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Preface 

The working machinery is a staple in both agriculture and municipalities. Today 

there are very few green alternatives and the machines run on conventional 

technology, with room for improvement.   

This project is creating a concept around the possibility of an environmentally 

friendly, technologically advanced and economically sound machine, with a brand 

new design.  This was done through studies of the market and the existing 

vehicles, function study of the necessary components and from these parameters 

designing a concept vehicle, named Jumbo. 

The concept study was performed by JTI - Swedish Institute of Agricultural and 

Environmental Engineering, Lighthaus Industrial Design, Valtra Oy, Atlas Copco, 

Ålö AB and SSAB. 

The project is financed by the Swedish Energy Agency, with co-financing from 

the project participants. 

Uppsala in July of 2016 

Anders Hartman 

Executive Director at JTI – Swedish Institute of Agricultural and Environmental 

Engineering 
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Summary 

Working machines were responsible for almost seven percent of the CO2-

emissions from the transport sector in 2014. With the national climate policies 

aiming for a fossil independent transport sector in 2030 and many municipalities 

going fossil free before that, green alternatives are needed. There have so far been 

few successful alternatives for diesel driven heavy machinery. The goal for this 

project is a more energy efficient, environmentally friendly and modern use of 

working machinery in both urban and rural areas. Focus is on a smaller working 

machine, replacing diesel driven tractors and implements carriers of up to at most 

100 kW. To achieve this, the main technological aspects were a battery-electric 

driveline, modern hydraulics and autonomous drive. 

An important part of the project was to investigate the market needs. Interviews 

were conducted with both farmers and municipalities on their view and usage  

of working machines. Both ranked reliability as the most important aspect when 

buying a new machine. For farmers it was followed by cost and for municipalities 

by environmental aspects. A study of the operations performed by the vehicles 

showed that tasks with low power requirements performed over shorter durations 

were more suitable. On farms, these included moving, feeding, sweeping, lifting 

and light transportation, as well as some lighter field work. In the city, these tasks 

included park and street maintenance, light transportation, sweeping, implement 

power and lifting. This was paired with dimensions and requirements given by  

the interviewed farmers and municipality to start the design of the vehicle. 

The driveline consists of 4 wheel based electric motor able to deliver 875 Nm of 

torque each. These are powered by 2 sets of 24 kWh Li-Ion batteries, which was 

calculated to contain the energy needed for a full day’s work without recharging. 

The driveline also consists of a 10.5 kW motor to power the hydraulics for a front 

loader with a lifting capacity of ~1300 kg. The vehicle will be constructed to 

connect to electrically driven implements, which it will power with its battery. 

The vehicle is designed to be mostly autonomous, with an occasional driver. A 

driver might be needed when moving the vehicle on public roads or perform more 

demanding tasks that have not yet been programmed. The distribution is thought 

to be 90% autonomous and 10% manual drive with driver present in the vehicle. 

The vehicle could be used for more complex tasks during the operators working 

hours and then run autonomously and perform simpler, more repetitive tasks 

during the rest of the day and night. The down-time for the vehicle would in ideal 

cases only consist of charging and maintenance. 

Calculations were made on the potential reduction in environmental impact and 

fuel costs over an entire days work using 50 liters of diesel as a comparison or  

45 kWh of electricity for the concept vehicle. The reduction in global warming 

potential for this case when comparing diesel and electricity is a reduction 

between 86.7% to 99.5%, and the reduction in fuel costs would be 93% to 95%. 
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Sammanfattning 

Arbetsmaskiner ansvarande 2014 för 7 % av koldioxidutsläppen från transport-

sektorn. Det nationella målet om en fossilfri transportsektor samt många 

kommuners krav på fossilfria egna organisationer, kräver fler gröna alternativ.  

Det har hittills funnits väldigt få framgångsrika alternativ till de dieseldrivna 

arbetsmaskinerna. 

Projektets mål är en mer energieffektiv, miljövänlig och modern arbetsmaskin 

som används i både städer och i lantbruket. Fokus ligger på en mindre arbets-

maskin som ersätter traktorer och andra redskapsbärare på upp till 100 kW. För  

att kunna uppnå detta ligger teknikfokus på en batterielektrisk drivlina, moderna 

hydrauliksystem samt autonoma fordon. 

En viktig del av projektet var en marknadsundersökning. I den intervjuades både 

lantbrukare och kommuner om hur de använde sina arbetsmaskiner och vad som 

var viktigast när de skaffade nya. Båda rankade pålitlighet högst. Lantbrukare 

rankade kostnad som näst viktigast, medan kommuner satte miljövänlighet där. 

En studie av de aktiviteter som utfördes visade att de som krävde lägre effekt och 

utfördes under kortare tid var mer passande för eldrift. På lantbruk inkluderade 

detta transport, sopning, utfodring, lyft och flytt av gods, samt lättare fältarbete.  

I kommunerna inkluderade det park- och gatuskötsel, logistik, sopning, redskaps-

bärande och lyft. Dessa aktiviteter kombinerades med restriktioner och krav från 

kommuner och lantbrukare för att få fram ett designunderlag till fordonet. 

Drivlinan till fordonet består av 4 elektriska hjulmotorer som ger 875 Nm i 

moment var. Dessa drivs av 2 stycken 24 kWh Li-jon batterier, som beräknades 

innehålla den energin som förbrukas under en normal dag i de båda scenarierna, 

utan att ladda. 

Fordonet är designat för att vara mestadels autonom, med möjlighet för en förare 

vid behov. Föraren kan behövas när fordonet framförs på allmänna vägar eller när 

mer komplexa aktiviteter som inte har programmerats ska göras. Fördelningen 

kommer troligen vara 90 % autonomt och 10 % bemannad. Användningen av 

autonoma fordon reducerar behovet av att matcha fordonets aktiva timmar med 

arbetstiden hos föraren. Fordonet skulle kunna vara bemannat för mer kompli-

cerade uppdrag under förarens arbetstid för att sedan fortsätta med enklare, mer 

repetitiva uppgifter under resten av dygnet. Fordonet skulle i idealfallet bara stå 

still när det laddas eller vid underhåll och jobba under resten av dygnet. 

Beräkningar gjordes sedan på den miljömässiga och ekonomiska potentialen  

med fordonet, beräknat på en dags arbete med en förbrukning på 50 liter diesel  

i standardfallet och 45 kWh el i konceptfordonet. Reduktionen i utsläpp av kol-

dioxidekvivalenter är mellan 86,7 % och 99,5 % och reduktionen i bränslekostnad 

skulle vara 93 % till 95 %. 
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Background 

The goal for this project is a more energy efficient, environmentally friendly  

and modern use of working machinery in both urban and rural areas. Working 

machinery; like tractors, wheel loaders and implement carriers, is one of the most 

diesel intensive sectors of transport today. Due to their long working hours and 

heavy work, there are few alternatives to diesel, a situation that have persisted 

over decades.  Tractors and other working machines are often dimensioned for  

the most demanding task they will perform, which make them unnecessarily over-

dimensioned for lighter tasks.  

The project aims to solve this with a modern concept using a hybrid electric or 

fully electric driveline combined with autonomous technology and modular 

solutions, with additional focus on the design esthetics and material. We believe 

that both autonomy and a fossil free driveline are necessary steps for the next 

generations of working machines. 

