heating swimming pools. 

[bookmark: _Toc4789913]1.2.5 Biomass or Biofuels
The term biomass is a terminology used to describe the combustion of a cleaner energy source such as wood or straw. Cleaner meaning that they are less harmful to the environment when used for energy compared to coal, gas or oil.  Also with advancements in filtration systems. The atmospheric pollution can be minimized greatly, allowing the burning of biofuel or biomass to be considered a viable option. 

[bookmark: _Toc4789914]1.2.6 Anaerobic Digestion and Biogas
This is a method used for producing methane gas, it is an established method which has been used for centuries. Biomass products are stored in sealed containers, without the presence of oxygen, micro-organisms digest the biomass and release methane gas which can be used fuel to provide heat or generate electricity. However, this method takes up a considerable amount of space and needs to have a large supply of biomass, therefore, another method may be more suitable for the SA1 campus.  


[bookmark: _Toc4789915]1.3 Renewable Energy Source Choice
 The Source of renewable energy chosen is solar thermal power. Factors that were taken into consideration when deciding the type of renewable energy source were:
· Space
· Cost
· Suitability of the energy source 
· The efficiency of the energy source
· Where the energy is being used (heating) 
 
In order to suggest the best source for a renewable energy system, the purpose of the building must be taken into consideration. As the proposed project is a recreational facility which will house a swimming pool and a gymnasium.  The biggest output of energy will be the water and heating system, not just from the pool but the showers, and the hot tap water. A report conducted by CIBSE found Swimming pools consume more energy per unit area than other building types. For example, they use five times as much energy per square meter as offices (CIBSE, 2013). Therefore, it would be suggestable to use a renewable energy source that will reduce energy reliance on non-renewable sources. As the study has found heating to be the main use of energy output, it would be advised that a renewable source is used for energy consumption.  Energy absorb can also be used to preheat ventilation air for space heating 

[image: ]
Figure 1.1 (CIBSE, 2013)

By incorporating a renewable energy system, a decrease in costs and carbon emissions over the lifetime of the building. Also in terms of space solar thermal panel are placed on a roof so they require no additional space, compared to other sources such as wind power or geothermal.  It takes advantages of existing space and by incorporating it into the design, will help in a more efficient process of installation. The overall cost for a solar thermal panel system is lower than other sources, in recent years with technologies advancing the price has dropped and efficiency has risen.  Below is a table that shows the drop in cost: 

[image: ]
Figure 1.2 (Green Business Watch, 2017)
Therefore, cost wise it is a viable investment for the university. 






[bookmark: _Toc4789916]1.4 Type of Solar Thermal System and how it works

An evacuated glass tube variant of solar thermal would be suggested, this function differently to flat plate collector which directly heats the water as it passes over the panel.  
A solar vacuum tube consists of two layers, the first is borosilicate glass, this allows for 98% of energy to pass through. The glass contains boron trioxide which allows coefficient of thermal expansion, therefore making it more resistant to thermal shock.  The second layer of glass is coated with a black layer for better absorption of heat, in the center of the tube is a copper tube which acts as a heat exchange. Inside these copper tubes is a refrigerant, it is more responsive than water. The refrigerant, that is inside the heat pipes evaporates, as more heat is absorbed. Therefore, result in the generation of a convection cycle as the heat from the vapor is absorbed by the water circulating through a header pipe compartment or manifold, the vapor then cools and condenses into a fluid, and the cycle repeats.
The tubes are cylindrical shaped; therefore, the angle of sunlight is always perpendicular to the tube. This allows for heat absorption to be constant throughout the day as it continues even when sunlight is low. This usually is early morning, late afternoon or overcast days.
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Figure 1.4 (Alternative-Energy, 2018)


[bookmark: _Toc4789917]1.4.1 Positives for the system
The most obvious advantages of the system is the fact that it produces no pollution, therefore ensuring that carbon emissions are kept down. They also have a higher return on investment, than other sources, along with lower maintenance costs for the year. As solar energy system are placed on a rooftop the amount of land space needed is zero, therefore, results in no clearance of land which can add to carbon emissions. There are no moving parts involved in most applications of solar power. There is little noise associated with the system, compares favorably to certain other green-tech such as wind turbines. 

[bookmark: _Toc4789918]1.6 Geographical position 
The current site of the new university SA1 campus is located at Swansea Waterfront. Figure 1.3,   illiterates a better image.
[image: ]
Figure 1.3 (University of Wales Trinity Saint David, 2018) 

 The south-facing side of the complex is open with no obstructions, which is preferable for solar energy. Despite the reputation of the UK cloudy and grey weather, solar activity can produce more than enough energy.  Solar thermal can, in fact, be successfully used on a cloudy day as it uses both direct and diffused solar irradiation. A study by Green Energy, explains how solar thermal systems do not only require direct exposure daylight to operate, this means they will still heat water on cloudy days. Whilst the majority of solar energy is generated in the summer months, a solar thermal system will still contribute towards hot water requirements in spring, autumn and winter, providing for up to 60% of the annual hot water requirements of a property/building (Green Energy, 2018)

 


