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Abstract

Studies of electric vehicle charging with on-board
photovoltaic power production

Frida Nygren

The interest for electric vehicles has 
increased since the early 2000s. An 
increasing number of electric vehicles 
lead to increased consumption of 
electricity. One way to minimize the 
power consumption from the grid is to 
install solar panels on the vehicle 
itself. In this project the effects of 
installing solar panels on two different 
types of electric vehicles has been 
studied. The comparison was done on the 
terrain vehicle PPAM Wesla 4x4 and the 
sedan Tesla Model S. In order to execute 
this study a theoretical model has been 
used to simulate average electricity 
consumption. The simulations was 
performed for different scenarios in 
order to evaluate the effects of 
different parameters on the fuel 
consumption by installing solar panels 
on the electric vehicles and the effects 
of using different charging power. 
According to the results from the 
simulations both vehicles can minimize 
the fuel consumption and the number of 
times the electric vehicle runs out of 
battery with installed solar panels. The 
result also shows that the charging rate 
has no effect on the fuel consumption. 
The conclusions for this studied is that 
the scenarios with high shading factor 
indicates that the largest amount of 
electricity can be saved from the grid 
and that it is most valuable for PPAM 
Wesla 4x4 to install solar panels. The 
highest shading factor for Tesla Model S 
save less then PPAM Wesla does with the 
lowest shading factor. 
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1 Introduction 

The EU commission has a goal to make all transportation in Europe carbon dioxide 

emission free by the year of 2050. In order to implement this change a wanted 

position by the year of 2020 is to increase the total number of electric vehicles to 3.6 

percent of the total number of vehicles. This means 160 000 electric vehicles in 

Sweden by the year of 2020, which requires a large increase of electric vehicle due to 

the fact it was 2000 electric vehicles April 1
st
 2013 (European Commission, 2012).  

 

Electric vehicles are not a new invention. From the beginning of the twentieth-century 

the electric vehicles was dominating on the U.S. roads until about 1915. At this time 

the roads and the infrastructure were improved and the electric vehicle were inferior 

to combustion engine vehicles. The internal combustion engine made its breakthrough 

and was the vehicle manufacturers choice of engine. The interest for electric vehicles 

got a new turn in the early 2000s when the oil prices increased and the interests has 

increased considerably during the last couple of years (Ladda elbilen, 2014).  

 

An increasing number of electric vehicles lead to increased consumption of 

electricity. If all the vehicles in the world start using electricity as fuel for their 

vehicles, the amount of electricity would be 1200 TWh. This amount represents 5% of 

the world's electricity consumption 2005 (Vinnova 2010). One way to minimize the 

power consumption from the grid is to install solar panels on the vehicle itself.  

 

The aim of this project is to study effects on the electric vehicle fuel consumption by 

installing solar panels on the electric vehicle. In order to examine a possible 

difference that solar panels would make this study will compare two different types of 

vehicles, with and without solar panels on the roof and on the bonnet. The comparison 

will be done on PPAM Wesla 4x4 and Tesla Model S. In addition, the effects of using 

different charging power will also be evaluated.  
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1.1 Research questions  

● When comparing the two different vehicle models, what is the difference in 

electricity use when solar panels are added to the roof and bonnet? 

● How much does the shading factor affect the use of electricity for the two 

vehicle models with solar panels?   

● What is the effect of different battery charging power for the two vehicle 

models with solar panels?   

1.2 Limitations  

The report intends to only examine pure electric vehicles and no other variants such 

as hybrid vehicles. Environmental aspects of electric vehicles will not be investigated 

in this project.  

1.3 Disposition 

This report starts with a background where vital concepts will be explained and 

information that is significant for the project will be presented. Followed by a 

methodology section where the simulations in MATLAB and important parameters 

for this report will be explained. Results will be presented followed by discussion and 

conclusion. In order to obtain a broader sociotechnical perspective interviews have 

ben conducted, see appendix.    

2. Background  

The background provides information regarding electric vehicles, plug-in electric 

vehicle, PPAM Wesla 4x4, Tesla Model S and Photovoltaic panels.  

2.1 Electric Vehicle, EV 

Electric Vehicles (EV) includes all sorts of vehicles that can be driven with one or 

several electric motors aiding from rechargeable batteries. Since EVs run on 

electricity there are no carbon dioxide emissions locally while driving. The only 

environmental pollution caused by the EVs are when the electricity is produced to run 

the vehicle and in the manufacturing process of the vehicle (Miljöfordon, 2014). The 

first batteries were lead-based and heavy which resulted in short traveling range. 

