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[bookmark: _Toc4793022]AIM OF REPORT

The purpose of this report is to evaluate and understand the primary considerations that relate to the application of renewable energy systems. An analysis will be stipulated regarding the various types of energy systems, so that the most suitable solution can be recommended that achieves the projects objectives. 

The objective of the report relates to the redevelopment of the SA1 University campus. The project intends on developing a swimming pool and gymnasium complex which covers a total floor area of 6000m2 and operates 6 days a week, 7am till 10pm. 

Primary considerations for the report will be grounded on the appropriate selection of a renewable energy system, the energy system storage and the limitations posed. The report will also take into account the variables effecting choice; geographical location, environmental factors etc.
[bookmark: _Toc4793023]1.0 INTRODUCTION 
[bookmark: _Toc4793024]1.1 Background to Renewable Energy 

Humanity on earth has been heavily dependent on fossil fuels for many years (Odell, 2009). Each year, we contribute more than 20 billion tonnes of carbon through the extraction process of fossil fuel energy, half of which remains in the atmosphere (Comby, 2008).  

The UK Green Construction Board stated that the built environment sector accounts for around 40% of the UK’s total carbon emissions, with Live Circular supporting the statement by saying that the average amount of C02e released from new-build houses in the UK emits around 45 tonnes. 

During 2007, an agreement was made between the UK and EU that implemented an EU Renewable Directive which ensures 20% of energy supplied throughout Europe was generated from renewable energy by 2020 (European Union Committee, 2008). Further progress introduced the Climate Change Act 2008, which was set out to additionally decrease the carbon emissions produced in the UK and meet targets of an 80% reduction by 2050. 

Due to the EU Renewable Directive and Climate Change Act, implementing renewable energy has become a mandate. Previous environmentally damaging and unsustainable methods must be changed in order to reduce the UK’s contribution to carbon emissions. By doing so, it will also positively effect the economy and life cycle costs of buildings. 
[bookmark: _Toc4793025]1.2 Understanding Sources of Energy

T.K Ghosh (2009) states that energy is used to perform all types of work and is available in various forms, from a variety of sources. The sources which emit energy must be transformed into usable forms; mechanical, electrical, heat or light, in order to provide function. Energy is classified into two categories: 
1. Non-Renewable Energy Sources.
2. Renewable Energy Sources.

T.K Ghosh continues by saying non-renewable energy sources are deemed as resources which cannot be replaced on a continuous basis, or replaced too slowly to warrant a sustainable process. Fossil fuels are considered the main form of non-renewable energy sources; these are identified as Petroleum, Coal, Natural gas and Nuclear energy; Uranium and Thorium. 

National Energy Foundation (2012) consider renewable energy as a resource of power that can be quickly replenished and generated on a continuous basis or short period of time. This form will not only be infinite, but will also generate clean, non carbon emitting energy in the process. Forms of renewable energy can be identified as Solar, Wind, Hydro, Tidal, Geothermal and Biomass.
[bookmark: _Toc4793026]2.0 OVERVIEW OF RENEWABLE ENERGY SYSTEMS

Solar energy is the most abundant resource available to earth, it is responsible for all forms of energy except nuclear, geothermal and tidal. The two main methods used for power generation through solar are:

Thermal – Relies on the ability of solar panels or collectors which harness the heat energy projected from sunlight through absorption. This is then transferred to heat water (NEF, 2019). Thermal systems have many advantages, the fuel is free, renewable, does not produce emissions and is low maintenance. However, drawbacks include capital costs and awareness of thermal technologies. (Student Energy, 2019)

[image: ../../../difference-between-thermal-solar-and-photovoltaic-systems-800x675.jpg]Photovoltaics (Solar PV) – Converts solar radiation into direct current electricity through semiconductors. When sunlight hits the semiconductors it forms an electric current through electron movement. Solar PV is adaptable and can be used for domestic buildings. However, unlike thermal, solar PV relies directly on sunlight, in it’s absence, no electricity can be produced. Furthermore, it uses rare elements (silicone) that make up the semiconductor cells. (Student Energy, 2019)PowerACU, 2019






