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[bookmark: _Toc497536282]Alternative fueling options
[bookmark: _Toc497536283]1 Introduction
[bookmark: _Toc497536284]1.1 Background
With the rapid development of supply chain management and transportation technology, there is a tendency that the exhaust emission will be limited and the modern energy vehicles will be used. Therefore, the competition between logistics services companies are not only reflected in the logistics cost and efficiency, but also have a concern on the fuel consumption and environmental protection in transport process. Many cleaner and renewable fuels may play much more important role in logistics for reducing the fuel costs and improving air quality.
[bookmark: _Hlk496242955]In the past few decades, the fuel for transport vehicles are still dominated by fossil fuels (petrol and diesel) which are nonrenewable energy resource. A large number of greenhouse gas emissions lead to global warming bringing serious environmental problems. Which has aroused widespread concern to research on vehicles which do not use fossil fuels. In recent years, a popular research direction has been to develop a variety of new energy fuel vehicles to meet the growing demand for logistics. New energy vehicles are mainly the alternative fuel vehicles (AFVs) and electric vehicles (EVs). Alternative fuels include liquefied petroleum gas (LPG), compressed natural gas (CNG), liquified natural gas (LNG), etc. Electric vehicles involve pure electric vehicles (EV), hybrid electric vehicles (HEV), fuel cell electric vehicles (FCEV), etc. It is one of the most effective ways to reduce energy consumption as well as protect the environment with the development of science and technology.
[bookmark: _Toc497536285]1.2 Literature review
In the books and literatures, the many sources of alternative fuel and technology have been evaluated, including research on the availability of fuel, fuel infrastructure, reliability of technology problems. 
[bookmark: _Hlk496843318]At present, natural gas and liquefied petroleum gas as vehicle fuels have been used and promoted in many countries for vehicles. Tuttle (2001) presented a basic overview of today's alternative fuel choices--including biofuels, ethanol, biodiesel, methanol, natural gas, propane, electricity, hydrogen and P-Series--alternative fuel vehicles, flex-fuel vehicles, high-efficiency advanced vehicle technology and hybrid electric vehicles. Hackney and Richard (2001) established a life cycle model of AFVs for comparing the emissions, costs, and energy efficiency trade-offs. This paper showed the range of possible alternatives for the future vehicle fleet in the US and indicated that vehicle fleets which using petroleum fuels and some form of internal combustion engine are likely to dominate the conceivable future. Achtnicht et al. (2012) addressed that the failure to expand the availability of the alternative fuel stations is the barrier to the adoption of alternative fuel vehicles by using standard logit model. Streimikiene et al. (2013) applied multi-criteria decision making (MCDM) methods and utilized technique for order preference by similarity to an ideal solution (TOPSIS) to assess energy technology including atmospheric emissions and costs in road transport. Salvi et al. (2013) compiled a holistic scenario of different energy resources, engine production technologies, and properties of alternative fuels for transportation vehicles and elaborated many resources and technologies are already available to propel sustainable development. Romejko and Nakano (2017) used a number of different scenarios to sustain energy security to predict an optimal AFV portfolio and indicated that introduce all types of powertrains to achieve economic and energy security objectives is significant.
[bookmark: _Toc497536286]1.3 Case study
Georges Logistics is a medium sized logistics services company which has a diesel vehicle fleet mainly responsible for transport the fresh produce in the UK as well as import and export produce between the UK and Europe. With the development, the company have to face the increase fuel costs and reduce its emission. In order to ensure the competitive rates, highly reliable, secure service and meet the policy requirements. In this study, there are several alternative fuels and alternative technologies for vehicles have been introduced and utilize the cost benefit analysis (CBA) method to evaluate and choose the feasible alternative fuels. It discussed the potential problems and costs, finally, propose some recommends and solutions for Georges Logistics.
[bookmark: _Toc497536287]2 An evaluation of alternative fuels and technologies
The alternative fuels are mostly renewable fuels, that do not include petrol or diesel for vehicles, such as biofuels, alcohol and ether fuels, gas fuels. Simultaneously, there are many new and advanced technology and device developed rapidly, such as fuel cell, storage battery et al. This provides a better way for environmental protection and long-term sustainable development.
[bookmark: _Toc497536288]2.1 Biofuel
