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“A technical comparison of the energy losses and emissions produced via various automotive fuels from a well to wheel life cycle perspective”
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[bookmark: _Toc512170332][bookmark: _Toc512242971]1.0 Introduction 
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, heavy batteries and a very limited top speed, coincidentally some of the same issues are still prominent today. (Mehrdad Ehsani, 2010)
To add to the 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). It should be noted that there have been on-going considerate efforts globally to change the dynamic of producing electricity from mainly fossil fuels into renewable sources, however there is still a major reliance on the burning of fossil fuels. (World Enegry Council, 2016)
This paper will look to examine Electric and ICE powered vehicles using a method termed ‘the well to wheel process’, which involves considering electricity, gasoline and diesel from a life cycle perspective. Considering the energy used and emissions created from each stage of the WTW process will provide an expanded viewpoint on the possible effectiveness or ineffectiveness in the use of electricity to power a vehicle, in comparison to using gasoline or diesel. 
The Well to Wheel process will cover the following aspects of Electricity, Gasoline and Diesel:
· The Refinery Stage of Gasoline and Diesel.
·  Electricity Generation Considering the UK’s Electricity Grid Mix
· Transportation from Refinery to Storage/Distribution Points via Pipeline and Oil tanker
· Electricity Transportation via the National Grid 
· Distribution Points to Local Fuel Stations via Lorry
· Use Phase of Gasoline, Diesel and Electric Vehicles of Various Sizes
To effectively carry out this expansive process in an organised fashion, two main aims will be considered whilst carrying out this investigation. 

Aim 1 – To effectively analyse the amount of energy lost within use of different energy sources, using the well to wheel process. 
[bookmark: _Toc512170333][bookmark: _Toc512242972]Aim 2 – To effectively analyse the amount of emissions produced within use of different energy sources, using the well to wheel process. 
[bookmark: _Toc512170334][bookmark: _Toc512242973]Layout of Report:
Please note that because of the varied information contained within this report, each of the well to wheel processes are broken down into sections, with each section displayed in the usual technical report format. This unconventional format was necessary for readability purposes. 
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[bookmark: _Toc512170357][bookmark: _Toc512242975]2.1 Refinery Stage Overview
The first section of the well to wheel method covers a fundamental step in the utilisation of automotive fuels, the refinement process. This involves taking various types of energies whether it be from renewable or non-renewable sources and refining it into a state which can be easily used as a fuel source for passenger vehicles. 
Life cycle assessments have been used in this section to describe the generation of Electricity and refinement of Gasoline and Diesel. LCA’s are highly technical reports considering all inputs, outputs and processes involved in creating a product (Edelen, 2017). LCA’s are created by Life cycle assessment practitioners who are highly skilled professionals who are trained specifically to generate LCA’s that are a “factual analysis of a product’s entire life cycle in terms of sustainability” (PRé Consultants, 2017). Consequently, LCA’s are a highly credible and useful source when it comes to investigating the life cycle of automotive fuels.






















[bookmark: _Toc512242976]2.2 Summary of Results Found:
Equation used to interpret data:
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[bookmark: _Toc512242448]Figure 1- Summary of Refinery Results
[bookmark: _Toc512242977]2.3 Overall Efficiency Result from Refinery Stage:
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[bookmark: _Toc512242449]Figure 2- Overall Efficiency Results from Refinery Stage







[bookmark: _Toc512170359][bookmark: _Toc512242978]2.4 Graphical Analysis of Energy Consumption (Energy Required)
[bookmark: _Toc512163499][bookmark: _Toc512242450]Figure 3-Graph of Energy Required at Refinery Stage to Create 1 MJ of Fuel
It can be seen from the graph above that generating electricity is far more energy intensive than the refinement of gasoline or gasoline. This is because the value above is affected greatly by the use of non-renewable fuels and low efficiency processes to create electricity such as coal. For example, a coal powered station has significant thermal losses of up to 70%. (Process Heating, 2014)
If electricity was to become the main source of automotive fuel in the future, the electricity generation detailed above must progress significantly by improving electricity generation processes and utilising greater renewable energy sources. (Simmons, 2014)
Interestingly there is a variation in the energy required to refine diesel and gasoline, this is due to the fractional distillation process, it takes significantly more heat to separate diesel from crude oil than gasoline, therefore technically more energy is required to refine diesel.  Validation of this can be seen below:
[image: ]
(O. R. Abdurakhmanov, 2010)

[bookmark: _Toc512170360][bookmark: _Toc512242979]2.5 Graphical Analysis of Energy Consumption (Carbon Dioxide Produced)

