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Technical Abstract - This report will detail the methodology of a technical comparison of the energy losses and emissions produced via different energy sources used to power an electric vehicle, in comparison to a vehicle powered by an internal combustion engine. To achieve this, an energy software GaBi is used to access energy uses and losses data at each phase in a well to wheel process. The vehicle simulation software ADVISOR is used to supplement the analysis of the use phase in the well to wheel process. 


Non-Technical Abstract -  This report will explain how to test the efficiency of an electric vehicle by looking at what is involved in generating the electricity to power an electric vehicle, this method of investigation is called the ‘well to wheel’ process. These results will then be compared to generating fuel for internal combustion engines. 
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Since the first fully operational internal combustion engine was invented in 1859, by J. J. Étienne Lenoir, (Vasilash, 2011) the modern world has progressively become dependent on the use of ICE in the transport industry. (Department of Transport, 2016) Interestingly, the idea of the electric vehicle is older than the internal combustion engine itself, which then begs the question of, why haven’t electric vehicles been as widely utilized as petrol or diesel powered vehicles? (Husain, 2011)
Electric vehicles in the past shared much of the same complications of modern day E.Vs. The first usable electrified vehicle had a short range, very heavy batteries, and a very limited top speed, coincidentally the same problems are still prominent today. (Mehrdad Ehsani, 2010)

To add to these growing concerns of the usability of the electric vehicles, there are now highlighted infrastructure issues, as well as the controversy of how efficient the E.V can be, when they depend on electricity that isn’t always generated in the most sustainable way. (International Energy Agency, 2011)

There has been a considerate effort globally to change the dynamic of producing electricity into primarily renewable sources, but there is still a major reliance on the burning of fossil fuels. (World Enegry Council, 2016)

Therefore, this paper will discuss the method of effectively carrying out a ‘well to wheel’ investigation of an electric vehicle, in comparison to vehicles powered by the internal combustion engine. 

To globally compare the efficiency of a vehicle would be inaccurate, as many different countries generate electricity from different sources with varying efficiency values. Therefore, is this report, the United Kingdom is used as an example of a type of energy infrastructure. The energy mix of the UK will be investigated using LCA data to help determine how much energy is renewable and how much is reliant on fossil fuels, whilst also considering the loss of energy within this initial process of extracting and converting energy. 

To ensure that the process is consistent, a well to wheel model is created that each energy process can follow, from there, data can be collected for each stage, using the LCA software GaBi, and the engineering software ADVISOR. 


To effectively carry out this process in an organised fashion, two main aims will be considered whilst carrying out this investigation. 

These aims are detailed below:

Aim 1 – To effectively analyze the amount of energy lost within use of different energy sources, using the well to wheel process. 

Aim 2 – To effectively analyze the amount of emission’s produced within use of different energy sources, using the well to wheel process. 
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[bookmark: _Toc498934777]United Kingdom’s Fossil Fuel Dependency 
Electric cars registered in the United Kingdom rely on the electricity mix specifically generated for consumption for the UK. This electricity mix consists of different amounts of varying energy sources, which are demonstrated below;
(International Energy Agency, 2011)

Although the amount is decreasing, the UK is still greatly dependent on energy from coal and oil, suggesting that electric vehicles are also dependent on these finite and excessive emission producing energy sources. 
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Recent Data for the United Kingdom shows that the transport industry is responsible forty percent of all fuel consumption, giving them the title of the main consuming sector in the UK. Within the transport sector, the amount of fuel used by vehicles operating on the road is seventy-four percent.
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(Department for Business, Energy and Industrial Sector , 2017)
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The table below demonstrates the production of carbon dioxide in three year increments from different industries.
(International Energy Agency, 2011)
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The general trend of the manufacturing and construction industries are showing a gradual decrease in the amount of CO2 emissions, as does the electricity and heat industry, whereas the transport industries emissions seem to have increased steadily. Therefore, despite the transport industries efforts to decrease their growing emissions, the increasing number of vehicles on the road are counteracting these efforts, suggesting a far greater reduction in emissions is required.
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[image: ../sources/9abf568a-ff3e-4a62-ba0c-127f0e75a4bc.xml]The Projected electricity mix for the United Kingdom involves a continuation of large natural gas use, an increase in biofuels and nuclear, but lacking a substantial surge in renewables, despite this, the use of crude oil falls substantially and progressively. 
(GaBi, Database, 2013)
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As problems related to the world’s reliance on vast amounts of energy increases, so does the necessity for an effective solution. (MacKay, 2009) One of the most prominent and discussed solutions is creating a global sustainable energy system, incorporating a vast renewable energy system, accompanying a drastically improved utilization of energy in all aspects of energy generation, whilst simultaneously restricting the amount of emissions produced and released into the atmosphere. (Godfrey Boyle, 2003).