The combined energy use of agriculture, construction and forestry (where 

working machines are most common) was 14 TWh, or 3.7% of Sweden’s total  

net energy use in 2015 (Swedish Energy Agency, 2016). In 2013, the working 

machines in the agriculture used 2.63 TWh of diesel energy (The Swedish Energy 

Agency, 2013). Working machines were also responsible for almost seven percent 

of the CO2-emissions from the transport sector in 2014 (SCB, 2016c). With the 

national climate policies aiming for a fossil independent transport sector in 2030 

and many municipalities going fossil free before that, green alternatives are 

needed (The 2030-secretariat, 2015). There have so far been few successful 

alternatives for diesel driven heavy machinery. 

Among some of the alternatives developed are Valtra that have developed a dual 

fuel tractor that is a diesel/ biogas hybrid, John Deere develops tractors with 

electric PTO power and New Holland has a prototype called NH2 that uses 

hydrogen fuel cells (Valtra, 2016; New Holland, 2016). Most of these are in their 

prototype phase and none have reached yet reached the market. Another example 

is Huddig´s electric/diesel hybrid backhoe loader Tigon. One electric working 

machine that has reach the market is Weidemann´s small fully electric wheel 

loader eHoftrac. There are also many examples of electric mining vehicles. 

There are also some advancements in the field of autonomous working machines; 

the Dutch company Precision Makers has just begun selling systems that converts 

tractors to autonomous  

drive and the American company ATC is in addition producing autonomous 

hybrid field machines.  What is lacking today is the combination of a fossil free 

drive and autonomous solutions, something this project hopes to explore.  

This project has studied the possibility to concept solutions, with the aim of modern 

and fossil free working machines suitable for both municipal and agricultural use. 

The focus is on both these areas since there are a lot of operations with similar 

power and energy needs as well as the same kind of machines often being used in 

both agricultural and municipal contexts, often by farmers having been contracted 

by municipalities.  We have limited the project to investigate and design a smaller 

working machine, with capabilities like often used municipal implement carriers 

and smaller farm tractors. 
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The suitable tasks for smaller implement carriers, wheel loaders and tractors  

are explored in this report, as well as the attitude of farmers and municipalities 

regarding autonomy and greener fuels. 

A precursor to this project is the ANTS-concept by Valtra, named after their 

denotation for their series of tractors (series A, N, T and S). ANTS was primarily 

a design concept of a hybrid electric, modular vehicle system with autonomous 

functions. The focus was to think outside the box when thinking about tractors 

and lift the agricultural interest for innovation. The goal was the inclusion of all 

the tasks of the farm with a few different tractor modules and to find the energy 

balance between the farm and the tractor modules. The potential users saw a great 

potential and wanted the project to be realized as soon as possible. The project 

also won the Red Dot Design Award in 2011.  

This project have used experiences and results from the ANTS-project as a start-

off point and made a full technical concept, which is one step closer to the market. 
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Market needs and requirements 

Market analysis and end-user interviews 

An important part of the project was to investigate the market needs. This was 

done by conducting interviews with end users in the two segments the agricultural 

sector and the municipality sector.  

Interviews were conducted with both farmers and municipalities on their view  

and usage of working machines. To get a broader spectrum, 10 farmers from crop, 

diary and meat production were interviewed; both small and large scale with areal 

ranging from 35 to 3024 hectares and up to 16.000 animals. In municipalities, 

both policy makers and those responsible for operations in 6 municipalities were 

interviewed (Uppsala, Västerås, Örebro, Växjö, Linköping and Norrköping). The 

questions were largely the same to both farmers and municipalities, and were 

often followed by discussions.  

The questions asked were: 

 What kind of machines (and what power) do you have today in your 

business? 

o What needs do you have for your machines, which tasks/operations 

do they perform? 

 What vision do you have for your machines?  

o Where and how have they changed in 10 years’ time?  

o What will be important in machines at that time? 

 How long are the machines in use? 

 Is autonomous vehicle something that will suit your business?  

o When is it reasonable to start using them in your business? 

 

The interviewees were also asked to prioritize the following parameters by 

importance when buying a new machine: 

 Reliability 

 Cost 

 Usability 

 PR 

 Environmental aspects 

Municipalities 

Municipalities are characterized by: 

 Very ambitious environmentally policies. 

 Outsources most operations to contractors. Large portion of influence over 

the methods used and the environmental standard of the contractor. 

 Would be very interested in environmentally friendly vehicles if they were 

on the market. 

 Many suitable tasks. 

 PR-value very important with other vehicles, but ranks low with machinery. 
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Many municipalities or regions have very ambitious climate policies. A problem 

all of the interviewed municipalities agree on is the lack of environmentally 

friendly heavy duty machinery. They want to be as environmentally friendly  

as possible, but there are no options that are fossil-free for tractors, trucks and 

implement carriers.  

Due to the Swedish de-regulation of some of the state’s properties and “duties”, 

the municipalities are now subject to free competition and are outsourcing many 

duties via the “Law of Public Procurement”. Because of this, many of the 

operations that municipalities previously performed are now done by contractors, 

with the municipalities making demands on quality, environmental aspects and 

similar traits. This means they still have a large portion of influence over the 

methods used and the environmental standard of the contractor. This makes them 

an interesting market, even if it is an indirect one. Many municipalities would like 

to demand higher environmentally standards from their contractor, if they could 

deliver without the price being too high, but they can´t as no contractor offers 

environmentally friendly working machines.  

Therefore, there is a large market segment in municipalities and their contractors,  

if the vehicle is designed to perform a majority of the tasks that the municipalities 

are responsible for. For both municipalities and contractors, a high utilization 

degree is important to get a good vehicle economy. The more tasks the vehicle  

can perform, the more it becomes a competitive choice. Uppsala municipality,  

for example, values full utilization on their vehicles highly. This means that the 

vehicle, in order to perform well in this segment, should be designed for maximum 

utility and with a power range that fits these tasks. According to the municipalities, 

a full schedule for the machines is one of the most important things when deciding 

for a new machine.  

PR-value (and showing off environmental involvement) is something that is very 

important to the municipalities, but not with heavy duty machinery and tractors. 

With busses, cars and other vehicles they are very good at showing that they are 

choosing renewable alternatives, but they rank PR-value for tractors, heavy duty 

machinery and implement carriers very low in interviews. However, if renewable 

alternatives existed in these areas, PR would probably be a strong driving force 

here as well.  

The autonomous solutions would have some suitable tasks within the munici-

palities, even though not as many as in rural areas. This, combined with the larger 

amount of populated areas the vehicle are to be active in, means that a thorough 

study of autonomous systems should be made before launching it in urban areas, 

to ensure a safe system.  

Most of the operations are relatively low power and could be done with an electric 

driveline. In some cases, heavier operations like digging and those with longer 

duration might require a hybrid solution. Some of the most demanding tasks 

should not be attempted by this vehicle; focus should instead be on doing the 

light/medium tasks segment extraordinarily well. In conclusion, the municipalities 

and its contractors are a very promising market and a good entry for a concept.  

  



13 

 

 

Agriculture 

Agricultural companies are characterized by: 

 Owns their machines - Focus on high reliability and low costs. 

 Would be interested in environmentally friendly vehicles if they were  

on the market and could provide the same reliability and cost as current 

models. Possibly via a known brand. 

 Suitable operations for autonomy. Some skepticism on autonomy. 