 










[bookmark: _Toc512163500][bookmark: _Toc512242451]Figure 4- Graph of Carbon Dioxide Produced to Create 1MJ of Fuel
The graph above compares the Co2 emissions produced as 1 MJ of fuel is refined/produced, as expected, electricity has produced a significant amount of Co2 as Co2 production is directly related to the energy consumption required. 
 There is a distinct difference between the co2 of electricity compared to gasoline and diesel at this stage as gasoline and diesel are being refined and not generated.
The large amount of co2 produced from electricity originates from the burning of large quantities of coal. The results above suggest that this produces greater amounts of emissions than the heating of the fractional distillation tower. (R.G.Gareev, 2002)
Unexpectedly the co2 produced from the refinement of gasoline is slightly larger than expected, it would be anticipated to be of a similar value to diesel or slightly less, as the energy required to refine both are relatively similar. It is well known that when gasoline is burnt it produces more co2 than diesel even when disregarding the efficiency of a diesel engine (US Energy Administration, 2017), however, within the fractional distillation tower, the fuels are only heated into a vapour as opposed to being burnt, therefore unfortunately the discrepancy is this result cannot be explained.  

 





[bookmark: _Toc512170367][bookmark: _Toc512242980]2.6 Conclusion
This section of the well to wheel process has highlighted that producing electricity is far more energy intensive than the refinement of Gasoline and Diesel, due to the general lack of non-renewable sources that are used in the production of electricity, an example of this being the reliance of burning coal to generate steam. Therefore, at this stage it is the least environmentally friendly and least efficient of the fuels discussed. This result was expected as it correlates with academic journals assessing the subject. If electricity is to become a major contender as an automotive fuel, the energy consumption required and greenhouse gas emissions produced would have to reduce significantly in order for this to be a viable replacement from the dependence on non-renewable fuels such as gasoline and diesel. 

































[bookmark: _Toc512170368][bookmark: _Toc512242981]3.0 Refinery to Storage Distribution Points 
[bookmark: _Toc512170369][bookmark: _Toc512242982](Via Pipeline)


















[bookmark: _Toc512242983]3.1 Refinery to Stage Distribution Point Via Pipeline Overview
The next phase in the well to wheel process is the transportation of fuel products from refineries to distribution points/storage facilities via pipeline or cargo ship. 
In order for fuel to be transported from refineries to distribution storage points successfully, there must be a system in place that is capable of moving large amounts of product safely and efficiently whilst also maintaining reliability and cost effectiveness. (Petroleum Industry Association, 2017) Pipelines and cargo ships are the preferred choice at this stage due to the sheer mass of fuel having to be regularly distributed to storage terminals. (Corbett, 2008)
At the beginning of a pipeline system there will be a pumping station situated that will pressurize the fuel to a specified amount and will allow fuel products to travel safely along the pipe at a particular velocity.  As the fuel travels along the pipeline, energy is ‘lost’ due to different forces acting within the system, such as the frictional force of the inner pipe surface, a change in inclination of the pipe routing and minor losses that occur due to pipe bends and elbows. This creates a requirement for a secondary pumping system along larger pipeline routes that are required to apply work to the fuel, increasing the pressure back to its original amount. (Acosta-Amado, et al., 2014)
Once the above is appreciated, they can be considered mathematically using a principle based on the conservation of energy within a system, with the final outcome being a calculated efficiency value.
[bookmark: _Toc512242984]3.1.2 Pipeline Efficiency 
Pipeline efficiency is usually discussed in two ways; Economic Efficiency and Transportation Efficiency. For the purpose of this paper, the Transport Efficiency is discussed. 
[bookmark: _Toc512170394][bookmark: _Toc512242985]3.1.2 Hydraulic and Thermal Efficiency  
Transport efficiency consists of two major factors:
Hydraulic Efficiency – The efficiency is the measure of the energy lost (change in pressure) which is a result of the frictional loses and elevation changes.
Thermal Efficiency - The efficiency of the motor or engine that is doing work to the fuel in order to pressurise it to the required operating level. 
(Interstate Natural Gas Assosiation of America , 2010)








[bookmark: _Toc512170404][bookmark: _Toc512242986]3.2 Summary of Pipeline Efficiencies 
LCA data gathered from Gabi states that for 1Kg of product moved, 0.001MJ of energy is used or lost. 
In 1Kg of gasoline, contains of energy, therefore the efficiency using data provided from Gabi shows:


%


In 1Kg of gasoline, contains of energy, therefore the efficiency using data provided from Gabi shows:


%


*The difference in Energy per unit mass is very similar for gasoline and diesel therefore the efficiency results are 
	Calculated Efficiency 
	Gabi Efficiency (Gasoline + Diesel)

	
	











[bookmark: _Toc512170405][bookmark: _Toc512242987]3.3 Thermal efficiency:
The thermal efficiency must also be accounted for, once this has been calculated, this can be combined with the hydraulic efficiency to form an overall efficiency. Thermal efficiency is the efficiency of the pump, powered by motor or engine that is doing work to the fuel within the pipeline. 
[bookmark: _Toc512170406][bookmark: _Toc512242988]3.3.1 Efficiency Vs Pump Efficiency Curve 
[image: ]
[bookmark: _Toc512163533][bookmark: _Toc512242452]Figure 5- Efficiency Vs Pump Efficiency Curve
(DEFRA Envirement Agency , 2012)
The graph above demonstrates how pumping efficiencies vary depending on the specific operating pump speed. For the purpose of this report, the pump is assumed to be operating at a suitable speed for better values of efficiency, therefore the efficiency of the pump can be considered to be approximately 80%. 
From the above graphs, efficiency of the pumps doing work on the fuel can be considered to be approximately 80%, when this efficiency is combined with the hydraulic efficiency calculated previously:









[bookmark: _Toc512170408][bookmark: _Toc512242989]3.4 Pipeline Loses – General Analysis
Overall, the amount of energy consumed via pipeline loses compared to the large amount of energy transported indicates that this system is efficient, frictional loses in terms of energy are minor in comparison to the energy content of the large amount of fuel being transported, however when also accounting for loses due to the thermal efficiency of a pump, the efficiency decreases significantly.
The main contributing factor to the total loses is the thermal efficiency of the pump of which has not been investigated as thoroughly as the losses due to the pipeline itself. The methodology for calculating the pipeline loses were time consuming as many variables had to be considered, which left little time to properly evaluate the thermal efficiency. However, thermal efficiencies of pumps are extremely varied and case specific efficiencies are difficult to come by as they would have to match the specific factors of this case study (such as specific pump speed and pump sizing), therefore the only suitable method is to form an average figure that can be generally applied.
It can be assumed that the pumps within the power stations would be specifically matched to the throughput and speed that is required of them, therefore providing good efficiency. 

[bookmark: _Toc512170418][bookmark: _Toc512242990]3.5 Conclusion
This section of the well to wheel method has proved that the use of pipelines to transport fuel product is effective as long as the pumping stations are operating efficiently, as pumping efficiency has a far greater effect on the overall efficiency than the overall losses from the pipeline. 
The calculated model has provided results that are close to the results provided by GaBi, which validates the case study methodology. 

























[bookmark: _Toc512242991]4.0 Refinery to Storage Distribution Points 
[bookmark: _Toc512242992](Via Ship)


















[bookmark: _Toc512170419][bookmark: _Toc512242993][bookmark: _Toc512170420]4.1 Refinery to Storage Distribution Points (Via Ship) Overview
Ships can carry vast amounts of product at a time and can be distributed with relative ease to river or seaside ports without the concern of road based logistical issues. (Helmy, 2016) Although sea-based travel has an advantage over a method such as road fuel tankers, there are still a few major drawbacks to consider. With vehicle regulations increasing in stringency year by year, there is still growing concern that the marine industry is falling behind in terms of emissions and fuel consumption. (Kristensen, 2002)
It should be noted that fuel pipelines are the preferred mode of transport, however because some product is still moved via ship, it is necessary to investigate this stage in the well to wheel process. (UK Petroleum Industry, 2017)
[bookmark: _Toc512242994]4.2 Summary of Results
Gabi results have been collected to provide the fuel consumption of various ship sizes travelling by river or sea, upstream and downstream, of which an efficiency calculation is based upon.
[image: ]
[bookmark: _Toc512242453]Figure 6- Summary of Results from Ship Data

[bookmark: _Toc512170425][bookmark: _Toc512242995]4.3 Efficiency calculations:
Efficiency is calculated using the same method as the pipeline and lorry sections: 
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[bookmark: _Toc512242454]Figure 7- Summary of Ship Efficiencies
[bookmark: _Toc512242996]4.4 Analysis 
It can be seen from the last section of this table that a greater amount of is produced when compared to the original value of fuel, this is because of the chemical reaction between the carbon within the fuel and the oxygen in the air, carbon atoms combine with oxygen atoms to create a heavier molecule after the reaction. (US Energy Administration , 2018)
Emissions are still prominent despite the high efficiency values of fuel consumption. However, when compared to transportation via lorry, less emissions are produced when 1 kilogram of fuel is transported by ship rather than by lorry. 
It is also important to consider than once fuel has been transported by ship, it will need to undergo another form of transportation if the fuel demand is coming from in land.
[bookmark: _Toc512170432][bookmark: _Toc512242997]4.5 Conclusion 
A variety of results covering the varying types of fuel carrying sea vessels have been collected and analysed, determining ship transportation more efficient than expected. 
