Today the majority of modern EVs have lightweight lithium-ion batteries and are 



 4 

considered to have a high development potential (Vinnova, 2010). Lithium-ion 

batteries can be charged frequently with a small deterioration and store a large amount 

of energy per weight unit (Laddbil, 2014). These batteries obtain energy when the 

lithium-ions move between the electrodes of the battery (Batteriföreningen, 2014). 

The charging time of a battery depends on the charging power and the battery 

capacity. The climate can also affect the charging time. The colder it is, the longer 

recharging (Laddbil, 2014).   

2.2 Plug-in electric vehicle, PEV 

Plug-in electric vehicles (PEV) are a superset of EVs that includes all electric vehicles 

or battery electric vehicles (BEV). PEVs can be recharged from any external source 

of electricity in order to be able to drive long distances. This study will only examine 

EVs of the variety BEV that only has an electric motors and batteries. The most 

common way to charge a BEV is to plug it into the grid. The battery is charged by 

connecting the BEV to the power source using a cable. This study includes two 

alternatives to charge the BEV. The first alternative is to use a regular one- phase 

outlet and in Sweden that would allow a charging power of 2300 W. The second 

alternative is to use three-phase charging with a power of 11000 W, which is a faster 

option to get the vehicle fully charged (Munkhammar, 2012).  

2.3 PPAM Wesla 4x4  

Perpetuum Automobil (PPAM) manufacturer area-effective solutions for businesses, 

households and farmers. PPAM has developed the terrain vehicle PPAM Wesla 4x4 

see picture 1. The vehicle and has a maximum speed of 40 km/h and charges with 

Wide Power Supply 48V 25A smart charger. The battery can be fully charged in 6-8 

hours with standard charge rate and has an approximately range on 45-56 kilometres. 

PPAM Wesla 4x4 fits two PV panels called Sun power of 345W on the roof and three 

on the sides (Andreas Molin, 2014).  
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PICTURE 1. The PPAM Wesla 4x4. The photo was taken by Andreas Molin, 2014.  

2.4 Tesla Model S 

Tesla Motors designs and manufacture EVs and was established 2003 in Silicon 

Valley, California, USA. One model of Tesla Motors EVs is Tesla Model S produced 

with two different battery sizes, 60 kWh and 85 kWh. The motors are powered by 

7000 lithium-ion batteries see picture 2. The battery can be charged anywhere there is 

an outlet and the type of outlet or charging stations determines charging time. 

According to Tesla Motors the simplest and most common way to charge the vehicle 

is at home during the night (Tesla, 2014). The battery can be fully charged in 6 hours 

with standard charge rate and 2 hours with fast charge rate. The battery with highest 

capacity has a performance from 0-100 km/h in 4.5 seconds with maximum speed of 

209 km/h (Gröna Bilister, 2013).  

 

TABLE 1. Tesla Model S two sizes of batteries and range: 

Battery size 60 kWh 370 kilometres 

Battery size 85 kWh 483 kilometres 
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PICTURE 2. The vehicle body with 7000s lithium-ion batteries placed in the vehicle 

floor. The photo was taken by myself at Tesla store in Santana Row, CA, USA. 

 

 

 

PICTURE 3. The back end of Tesla Model S. Highlighted object with a red box is the 

converter that converts the electricity from AC to DC power for charging. The photo 

was taken by myself at Tesla store in Santana Row, CA, USA. 
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PICTURE 4. The front of Tesla Models S, only breaks and fans in the bonnet. The 

photo was taken by myself at Tesla store in Santana Row, CA, USA. 

 

2.5 Photovoltaic panels   

An additional source to energy, except from fossil fuels is the energy we can harvest 

from the sun. The amount of energy in one hour from the sun is the same amount used 

in the world in one year. The sun as a source for energy has not been fully utilized and 

the photovoltaic (PV) panels have been expensive and inefficient in the past. Due to 

the risk of global warming from carbon dioxide emission and rising energy prices 

solar power is one of the most attractive options for homeowners as well as large 

energy companies (Energifakta, 2014). PV panels convert solar energy to electricity 

and the most common PV technologies are silicon cell technologies. Depending on 

the size and the efficiency these panels has a range from a few watts up to some 100 

watts. The average efficiency for the PV panels is approximately 16 %. Latest 

technology enable production of flexible organic PV cells with encompasses 

advanced thin film technology. Which makes it possible to attach the PV cells on 

almost everything (Munkhammar, 2012).  
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3. Methodology  

This section explains the model and important parameters for the simulations. 