 Two very coarse groups of operations 

o Field work – high energy tasks 

 Lighter field work could be battery powered 

 Heavier or specialized tasks are unsuitable for battery drive 

and require hybrid technology 

o Farm work – low energy tasks, like many municipality tasks 

(electric drive) 

 

Opposed to municipalities, a farmer is more directly concerned with costs. 

Farmers also own their own machines, while most municipalities hire contractors. 

The two main things farmers want from their machines and vehicles are a stable 

and reliable performance and low costs, both investments and running cost. A 

higher cost is acceptable only if it comes with a higher performance and higher 

yields. As a result of this, many other values get a lower priority than they do  

with municipalities.  

Environmental aspects are a luxury to farmers. Soil compaction is an increasing 

problem and a solution would be welcome, be it smaller autonomous vehicles, 

lighter constructions or using the same tracks for every operation (CTF-Controlled 

Traffic Farming). As previously stated this cannot reduce the performance or 

yield, or increase the cost too much and has to still be competitive. CTF  is what 

most of the interviewed farmers plan on using since it goes well together with  

the trend of larger machines and demands little to no additional investment.  

As with municipalities, many farmers would be interested in environmentally 

friendly machines if they were available and could be made as reliable as the 

current models, but there are very few today. There is a consensus among the 

interviewed farmers that the demands for environmental friendly production will 

continue to increase. Most likely to the point of government regulated demands  

on a certain level of renewables and a low level of emissions, effectively giving 

an incitement for choosing more environmentally friendly alternatives if they are 

available. Generally farmers follow the government regulations but don´t usually 

go beyond them and do more than is necessary. 

Farmers are usually careful and conservative when it comes to new ideas. They 

usually have the driving force for innovation and change, but the small margins 

and need for high performance makes them careful about uncertain investments, 

as new technology often is perceived as. The need for close and fast service is  

also vital to understand. As one interviewee stated, they could be presented with 

the best tractor in the world, but if the closest available service point was too far 

away, it wouldn´t sell. Either a reliable brand name or the promise of good 

service, preferably via existing service system is very important for a successful 

launch of new vehicles. 
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The future for agriculture can be summed up as a trend moving towards larger 

farms and machines. The small and medium farms are being sold, bought by 

larger farms. Less land is at the same time used, but it is used more effectively. 

Statistics shows that the number of farms in Sweden have decreased with 37% 

from 1981 to 2007, while the mean areal per farm have increased with 43% 

during the same period of time (SCB, 2016a; SCB, 2016b). The areal used by 

agriculture is also decreasing, shown by a 10% decrease during the afore-

mentioned time period. These changes are shown in Figures 1 and 2 below. 

 

 

Figure 1. Number of farms differentiated by size over the period 1981-2007. The segment 
“100,1+ ha” is the only growing segment. 

 

 

Figure 2. Total arable land and number of farms in Sweden during the period 1981-2007, 
showing a decrease in both areas. 

  

0

5 000

10 000

15 000

20 000

25 000

30 000

1
9

8
1

1
9

8
2

1
9

8
3

1
9

8
4

1
9

8
5

1
9

8
6

1
9

8
7

1
9

8
8

1
9

8
9

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
3

2
0

0
5

2
0

0
7

N
u

m
b

e
r 

o
f 

fa
rm

s 2,1-5,0 ha

5,1-10,0 ha

10,1-20,0 ha

20,1-30,0 ha

30,1-50,0 ha

50,1-100,0 ha

100,1+ ha

0

20000

40000

60000

80000

100000

120000

140000

0

500 000

1 000 000

1 500 000

2 000 000

2 500 000

3 000 000

3 500 000

1
9

8
1

1
9

8
3

1
9

8
5

1
9

8
7

1
9

8
9

1
9

9
1

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
9

2
0

0
3

2
0

0
7

To
ta

l A
ra

b
le

 la
n

d
 [

H
a]

 

Total arable land

Total number of farms



15 

 

 

Regarding autonomy, the farmers see the potential but emphasize the need for 

well-designed software and sensors. There are a lot of “soft” decisions involved  

in both fieldwork and farm work, even if it seems rigid and easily programmable. 

The soft decisions are often determining the results of fertilizing, sowing and soil 

treatment on the crops. The result must be found satisfactory in some way and an 

autonomous system must be able to decide if it is, probably with advanced sensor 

systems. The fit for autonomy is better for rural areas than urban areas, mainly 

because they are less populated, not so complex when it comes to other actors and 

the more predetermined patterns in fieldwork. The high level of assisted driving 

of farm tractors of today shows that way to more autonomous vehicles in agri-

culture is a currently on-going process that fills an existing need. 

Agricultural work by a tractor can roughly be divided into two parts; field work 

and on-farm work, where field work is characterized by long working periods, 

often with high power need. On-farm work is often low power and the time 

periods are much shorter, meaning that this kind of work is more ideal for battery 

drives while the large energy need of field work is more suitable for hybrid 

technology, at least with today’s battery technology. How this allocation is done  

is dependent on the operations identified as suitable for the vehicle. 

Comparison 

Following the interview, the results were analyzed and compared. Below some of 

the results are shown on how the interviewed farmers and municipalities prioritize 

different aspects when buying a new machine. 

 

Figure 3. Value of different aspects when acquiring a new vehicle, a higher score 
indicates higher priority. 
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Figure 4. Polar diagram of the chosen values. 

These two figures show that the interviewed farmers are very much focused on 

reliability and performance. It is the single most important thing for a machine;  

it needs to consistently deliver good results and no other parameter means as  

much. Since the performance of the machine is directly related to their company’s 

well-being, this is understandable. The need for reliability extends to good and  

fast service, low down-time and machine stability. On second place are costs, as 

farmers are predominantly operating on tight margins and low profitability. As 

previously stated they care for the environment and would like machines that  

are more environmentally friendly, if they were available at a comparable price, 

lowered costs or meant increased productivity, as seen in Figure 3. The importance 

of parameters are directly linked to their importance in productivity and cost for 

farmers.  

These conclusions were confirmed by a study from Linköping University by 

Frankelius et al. (2016) called “Why did you buy that tractor”. They found that 

Brand Loyalty (which they defined in the  same way “Reliability” was in this 

project – as the availability of service for the vehicle) and Performance/Cost ratio 

were the most important aspects when purchasing a new agricultural vehicle.  

For the interviewed municipalities the answers were more balanced. Since they 

are under government rule they have ambitious environmental goals to achieve 

and therefor are very keen on supporting an introduction of environmentally 

friendly vehicles. They are less concerned with costs and therefore productivity 

than farmers, even though these still rank highly, as seen in Figure 4. 
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Two Scenarios – Rural and Urban 

Rural 

Farms often have need for at least two different sized tractors; one larger for 

heavy field work and  a smaller for lighter field work and for lighter work around 

the farm. The particular size of tractors  a farm has and how many of each size 

depends on the size of the farm. Even for a small farm two tractors are the mini-

mum number for the work to run smoothly, since many operations need to be 

executed in parallel. For a typical Swedish farm the small tractor has a power of 

50-150 kW and the larger between 150-300 kW.  In most cases the farmer is the 

one mainly driving the vehicles on the farm, switching vehicle depending on the 

task. The driver is the main bottleneck, not the vehicle. When the farmer is not 

driving a vehicle, it is unused. Operations where there is need for several tractors 

simultaneously are not very common.  