 If our current and previous approaches to energy generation and consumption do not change, we create the following eventualities; A dramatic increase of the planets temperature and sea level, eventual exhaustion of the world’s fossil fuels and drastic air pollution effecting the health of living organisms. (Ehsani, 2010)
[bookmark: _Toc498934782]Types of Energy Sources 
The United Kingdom’s electricity mix consists of energy harnessed from fossil fuels, such as coal, oil and Natural Gas, but also renewable energy sources such as solar, wind, geothermal, Hydroelectricity and biofuels. (GaBi, Database, 2013)
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Coal is created as organic matter from thousands of years ago decays and experiences high pressures and temperatures. It is a highly concentrated energy source that is graded by its carbon content. The general statistic for the amount of energy released when one metric tonne of coal is burned is 28GJ. (Godfrey Boyle, 2003). Despite being an attractive energy source in terms of the amount of energy that can be utilised, coal produces large amounts of emissions, such as carbon dioxide and sulphur, contributing to issues such as global warming and acid rain. (John Andrews, 2007)

Coal can be extracted from the ground using different techniques such as surface mining and deep mining comprises of two techniques, the room and pillar method and the longwall method. Once coal has been extracted, it undergoes transportation to a coal preparation plant where the coal is pulverised, via either large cargo trucks, by rail, or by conveyor (if the coal preparation plant is in close proximity). (World Coal Assosiation, 2017)

Oil is formed in a similar way, although the matter decaying was created from carbon producing micro-organisms in the sea. Oil is extracted by creating a well that taps into the underground oil source. (John Andrews, 2007)

Oil is then transported to a refinery by either tankers, trains or pipelines, from there is can be processed and refined to create several products, see image below;




[image: Screen%20Shot%202017-11-10%20at%2012.45.01.png]







Gasoline can provide approximately 45.7GJ of energy per metric ton.  (Golnik, 2003)

Burning a gallon of gasoline (4.546 Litres) produces approximately 8.89 Kg of Co2 (US Energy Information Administration, 2016)







(US Energy Information Administration, 2016)
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Harnessing energy from natural resources that are renewable is beneficial as this process is more sustainable that utilizing finite sources. 

[bookmark: _Toc498934785]Solar Power 
[image: ]Within the UK, energy produced by solar power is gaining in popularity, whilst it is hard to estimate how much of the electricity mix is provided by solar power, there are often articles describing the potential of solar power when weather conditions are adequate. 
(The Independant , 2017)
[image: Screen%20Shot%202017-11-12%20at%2017.00.12.png]




Solar power is generated via different techniques of converting the energy produced by sunlight, depending on the particular type of panel used. The table below describes the most widely used panels, outlining advantages, disadvantages and efficiency rates. 
[image: Screen%20Shot%202017-11-13%20at%2009.30.52.png]
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(GreenMatch , 2017)
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Energy produced from wind power in the UK is becoming more and more prominent, with certain instances where wind energy production has over taken coal energy production. (Evans, 2017) According to the European Wind Energy Association, one on shore wind turbine with an average capacity is capable of producing enough electricity to power approximately 1,500 houses. (The European Wind Energy Assosiation, 2016)


[image: ]

Large turbine blades are spun by the wind whilst connected to a generator, producing electricity. There are three main types of wind turbine set ups, on shore, off shore, and small wind turbines. On shore wind turbines are less expensive to establish and operate, but are not subjected to the high winds seen at sea. (National Geographic , 2015) 


Although wind energy is an effective renewable source, there are still issues regarding public opinions toward their operation. There are also implications regarding the storage of energy created by wind power. 
(The Telegraph , 2010)





(BBC, n.d.)

The initial creation of a wind turbine, for example, the process of creating, moulding and assembling will produce emissions, and will also consume considerable energy. (There will be emissions and energy consumption incurred from maintenance) (GaBi, Database, 2013)
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[bookmark: _GoBack]Geothermal energy harnesses the heat produced from the internals of the earth, where radioactive substances have decayed for a prolonged amount of time, geographically, the heat the can be harnessed varies widely, some countries have more geothermal potential than others, depending on the internals of the earth in that particular region, see map below for an example on the varying geothermal potential in the UK; 
[image: ]
 

The diagram directly below describes the process of converting the geothermal energy into electricity throught the use of turbines and steam, after the heat is harnessed, the geothermal water is injected back into the ground to be heated again. (Godfrey Boyle, 2003)


[image: ]

(EPA , 2017)

(British Geological Survey, 2011)


It is important that the hot water taken from the ground is replenished with water that has a change to heat up again, otherwise, the internal temperature starts to decrease, depleting the natural heat resource which essentially makes this process non-renewable and unsustainable. 
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Hydroelectricity is produced from utilizing the energy from water flow. A hydroelectric plant is generally established by building large dams and can sometimes involve flooding large areas. Once again, this renewable involves the spinning of turbines that operate a generator, but this time flowing water is used instead of heating water into steam. 
[image: ][image: ]

(CNN, 2017)
(BBC, n.d.)