Biofuel refers to solid, liquid, or gas fuel that composed or transformed by organisms. It is an important direction for the development and utilization of renewable energy. Biofuel has a good storability and transportability. It mainly includes ethanol, biodiesel and aviation biofuel etc.
2.1.1 Biodiesel
[bookmark: _Hlk496824800]Biodiesel is a biodegradable and renewable synthetic fuel which composed from vegetable oils or animal fat and is a clean-burning fuel replacement for petroleum diesel fuel. Pure biodiesel is compatible with most diesel engines and is commonly blended with petroleum diesel used in ships, vehicles et al. (Harrow, G 2008) Biodiesel can be blended in many different concentrations including Low-Level Blends, B20 (20% biodiesel, 80% diesel), High-Level Blends and B100 (100% biodiesel). Low-Level Blends and B20 does not require engine modifications can be widely used.
The advantages:
[bookmark: _Hlk496829227] Renewable, biodegradable, lubricity and clean
   Reduce the emissions of sulfur dioxide and sulfide
[bookmark: _Hlk497112008] High flash point, safety in transportation, storage and use
   Good combustion performance: 
 No engine modifications and protect the engine
The disadvantages:
 The cost of refinery equipment is high
 The synthesis process is complex
2.1.2 Ethanol
Ethanol is the most widely used renewable fuel and made from corn and other plant materials. The technology of applying the ethanol fuel in gasoline engine has been well developed. The most common blend of ethanol is E10 (10% ethanol, 90% gasoline) and the most valuable blend of ethanol is E85 (85% ethanol, 15% gasoline, or flex fuel) which containing 51%-83% ethanol can be used in flexible fuel vehicles (FFVs).
The advantages:
[bookmark: _Hlk496839339] Renewable and clean
   Higher thermal efficiency
 Safety in transportation, storage and use
The disadvantages:
 Lower calorific value
[bookmark: _Hlk497154153] Affect the dynamic performance and evaporative emissions
[bookmark: _Hlk497155063] Corrosive
[bookmark: _Toc497536289]2.2 Methanol and ether based fuel
Methanol and ether fuel is a category of low carbon and oxygenates fuel, synthesized by coal gasification. It is also a renewable, sustainable and clean energy, as well as, easy to implement in technology.
[bookmark: _Hlk496831954]2.2.1 Methanol
Methanol fuel has the characteristics of high oxygen content and low calorific value. The engine of gasoline does not need to make big changes in using methanol fuel and the compatibility of methanol and gasoline is good, can achieve a variety of ratio blending.
The advantages:
 Renewable and clean
   Complete combustion and reduce emission
 Safe and convenient
 Better dynamic performance
The disadvantages:
 The latent heat of vaporization is high
   Forming azeotrope with gasoline
 Corrosive
2.2.2 Methyl ether
[bookmark: _Hlk496840875]Methyl ether, the basic chemical raw material, is expected to become one of the alternative fuels in 21th century. The characteristics of methyl ether, including compression, condensation, and gasification, makes it has a broad research prospects.
The advantages:
 Renewable and clean
   Easy to liquefy and storage
 Better in mechanical energy and burning performance
The disadvantages:
 Flammable and explosive
[bookmark: _Hlk496910564]   The cost of equipment investment is high
 Not fully industrialized 
[bookmark: _Toc497536290]2.3 Gas fuel
Gaseous fuels can release the heat from burning for urban residents and industrial enterprises using and usually produced from fossil fuel sources, including natural gas (NG), artificial gas, liquefied petroleum gas (LPG) and biogas etc. (Streimikiene et al 2013)
[bookmark: _Hlk496931558]2.3.1 Natural gas (NG)
[bookmark: _Hlk496852142]Natural gas refers to the all of the existence natural gas, is a mixture of hydrocarbons. Most of the natural gas is extracted from oil wells and natural gas which is a high-quality fuel and chemical raw material. As one of the earliest alternative fuels, it has been widely used in many field. Mainly including compressed natural gas (CNG) and liquefied natural gas (LNG) applied in vehicles.
[bookmark: _Hlk496852127]2.3.1.1 Compressed natural gas (CNG)
[bookmark: _Hlk496852012]CNG is produced by compressing natural gas to less than 1% of its volume at standard atmospheric pressure and stored in a container in a gaseous state which can supply for natural gas vehicles (NGV). (Sagar, A.D, 1995)
The advantages:
 Lower Emission and no pollution
   Lower cost and higher efficiency
 Safe and convenient
The disadvantages:
 Nonrenewable
   Explosive combustion
 Extensible and inflatable
2.3.1.2 Liquid natural gas (LNG)
LNG is liquid form of NG when cooling to -162℃ at standard atmospheric pressure and almost contain no carbon dioxide and sulfide as well as colorless, tasteless and non-toxic.
The advantages:
 The technology of liquefaction and storage is advanced
   Easy to store and transport
[bookmark: _Hlk496854028] Lower indirect investment
 Better environment protection 
The disadvantages:
 Nonrenewable
[bookmark: _Hlk496900348] The security requirement for storage equipment 