The vehicle in envisioned in this project should therefore aim to have the capacity 

to do almost all the lighter chores on a farm, with focus on the low Energy/low 

Power and high Energy/low Power shown below in table 1 and table 2. These 

tasks should be focused on as they are the ones most suitable to the limited energy 

storage capacity that battery electric and hybrid electric systems provide, 

compared to a classic diesel system. They are also often carried out in proximity 

to the farm or other areas where a charger might be located.  

The easier duties can be managed with pure electrical drive and the heavier duties 

would require hybrid technology.  The more demanding tasks are performed over 

great lengths of time (8-12 hours), demanding large on-board energy storages.  

The higher rate of use the vehicle has, the more attractive it becomes to the farmer, 

as long as it is as productive and reliable as their current tractor. A recent study 

(Pettersson et al., 2014) has shown that the smaller tractors performing the lighter 

chores are the most used machines on the farms. Interviews in this project also 

found that machines in the same size was the most used vehicle in the munici-

palities, making that size of the vehicle a good entry point for a new concept. 

Table 1. Power and energy requirements matrix for rural operations. Red tasks are 
deemed too demanding, yellow tasks could be achieved with a hybrid driveline or 
autonomous technology and green are well suited for battery electric drivelines 

Rural Power/Energy 
matrix 

High Energy Low Energy 

High Power  Plowing, harrowing 

 Sowing 

 Mowing 

 Harvesting 

 Manure spreading 

 Heavy 
transportation 

 Lifting 

Low Power  Fertilizer spreading  

 Spraying  

 Light transportation 

 Row hoeing 

 Moving/ Hauling 

 Feeding 

 Sweeping 

A good entry for the rural sector is to take the place of the smaller tractor doing 

many of the less demanding and less specialized tasks (marked green in table 1), 
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the all-around machine of the farm. For many farms, these tractors are the ones 

getting the most use, especially on animal farms where mucking and feeding are 

done on a daily basis, every day of the year. These tasks include farm work as 

well as lighter field work, which a well-designed electric driveline will be able to 

handle. The operations that require high energy can be solved via a module or 

hybrid technology with extra energy reservoirs, but the core tasks can be com-

pleted by the core machine. Starting with the simple tasks means many of the 

tasks of the farm can be incorporated. Often the farmer switches tractor depending 

on the task, this vehicle would eliminate that need as it could keep working 

autonomously or work side-by-side with other vehicles on the farm. The indoor 

parts of the farm work (usually on livestock farms) are very positively affected, as 

the electric driveline doesn´t release local emissions and have a lower sound level.  

Urban 

Table 2. Power and energy matrix for urban operations 

Urban Power/Energy 
matrix 

High Energy Low Energy 

High Power  Snow clearing 

 Weeding 

 Implement power 
and transportation 

 Digging and basic 
construction 

 Heavy 
transportation 

 Lifting 

 Depot logistics 
operations 

 Implement power 
and transportation 

Low Power  Sweeping 

 Street maintenance 

 Implement power 
and transportation 

 Light transportation 

 Lawn mowing 

 Moving/ Hauling 

 Park maintenance 

Many of the heavier duties in the municipalities are either very specialized or very 

energy demanding. If a hybrid solution were chosen some of them could have been 

included (marked as yellow in table 2).The decision was made to focus mainly on 

the lighter operations with low power and low energy requirement, marked green in 

table 2. By focusing more on a smaller, mainly electric driveline we can introduce a 

small, reliable machine with a core set of operations that it does very well.  

Following the interview with Växjö municipality, the project group got to take 

part of a list of active vehicles owned and operated by the municipality of Växjö. 

The tasks this concept vehicle hopes to complete are today performed by tractors, 

wheel-loaders and implement carriers. These vehicles were compiled figure 5. 
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Figure 5. Distribution of working vehicles by size in Växjö municipality. 

As can be seen, roughly half of the vehicles are in a segment of rated power below 

80 kW, the vehicles performing the tasks marked green in table 2.Taking into 

account the fact that the rated power for electric motors is their continuous power 

while the rated power of combustion engines is their peak power, combustion 

engines must be oversized for the majority of its work in order to be able to 

perform it´s heaviest tasks. Electric motors are most often sized according to the 

power needed for the majority of the tasks, with the option of overloading the 

motor for a short time if the need for more power arises. This leads to electric 

vehicles being rated at a lower power, even though offering the same 

performance.  This means the concept machines could be far smaller than 80 kW 

and still be able to perform the same tasks. A few examples of the same machine 

models with both electric and diesel drives in the fields of loaders, heavy-duty 

vehicles and mining vehicles are presented in table 3. 

Table 3. Difference in rated power between the same models of machines with electric 
and diesel engines (Weidemann, 2016; Atlas Copco 2016; Sandvik, 2016) 

 Rated power [kW]   Rated Power 
Difference [%]  Diesel Electric 

Weidemann 1160 Hoftrac 23,4 15,5 33,8% 

Atlas Copco Scooptram 1030 186 132 29,0% 

Atlas Copco Scooptram 2D 63 56 11,1% 

Atlas Copco Scooptram 3.5 136 74,6 45,1% 

Sandvik LH204 75,1 55 26,8% 

Sandvik LH514 243 132 45,7% 

 

Starting with these tasks and a smaller machine (with the option to attach modules) 

we can get an introduction to the market while still offering a high degree of 

flexibility and utilization for the municipality with a relatively low investment cost. 

Operations in highly populated areas are usually of smaller power need (sweeping, 

park and street maintenance, transportation and implement carrier) and will fit the 

vehicle well. With the correct design and esthetic it will be accepted in the 

cityscape and won´t disturb the nearby inhabitants. It can boast very low or no local 

emissions, as well as reduced sound level.  

Tasks were chosen that: 
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 Fit the energy and power supplied by a hybrid/fully electric vehicle 

 Gives the most hours and have a high degree of utilization 

 Are in populated areas or in common spaces (parks, sport areas) with high 

need for acceptance and low emissions 

 Are indoors or in close proximity of animals and people (less noise and 

local emissions) 

Restrictions and Dimensions 

Some proposed dimensioned were suggested by the municipalities. Due to them 

working in small areas they have some restrictions in the size of the vehicles. This 

was usually to be able to pass under bridges, work on sidewalks and bicycle paths 

as well as being light enough to function on almost any urban area. 

Below follows a table of some guidelines when constructing a vehicle able to 

navigate and operate in the cities, as well as perform the necessary tasks efficiently. 

They served as the limitations of this concept as the rural context also have similar 

restrictions. The resulting geometry can be seen in figure 6. 

Table 4. Restrictions of vehicle size for municipal and inner-city areas, as given by 
Uppsala Municipality 

Height 226 cm 

Width 180 cm 

Weight (excluding loads, but including 
implements) 

3500 kg 

Length 410 cm 

Turning radius 340 cm 

Driving speed  35-50 km/h 

Ground clearance 25-35 cm 

Transport capability, at driving speed 2500-3000 kg 

Engine power (corresponding to an ICE) 55 kW 

Fuel tank/Battery range 8-10 hours of work 

 

 

Figure 6. Dimensions and geometry of the vehicle. 
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Function study of the system 

Electric drivetrain 

One of the main requirements on the machine being developed in the project was 

the electric driveline. Due to the increased efficiency, reduced emissions and 

existing infrastructure it has advantages over a classic carbon-based driveline.  