It has been stated by the British Hydropower Association that hydropower has produced 17% of the worlds electricity mix. (British Hydropower Assosiation, n.d.)

Hydropower is a very clean way of producing energy, but does not come without its negatives. Often building large dams effects the surrounding community greatly, by interrupting fishing and increasing the risk of water related disease. (Godfrey Boyle, 2003). If an area has to be flooded, then communities often have to leave their homes, of which they may have inhabited for a long time. 
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Biofuels are generated from crops and organic sources, and are used as an alternative fuel to diesel and gasoline. Alternative fuels are often criticized for their energy density in comparison to gasoline, for example, ethanol has an energy density of 63%, which means more fuel is needed to produce the same amount of energy, resulting in more refueling. However, Bio-butanol has an energy density of 85-90% (Racetechnology, 2009) , and produces far less emissions, it is worth noting biofuels generally need to be blended with gasoline to be useable. (Alternative Fuels Data Centre , 2017)

There are many different types of biofuels produced from different sources, the table below demonstrates additional information on biofuels:

[image: Screen%20Shot%202017-11-15%20at%2015.59.11.png]
 
(dr inż. Artur Wyrwa, 2016)
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Tidal Energy exploits the energy of the tides to spin underwater turbines connected to generators. Establishing a tidal energy system can be difficult initially, but once set up, is a sustainable energy source, it is also noticeable more efficient than wind turbines and solar power (Walker, 2013)

There are different designs of tidal energy technology, including tidal barrages, offshore turbines and tidal reefs, some are more effective than others, whilst some are very effective but costly to create. (darvill.clara, 2015)
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(Thinglink, n.d.)

Renewable energy UK states that tidal power has the capability of supplying 20% of the UKs electricity mix.
(Renewable Energy UK , n.d.) Unfortunately, because the energy is dependent on the tides, the energy produced is intermittent 
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Before describing the well to wheel process that will be followed, it is necessary to re-illiterate the aims and objectives that need to be achieved whilst following the following methodology:


Aim 1 – To effectively analyze the amount of energy lost within use of different energy sources, using the well to wheel process. 

Aim 2 – To effectively analyze the amount of emission’s produced within use of different energy sources, using the well to wheel process. 

Description of the well to wheel process used: 
The diagram below indicates the following; initial stage of extraction of a product, pipeline systems that carry the product to the refinery, transportation lorries that distribute the refined product to local areas, the placement of a product into a vehicle and finally, the use stage of the product. All of these stages combined construct a detailed well to wheel process of an energy source, by examining the energy and emissions at each interval. 

At each phase, there will be certain inefficiencies of a process that the energy source will be subjected to, effecting the overall conservation of energy, for example at the extraction phase, there are losses involved in the amount of energy used in the extraction process itself, including the large amount of energy necessary to drill a well, and to separate the crude oil and gas once extracted. (Godfrey Boyle, 2003)

[image: Screen%20Shot%202017-11-20%20at%2009.18.12.png]



























(Greene, 2017)
[bookmark: _Toc498934792]Well to Wheel Process – Oil Example

As well as the energy losses due to inefficiencies at each stage, there will also be a certain amounts of emissions produced, for example, the machinery used for drilling a well will produce emissions, as well as the machinery used to separate crude oil and gas. (Godfrey Boyle, 2003)

An infographic has been created to describe these processes in more detail:
[image: Screen%20Shot%202017-11-10%20at%2014.26.46.png]

(Greene, 2017)

By Following a method similar to above (which will develop in complexity through time), a flow diagram can be created in GaBi, with inputs and outputs generated using the GaBi database which houses abundant information on energy processes. Using Gabi, data can be gathered at each point to create a fully connected and logical process describing emission production and energy losses at each point. 