 Pressure control
 Potential toxicity hazards
2.3.2 Liquefied petroleum gas (LPG)
LPG is a colorless and volatility gas and one of the petroleum products. Through pressuring and cooling, then liquefied from NG.
[bookmark: _Hlk496852161][bookmark: _Hlk496842251]The advantages:
 Better burning performance 
   Greater thermal efficiency and high-energy density
 Good cold start performance and low temperature operation
The disadvantages:
 Bad in storage and transportation performance
   Encounter the fire will burn or explode
 Takes more fuel to drive the same distance
[bookmark: _Toc497536291]2.4 Regeneration fuel cell (RFC)
RFC is using hydrogen as fuel and generating electricity through the electrochemical reaction with oxygen. Hydrogen is a common energy carrier using in a fuel cell to produce electricity, is an emissions-free and offer diversity alternative fuel produced from diverse energy sources. (Kruger, 2006)
The advantages:
 Renewable and wide range of resources
   No pollution and noise
 Higher efficiency
The disadvantages:
 Higher consumption in production energy 
[bookmark: _Hlk496900291]   Higher cost in facilities
   The security requirement for storage equipment
[bookmark: _Toc497536292]2.5 Electricity
Electricity is a new energy can be used to power all-electric vehicles (EVs), hybrid electric vehicles (HEVs) and plug-in hybrid electric vehicles (PHEVs). Currently, Electricity seems to be the long-term solution for sustainable alternative fuels. The bottleneck of the development in electricity is affordable prices and manufacturing equipment. (Barrett, 2011)
The advantages:
 Renewable and no pollution emissions
   Increase energy security and fuel economy
 Lower fuel costs
The disadvantages:
 The cost of process equipment is high
   Poor in endurance
[bookmark: _Toc497536293]2.6 Cost-benefit analysis (CBA) 
CBA is an economic quantity analysis method that evaluates the gains and losses of economic activity programs and compares them with reasonable decision-making (Doyle, C, 2011). CBA method mostly apply in evaluation of projects because of the costs and benefits in its comparison are taken into account from the social point of view as a consequence of the objectives in the project management. This method is also intended to provide advice and help in decision-making. Therefore, it is the most comprehensive method for comparing projects because it creates a common measurement for all costs and benefits (Williams, B, 2008). In this study, there are several processes to evaluate and choose an appropriate alternative fuel option for Georges Logistics company.
2.6.1 Determine the costs and benefits in this study
In CBA, the costs include the basic costs (the costs for investment and management), the ancillary costs (the costs for efficiency and better performance), the invisible costs (the costs for unpredictable damage or economic loss). The benefits include the basic benefits (the benefits from products or services value), the derived benefits (the benefits from related activities), the invisible benefits (the benefits from some social benefits).
In this study, the mainly basic costs are the costs for alternative fuel and the costs for correspond reform of vehicles. The mainly ancillary costs are the costs for supporting fuels and vehicles technology, the costs for transportation, human resource and vehicles management. The invisible costs refer to the costs for solving potential problems. On the other hand, the mainly basic benefits depend on the net profits from every transportation. The derived benefits considered as the benefits for the competitive and sustainable development of company. Reduce energy consumption and protection for environment are the invisible benefits. 
The Georges Logistics is a medium sized logistics company, it is unlikely that there will be much costs for developing technology and new vehicles. 
2.6.2 Time factor
  Time is also one of the most important factors in this evaluation. The cost-benefit will have a great difference between in nowadays or many years later. Time factor has a variety influence level under different backgrounds and conditions. In many cases, individuals and companies would rather gain benefits as soon as the costs have been applied. In this study, diesel vehicles are going to be phased by 2040. Therefore, the period for the Georges Logistics applying alternative fuel and technology is more than twenty years. It’s possible that new and better alternative fuel and technology with lower costs will appear.
2.6.3 Policy development
According the report from HM Government. There is a key policy and proposal in strategy for the low carbon and growth. It is developing one of the best electric vehicle charging networks in the world by:
“• Investing an additional £80 million, alongside £15 million from Highways England, to support charging infrastructure deployment
• Taking new powers under the Automated and Electric Vehicles Bill, allowing the
Government to set requirements for the provision of charging points.” (HM Government, 2017).
[bookmark: _Toc497536294]2.7 Summary