At first, it was believed that a hybrid between electric driveline and an internal 

combustion engine (ICE) driven by biodiesel was needed to be able to fulfill the 

energy demands that the desired operations have. The electric motor would be the  

main component, with the ICE acting as a range extender and charger, a classic 

series hybrid setup. The main reason for going hybrid instead of fully electric was 

the belief that batteries would be either to heavy or too costly to provide an entire 

day’s worth of energy.  

However, calculations made by JTI showed that a fully electric driveline would  

be enough for the defined vehicle operations. There are also large PR-benefits in 

having a absolute fossil free vehicle, as opposed to one partly fueled by bio diesel. 

The decision was made by the project group to go fully electric and aim for the 

lighter work tasks. This is positive as an ICE can be problematic, especially for 

smaller vehicles and range extenders. The ICE can only be downsized to a certain 

degree, therefore taking up space that is not proportional to its performance. 

Additionally, as an ICE contains more moving parts and requires more mainte-

nance than an electric motor, going fully electric allows the vehicles driveline  

to be sturdier, compact and low in maintenance, as well as being free of local 

emissions and low in sound volume. It is also a far more efficient system. 

The main engines were decided to be hub based wheel-motors, despite many of 

the current electric drivelines in heavy vehicles being central motors of the more 

conventional type. The reasoning behind this is that there are fewer intermediate 

steps between the energy source and the engines, making it a more effective 

system as well as using less space in the vehicle itself. Having a hub motor in 

each wheel makes it also possible to better control the speed and power for each 

wheel separately which is a great advantage in off road applications with varying 

ground traction. One large disadvantage is the higher cost, but that is believed to 

decrease with larger production volumes.  

According to a rule of thumb used by the industry, a pull force of 5 kN per metric 

ton weight of vehicle is adequate for off road machinery. Assuming a 2-ton 

vehicle, the pull force would be around 10 kN, a number deemed adequate for a 

machine this size. With a wheel radius of 0.35 meters and  a motor in each wheel, 

this would mean that each hub motor should be able to consistently deliver  a 

torque of 875 Nm. If higher power needs arise, electric motors can be overloaded 

for a short term boost in power.  

Overall the vehicle will include 5 electric motors: one hub-motor in each wheel 

for propulsion and one motor to drive the pump for the hydraulics. All of these 

will share energy source. In addition, some utility functions will be connected to 

the energy source. 
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Figure 7. The general placement of batteries, motors, pumps, tanks and and electronics 
in the vehicle. 

Hydraulics 

The choice was also made to use a conventional hydraulic system with an electric 

pump, instead of going fully electric with electric actuators. The main reason for 

this is the limitation in creating large forces with electric linear actuators. The 

conventional hydraulic system is a robust and efficient system, which have good 

power density and a relatively low cost. As such, it is still a very viable option for 

the concept. The size of the hydraulic system was based on the guidelines given 

by the municipalities and farmers, who expressed a wish that a machine of this 

size should be have a lift-weight maximum of about 2 ton. 

This was calculated to match hydraulic systems already on the market, the Ålö 

premium Q26-system. Some changes are to be made to the system to match the 

innovative tone of the vehicle, but as an example and as individual components 

it´s adequate.  
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Table 5. Technical specifications of the Ålö Q26-system 

Lift capacity minimum  1280 kg 

Lift capacity maximum  2310 kg 

Cycle time  6 seconds 

Pump power required 10,5 kW 

Oil flow capacity  27 l/min 

Loader weight 505 kg 

Steering 

The guideline for the proposed concept was to provide a solution that would fulfill 

needs of small tractor working on farm environment and on the other hand suit-

able for certain operations in municipality working in urban areas. Also, it was 

aligned that concept would have electric-battery driveline which means batteries 

has a large role in layout design. Both above mentioned working environments 

require good maneuverability and small turning radius. Chosen steering concept 

should thereby support both of these aspects. It should be easy and flexible to 

operate in small spaces and additionally leave as much as possible clear space  

to locate batteries in the frame of vehicle. Additionally, as we are aiming to have 

green and emission free working machine we should also consider to find a solu-

tion that is environmental friendly to soil as well. This is important of course in 

field working but also very important when working in urban areas that is more 

relevant environment for such small working machine. 

For steering concept there are basically following possibilities: 

- Front wheel steering as most tractors have 

- Four-wheel steering 

- Articulated steering 

- Combination of articulated steering and turning wheels 

In figure 8 we can see some examples of different steering alternatives that exist 

in market currently. 
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Figure 8. Existing steering solutions from Lindner (top right), Valtra (top left) and 
Weidemann (both bottom), described below. 
 

 The Lindner example with 4-wheel steering.  

 Valtra articulated steering option that has multiple different steering 

modes that are: 

o Normal front wheel steering 

o Combined front wheel and chassis angle steering with different 

options 

o Parallel track in which front and rear tires has different path when 

driving straight 

o Chassis angle steering that is similar to articulated steering 

 Third example is Weidemann articulated steering. 

 

The concept was chosen to utilize 4-wheel steering that gives good flexibility to 

operate in limited spaces and which combined with electric propulsion drive gives 

very good possibility for soil protection. Specially, important in municipality 

operation in green areas. Proposed steering concept also gives a good possibility 

by means of layout to design battery pack to frame compared to articulated 

solution.  

In municipality working large amount of transport drive is performed and 4-wheel 

steering is more beneficial for on-road drive steering stability when compared to 

articulated solution.  

Finally, as concept solution does not aim to traditional heavy farming work, large 

rear tires are not required and thereby enables utilization of 4 wheel steering by 

means of turning wheel space requirement. As default 4-wheel steering can be 

more expensive solution than front wheel steering or articulated. Anyhow, in this 

http://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiPhcm-5t3JAhXBXRoKHdf8CJsQjRwIBw&url=http://www.lindner-traktoren.at/en/landwirtschaft/lintrac/lintrac-90-4rl/&bvm=bv.110151844,d.d2s&psig=AFQjCNEuKQDDXnq1qoB3OKofTOfxlJb1MQ&ust=1450264222961436
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case as the vehicle is reasonably small, a cost efficient solution with steered rear 

axle is possible. 

 

Figure 9. The steering of the concept vehicle. 

One aspect that was not considered in this study was the energy consumption of 

different steering solutions that should be covered in future studies as it is very 

important aspect when considering a working machine with electric energy 

reservoir. Anyhow, chosen solution is potential to have better energy economy, 

especially compared to articulate steering with high steering forces. 

Implements 

The implements for this vehicle can be divided into three categories: Passive, 

hydraulic and electric. The passive implements are pulled or pushed the vehicle 

and require no extra power. The hydraulic implements are driven by the hydraulic 

system, mainly implements connected to the front loader. Lastly, the electric 

implements are implements that are supplied with electric power from the vehicle 

via an electric connector and have their own motor.  