The renewable energy process differs slightly, and is outlined below: 

[bookmark: _Toc498934793]Well to Wheel Process – Renewable Energy Example 
[image: Screen%20Shot%202017-11-15%20at%2015.02.57.png]


(Greene, 2017)

Incorporating a secondary software to supplement GaBi

Unfortunately, there is a limitation in using GaBi to describe the ‘use phase’ of the above diagram, therefore, a second program will be utilized in this project, called ‘ADVISOR’ to cover the ‘tank to wheel’ section of the well to wheel process. ADVISOR is a vehicle simulation software that was created by scientists in the National Renewable Energy Laboratory and has been used by academics for research into alternative vehicles and drive cycles. (Keith Wipke, 2015) (C.M Silva, 2006)
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Gabi is a proven credible source of energy data and is used widely by academics and in industry, it is especially useful for studying the well to wheel processes. In order to check the credibility of GaBi, academic journal databases where utilized to find papers that have effectively used GaBi as an effective tool to aid their research and to carry out projects, positive results of the use of GaBi where found, such as this paper below; 

[image: Screen%20Shot%202017-11-15%20at%2012.58.46.png]














(C.M Silva, 2006)


ADVISOR is also a software that is reliable and credible, and was also used in the above academic paper. Having been created by scientists as a way of investigating different types of vehicles operating under varying conditions, this program will effectively supplement data collected from GaBi. 

When ADVISOR is used to assess the use phase of an electric vehicle and the comparative internal combustion engine, there are many options of drive cycles to choose from, the NEDC will be used as the main test drive cycle, because it has been the main test drive cycle in the United Kingdom for some time. The NEDC will soon be replaced by the WLTP, which has been demonstrated as a far more accurate testing procedure (WLTPfacts, 2017), unfortunately because the WLTP is a new type of test cycle, many simulation programs do not include data based on WLTP test procedures, therefore the NEDC will have to be used, with considerations to the inaccuracies that the NEDC has, on comparison to the WLTP. These Comparisons are analyzed below within the analysis section: 
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NEDC compared to the WLTP and RDE

The New European driving cycle is used regularly to validate the ‘well to wheel’ efficiency of a vehicle. But over the recent years it has come under major criticism for not being an effective representative of ‘real world’ driving. (Joachim Demuynck, 2012)

As of September 2018, vehicles will have to adhere to new legislative testing called the WLTP (worldwide harmonized light vehicle test procedure), which is said to be much more demonstrative of actual driving. Cars will also soon be made to demonstrate WLTP information such as the fuel consumption and co2 output on legislative stickers on the forecourt so that buyers can consider these aspects before purchasing.  (WLTPfacts, 2017)

[image: ]The WLTP and NEDC are compared regularly as the WLTP is referred to as the improved replacement. There are a few major differences of how the NEDC and WTLP differ, the table below highlights some of the changes that make the WTLP an ‘improved’ test procedure:
(WLTPfacts, 2017)


Comparative tests have shown that NEDC and WLTP have seen differences in CO2 readings of up to eleven percent and also discrepancies of energy usage of up to 44% (Jelica Pavlovic, 2016). 

In order to effectively account for the differences between using the NEDC and the more accurate WTLP. The percentage differences of inaccuracies of the NEDC compared to the WTLP will be researched further, and considered when collaborating data. 
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There is a general agreement that the sustainability of electric vehicles do depend on the processes carried out to generate the electricity to power the vehicle, therefore it is reasonable to assume, the more renewable and sustainable the energy mix is, the more efficient and green electric vehicles will become. (Berners-Lee, 2013)

There is also statistical evidence to show the growing popularity of the electric vehicle (NGC, 2017), however there is also evidence to suggest that there isn’t a sufficient enough infrastructure and electricity generation to support a mass use of electric vehicles. (Zap Map, 2017).

[bookmark: _Toc498934797]Conclusion 

To conclude, it is worth undertaking further specific investigation into the well to wheel process in order to understand the efficiencies and emission’s produced by an electrical vehicle, which will give an indication whether electric vehicles are the next step in sustainable transport. 

[bookmark: _Toc498934798]Evaluation

So far, this report has stated the methodology for achieving the desired aims and objectives, on-going work can now be carried out to follow the decided methodology, in order to achieve conclusive and organized results.

 It is important that due to the scope of the project, content must be regulated in order to complete the aims and nothing further, ensuring a concise report without tangential information.
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As much of Britain basked in warm and sunny weather, solar
produced some 8.7 gigawatts at midday on Friday, representing
24.3 per cent of the electricity being used at the time, the National
Grid has revealed.

The previous record was set on 10 May when 8.48GW was
generated by solar, which tends to peak at about lunchtime.
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Figure 2. Total primary energy supply, 1973 to 2020

0

o
E—
-
B
ag

Ques

Bover

 trrinciotos gucthars, st v ko (gl

‘Soutee: Enrgy Baancesof OECD Counsre, IEAIDECO P, 2011 and vy smision




image2.png
Raill _Water
2%_ [ 1%

Road
uAir
Rail
 Water
4%




image3.png
Figure 7. CO, emissions by sector*, 1973 to 2010
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