3.1 Photovoltaic Power production 

Data from the year 1992-1999 was used from the Swedish Meteorological and 

Hydrological Institute (SMHI) in order to calculate the PV electricity production. The 

data represented solar irradiation for Norrköping, and was minute resolution. This 

information was inserted in a model for the on-board PV system. This model 

converted solar irradiation on a horizontal surface to electricity via a conversion 

efficiency and shading factor. The efficiency was set to 21%, the shading was varied 

depending on scenario (Munkhammar, 2014). The shading rate is explained in section 

3.4.  

3.2 PEV Home Charging Model 

The model for estimation EV charging patterns used in this paper is a Markov-chain 

model developed in Grahn et.al. The model is an extension to a model of household 

electricity use developed in Widén et.al. The Markov-chain model is a stochastic 

model for EV charging.  

 

In this project the EV home charging model was equipped with a simple model for 

photovoltaic power production based on SMHI data. This model calculates the PV 

power production as a fraction of sunlight on a horizontal surface. The model 

simulates EV trips and gives charging patterns as result. It also simulates on-board PV 

power production as power supply for the EV.  

3.3 Simulations 

The model in this paper is used with three different setup: PPAM Wesla 4x4, Tesla 

Model S battery size 60 kWh and Tesla Model S battery size 85 kWh with parameters 

in section 3.4.  
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3.4 Data  

Following main parameters in the simulations of electricity use from EV charging is 

described below.   

 

● Battery Size: The battery size measured in kWh.  

 

● PV Area: The maximum area to install PV measured in square meter.   

 

● Shading: Indicates shading during the day. As a parameter it reduces PV 

power production by a fraction.    

 

● Charge Rate: The charging rate used for estimating time to recharge the 

battery. 

 

● Average Velocity: Is the average velocity measured in km/h. 

 

Battery size 

The battery size for the PPAM Wesla 4x4 is 10.8 kWh. Tesla Model S has two 

different battery sizes, 60 kWh and 85 kWh.  

 

PV area  

For the PPAM Wesla 4x4 the maximum area to install PV on is 3.26 m
2
 according 

PPAM Wesla 4x4 specifications, which was given by Molin (Molin, 2014). In order 

to estimate maximum area to install PV on Tesla Model S roof and bonnet a tape 

measure was used. For calculations see figure 1.   
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FIGURE 1. A sketch of the measurements of the Tesla Model S.  

 

For this study the triangles on the bonnet were not included in the calculations. Due to 

the fact the sun will radiate on the vehicle from different angles. Especially when the 

vehicle is parked in a certain angle or moving in a certain direction one of the sloping 

sides might be in the shade. 

 

Shading  

As an approximation the shading works by multiplying a shading factor to the solar 

irradiation, which corresponds to a reduction of the production of electricity from the 

efficiency of the solar panels. Shading = 0 means completely shaded and shading = 1 

means no shade at all. To get as realistic result as possible, three different scenarios 

with different shadings have been used. The first scenario is the best case with 

shading at 0.8, the most likely case with shading at 0.5 and the worst case with 

shading at 0.2. 

 

Charging  

In Sweden a standard one- phase outlet allow a charging power of 2300 W and is 

therefore used in this study. The fast charge power used in the simulations is 11000 

W, which corresponds to three-phase charging.   
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Average velocity 

The average velocity for PPAM Wesla 4x4 is 15 km/h (Molin, 2014) and 46 km/h for 

a Tesla Model S (Munkhammar, 2012). There is a difference in average speed 

between the two vehicles. Hence, Tesla model S is considered to be driven as a 

regular vehicle and the PPAM Wesla 4x4 is considered as a park and farmer vehicle.  

4. Results  

Here follows the results from the simulations. All simulations are done with PPAM 

Wesla 4x4, Tesla Model S battery 60 kWh and Tesla Model S 85 kWh.  

 

Scenario A,B,C: Simulations with standard charge rate and shadings factor 0.2, 0.5 

and 0.8.   

 

Scenario D,E,F: Simulations with fast charge and shading factor 0.2, 0.5 and 0.8.  

