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[bookmark: _Toc504154116]1.0 Introduction  

  This proposal looks into the electrical power potential of installing a pico-hydro turbine into the domestic water supply pipelines of a property. Pico hydro turbines are defined as turbines producing <5kW and are often used in small rural communities that have a flowing water source (Gaiser, et al., 2016). This study will look at the integration of pico-turbines into water supply pipes of a domestic home in the UK. 
[bookmark: _Toc504154117] 1.1 Background

 Energy creation in the UK has long been sourced through the burning of fossil fuels and other carbon intensive means. However, the onset of climate change and increased knowledge around the impacts of carbon intensive practices has led to international recognition for the need to create energy through renewable and non-carbon-based methods. 
 The UK Government as part of the Paris Agreement, is taking measures to reduce its Greenhouse Gas Emissions though the use of Carbon Budgeting with £2.5 Billion worth of investment in low carbon technologies between 2015-2021. (UK Government, 2017) (UK Government, 2011). 
 Hydro-power is a clean energy source as it produces energy without expelling greenhouse gases. Hydro-turbines use the kinetic energy of flowing water and then transfers it into mechanical energy, a generator turns this into electrical energy.  The UK produced 0.82 TWh of hydro-electricity in the second quarter of 2017, a reduction of 12.4% compared to the last quarter due to a reduction in rainfall (UK Government, 2017). Much of this hydro-electricity is reliant of rainfall due to turbine placement in rivers, lakes and streams. 
  
  Pico Turbines are often used in developing countries in small rural communities that have limited access to electrical grid networks and access to flowing water (Descote, 2016). The integration of Pico turbines within domestic water pipelines is becoming a more recognised system of energy creation urban areas, particularly in countries with restricted access to electricity supply (Ananthapadmanabhan & Shouri, 2017). The pressure and flow within water pipelines could be source of energy that is otherwise not utilised. 
  
Hydro turbine installation into water supply systems is an area previously and currently being explored. Gallagher, et al., (2015) researched the energy potential and economic cost of Micro Hydro installation in Water Treatment Plants and Pressure Control Facilities showing that water pressure and flow levels make it a feasable source of energy creation. A number of benefits are evident. It negates many issues around the use of natural water courses; the use of reservoirs to supply water to property reduces the impact of meteorological and seasonal changes in water availability, while the damage to the ecology of rivers is avoided. From a practical and economic viewpoint; pre-existence of pipelines makes access for installation easier, turbine placement in residential communities would reduce the cost of energy supply from source to user, while hydro power installations have a lower cost per-kilowatt compared to other renewable energy sources such as solar. (Kapoor, 2013) (Gallagher, et al., 2015).
 This research proposal will put this method of energy production into the context of a country where water supply systems have higher pressure within pipes and also larger use of water volumes (Strijdom, et al., 2017). While also looking at the applicability of the system in a smaller scale setting. 
  This research proposal will assess whether water usage within in a domestic UK home can produce sufficient energy for storage or device use, through the integration of a Pico hydro Turbine. 
 The null hypothesis is that no electrical power could be generated from the water pressure and flow rate within domestic water supply pipes.
The key objectives of this study will be:
1. Look at a water supply system of a home and assess where the turbine placement will be best suited. 
2. Calculate the hydraulic power generation from water supply pipelines
3. Assess which Turbine type is best suited for application 
4. Calculate potential output power of turbine system
[bookmark: _Toc504154118]2.0 Literature Review 

[bookmark: _Toc504154119]2.1 Hydro Turbine Definitions and Energy Production

 Hydro Turbines produce electricity through the kinetic energy of flowing water. Water flowing downstream turns a propeller piece known as a turbine, this is where the kinetic energy of water is transferred into mechanical energy of the turbine. The turbine turns a shaft within a generator that creates electricity (Perlman, 2016). Turbines have different sizes that dictate their capacity of production. 

[bookmark: _Toc504154138]Table 1 Turbine Categories
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Table 1. Shows the classification of turbine sizes according to their energy output. (Renewables First, n.d.)



  The classification of turbines due to capacity does, however, vary between countries. As this paper looks at application of turbines in the UK the European classification will be used.
Hydro turbines rely upon a number of variants that all contribute towards the overall power output. The theoretical power output of a turbine can be calculated in the equation: 





 Where P Power at the generator terminal, in kilowatts (kW) 
 H - The gross height from the pipeline intake to the tail water in meters (m)
 Q - Flow in pipeline, in cubic meters per second (m3/s) 
 e - The efficiency of the system, considering head loss in the pipeline and the efficiency of    the turbine and generator, expressed by a decimal (e.g. 85% efficiency= 0.85) 
 g – Gravity and water density calculation (Gatte, 2012).