[bookmark: _Hlk497429669]Figure 1 Alternative fuels and technology
There are several alternative fuel options that have been briefly introduced as shown in figure 1 and listed those main advantages and disadvantages in this part. Using CBA method to choose the most suitable alternative fuel options for Georges Logistics, electricity is the most suitable alternative fuel with the implication of time and policy and the EVs will take the main transportation market.
3 [bookmark: _Toc497536295]Potential problems with the chosen options
[bookmark: _Toc497536296]3.1 EVs technology
3.1.1 Battery capacity
The definition of battery capacity is “Electrical energy of a battery in ampere-hours (Ah). The stored energy is measured by observing the elapsed time while discharging at a constant current to the end-of-discharge voltage. The capacity is the leading health indicator of a battery.” (Buchmann, 2014) According to this definition, there are some potential problems:
• The capacity of battery is poor and it could not meet the requirement for long transportation.
• The battery capacity performance reduces rapidly in extreme cold or hot.
3.1.2 Battery cycle life
A battery cycle is the recharging and discharging of a battery and the battery cycle life refers to the number of cycles a battery can deliver. Normally, the battery cycle life of vehicles covers about two or three years, depending on mileage. There still some potential problem may shorten the battery cycle life:
• The charging standard is different around the world because different company uses different voltage and power for their own design EVs. The wrong voltage use may cause shorten the battery cycle life.
• The newly technology of fast charging 
3.1.3 Charging Stations
The charging stations is a place that have a connection to the electricity grid and have equipment to transfer the electricity to the vehicles. Charging stations have to be built at specific locations, as long as there has a connection to the electricity grid and enough space where vehicles can charge. Apart from that, the charging station’s capacity, including space and energy, may vary due to the construction cost. (van Kooten Niekerk, M, 2017) There has some potential problems:
• The transportation routes have to be adjusted because of the location of charging stations, causing extra costs.
• The capacity of the charging station may not meet the requirement, which can lead to the delay for delivering the produces.
[bookmark: _Toc497536297]3.2 Company management
3.2.1 Cash flow
Cash flow management is an important function of modern company’s financial management activities. The establishment of cash flow management system is an important guarantee for ensuring the survival and development of companies and improving the market competitiveness of enterprises. In this study, the introduction of ethanol and new technology will increase the pressure on cash flow.
[bookmark: _Hlk497173971]3.2.2 Human resource management (HRM)
  HRM, refers to the use of modern scientific methods, combined with a certain combination of material resources for reasonable training, organization and deployment, so that human and material resources to maintain the most efficient ratio. For to the subjective initiative of people, allowing people to do their best for achieve the goals of organization. In this study, with the development of new alternative fuel and technology, many new work practices will appear. This company should take a rearrange in HRM for a better efficient. 
3.2.3 Risk control
Risk control refers to the managers taking various measures and methods to eliminate or reduce the risk of the occurrence of various risks as well as reduce the loss of the incidents. In this study, new alternative fuel and technology will increase the risk in logistics.
[bookmark: _Toc497536298]3.3 Social influence
3.3.1 Policy influence
There are some proposals that Government will take as strategies for driving emissions down throughout the next decade. In accelerating the shift to low carbon transport area, both technological breakthroughs and large-scale deployment will happen through this process. The related key polices are:
“ Spend £1 billion supporting the take-up of ultra-low emission vehicles (ULEV), including helping consumers to overcome the upfront cost of an electric car
[bookmark: _Hlk497413558][bookmark: _Hlk497413574] Work with industry as they develop an Automotive Sector Deal to accelerate the transition to zero emission vehicles
 Announce plans for the public sector to lead the way in transitioning to zero emissions vehicles
 Work to enable cost-effective options for shifting more freight from road to rail, including using low emission rail freight for deliveries into urban areas, with zero emission last mile deliveries” (HM Government, 2017). 
In the long terms development, ethanol will be substituted by other better alternative fuels. There still needs to be other sustainable plans for long terms development for company.
[bookmark: _Hlk497198274]3.3.2 Risk in international transportation
The regulations and legislations are different from country to country. The international logistics may breakdown because of the alternative fuel and new technology without authorization from other countries. 
[bookmark: _Toc497536299]3.5 Summary