 

The following graphs will show required electricity from the power grid with and 

without PV installed on the vehicles. The curves represent the daily average for 

charging, how much an electric vehicle is charging in average, and an average day in 

an average year. The x-axis is marked with 24 hours from 00:00 to 24:00 and y-axis is 

the electricity consumption (kW) from charging. 
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Scenario A: Simulations with the PPAM Wesla 4x4 with a standard charge rate  

Battery Size  10800 Wh 

PV Area 3.26 m
2
 

Charge Rate 2300 W 

Average Velocity  15 km/h 
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FIGURE 2. Simulation with PPAM Wesla 4x4 with and without PV, standard charge 

rate and shading 0.2. There is a difference in use of power between the hours of 6 AM 

and 7 PM between the EV with and without PV. The power consumption has a peak at 

6 PM, and the EV with PV has significant smaller power consumption around that 

time.   

 

The average fuel consumption/day (kWh): 1.55 

The average fuel consumption/day with PV (kWh): 1.07 

 

Standard deviation of charging load (kW): 0.20 

Standard deviation of charging load with PV (kW): 0.18 

 

Number of times the EV runs out of battery per day: 0.31 

Number of times the EV runs out of battery per day with PV: 0.22 
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FIGURE 3. Simulation with PPAM Wesla 4x4 with and without PV, standard charge 

rate and shading 0.5. There is a significant power difference the whole day between 

the EV with and without PV. The power consumption has a peak at 6 PM, and the EV 

with PV on the roof has a significant smaller power consumption throughout the day 

with the major difference around the peak. The average fuel consumption per day 

with PV decreased to less than half the fuel consumption per day without PV.  

 

The average fuel consumption/day (kWh): 1.48 

The average fuel consumption/day with PV (kWh): 0.60 

 

Standard deviation of charging load (kW): 0.19 

Standard deviation of charging load with PV (kW): 0.17 

 

Number of times the EV runs out of battery per day: 0.29 

Number of times the EV runs out of battery per day with PV: 0.17 
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FIGURE 4. Simulation with PPAM Wesla 4x4 with and without PV, standard charge 

rate and shading 0.8. There is a significant power difference the whole day between 

the EV with and without solar PV. The power consumption has a peak at 5 PM, and 

the EV with PV has significantly smaller power consumption throughout the day with 

the major difference around the peak. The average fuel consumption per day with PV 

decreased to less than a fifth of the fuel consumption per day without PV.  

 

The average fuel consumption/day (kWh): 1.50 

The average fuel consumption/day with PV (kWh): 0.28 

 

Standard deviation of charging load (kW): 0.19 

Standard deviation of charging load with PV (kW): 0.16 

 

Number of times the EV runs out of battery per day: 0.30 

Number of times the EV runs out of battery per day with PV: 0.16 
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Scenario B: Simulations with Tesla Model S battery size 60 kWh with standard 

charge rate. 

Battery Size  60000 Wh  

PV Area 2.90 m
2
 

Charge Rate 2300 W 

Average Velocity  46 km/h 
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FIGURE 5. Simulation with Tesla Model S battery size 60 kWh with standard charge 

rate and shading 0.2. There is no significant power consumption difference between 

the EV with and without PV. 

 

The average fuel consumption/day (kWh): 6.85 

The average fuel consumption/day with PV (kWh): 6.37  

 

Standard deviation of charging load (kW): 0.40 

Standard deviation of charging load with PV (kW): 0.40  

 

Number of times the EV runs out of battery per day: 0.24 

Number of times the EV runs out of battery per day with PV: 0.22 
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FIGURE 6. Simulation with Tesla Model S battery size 60 kWh with standard charge 

rate and shading 0.5. There is a significant difference in use of power between the EV 

with and without PV through the entire day and night, the major power consumption 

difference is between 6 PM until midnight.  

 

The average fuel consumption/day (kWh): 7.01 

The average fuel consumption/day with PV (kWh): 5.36  

 

Standard deviation of charging load (kW): 0.40 

Standard deviation of charging load with PV (kW): 0.38 

 

Number of times the EV runs out of battery per day: 0.24 

Number of times the EV runs out of battery per day with PV: 0.18 
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FIGURE 7. Simulation with Tesla Model S battery size 60 kWh with standard charge 

rate and shading 0.8. There is a significant difference in use of power between the EV 

with and without PV through the entire day and night, the major power consumption 

difference is between 5 PM until midnight.  

 

The average fuel consumption/day (kWh): 6.90 

The average fuel consumption/day with PV (kWh): 4.66 

 

Standard deviation of charging load (kW): 0.41 

Standard deviation of charging load with PV (kW): 0.38 

 

Number of times the EV runs out of battery per day: 0.23 

Number of times the EV runs out of battery per day with PV: 0.15 
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Scenario C: Simulations with Tesla Model S battery size 85 kWh with standard 

charge rate.  