Electric implements are on the rise and some are already on the market, such as 

manure spreaders from Rauch and Amazon. Electric implements can boast more 

efficient transmission of power from the vehicle to the implement, as well as 

increased controllability. The challenge is the lack of a standard voltage, which 

prohibits the broad introduction of electric implements. Today, most producers 

have their own set of implement standards, with John Deere and Fendt using 700 V 

while Amazon, Case and Rauch are using 400 V.  To achieve a broad market 

penetration, the implements of the vehicle must follow, or set, the standards for  

the industry. Fendt are currently working with implement manufacturers to create 

an ISO-standard on electric implements. Whichever voltage is decided as the new 

standard is the one that should be used as electric output for this vehicle. 
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The electric power from the vehicle should be below 1000 V to avoid the require-

ment of high voltage security certification to handle the implements and to ensure 

the safety of the user. A voltage of either 700 VDC or 400 VDC seems to be 

becoming prevalent in the field of heavy vehicle electrics. Since it will also be 

using a conventional hydraulic system for the front loader, it is entirely possible  

to connect it to hydraulic implements to the front. The electric power from the 

vehicle should be below 1000 V to avoid the requirement of high voltage security 

certificate to handle the implements and to ensure the safety of the user. For 

implements with lower power need 48 v is preferable since it is less problematic 

when it comes to risks for the user and regulations for electric safety. 

Energy storage 

Rural context 

To get a good estimate of the required energy for a machine in the power segment 

previously discussed, data from both the rural and urban context were collected.  

The rural section consisted of measurement JTI had done on the Weidemann 

eHoftrac electric loader. It´s 14.4 kWh battery is enough to perform the requested 

light work operations on an animal farm on a daily basis without having to recharge 

more than once every day, which is what is required by the users (Lagnelöv et al., 

2014). In an earlier study concerning the same type of farm work, the energy 

consumption of eight Merlot diesel loaders (75-105 kW) was measured. Calcula-

tions based on these showed that a battery of 50 kWh would be sufficient to 

complete all the work on 97% of the working days on the farms. The 3% working 

days were a larger battery was needed could probably be managed by a mid-day 

charge or organizing the work differently. 

Urban context 

The urban data came from Uppsala municipalities that shared information on the 

amount of diesel used for refueling their different machines. During a one-year 

period, the types of machine relevant to the project were refueled 390 times,  

with volumes shown in figure 10. 
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Figure 10. Amount of fuel for 390 refuelings of working vehicles in Uppsala municipality 
during the period 2014-12-01 to 2015-11-30. 

The vehicles were, generally, refueled once every two days during the summer 

period and every day during the winter period (due to snow removal being a 

demanding task). The data shows that 96% of the refuelings were less than 60 

liters and 64% were less than 50 liters. The municipalities as well as the farmers 

states that in order to be competitive with current choices, the machine have to be 

able to perform a full days regular tasks without recharging or only recharging at 

breaks during the day.  

50 liters of diesel corresponds to an energy content of 495.5 kWh (SPBI, 2016). 

According to a JTI field study comparing diesel loaders with their electric 

counterpart, an electric motor only requires 20-25% of the energy a corresponding 

diesel machine does (Pettersson, 2015). Assuming 20%, the electric energy 

required to equal 50 liters of diesel would be 99.1 kWh. However, optimizing  

the driveline by removing the hydrostatic gearbox and having a separate electric 

motor for the hydraulics would save 35 kWh and 19.5 kWh respectively over a 

day, according to Erik Svedlund of Atlas Copco. There is also a slight gain in 

using regenerative breaking and regeneration of potential energy, assessed to 

regenerate 0.5 kWh per day. Combined, all this equates to an energy need of 45.1 

kWh.  
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Table 6. Energy conversion from diesel to electric vehicle 

 
Energy [kWh] 

50 liters of diesel 495,5 

Electric motor (80% more energy effective)  99,1 

Losses that can be avoided 
 Hydrostatic gearbox 35 

Hydraulics 19,5 

Gains 
 Regeneration +0,5 

Total energy needed 45,1 

 

To supply this need two packs of 24 kWh laminated Lithium-Ion batteries by 

Automotive Energy Supply Corporation (AESC) would suffice, giving the vehicle 

a total capacity of 48 kWh (EWV, 2016) and making it fully functional without 

the need for a hybrid system, as was previously thought. The two packs would be 

placed low in the vehicle, one in each half for stability and also have the ability  

to be extended to the rear for extra lifting capacity, as shown in figure 11. These 

calculations, along with calculations made by JTI showed that with regards for 

energy, no range extender would be needed, except in the case of operations of 

long duration or heavy work during extended periods of time. Making the vehicle 

entirely electric would make for a more robust design with less need for mainte-

nance. It would also completely eliminate local emissions and greatly reduce the 

noise level of the vehicle, which both are greatly wanted in dense urban areas. 

 

Figure 11. The battery acting as an active counterweight during heavy lifting. 

 

Other calculations that were made to verify the usability of the machine in terms 

of battery capacity were to use real energy consumption figures for two different 
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machines and interpolate those to Jumbo Juniors specifications. The used 

machines were Husqvarna Battery Rider and Weidemann eHofTrac (Husqvarna, 

2016 and Weidemann 2016). 

Table 7. Husqvarna Rider Battery 

Name Work 
width 

Work 
time 

Energy 
[kWh] 

Battery-
capacity 

[Ah] 

Motor 
power, 
drive 

Mower 
motor 
power 

Work 
power 
need 

Specific 
power 
need 

Huskvarna Rider 
Battery (Lawn 
mower) 

0,85 90 
min 

4,5 125 1,5 kW 2x0,8 kW 3 kW 3,53 kW/m 
work width 

 

Table 8. Weidemann eHofTrac 

Name Lift 
capacity 

Work 
time 

Energy 
[kWh] 

Motor 
power, 
drive 

Hydraulic 
motor 

Energy 
need for 

work 

Weidemann 
eHoftrac (Compact 
loader) 

1200 2-3,5h 14,4 6,5kW 9kW 4,1-7,2 kW 

 

If the energy consumption from the Battery rider was used jumbo junior would be 

able to work for 8 hours at a working width of 1,7 m, or 4,5 hours at a working 

width of 3 m.  

If the energy consumption from the eHoftrac was used jumbo junior would be 

able to work for 7-12 hours depending on how hard work it is.  

Human-Machine Interaction (HMI) 

It is very important for a mostly autonomous vehicle to be able to convey its 

intentions and communicate with its surrounding in order to ensure safe and 

effective operations with only a minimal disturbance to the surrounding. E-moves 

come with a set of functions to achieve this. 

Chief among them are the Human Machine Interaction (HMI) displays that shows 

where the E-move is going, when it is safe to pass it and when it is actively 

operating. This can be seen in figure 12. 



30 

 

 

 

Figure 12. Highlight of the communicative HMI-functions of the vehicle. 

Charging station 

The use of charging station is critical to the introduction of fully electric vehicles  

to the market. A good availability of charging stations widens the usability of the 

vehicle. The idea with this concept was to use the existing and coming infra-

structure to a high degree, adjusting to the standards emerging in the field of EV 

charging. In using the same charging station as other electric vehicles, the synergy 

between cheaper infrastructure and wider range of operations with good station 

availability is obvious. In the rural context this is less important as the majority of 

the charging will take place on the farm and excess charging stations would be of 

very little use to the general public. In the cities, sharing infrastructure would mean 

that E-Move would have a short distance to a charging station from most of their 

operation sites and would increase the utility of the existing stations, as well as 

those built for the municipalities electric machines. 