Figure 2 The potential problems 
According to the content of this study, three main elements are considered as shown in figure 2. It is important to mention that not all potential problems could be estimated and prevented. But good planning and management can helpful for avoiding greater loss.
[bookmark: _Toc497536300]4 Discussion of costs and how the problems could be overcome
[bookmark: _Hlk497425394][bookmark: _Toc497536301]4.1 The costs
This study only considered the costs which could be affected and changed. As proposed in 2.6.1.1, the costs for EVs include mainly three parts: the basic cost, the ancillary costs and the invisible costs. Apart from what has been discussed, the costs concerning company management will have great change because of the alternative fuel, such as the costs for training staff who may be involved in managing and manufacturing the new technology, and the costs for establishing new supply chain management et al.
[bookmark: _Toc497536302]4.2 Planning for overcome the potential problems
In this study, the process of choosing alternative fuels is through project management. So, there are five steps for managing this project, preventing and solving some problems. They are project scope definition, budgeting, project planning and scheduling, project tracking and project close out. (Garold D, 1993)
4.2.1 Scope definition
  A good project scope definition can provide sufficient information and design to proceed without significant changes that may adversely affect the costs and schedule of the project. In this study, Georges Logistics will set a goal of using EVs in transportation completely and effectively by 2040 and tracking and adjusting the manufacturing process at a determined time.
[bookmark: _Hlk497199391]4.2.2 Budgeting
The budget is the maximum amount of money the company willing spend for the construction of a project. According to the scope of the project, the budgeting should also have to be well estimated and prepared in case of the project broke down. In this study, Georges Logistics should have to estimate the total spend for the EVs investment and have to analysis the feasibility at a proper time every year.
4.2.3 Emergency planning
It is useful that planning in projects accomplishment. However, the emergency planning plays a much more important role in the completion of projects. It mainly focuses on preventing the potential problems happen and minimizing the loss of the inevitable problems and risks.
[bookmark: _Toc497536303]5 Conclusions
 Several alternative fuels and technology for vehicles have been introduced and summarized the advantage and disadvantage of each method.
 Applying the cost-benefit analysis method for evaluating alternative fuels and technology and the most suitable choice of alternative fuel is electricity.
 Using three methods including technology, company and social influence, discussing and presenting the potential problems will result in better management.
 Using the method in project management, determine the costs and a better scientific way for the accomplishment of this project.
[bookmark: _Toc497536304]6 Recommendations
The policy incentives have a positive influence on electric vehicle adoption and the advance stages-of-change to EV-adoption increases likelihood to adopt EVs. (Langbroek Joram H.M, 2016) 
The mode of EVs charging will focus on fast charging. Fast charging most likely to become commercially viable in short to medium term and the preferred public charge location is the parking lot. (Morrissey Patrick, 2016)
[bookmark: _Toc497536305]References
Achtnicht, M, Bühler, G, Hermeling, C, 2012. The impact of fuel availability on demand for alternative-fuel vehicles. Transportation Research: Part D, Vol.17 (3), p.262-270
