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1. Introduction

In Construction, energy consumption is often referred to as:
· Heating
· Hot Water
· Cooling and Refrigeration
· Lighting
· Washing and Drying
· Cooking
· Other electric loads.

Sources of energy are categorised as either renewable or non-renewable. Renewable energies include solar, wind, hydropower, biomass, natural gas and coal – Renewable energies are items that can be replenished. 

The built environment sector is estimated to consume up to 40% of the worlds energy and emits up to 30% of global greenhouse emissions. (UNEP, 2006) 

The built environment sector’s contribution could double or triple by the year 2050 if we do not act to achieve low carbon methods of construction or renewable energy sources for the life cycle of a building.

[image: ]This chart shows that global carbon emissions from burning fossil fuels has significantly increased since the year 1900 as the population continues to rise. (Marland, 2017)
So, in this assignment I will be choosing a renewable energy system to be incorporated into the next phase of development on the SA1 new campus site, housing a swimming pool and gymnasium complex in a single storey building with a combined floor space of 6,000m2.

As part of its commitment to low carbon solutions in buildings, the university is looking to incorporate modern technologies taking consideration to the nature of the building, its geographical location and the environmental challenges It may come up against.

In this research paper I will talk about the positive aspects of Combined Heat and Power system as well as addressing its limitations with modern technologies and its surrounding area.

After consulting the CIBSE energy use in sports and recreation buildings I have gained information that a Type 4 - Combined centre comprising of a 25m five-lane pool and sports hall with a floor space of 6,000 will typically expect to pay around £86,000 annually on energy consumption (£14.34/m2). (CIBSE, 2001)














2. Combined Heat and Power System

Cogeneration or Combined Heat and Power (CHP) is the use of a power station or heat engine which integrates the production of usable heat and electricity in a single, highly efficient process.

[image: ]CHP generates electricity, captures and utilises the heat that is a by-product of this process - this differs to the conventional ways of generating electricity where large quantities of heat are wasted instead wasted heat is put to productive use. In coal and gas fired power stations, up to two thirds of the overall energy consumed is lost as large clouds of steam being released from the cooling towers.
(ADE, 2019)

A CHP systems efficiency depends on the technology and system type but the most common power sources are steam turbines, combustion turbine, reciprocating engine and fuel cells.


3. Advantages of using CHP

Efficiency Benefits 

Cogeneration is highly efficient; CHP plants can achieve efficiency ratings in excess of 80% by recovering the heat that standard power plants give off into the atmosphere. The average efficiency of a Gas power plant ranges between 49%-52% and coal-fired plants fare less with a rating of around 38%.
[image: ]

Environmental Benefits

Compared to purchased energy and thermal energy produced in buildings CHP offers a large environmental benefit by capturing and utilising heat that would otherwise be wasted from the electrical production, CHP requires far less fuel to produce the same energy.

Because less fuel is burned, less greenhouse gasses are released such as CO2 and nitrogen oxides. One big advantage of using CHP is that as an energy and heat generation process renewable energies can be used as the main operating fuel.





Economic Benefits

CHP will help by reducing energy bills because of its high efficiency by using heat production associated with electricity production which would otherwise be wasted. The average efficiency of this system is around 80% compared to 40% for conventional purchased electricity and using a boiler. Bills are also reduced from the ability to purchase renewable fuel sources generating a larger output of energy and heat achieving a better value for money.

CHP will be effective for years and can help in reducing the cost of a replacement heating system. Because the energy is produced locally CHP has the benefit of avoiding efficiency drops during transmission and distribution of electricity through the grid – on site generation can provide reliability and allows the connected building to continue operating in the event of a disaster or issue with the electricity off the grid. (EPA, 2019)

As less energy is need to power and heat the building less energy will be bought from the grid which ensures the building will not be exposed to any substantial increased energy tariffs or costings. CHP can be operated to supply energy on a number of renewable fuel types such as natural gas, coal, and biomass which fare a lot cheaper than buying energy from the grid.

The Economic benefits listed are only effective depending on the location and current electricity rates, the systems design and equipment costs. The value of benefits will largely depend on the goals the investor wishes to achieve – As a university looking to increase their carbon footprint this might be an investment worthwhile. 


Additionally, CHP systems can be designed to continue to operate and supply heat and power in the event of a grid being shut down, this continuous power can help to maintain a healthy business with no shut off periods.

It is known that CHPs are cost effective when heating large swimming pools which have a suitable year-round heat. 

Legislative Benefits

CHP is helpful as it is…
· Part L compliant.
· Helps meet CRC Energy Efficiency Scheme targets.
· Helps new buildings to avoid the climate change levy.

3.1 CHP Case Studies

Liverpool University
In 2014 The University of Liverpool which is estimated to have 30,000 students and 4,700 members of staff undertook a £7.3million expansion as part of a capital development programme. 