Much like the electric vehicles of today, multiple modes of charging with different 

currents (and subsequently, power) would be implemented. The first mode is Mode 

1, the “slow charging”-mode, fully charges the battery of the machine over a period 

of 8-12 hours and is located at the home depot of the machine (the farmers or the 

municipalities garage/depot) or when plugged in to any regular 230 V domestic 

electric socket. There is also the possibility of Mode 2, which is about the same 

power as mode 1 (also based on regular 230 V-sockets) but with an in-cable 

protective device. Mode 3, “fast charging”-mode, would charge the battery to 80% 

of full capacity in 30-45 minutes and would be located in the urban area to be able 

to recharge the battery during lunch breaks of the possible operators on days with 

heavy tasks. These faster charge rates take a heavier toll on the battery so to achieve 

the maximum number of cycles from the battery, the majority of the recharging 

should take place during the vehicles off-hours with Mode 1 or 2. The frequent 

charging would also avoid deep discharge, another factor that might shorten a 

batteries life time (Electropaedia, 2005; Pettersson et al., 2015). 
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Charging station concept 

As part of the project, a concept for a charging station was created. As previously 

mentioned, the charging station should be accessible to the public as well as to the 

E-Move vehicle to ensure maximum utilization. It would be a Mode 3 charging 

station with a solar panel roof that is closed when not in use. When a vehicle 

approaches and signals for charging, the station would open up and allow the 

vehicle to charge, as seen in figure 13. 

 

 

Figure 13. Charging station concept featuring solar panels and a space saving folding 
structure. 

Autonomy 

The group´s solution to the autonomous question is having one or more vehicles 

controlled by one operator for more complex tasks and the vehicle working 

autonomously at all other times, perhaps with an overseer in a control room. This 

can either be an operator controlling several vehicles from the cab of one vehicle 

or from a control room as well as an operator piloting one vehicle from the cab 

when needed. A driver might be needed when moving the vehicle on public roads 

or perform more demanding tasks that have not yet been programmed. The 

distribution is thought to be 90% autonomous and 10% manual drive with driver 

present in the vehicle. All this would allow the human labor to focus on more 

complex, demanding tasks. 

 In agriculture the trend is going towards larger farms, higher productivity and 

most of all larger machines. This is because one of the largest costs for a farm is 

the personnel
1
 and the farmer wants as much productivity as possible from the 

staff during their working hours. They have a finite amount of hours to spread the 

                                                 
1
 Calculated for the mean salary of a Swedish farmer (18.841 SEK), which with social costs totals 

at 305.504 SEK/year. To put this in perspective, a tractor bought for 620.000 SEK and used for 
five years costs a total of 168.490 SEK/year (Agriwise, 2009). 
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costs on and a few farmers with a few larger vehicles most often complete a large 

number of fields in a short time. Delaying harvest or sowing, for example, can 

lead to large losses in yield or quality and is therefore very time crucial.  

 

Figure 14. Jumbo with and without an operator. 

In the municipal context many of the operations are done during active times in 

the cities. Sweeping, street and park maintenance and lawn mowing are performed 

during daytime, when most of the areas are in use. Performing the operations 

during less active hours would be safer and less disrupting to the public.  

Using autonomous vehicles would reduce the need to match the active hours with 

the working hours of the driver. The vehicle could be used for more complex 

tasks during the operators working hours and then run autonomously and perform 

simpler, more repetitive tasks during the rest of the day and night. The down-time 

for the vehicle would in ideal cases only consist of charging and maintenance. 

This would mitigate many of the downsides of battery-electric drives as well. It 

would allow for smaller, lighter vehicles without losing performance, as a smaller 

vehicle working more hours can do the same total work as a heavier one working 

for 8-10 hours. A mainly autonomous drive would eliminate or greatly decrease 

the need for utility electronics on the vehicle (AC, radio, heating) meaning the 

battery can be used almost entirely for operations. Charging would be done 

autonomously when the need arises, and the vehicle would then automatically 

resume its duties. Unlike manually operated vehicles, the charging would not 

mean a costly downtime in operations, as the vehicle can work on 24-hour shifts, 

making the charges a smaller part of the operations.  

Safety 

Safety is an important part of an autonomous vehicle. Fail-safe systems are not  

yet developed, but any self-driving vehicle must be able to assess the surrounding 

environment and safely perform its tasks without any danger to the surroundings 

and populace. It must also be able to communicate  

its movement to the people around it, something the project have taken extra care 

in assuring. The vehicle must have good sensor capabilities than can make sure 

the surrounding area is clear as well as that the result are sufficient. This is some-

thing that needs to be addressed further in coming projects. 
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Legality and Liability 

The Society of Automotive Engineers has defined 6 different levels of automated 

driving (SAE, 2016). These definitions are also used in the legislation research in 

the EU (EPRS, 2016). They are as follows: 

Non-Automation (Level 0): The driver controls the entire vehicle and all of its 

functions. 

Driver Assistance (Level 1):  This level involves automation for specific 

functions, as assisted braking, electronic stability control and cruise control. 

Partial Automation (Level 2): Several automated functions are combined to 

relive the operator of those functions. An example is adaptive cruise control 

combined with lane centering, or parking aid.  

Conditional Automation (Level 3): At this level the driver can cede control  

of all safety-critical functions during certain conditions and allow the vehicle  

to control them. The driver is still present, responsible and ready to re-assume 

control. 

High Automation (Level 4): The vehicle controls the entire vehicle for the 

duration of operation at all conditions. It may require input as to where to go and 

what tasks to perform, but from that point it works autonomously without the need 

for an operator present. 

Full Automation (Level 5): A fully autonomous vehicle without the option of 

human input or direct control. The controls or steering wheel have been removed 

as this kind of vehicle is meant to be controlled without an operator. 

At levels 0-2, the human operator monitors the environment, whereas on levels  

3-5, the vehicle does. In addition, the generally used terms “self-driving” or 

“driverless” applies to vehicles of levels 4 and 5, where the vehicle is autonomous 

and not just automated.  

The vehicle concept in the project would be at level 4 on this scale, as there still  

is the possibility of human input, but does not require the operator to be present 

during the run-time. 

Today, the legality of autonomous vehicles is in a grey area. Most of the existing 

regulations are outdated and focuses on on-road vehicles. Since most working 

vehicles travels, at least in part, on-road, these regulations should be followed. 

The Vienna Convention on Road Traffic of 1968 states that “Every moving 

vehicle or combinations of vehicle shall have a driver…” and “Every driver 

shall at all times be able to control his vehicle…”. This has since been amended 

to allow features that assist the operator, but further amendments will be required 

to allow driverless vehicles, at levels 4 and 5 (EPRS, 2016). 

As of September 2015, the transport ministers of the G7 states and the European 

Commissioner for Transport made a declaration stating the need of and continued 

work on EU-wide technical regulations regarding autonomous vehicles (European 

Commission, 2015).  The problem of who  is responsible for the vehicle when it is 

driving autonomously still remains as well and is another question that lawmakers 

are trying to settle. This is today only an issue with vehicle of levels 4 and 5, as 

the other levels falls under the Vienna convention.   
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Results – Design and Calculations 

Design 

The full extent of the design and the reasoning behind the design choices at 

certain milestones can be seen in Appendix 1. It features the entire design process, 

from idea to concept. Below are some images of the final design, showcasing 

some task being performed. 

 

Figure 15. Jumbo relocating a bale of hay. 

 

 

Figure 16. Jumbo shoveling snow of a sidewalk. 
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Figure 17. Jumbo 1 and 2 row hoeing a field. 

