Programme: 	BSc Built Environment Portfolio
Module:	Built Environment Services
Module Code:	M5X01836
Lecturer: 	Allan Nantel
Student:	Andrew Brewer
Student ID:	1071405

Assignment Title: 	Renewable Energy Solutions for Building Services
Submission Deadline:	29th March 2019 






















Contents
Renewable Energy Technologies	3
Solar Thermal Panels	3
Photovoltaics (PV)	3
District Heating & Cooling	4
Heating & Cooling Networks - Illustration	4
Combined Heat & Power	5
Combined Heat & Power (CHP) – Useful Energy Illustration.	5
Ground Source & Air Source Heat pumps	5
Ground Source Heat Pump - Illustration	6
Wind Power & Wind Turbines	6
Illustration of How Wind Turbines Work.	6
Onshore Wind	6
Offshore Wind	7
Biofuels & Biomass Boilers	7
UWTSD Phase two – Swimming Pool & Gymnasium	8
Nature of the Building and Site	8
Geographical position and Environmental conditions	8
Satellite view of the location of UWTSD	8
Energy Source	9
Positive Aspects for Energy Generation	9
Conventional Generation vs. CHP: Overall Efficiency	9
References	10










[bookmark: _Toc4786408]Renewable Energy Technologies
[bookmark: _Toc4786409]Solar Thermal Panels
Solar energy is a process of tuning sunlight into power in the form of electricity.
‘Solar power, noun - heat radiation from the sun converted into electrical power’
(Dictionary.Com, 2019)
Solar Thermal Panels are usually fixed or mounted to the surface of the building envelope or roof if on a building or structure or to frames that are surface mounted to the ground. They work by heat and light from the sun warming up a ‘heat transfer fluid’ that is pumped through a system to maintain its heat and in turn generate power via coil heat exchanger. 
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(THE RENEWABLE ENERGY HUB, Unknown)
[bookmark: _Toc4786410]Photovoltaics (PV)
Solar energy, the conversion of sun light into power via Photovoltaics is a clean form of renewable energy with no fuels or gasses produced, its limitless, although certain geographical regions will benefit more than others from it and it’s also a relatively cost effect source of power. 
Photovoltaics will convert sunlight directly into electricity, alternatively solar thermal harnesses large surface areas of sunlight into concentrated small beam via lenses or mirrors to generate heat. 
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(Lehigh University, 2007)

[bookmark: _Toc4786411]District Heating & Cooling
‘Outside the old eastern European block District Heating and Cooling (DHC) Systems are rare, and yet they may be much more common in future.’ (Last, 2018)
District Heating & Cooling is a larger scale system than the more commonly seen communal or community heating systems, usually servicing just a block of flats or small community of properties in close proximity to each other. 
The District system is a heating (or cooling) system is a network of insulated pipes that can service towns, cities and large residential areas that can be miles apart. The heat can be generated from a number of sources, but generally with pressures to reduce landfill, the source of the power comes from paste to power plants. 
Advantages of district heating & cooling – 
· Cost savings on boiler installations & chillers and maintenance costs as individual systems are no longer required. 
· Greater energy efficiency 
· Centralised generation enabling lower and measurable carbon emissions
· Introduction of lower carbon heat sources that can be connected to the network.


[bookmark: _Toc4786412]Heating & Cooling Networks - Illustration
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(Engie, Unknown)


[bookmark: _Toc4786413]Combined Heat & Power
Combined Heat & Power or CHP, is a process of capturing the utilising the heat generated as a by-product of the electricity generation methods. Offering up to a 30% reduction in carbon emissions when compared to separate means of conventional generation via a boiler and power station. 
‘For many organisations, CHP is the measure that offers the most significant single opportunity to reduce energy costs and to improve environmental performance with existing users of CHP typically saving around 20% of their energy costs.’  (GOV.UK, 2018)

[bookmark: _Toc4786414]Combined Heat & Power (CHP) – Useful Energy Illustration.
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(Renew Green Energy, Unknown)

‘Warmer summers, penchants for glazed exteriors, and improvements in insulation standards and airtightness are placing increasing pressures on the need for cooling of both domestic and commercial buildings.’ (Kensa Heat Pumps, Unknown)
[bookmark: _Toc4786415]Ground Source & Air Source Heat pumps
Ground source heat pumps consist of either a loop of horizontally laid pipe or vertical bored pipes that contain a mixture of water and antifreeze. As the water is pumped underground, heat or cooling of the liquid is transferred through an exchanger and into a heat pump. This can then be used to heat water and for heating and washing, although may not be as quick to heat or as intense as a traditional boiler source of heat. 
Air source heat pumps act in a similar fashion to a household refrigerator by extracting heat from the outside air and can be efficient in temperatures as low as -15°C.
Heat pumps using both the ground and air do require electricity to run, so they have some impact on the environment but the resource used such as ground, air or water is constantly being renewed naturally. 


[bookmark: _Toc4786416]Ground Source Heat Pump - Illustration
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(Green Cross Australia, Unknown)

[bookmark: _Toc4786417]Wind Power & Wind Turbines
Wind power is generated via the flow of air/wind through turbines providing mechanical power into electricity generators which in turn can be distributed to produce clean emission free power for homes, businesses and communities. 