[image: ../../../geothermal-heat-pumps.jpg]Ground source energy is a relatively new eco friendly energy. The process involves heat being extracted from the ground through an array of pipework. This form of energy is designed to take advantage of the moderate temperatures that stay consistent beneath the ground. (CSE, 2019)Energold, 2019



Wind power, explained in The Renewable Energy Handbook (2009) says that the economics of wind power, strongly depend on wind speed. The starting point for any wind farm, must require a site with strong winds. Although the speed of wind varies at different heights, the higher the turbine is raised, the more it benefits turbine speed and in turn, provides more sustainable efficiency. When the turbine is driven around, it generates the kinetic energy formed into mechanical power, which through a generated is converted into electricity. Drawbacks include capital costs of implementation and increasing in the UK, lobbies have began trying to prevent development on onshore wind farms due to the aesthetic impact.

Biomass energy can be used to produce a number of different energy sources; renewable electricity, thermal energy or transportation fuels. Biomass is identified as living or recently deceased organisms and their byproduct, ranging from corn to wood pellets (EESI, 2019). The most common way of electricity generation is through combustion. Burning agricultural waste or materials to heat water, which produces steam and spins turbines. (Ovo energy, 2019) 

[bookmark: _Toc4793027]2.1 Energy Storage Techniques

Storage technologies are essential. It offers significant benefits for the generation, distribution and use of electric power. Energy storage can be used as emergency back ups in the event of a plant failure, or on smaller scales, power failure in factories. The importance of storage within renewable energy is vital, as most sources such as solar, wind and tidal energy are intermittent, with their output not being easily predictable. Collaboration of renewable energy and storage techniques helps remove the insecurity and increase value of power generated (Renewable Energy Focus Handbook, 2009).
[bookmark: _Toc4793028]Types of Energy Storage

· Thermal storage
· Pumped storage
· Mechanical storage
· Electrochemical
· Hydroelectric dams
[bookmark: _Toc4793029]3.0 ENERGY SOLUTION FOR PROPOSED PROJECT

The intention of the project is to incorporate renewable and energy storage technologies into the development of the new SA1 campus site. The campus site will contain a swimming pool and gymnasium complex that will be powered through a form of renewable energy.  

[bookmark: _Toc4793030]3.1 Complex Energy Usage

To begin with, indoor swimming facilities are different to many other types of buildings. They hold large capacities of water which must be constantly filtered, treated and heated.  CIBSE (2001) explains that energy required for swimming facilities is separated between the general power for the remainder of the vicinity with the water heating, space heating, lighting and heat pumps used within the pool. Each of these contribute to to the large amount of operational energy. 

Water possess high heat capacity, meaning heating water requires a significant amount of energy. McQuarrie et al (2011) stipulates that around four times as much energy is required to heat one degree Celsius in comparison to air. As a consequence, maintaining a high temperature in swimming pools, is seen to be a large energy sink as the recently dispersed water heat then goes through a state of evaporation and is lost.
[bookmark: _Toc4793031]3.1 Variables effecting selection

John Twidell (2015) states that with installing renewable energy, it depends on a variety of variables. Understanding these variables provide assurance that adequate execution of the appropriate method is made. 

Geographical position - Selecting an appropriate energy system based on the most frequent form of renewable energy available in the region. With the project being situated in Swansea, a yearly average of 147.9 days of rainfall (The Met Office) concludes that intermittent sunlight could prove to be too inconsistent in order to generate sufficient power through solar PV or thermal, even with the addition of energy storage.

Capital payback time – Identifying the money benefit per year, gained or saved. Provides an estimate of return on investment from the initial capital cost required for the renewable energy source employed. 

Environmental conditions - Relate to the local surroundings of the project. The University is sits separate from nearby buildings and has sufficient space for such development to take place.




[bookmark: _Toc4793032]3.2 Choice of energy system

Based on the variables provided, an effective solution of renewable energy could be in the form Combined Heat and Power. 

[image: ../../../ADE_Generation_Efficiency_620_517_int.png]EMTEC (2019) explains CHP as a system that captures both electricity and heat energy. It goes through the stage of burning fuel, such as biomass, through combustion in order to produce the power. This simultaneously creates heat, which is then used to heat water. The end result is both power, and heat energy being readily available.