 

 

Figure 18. Jumbo cleaning a barn, storing the manure for later use on the farm. 
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Figure 19. Jumbo silently sweeping a street in the city. 

Environmental impact 

To decide the potential of decrease in environmental impact, an assessment the 

life cycle cost of changing the fuel from diesel or biodiesel to electricity were 

included. The comparison is between today’s tractor running on diesel, repre-

sented by the data from Uppsala municipality, the same tractors running on 

biodiesel and the concept vehicle Jumbo running on different mixes of electricity. 

The calculations have been made for a day’s work and as in previous calculations 

in the chapter “Energy Storage”, the diesel vehicles are assumed to use 50 liters of 

diesel/biodiesel and the electric vehicle 45 kWh of electricity per day when doing 

hard work. 

Some assumptions were made: 

 The focus is on the operational phase, with the comparison between the 

use of the different fuels being the main focus. The impacts of vehicle 

production, maintenance and end-use are ignored.  

 Different mixes of electricity is used, as well as two kinds of diesel. 

Regular diesel with 5% RME, which is standard for Sweden, and biodiesel 

with 100% RME which is a first-step fuel when phasing out diesel. The 

electricity mixes are Swedish, European (EU28), as well as long and short 

margin. 

 The electricity and different kinds of diesels are produced at already 

existing facilities and no new infrastructure is required for the vehicle  

to work. As such, the potential impacts of these structures are ignored. 

 The functional unit (FU) for this assessment is g/day worked, assuming 

50 liters of diesel or 45 kWh of electricity. 

 The data for the emission factors were taken from Gode et al. (2011) and 

the electricity mixes from the European Commission (2014) for the year 

2012. The factors for the Global Warming Potential (GWP) for a 20-year 

period and a 100-year period were taken from UNFCCC (2014). These 

were also compared with data from Zackrisson et al. (2010). 
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Below the results from the calculations can be seen. It is represented as a 

comparison to diesel, representing the reduction in environmental impact the 

change in fuel would have. The reduction in impact is substantial, especially for 

the electricity. The reduction in GWP for this case when comparing diesel and 

electricity is a reduction between 86.7% and 99.5%. This is both due to the fuels 

being cleaner and because the electric drive is much more energy effective 

compared to the combustion engine. A similar reduction can be seen in the 

remaining emission parameters in table 9. 

Table 9. The reduction in different emissions when changing from diesel to the below 
mentioned fuels 

Comparison to Diesel 
GWP 
(20y) 

GWP 
(100y) CO NOx VOC Particles 

Biodiesel 67,7% 67,5% 92,5% 67,5% 84,5% 63,8% 

Margin electricity (Coal) 86,7% 86,7% 99,9% 96,8% 99,7% 97,7% 
Margin electricity  
(Fossil Gas) 97,1% 98,4% 90,6% 99,0% 97,4% 100,0% 

European electricity mix 95,7% 95,9% 98,0% 98,6% 99,4% 98,3% 

Swedish electricity mix 99,5% 99,5% 99,2% 99,7% 99,8% 98,5% 

 

 

Figure 20. Comparisons between the GWP of different fuels. 

The battery is often pointed out as a large source of environmental impact when 

discussing the environmental benefits of electric vehicle. We will address this and 

include the impact of the battery as well. It must be pointed out that even this is an 

unfair comparison as we for this segment disregarded some assumptions previously 

made for only the electric vehicle, for the sake of discussion. 

 According to a study by Zackrisson et al. (2010) of Swerea IVF, a lithium-ion 

battery of 10 kWh is during its lifetime responsible for ca 4400 kg CO2-

equivalents. As we would need 45 kWh, we will calculate for 5 such batteries, 

which give a total of 22000 kg CO2eq. The lifetime of the batteries is ~ 3000 

cycles with ~80% maximum discharge, giving us 120 000 kWh and a GWP of 
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22 000 000 g CO2eq/120 000 kWh= 183.3 gCO2eq/kWh.  Including the results in 

our previous calculation results in figure 21. 

 

Figure 21. Comparison of the GWP between different fuels, battery production, 
transportation and use included. 

As we can see, the electric vehicles are still more environmentally friendly than 

the diesel or biodiesel based vehicles. A comparison of GWP with diesel is shown 

in figure 22. It is shown here that even when taking the batteries impact into 

account, the electric vehicles GWP are roughly 10% of the GWP from diesel, with 

the short term margin electricity of coal being the exception at 20%. 

 

Figure 22. Comparison of fuels, as fraction of diesels GWP(20y), battery production, 
transportation and use included. 
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Economic potential 

According to the market study previous in this report, the economic factors of a 

vehicle are an important part when deciding between two different vehicles. This 

includes investment cost, maintenance cost and fuel cost. Since this is a concept 

project, it is hard to estimate the different costs of the vehicle. For this reason, the 

following calculations should be seen as potential costs compared to the currently 

existing machines. 

Since this is a concept vehicle, estimating the investment cost is very difficult as 

much of the technology used is either in development or not optimized for use in 

implement carriers. Additionally, a lot of engineering and designing is still needed 

and the costs of these are unknown. 

Fuel costs 

The fuel cost for the vehicle can be estimated using, as in the previous section, 

one day´s work  as our basis. The diesel vehicle will then need 50 liters of diesel 

and the electric roughly 45 kWh of electricity. We assume that the diesel is VAT 

excluded, is priced at 12.95 SEK/liters (SPBI, 2016) and, when used on the farm, 

gets the tax return of 1700 SEK/m
3
. This gives us the cost for a day’s work, 433 

SEK for the agricultural and 518 SEK in a municipality.  

To calculate the electricity cost, we must know the average electricity consump-

tion for the user, as larger users can buy electricity for a lower price, as seen  

in table 10. The average farm uses around 44,7 MWh/year, according to data from 

SCB (2015) and The Swedish Board of Agriculture (2015) and the average 

municipality is assumed to use between 500-2000 MWh/year. 

Table 10. Mean prices of Swedish electricity in 2015, excluding VAT and including 
network charges, energy tax and green certificate cost [SEK/MWh] (SCB, 2016d) 

Consumption 
[MWh/year] 20 

20-
50 

500-
2000 

2000-
20000 

20000-
70000 

70000-
150000 

January-June 1,22 0,67 0,58 0,51 0,45 0,38 

July-December 1,32 0,66 0,55 0,48 0,42 0,33 

Mean value 1,27 0,665 0,565 0,495 0,435 0,355 

Calculating the cost of a day’s work then gives 29.9 SEK for the agricultural and 

25.4 SEK for the municipality. This is assuming that all the charging is done at 

their respective depots or recharging  at a free-to-charge station, as recharging via 

a third party becomes more expensive. A battery of 45 kWh should, as previously 

stated, be well enough for a single day´s work and no additional recharging should 

be necessary except on the most demanding days.  The reduction in fuel costs 

would then be 93% to 95%, as seen in table 11. 

Table 11. Fuel cost for one day’s work, with 50 liters of Diesel and 45 kWh electricity 
used respectively 

Fuel cost of one day’s work 
[SEK] Diesel Electricity Cost Reduction 

Agricultural 433 29,9 93,1% 

Municipal 518 25,4 95,1% 
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Appendix 1 

Design appendix “Electric Multipurpose Utility Vehicle” which is supplied 

alongside this report.  
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