[bookmark: _Toc512242998]5.0 Distribution from Storage Points to Local Garage (Via Lorry)
















[bookmark: _Toc512170433][bookmark: _Toc512242999][bookmark: _Toc512170434]5.1 Distribution from Storage Points to Local Garage (Via Lorry) Overview
Once fuel has been transported in a refined state via pipelines to various distribution points, it then becomes the job of large road tankers to distribute the refined product to numerous fuel stations. 
*It is important to note that an assumption has made in this part of the model regarding the way that fuel is transported from distribution points to filling stations. Road tankers are the most common method of transportation at this stage. (Energy Institute, 2018)Therefore, the data being worked with will be concentrated to Road tanker usage, as other variations of transport have minimal input within this model. 
[bookmark: _Toc512170449][bookmark: _Toc512243000][image: ]5.2 Euro 5 Regulated Diesel Tanker Truck, Gross weight above 32t
[bookmark: _Toc512242455]Figure 8- Efficiency Value for Lorry
[bookmark: _Toc512243001]5.3 Conclusion
The main point demonstrated by this section is that Lorries do consume large amounts of energy throughout average journeys, however the amount of fuel consumed compared to the amount of product transported makes the fuel consumption of the lorry seem relatively small. 
It is also important to highlight that the results calculated by both the author and GaBi are based on average journey length and average lorry tanker fuel consumption, any variation to these average figures would directly affect results. 















[bookmark: _Toc512170495][bookmark: _Toc512243002]6.0 Electricity Grid Losses (Electricity Transportation)















[bookmark: _Toc512170496][bookmark: _Toc512243003]6.1 Electricity Grid Losses Overview
[bookmark: _Toc512170498][bookmark: _Toc512243004]6.1.2 Types of Loses 
There are two types of loses to consider, technical and non-technical:
Technical – Physical loses for example losses due to resistance within power lines.
Non-Technical – Measurement inaccuracies, for example worn electricity meters or miscalculations through data collection. 
(UK Power Networks, 2017)
*For the purpose of this paper, only technical loses will be discussed
[bookmark: _Toc512170499][bookmark: _Toc512243005]6.1.3 Technical Loses – Causes 
Technical Loses are Predominantly Caused By:
Long distance /High voltage power lines - energy in lost as heat due to resistance in the wires
Distribution line losses – Once again energy is lost due to resistance but additionally transformers are needed to step the energy down into household suitable voltages which also creates loses.
Loses can vary depending on surrounding temperatures and fluctuating demands, for example, transmission wires involving copper increase in resistance significantly as the surrounding temperature is increased.
(Sohn Assosiates, 2009)
[bookmark: _Toc512243006]6.2 Results
A report created by the National Grid Electricity has been used to demonstrate reliable data describing an example of the amount of losses due to the transmission system.  
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[bookmark: _Toc512242456]Figure 9- Grid Losses (National Grid Electricity)
(National Grid Electricity Plc, 2016)

[bookmark: _Toc512170501][bookmark: _Toc512243007]6.3 Analysis and Conclusion  
The total Losses throughout the system are remarkably low considering the extent of the grid Infrastructure. Unfortunately, due to the scope of this project and the time constraint given, this section of the well to wheel process has not been investigated as thoroughly as other sections, however, results have been found from a technical report by the National Grid, which will provide enough information to complete the well to wheel investigation. 








































[bookmark: _Toc512170453][bookmark: _Toc512243008]7.0 Usage Phase
















[bookmark: _Toc512243009]7.1 Usage Phase Overview
The UCSB Automotive Energy & GHG Model was created by the World Auto Steel Association as a tool to be used by vehicle makers generally to assess the overall impact that their vehicles will have on the environment in terms of energy usage and Greenhouse gas emissions. (WorldAutoSteel, 2017)
Using the program UCSB Automotive Energy & GHG Model, the author was able to access in depth information regarding the energy consumed over the NEDC and WLTP Class three duty cycles by various vehicles powered by Electricity, Gasoline and Diesel. The spreadsheet consists of an ‘input sheet’ of which different settings of powertrain, vehicle size and drive cycle can be selected, from these inputs the spreadsheet will utilise numerous LCA data sets to calculate the energy usage used and greenhouse gas emitted from the selected settings. 
