[bookmark: _Toc4786418]Illustration of How Wind Turbines Work.
	[image: https://www.energy.gov/sites/prod/files/styles/borealis_default_hero_respondxl/public/ir_wind_how_turbine_works_2.jpg?itok=hOvsn_Bf]
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(Energy.Gov, 2017)

[bookmark: _Toc4786419]Onshore Wind
With the UK’s climate wind power is a reliable source of clean energy which the UK Government have rightly utilised and will continue to increase its use. In 2017, Wind power accounted for 9% of the UK’s power needs, enough power to meet the annual needs of some 7.25million households.  
‘Onshore wind offers the most cost-effective choice for new electricity in the UK, bar none - it is cheaper than gas, nuclear, coal and other renewables.’ (Renewable UK, 2018)



[bookmark: _Toc4786420]Offshore Wind
In a similar way to onshore wind generation, offshore works by harnessing the power of the wind at sea. With higher masts and high and more consistent wind speeds offshore wind generation has the potential to generate twice the energy of onshore. Turbine masts can be anchored into a permanent foundation in the sea bed or be secured to a floating structure
‘The UK is the world leader in offshore wind, with more installed capacity than any other country. Already, offshore wind powers the equivalent of 4.5 million homes annually and will generate over 10% of UK electricity by 2020.’ (Renewable UK, 2018)
In the five years to 2021, the UK is investing circa £19bn in offshore wind generation, creating skilled engineering, and design and manufacturing jobs throughout the UK. 
‘The UK's offshore wind power capacity is set to nearly double over the next decade, as a result of a new government initiative, according to the industry. It said that by 2030, between a fifth and a third of the UK's electricity could come from offshore wind power.’ (Harrabin, 2018)

[bookmark: _Toc4786421]Biofuels & Biomass Boilers
Biomass is a form of fuel used to generate energy in the form of electricity, thermal energy or and recently some transport fuels. Biomass is defined as being a living or dead organism or by-product of them. Generally the term refers to a form of energy other than that of fossil fuels, products such as crop residues, or fuels formed from previously ‘alive’ materials – wood, crop waste, food & food waste and by-product, animal manure and human waste. 
Biomass is converted to energy in the forms of 
· Solid fuels – burning wood/waste to produce heat
· Biogas – decomposing landfill mixed with animal and human waste in digesters 
· Biofuel – fermented crops such as sugar cane or corn to produce ethanol 
· Biodiesel – broken down animal fats and vegetable oils
‘The term is generally understood to exclude coal, oil, and other fossilized remnants of organisms, as well as soils.’ (Environmental and Energy Study Institute , 2017)











[bookmark: _Toc4786422]UWTSD Phase two – Swimming Pool & Gymnasium

The University is seeking to incorporate renewables and energy storage technologies into the next phase of development on the SA1 new campus site, a swimming pool and gymnasium complex in single storey, with a total floor area of 6,000 m2. The complex will operate from 7am to 10pm, 6 days a week.
[bookmark: _Toc4786423]Nature of the Building and Site
The SA1 location of the land purchased by UWTSD which forms part of an old dock with close proximity to the sea makes options for building materials and the utilisation of renewable energy both interesting and achievable due to the amount of options available. 
[bookmark: _Toc4786424]Geographical position and Environmental conditions
The proposed site is located in the historic docks of Swansea, flanked by and enclosed by Swansea bay. The wealth of natural resources available at the site include those related to the sea and river such as tidal, wave and water. The potential to transfer wind energy both on and offshore are viable as demonstrated by the surrounding wind turbines on the surrounding hills. Also solar energy is again a viable option as the sites aspect is open to South, East and West directions. 

[bookmark: _Toc4786425]Satellite view of the location of UWTSD
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(Google Maps, 2018)

[bookmark: _Toc4786426]Energy Source 
For the purpose of this case study and following on from the research material provided CIBSE, particularly the ‘Good Practice Guide 219 – Energy efficiency in swimming pools’ I will discuss the option of using a combined heat and power source of power (CHP) to heat, cool, light and ventilate the various spaces associated with such a building and its facilities. 
[bookmark: _Toc4786427]Positive Aspects for Energy Generation
The benefits of combined heat & power or CHP include efficiency, environmental, economic and reliability.
Efficiency – Some CHP systems can achieve 90% efficiency, but in the main CHP systems will typically achieve efficiencies of 60-80% via the recovery of wasted heat. CHP also avoids transmission and distribution losses that occur when the use of power lines to transport the electricity are used.
There are also variances in efficiencies depending on the system or technology used in a CHP system. Steam turbine being the most efficient with an efficiency level of 80%, closely followed by a reciprocating engine, combustion turbine and down to a micro turbine and fuel cell at 55-80%. 
Environmental – The utilisation of heat captured via the production of electricity that would otherwise be wasted, CHP systems can produce the same quantity of energy but by using less fuel. 
Economic – By driving efficiency and using waste heat recovery the CHP provides reduced energy costs. Capital outlay is reduced as repairs and maintenance of more traditional systems is avoided. Reliance on outside service providers is mitigated including price fluctuations in their services as a CHP can continue operating in the event of a disturbed supply or interruption to electricity supply. 
[bookmark: _Toc4786428]Conventional Generation vs. CHP: Overall Efficiency
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(United States Environmental Protection Agency, 2018)
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