The projects objective was to ‘provide heat and power to an expanding campus at the University of Liverpool in a way which would reduce the energy bill and decrease carbon emissions’.

The need for the use of CHP on this development comes down to the increasing university campus leading to a larger energy demand. The Uni also wanted to achieve a cost effective solution which would reduce their energy bills which in the long term will pay for its expansion as well as the added benefit of decreasing their carbon footprint.

To achieve these goals, the university had already held a 3.4MWe CHP unit in its energy centre, they added to this by installing 2Nr 2MWe CHP units in a disused grade 2 listed boiler house, these new units feed into an existing district heating network which will provide space heating and hot water to the campus.


The benefits the university is expected to achieve is annual cost savings circa of £1.7million on heating bills, with the lifetime savings of the project to be around £22.6million.

[image: ]The university have a 4-year payback period for the loan taken out to fund the project and their savings on carbon emissions per year total 5,730 Tonnes. 
This diagram shows a true representation of the existing 3.4MWe CHP engines in the university listed as BL1 and the two additional CHP engines highlighted as BL2 and BL3 with the heating and hot water system diagram.


South Gloucestershire Leisure Centre

South Gloucestershire council being fully aware of the importance of living to environmental standards and protecting the environment for future generations have decided to maintain the customer environment by installing a cogeneration engine to optimise the power supply to the leisure centre whilst helping to reduce carbon emissions. (COGENCO, 2016)

Similarly to the project that will be built on SA1s new campus this project comprised of supplying heat and power to a 25m x  6 lane swimming pool, health and fitness club with health spa, sauna and steam rooms, sports hall courts and a café / Bar area.

Dalkia Group, who are a subsidiary of EDF Energy Group installed 100KWe Cogeneration unit in a new plant room, to maximise efficiency a thermal link was installed between the new boiler plant, the cogeneration unit and the existing constant temperature boiler system.  The new unit is operational 17 hours a day, seven days a week during periods of high occupancy.

The unit is supplied free of charge by Cogenco’s risk free financing scheme that required no down put for the product. The council is expected to pay a discount p/kWh tariff for energy used, which will include maintenance costs for a contracted period as well as the supply of gas to fuel the unit. This has twice the energy efficiency of their previous method of conventional generation which will deliver cost savings as well as reductions in the carbon footprint give off by the building.

Benefits of the new CHP engine 
· 260 Tonnes of CO2 saved each year
· Cost savings and no down put
· Less exposure to energy price fluctuations
· Transfer of risk
4. Limitations Using Combined Heat and Power

The main limitation of using CHP is its initial capital outlay which is quite expensive and that it is not a sustainable energy source unless it is powered or used with renewable fuels. CHP is not suitable in all sites that need a heating and hot water supply.

The up-front cost to buy and install a CHP is very substantial compared to a standard conventional system which makes it prohibitive for small scale projects, however there are funding opportunities and schemes which will supply you with the CHP engine and system up-front and will then require monthly instalments to pay for the system over an agreed term, this will in theory come out of the money being saved on the energy bills.

Another limitation of using CHPs is that they are not always run on renewable fuels but the cheapest option or most readily available. When using this system, generally the demand for both electricity and heat need to be similar to make the process efficient, this can often be a problem when the temperature outside gets hotter in the summer the need for heating the building is reduced, but in this case as it is an indoor swimming pool it will always need to be heated regardless of the outdoor temperature so it will gain its full potential in the new SA1 development.

The sizing of CHP plant will require careful consideration of the heat and electrical usage and operational hours for the centre. As CHP plant needs to operate for long hours to be most cost effective – taking into account the size of the plant should not be oversized.





5. Effective Energy Saving Measures 

Energy efficiency measures are thought upon and set out in the design stages prior to any construction work on site. Design principles are applied and benchmarks are set for the usage of watts per m2, fans and ventilation and pool pumping power to ensure maximum efficiency in the products.

Another way you can look to make the most effective use of the building and the surrounding land is by using the buildings form, orientation and fabric to reduce loads. The orientation of the building can make use of the natural daylight meaning the sun will provide light along one elevation all day reducing the use of lighting. Sports centre portal framed construction is not always built to the highest airtight standard, creating an airtight seal throughout the building will help ensure heat is not lost. Passive systems should be considered including natural lighting, ventilation, cooling, shelter and shading.

When it comes to installing the services on site as construction is underway highly efficient lighting should be used as well as efficient fans and motors with multispeed functions for ventilation. Although high tech CHP systems are being installed the operations and usage management should take consideration to the end user and operator, i.e the staff and management team who will be working there.

After the operational hours of use efficient pool covers should be used to ensure maximum heat is retained during the closed time.  When it comes to the ventilation design for the gym the fans and system size are often designed for the maximum capacity or worst case but in many instances they don’t achieve this level of occupancy. The energy and running costs attached with the larger specified systems can be substantially high for a ventilated building. Efficient fans and motors along with a good ductwork design can be incorporated to achieve high power reductions.
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