Many of these parameters will need to be measured and calculated and then applied to the equation. The use of this formula is essential in assessing total power generation of a given system.

[bookmark: _Toc504154120]2.2 Turbine Types and Selection 

  A range of different turbine types exist, the suitability of their application varies considerably according to the conditions present. There are two distinct turbine groups; Impulse and Reaction. Impulse turbines use the kinetic energy of running water to drive the runner that converts it into mechanical energy, only one part of the runner is submerged at one time. Impulse turbines are usually used in high-head, low flow applications, three key types are; Turgo, Pelton and Cross-flow. Reaction Turbines use the movement of water and the pressure of water hitting angled blades to create power. They are often used in sites of lower head and higher flows, types include; Francis, Propeller and Kinetic turbines. (US Department of Energy, n.d.) (Okot, 2013). 

 Selection of turbines are based upon head, flow rate and shaft speed of the turbine (Williamson, et al., 2014). There are a number of different models that can be used to assess which turbine is best suited, Fig. 1 shows a commonly used method of selection based on the previously mentioned parameters. Williamson, et al. (2014), describes methods of selecting turbines that work on low head and differing flows using multi criteria analysis. The criteria are; Head, Flow Rate, Shaft Speed, Cost, Reliability, Ease of Manufacture and Location. Their research showed that out of 13 turbine types, the best suited turbine for low head and variable flow rates was the single jet Turgo turbine, with a 1.3 kW power generation from a 3.5 m head, 304 rpm running speed. The most efficient turbines were Impulse while the Reaction turbines scored better on the most important performance score; Power Density, this is the amount of power created per unit volume (kW/ (Williamson, et al., 2014).   


 Selection used a scoring system that incorporated toplevel requirements such as costs of manufacture and ease of installation (Williamson, et al., 2014). These requirements are important when assessing the economic feasability of turbine installation, but may not give the best turbine based simply on output power, an area that this project will be focusing on. 
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[bookmark: _Toc504154130]Figure 1  Model for Turbine ApplicationFigure 1. Assesses which turbine is best suited according to flow head and potential power output. Areas of Interest are where Williamson, et al., (2014) made their research in best suited Pico-turbines. 






Another method uses the selected generator capacity to show the best suited turbine. It looks at the shaft speed, head and estimated output. The shaft speed refers to the point of maximum efficiency of the turbine in Revolutions Per Minute (RPM) and is fixed (Perlman, 2016). From here the specific speed can be calculated using the equation:


Specific Speed; 


The data is then plotted onto the nomogram shown in Fig 2.  This method can be considered more accurate as it takes into account multiple factors to do with generator capacity and turbine shaft speeds. 
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[bookmark: _Toc504154131]Figure 2 Nomogram for Selection of TurbineFigure 2. Shows Nomogram used in Zainuddin, et al., 2009, study of pico-hydro application in domestic pipelines. 




[bookmark: _Toc504154121]2.3 Relevant Studies 

  A number of studies have looked into the electrical energy creation within urban domestic water pipelines. 

 Zainuddin, et al., (2009) developed a system that uses water as an additional source of electricity within a home.The goal was achieve 10W of power generation using a Pico Hydro within pipelines of a chosen domestic pipeline. 
  This study outliined the key parameters needed to be considered when implementing a pico hydro system within a pipeline. Power estimations were made by calculating the head height from the water pressure within the pipes. Water flow rate was calculated by using a bucket test, where the time it took for the water fill a litre was measured. A pipeline system was designed to minimise loss of flow and pressure by minimising major and minor friction losses. A pelton turbine was selected as it suited a high head low flow application, it was manufactured by the study team (Zainuddin, et al., 2009).
  The following study by Zainuddin, et al., (2009) gives perfomance results around the implementation of the previous design. The open circuit test determined the performance at a residential address over the course of a day. The results showed that the highest water energy was at times of low water usage, where the pressure inside the pipes was at a maximum. When pressue and flowrate were 17psi and 0.238 l/s resulted in 1.24 W of power when resistor levels were lowest. The efficiency was found at 4.45%, which is far lower than the estimated efficiency, this explains the far lower energy production than the estimated output of 10W.  (Zainuddin, et al., 2009). 
  This study showed that energy creation in domestic water piplines was feasable as a source of energy creation. However, inefficiencies in the generator and turbine caused a large reduction of overall power available. Improved selection of turbine type accoring to power density and system efficiency shold be considered beforehand (Williamson, et al., 2012). The varying flowrate of water through domestic pipelines was not considered, flow rates depend on appliance usage within a household, this greatly effects total power output.
  

[bookmark: _Toc504154122]3.0 Methodology

This study aims to show the electrical energy potential over 24 hours, through the implementation of a hydro-turbine into the water supply system of a residential house. The methodology to calculate this has a number of factors that need to be considered.