[bookmark: _Toc512170473][bookmark: _Toc512243010]7.2  Compact – NEDC 
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[bookmark: _Toc512242457]Figure 10- Compact NEDC Results
The graph of energy consumed by different powertrain set ups clearly states that the energy consumed by an electric vehicle is significantly less throughout the NEDC drive cycle, this is can be explained by the differences in efficiency between the electric vehicle set ups and the ICE set ups.
Despite diesel and gasoline having a similar energy consumption from this particular set up, the Co2 emissions produced by diesel appears to be far less than gasoline, this coincides with a study carried out by the Centre for Environmental Policy, Imperial College London which carried out Practical portable emissions testing on a number of gasoline, diesel and hybrid vehicles, the tests described diesel to produced substantially more NOx than gasoline, however the diesels also produced 13-66% less Co2 emissions than gasoline. (Rosalind O'Driscoll, 2017)














[bookmark: _Toc512170502][bookmark: _Toc512243011]8.0 Overall Analysis and Conclusion   


















[bookmark: _Toc512170511][bookmark: _Toc512243012]8.1 Graphical Comparison of all results:











[bookmark: _Toc512163593][bookmark: _Toc512242458]Figure 11- Efficiency Comparison of ICE VS Electricity Throughout Each Stage
An electric vehicles biggest downfall is the amount of energy that is required to generate electricity, which is accurately depicted in the graph above. However, in terms of transportation the total losses in the electricity grid are lesser than the loses that occur over the overall transportation process of Gasoline and Diesel. As expected, the stage that has affected the overall efficiency of the electric vehicle the most is the use phase, as electric vehicle loses are far less of those experienced by the Internal Combustion Engine. 














[bookmark: _Toc512170512][bookmark: _Toc512243013]8.2 Overall Efficiency 
From the individual Sections, an overall efficiency can be calculated:

[bookmark: _Toc512163594][bookmark: _Toc512242459]Figure 12-Overall Combined Efficiency Value for Electricity and ICE
Undoubtedly, according to the process followed throughout this report, the electric vehicle has proved to be overall the most efficient choice in terms of energy consumption which is predominantly due to the major loses the internal combustion experiences within the use phase. 
In general, the uncertainties associated with the electric vehicle come from the idea that the burning of fuel to create electricity is occurring in the same way as an ICE fuelled vehicle burns Gasoline or Diesel, except for electricity this occurs at the refinery stage. However, the data collaborated for this report suggests that despite this concern being justified by the inefficient creation of electricity, the dramatic difference in efficiency of both vehicles at the use stage deems the electric vehicle to be more effective overall. 
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[bookmark: _Toc512170514][bookmark: _Toc512243014]8.3 Evaluation
The content of this report is vast and varied but was necessary in order to evaluate each section of the well to wheel process effectively. 
The use of Life Cycle Analysis data from Gabi and The European Life Cycle Database as well as the results provided by the UCSB Automotive Energy & GHG Model, has been fundamental in providing accurate data for each section so that each stage of the well to wheel process could be analysed and compared. 
The overall analysis is based on efficiency values that were calculated on a case study bases for each section, each case study was made to be as realistic and generically applicable as possible, but it is understood that a case study outlines a particular situation rather than multiple, which could be seen as an idealistic approach. However, with such as vast and complicated topic, this was the only feasible way of carrying out this investigation within the time frame provided. 
[bookmark: _Toc512170515][bookmark: _Toc512243015]8.4 Conclusion
The author has maintained an unbiased view throughout this research paper coupled with a fair and comparative methodology in order to effectively compare ICE and electrically powered vehicles. 
The general suggestion that electric vehicles are not a feasible solution in reducing energy consumption due to the inefficiencies associated with electricity generation has been addressed and it has been concluded that this factor does not make electric vehicles any less efficient overall than vehicles powered by internal combustion.
To conclude the findings of this report, an overall analysis of all data collected suggests that electric vehicles are more efficient in terms of energy consumption when considered from a well to wheel perspective.
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Figure 3.12 ilustrates the relationship between specific speed and pump efficiency. In general,
the effciency increases as Ne increases. Specifc speed also relates 1o the shape of the
indvidual pump curve as t descibes head, capacty, power consumption and efficency.
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Figure 3.12: Example pump sfficiency curve
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Period — 1 Apr 2015 to 31 Mar 2016
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