Barrett, S, 2011. European Expert Group reports on future transport fuels. Fuel Cells Bulletin, Vol.2011(2), pp.12-16
Buchmann I, 2014. Basic to advanced battery information from battery university. Available at: <http://www. batteryuniversity.com> [Accessed 9 Jun 2017]
Doyle, C., 2011. A Dictionary of Marketing. 3rd ed. Oxford University Press.
Garold D, Oberlender, 1993. Project management for engineering and construction. New York : McGraw-Hill.
Hackney, J, Neufville R, 2001. Life cycle model of alternative fuel vehicles: emissions, energy, and cost trade-offs. Transportation Research Part A, 35 (2001), pp. 243-266
Harrow, G., 2008. Options for Alternative Fuels and Advanced Vehicles in Greensburg, Kansas. Golden, Colorado: National Renewable Energy Laboratory (NREL)., Golden, CO (United States)
HM Government, 2017. The Clean Growth Strategy: Leading the way to a low carbon future. [pdf] Available at: < https://www.gov.uk/government/publications/clean-growth-strategy > [Accessed 12 October 2017]
Kruger, P., 2006. Alternative energy resources: the quest for sustainable energy. Hoboken, N.J.: Wiley: John Wiley distributor.
Langbroek, Joram H.M, Franklin, Joel P, Susilo, Yusak O., 2016. The effect of policy incentives on electric vehicle adoption. Energy Policy, Vol.94, pp.94-103
Morrissey Patrick, Weldon Peter, O’mahony Margaret., 2016. Future standard and fast charging infrastructure planning: An analysis of electric vehicle charging behavior. Energy Policy, February 2016, Vol.89, pp.257-270
Romejko, K, Nakano, M, 2017. Portfolio analysis of alternative fuel vehicles considering technological advancement, energy security and policy. Journal of Cleaner Production, Vol.142p.39-50
Sagar, A.D., 1995. Automobiles and global warming: Alternative fuels and other options for carbon dioxide emissions reduction. Environmental Impact Assessment Review, Vol.15(3), pp.241-274
Salvi, B.L, Subramanian, K.A, Panwar, N.L., 2013 Alternative fuels for transportation vehicles: A technical review. Renew Sustain Energy Rev;25;404-419
Streimikiene D, Balezentis T, Balezentienne L.,2013 Comparative assessment of road transport technologies. Renew Sustain Energy Rev;20;611-8
[bookmark: _Hlk496823529]Tuttle, J., 2001. Advanced Technology and Alternative Fuel Vehicles. Golden, Colorado: National Renewable Energy Lab., Golden, CO.
van Kooten Niekerk, M, van Den Akker, J, Hoogeveen, J, 2017. Scheduling electric vehicles. Public Transport, Jul 2017, Vol.9(1-2), pp.155-176
Williams, B., 2008. Cost-benefit analysis. Economic & Labour Market Review, 2(12), 67.





image1.emf
Alternative Fuels 

for vehicles

Biofuel

Methyl ether

Methanol

Gas fuel

Electricity

Regeneration 

fuel cell

Alternative 

Fuels

Technology

Biodiesel

Ethanol

Natural gas

Liquefied 

petroleum gas

Compressed

natural gas

Liquefied

natural gas

EVs,         

HEVs,      

PEVs 

Hydrogen


Microsoft_Visio_Drawing.vsdx
Alternative Fuels for vehicles

Biofuel
Methyl ether
Methanol
Gas fuel
Electricity
Regeneration fuel cell
Alternative Fuels
Technology

Biodiesel
Ethanol
Natural gas
Liquefied petroleum gas
Compressed
natural gas
Liquefied
natural gas




EVs,         HEVs,      PEVs
Hydrogen



image2.emf
Potential 

problems

EVs 

technology

Social 

influence

Company 

management

Battery capacity

Battery cycle life

Charging Stations

Cash flow

Human resource management

Risk control

Policy influence

Risk in international transportation


Microsoft_Visio_Drawing1.vsdx
Potential problems

EVs technology
Social influence


Company management

Battery capacity
Battery cycle life
Charging Stations
Cash flow
Human resource management
Risk control
Policy influence
Risk in international transportation