[bookmark: _Toc504154123]3.1 House Chosen and Placement of System 

The house of choice could significantly impact the potential energy output. A small home with less appliances and house members would result in smaller energy output. These parameters must be recognised and considered when the results are put into a wider framework of energy potential across a number of different buildings. 

The placement of the turbine will greatly affect the overall potential output. The turbine needs to be placed in the supply system as this uses clean water, waste systems take dirty water out of the house, the detritus in these pipes would clog the turbine causing issues in turbine function. Assessment of the type of supply system present would need to be made to know where to best place the turbine. 


[bookmark: _Toc504154124]3.2 Hydraulic Power 

The hydraulic power is the input of hydraulic movement that is fed into the turbine, moving the shaft and thus creating electrical energy. This is calculated using the following equation;


Where;
Pin is total Power, p is water density, g is the gravitational constant, Q is flow rate and H is hydraulic head (Okot, 2013).
Gravitational constant and water density are already known. This leaves flow rate and hydraulic head to be measured. 

Flow rate changes according the size of appliance being used. This dictates how much water passes through the pipeline and thus the turbine, meaning the power input and output would change. Therefore, it is essential to know;


What appliances are used? 
On average how many times in a day are they used? – Ask users of property
Average length of usage? – Ask users of property
What are the flow rates for each appliance? –  Capacity given by supplier of appliance, or 
calculated from the bucket test method.

A flow duration curve can then be plotted to see the average mean flow rate for the day, this can then be applied to the power input equation in meters/seconds or minutes (Renewables First, n.d.). Water calculators can be obtained to calculated water usage within a house, the period of water flow estimate can be made through further questioning, from this it is possible to calculate the flow rate of pipeline water over a timespan (Watters, 2010). 

The head can be calculated by converting the water pressure of the pipeline (psi) into head (ft), which in turn can be converted to meters. Water pressure can be found on the water meter or given by the water supplier company. 

The results of these can then be applied into the Power Input Equation. 

[bookmark: _Toc504154125]3.3 Turbine Selection 

The selection of a turbine depends on a number of variables.
A generator type must be chosen for the range of power that can potentially be produced, from the generator type the efficient running speed is taken in rpm. The running speed is then incorporated into the formula to show the specific speed of the turbine. This, the head, height and flow rate would be plotted onto the Nomogram suggesting the suitable turbine type. 

[bookmark: _Toc504154126]3.4 Efficiency Review 

Efficiencies of a hydro turbine system have a large role in the estimated total output of a hydro turbine system. A system that produces 80% efficiency would result in a higher system output compared to that of a system with 35% efficiency. System efficiencies need to consider Mechanical, Hydraulic and volumetric efficiency (Jain, et al., 2010). Large variations in estimated efficiencies of turbines can be seen with 50% estimated in Zainuddin, et al., (2009), while others suggest efficiencies of up to 90% (Williamson, et al., 2012). 
A review of the literature around modern turbines and their efficiencies for certain head and flow rates would need to be undertaken to maximise power output potential. 


3.5 Output Power 

The previously collected data can be input into the Power Output formula previously shown;
 


H - The gross head from the pipeline intake to the tail water in meters (m)
Q - Flow in pipeline, in cubic meters per second (m3/s) 
 e - The efficiency of the system, considering head loss in the pipeline and the efficiency of    the turbine and generator, expressed by a decimal (e.g. 85% efficiency= 0.85) 
 g – Gravity and water density calculation (Gatte, 2012).

From this the daily potential of Watts produced can be seen to either defy or accept the null hypothsis. 

[bookmark: _Toc504154127]4.0 Evaluation


   A number of issues can be raised around the energy potential and installation of hydro turbines. The intermittent flow rate through the supply pipeline due to different types of appliance being used and for different periods would mean that the turbine will be stop starting, this is undesirable as a larger energy product may not be attainable. 
  Predicting the efficiency of a turbine system can cause large differences between the predicted output power and the actual output power after installation. In depth research will be made into system efficiency variations, however actual efficiencies may not be realised until practical tests are made. (Zainuddin, et al., 2009).
  This study also does not take into account the economic costs of installation. Some of the main considerations when installing turbines are the costs of the turbine, generator, mechanical framework around piping and ease of installation (Williamson, et al., 2014). The payback time of installation can then be calculated by looking at the amount of energy created. The cost of each if electrical unit of energy is combined with the overall energy product. The length of time to payback the installation cost can be assessed to understand whether the project is economically feasible (McNabola, et al., 2014).  However, this proposed study concentrates on whether there is power potential in a domestic pipeline not the economic difficulties surrounding it.

 The limitations of this study must be considered and recognised throughout the course of the project so further research in this area can explore the feasibility further. 
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