Figure 1.4 below, shows a solar map of the UK, which represents solar irradiation in the UK over one year and location on which solar energy will reach peak performance.  From the map, Swansea has a relatively decent level of exposure to the sun. By positioning the panel south facing the average solar irradiation is between 900 to 1300kWh/m2 per year. Therefore, taking into consideration geographical location, solar thermal is still a good quality source of renewable energy. 
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   Figure 1.4 (Photon Energy, 2018)


[bookmark: _Toc4789919]1.7 The Solar Divide
Solar energy although promising can create different opinions in the industry and scientific community. Michio Kaku “I believe in solar power.  However, there are problems that we have to face, and one of them is low efficiency”.  It is clear that solar when compared to non-renewable sources, it the less efficient method in terms of energy output. That is an argument a lot of researchers are making about renewable sources, and opinions suggest we should focus our efforts on nuclear power. However, in 2017 an annual report from the UN Environment Programme showed that global solar capacity grew faster than all fossil fuels combined. Therefore, It can be argued that advancements in solar technologies are changing the current state of the energy industry and in the next decade, solar could be a competitor with fossil fuels. 

[image: ]
Figure 1.5 ( UN.org, 2017)


[bookmark: _Toc4789920]1.8 Case Study
[bookmark: _Toc4789921]1.8.1 Bristol Lido- A Solar Hot Spot
The Bristol lido can be seen as an innovation in sustainable development, the overall project is similar to the proposed university one. As the Bristol Lido is a spa and health club containing a pool and shower facilities.  Suggestion for the use of solar thermal panels was inspired by this project.  As an initial investment of £50,000 into the system allowed for savings of £100,000 in energy bills in 4 years. Therefore, incorporation of renewable energy system will help the university achieve a sustainable strategy. 



[bookmark: _Toc4789922]1.9 Limitations 
Although with all the positives to be gain from the use of solar thermal, it is not without its limitations.  Although advancements in technologies have caused efficiency to rise, systems are still around about 60% to 75% efficient therefore energy generated is less than non-renewable sources. Due to this factor, it cannot turn the tide, in terms of replacing all non-renewable sources. Another limitation is the lower production in the winter months, therefore more reliance on conventional methods.  Solar thermal can also be seen as inconsistent, as during the night no energy is produced, meaning that enough energy has to be created and stored in the day to supply the building in the night. 



[bookmark: _Toc4789923]2.0 Conclusion 
Overall the incorporation of a solar thermal system into the proposed project would be a positive addition.  An example such as the Bristol lido and Liverpool University, making use of sustainable energy usage. Also, with research pointing towards an increase in efficiency, the potential is only set to increase. The ability to save a considerable amount on energy costs is one benefit that should cement it as a viable option for the university. Incorporation of the system will take their sustainability strategy to the next level, as no other local project would house a system of that magnitude. The integration of a technology that can supply heat for water and space.  
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RENEWABLES  Global solar capacity grew faster than fossil fuels in 2017, says report

Taster 1n ZU1/ than the combined total for all Tossil fuels — coal, oll, gas — as the chart

below shows.

Note that this chart shows net capacity growth, after accounting for power plants that
have retired. This is particularly significant for coal, where 32 gigawatts (GW) closed in
2017 and for gas, which lost 16GW.

Global growth in net electricity generating capacity
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Global growth in net electricity generating capacity, gigawatts, after subtracting retirements from new additions. Global net
nuclear capacity shrank during 2010-2012. Fossil fuels includes coal, oil and gas. Other renewables includes biomass,
geothermal, waste-to-energy and small hydro below 50 megawatts capacity. Source: UNEP/BNEF Global Trends in Renewable.
Energy Finance reports 2010-2018, International Atomic Energy Agency PRIS database and Carbon Brief analysis. Note that the
figures reported in each year's Global Trends' report are preliminary. Carbon Brief will update this chart if final figures become
available. Chart by Carbon Brief using Highcharts.

The milestone reflects rising investment and falling costs for solar (see below for more
on this). Significantly, it also reflects the decline in the growth of new coal and gas

capacity, as well as an increase in retirements.

The global pipeline of new coal-fired power stations is shrinking fast and ageing plants
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contain large open areas of warm water which
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water features

have constantly high internal temperatures
(often up to 30°C)

need substantial ventilation systems to
maintain comfortable conditions, to help
regulate evaporation from the pool surface and
to protect the fabric of the building.
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Source: UK Domestic Solar Panel Costs and Returns: 2010 - 201

Typical returns for a well sited 4kW solar panel installation in 2017 came in at a surprising 4.90%. While down
considerably from the peak, returns are still pretty impressive when you consider they are post tax and index
linked. View comparison with pre-tax nominal investment returns.

At the launch of the Feed in Tariff in 2010 2017
2010, the target rate of return for
solar PV was 4.5%. A 2.6kW Invest: £13,000 Invest: £6,668

installation at that time would have
cost £13,000 and the estimated rate
of return was 4.11%. Rate of Return: 4.11% | Rate of Return: 4.90%

As the solar market has developed and costs have come down, the typical size of installations has risen. A
typical 4kW installation in 2017 comes in with a median cost of £6,668 and at time of publication delivers an
estimated rate of return at 4.90%.

Installation Costs at Record Low But Seem to be Levelling Off

The median cost of a 4kW installation has reduced from £20,000 in 2010 to £6,668 in 2017. This represents a
67% drop in median installation cost since 2010.

Solar Installation Cost (4kW) Changes Over Time
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