This form of energy is ideally suited for swimming pool applications as there is a constant demand for both heating and electricity all year round. The process is considered to be the most efficient form of energy technology available, as it utilizes most of the energy produced with minimal waste. It also provides a reduction in energy costs, environmental benefits and helps meet construction carbon legislation.
Ade, 2019. Source: https://www.theade.co.uk/resources/what-is-combined-heat-and-power

 

USEPA (2019) state the benefits held within CHP:

Efficiency – Requires less fuel and avoids distribution losses.
Environmental – Less fuel is used, reduced emissions of air pollutants.
Economic – Extremely efficient in providing energy, which is cost effective.
Reliability – Onsite resource which can be designed to operate in the worst case scenario. 

The University of Bath have previously adopted this method and has been in use for their Sports Training Village since 1997. That combined with another one, generate over 2 million units of electricity a year. Bath state the CHP saves 350 tonnes of C02 annually and around £75,000 in fuel costs. 

Another project that uses CHP was Sunderland’s Aquatics Centre. They liaised with ENER-G to established the ‘greenest’ 50m swimming pool between Leeds and Edinburgh. It provided around 539 tonnes of carbon savings and produced £31,548 of monetary savings per annum.

Energy Benchmarks for CHP

Through CIBSE Energy Use in Sports and Recreation Buildings, identifying the cost per m2 through non-renewable energy helps provide a benchmark to base renewable energy systems on. 

We can use Type 4 – Combined centre. It has a total floor area of 3600m2, which includes a pool area with showers/changing rooms, sports hall, gymnasium, social area, snack bar and a seating/viewing area. Following Type 4’s base data, estimates for the typical energy consumption benchmarks can be used to help calculate the cost of electricity and heating using kWh. 

With typical benchmarks using around 152 kWh of electricity and heating fuel using 598 kWh. After adopting Combined Heat and Power installation, adjusting for building and service changes, features, location and level of use. Electricity drops to 35 kWh and heating fuel drops to 201 kWh making it an effective change. 
[bookmark: _Toc4793033]3.3 Limitations

CarbonTrust (2019) explains that despite the benefits, CHP does have limitations. Schemes have a significant long-term investment, which would need to be thought out prior to decisions. CHP systems are not suitable for all sites, it can be financially demanding to implement without funding and some systems run on fossil fuels, which is not environmentally friendly.  

Greenspec (2019) explains that for CHP systems to be cost effective, it would need to run for around 4000-5000 hours a year. This in turn requires constant operation and maintenance checks, which can sometimes be costlier than the fuel itself. 

However, CHP installation does qualify for Capital Allowances and their fuel contribution is exempt from the climate change levy. Due to the capital costs involved with CHP, the UK Government introduced CHP Incentives designed to improve the economics of developing and operating CHP plants.
[bookmark: _Toc4793034]3.4 Industries opinions

Thomas Simchak (2013) a research and program director for the Energy Storage Association, wrote a white paper on Combined Heat and Power for Industrial revitalization, detailing the benefits posed from CHP energy systems. He states 

“Improving the energy efficiency of the industrial sector with technologies like CHP can make it more competitive in a global marketplace while easing environmental regulatory compliance; public policy at all levels of government must reduce barriers to CHP to ensure its benefits can be achieved.” 

Essentially, Simchak is explaining that  public policy regarding CHP should be more widely explored, in order for it to be recognised for its potential in the global market and compliance with environmental regulation. See Figure 1 below for the difference of industry adoption for CHP. 


[image: ../../../main.png]
 Source: U.S. Energy Information Administration, Annual Electric Generation Survey EIA-860 (2015 early release)

Figure 1.

4.0 [bookmark: _Toc4793035]CONCLUSION 

Throughout the years, renewable energy technologies have begun emerging into the construction industry and are now large contenders against previously unsustainable methods. Implementing these forms of renewable energy has proved dividends for many major construction infrastructures. 

With regards to the University’s project, usually, renewable energy in forms of solar PV and solar thermal would provide necessary power required for projects of this calibre. However, due to the nature of the University development, it’s geographical location and environmental factors, implementing solar with storage techniques might not provide sufficient enough power levels to enable a cost effective, efficient running of the complex. 

Understanding the selection for Combined Heat and Power, provides positive benefits for the life cycle of the development, with proven return on investment gain as well as a UK Government Incentive, to help with future operation. 
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