Battery Size  85000 Wh 

PV Area 2.90 m
2
 

Charge Rate 2300 W 

Average Velocity  46 km/h 
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FIGURE 8. Simulation with Tesla Model S battery size 85 kWh with regular charge 

rate and shading 0.2. There is no significant power consumption difference between 

the EV with and without PV.  

 

The average fuel consumption/day (kWh): 9.27 

The average fuel consumption/day with PV (kWh): 8.48  

 

Standard deviation of charging load (kW): 0.45 

Standard deviation of charging load with PV (kW): 0.44 

 

Number of times the EV runs out of battery per day: 0.22 

Number of times the EV runs out of battery per day with PV: 0.18 
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FIGURE 9. Simulation with Tesla Model S battery size 85 kWh with standard charge 

rate and shading 0.5. There is a significant difference in use of power between the EV 

with and without PV through the entire day and night, the major power consumption 

difference is between 6 PM until 6 AM.  

 

The average fuel consumption/day (kWh): 8.64 

The average fuel consumption/day with PV (kWh): 6.58 

 

Standard deviation of charging load (kW): 0.44 

Standard deviation of charging load with PV (kW): 0.42 

 

Number of times the EV runs out of battery per day: 0.19 

Number of times the EV runs out of battery per day with PV: 0.13 
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FIGURE 10. Simulation with Tesla Model S battery size 85 kWh with standard charge 

rate and shading 0.8. There is a big difference in use of power between the EV with 

and without PV through the entire day and night, the major power consumption 

difference is between 6 PM until 8 AM. The average fuel consumption per day with 

PV decreased to almost a half of the fuel consumption per day without PV.  

 

The average fuel consumption/day (kWh): 8.98 

The average fuel consumption/day with PV (kWh): 5.91 

 

Standard deviation of charging load (kW): 0.45 

Standard deviation of charging load with PV (kW): 0.41 

 

Number of times the EV runs out of battery per day: 0.21 

Number of times the EV runs out of battery per day with PV: 0.12 
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Scenario D: Simulations with PPAM Wesla 4x4 with fast charge rate   

Battery Size  10800 Wh 

PV Area 3.26 m
2
 

Charge Rate 11000 W 

Average Velocity  15 km/h 
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FIGURE 11. Simulation with PPAM Wesla 4x4 with and without PV, fast charge rate 

and shading 0.2. There is significant power consumption difference between the EV 

with and without PV. The fast charge rate in this simulation provides a more variable 

curve unlike the simulations with standard charge rate. 

 

The average fuel consumption/day (kWh): 1.56 

The average fuel consumption/day with PV (kWh): 1.05 

 

Standard deviation of charging load (kW): 0.42 

Standard deviation of charging load with PV (kW): 0.37 

 

Number of times the EV runs out of battery per day: 0.29 

Number of times the EV runs out of battery per day with PV: 0.20 
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FIGURE 12. Simulation with PPAM Wesla 4x4 with and without PV, fast charge rate 

and shading 0.5. There is a significant power consumption difference between the EV 

with and without PV. The major difference is between 6 AM until 6 PM. The average 

fuel consumption per day with PV decreased to a third of the fuel consumption per 

day without PV.  

 

The average fuel consumption/day (kWh): 1.42 

The average fuel consumption/day with PV (kWh): 0.49 

 

Standard deviation of charging load (kW): 0.41 

Standard deviation of charging load with PV (kW): 0.33 

 

Number of times the EV runs out of battery per day: 0.27 

Number of times the EV runs out of battery per day with PV: 0.15 
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FIGURE 13. Simulation with the PPAM Wesla with and without PV, fast charge rate 

and shading 0.8. The major power consumption difference is between 6 AM until 6 

PM. The curve that shows the EV with PV goes below zero on the power-axis, which 

means that the excess power can be passed into the grid and be used for something 

else.  

 

The average fuel consumption/day (kWh): 1.57 

The average fuel consumption/day with PV (kWh): 0.31  

 

Standard deviation of charging load (kW): 0.42 

Standard deviation of charging load with PV (kW): 0.34 

 

Number of times the EV runs out of battery per day: 0.29 

Number of times the EV runs out of battery per day with PV: 0.16 
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Scenario E: Simulations with Tesla Model S battery type 60 kWh with fast charge 

rate  

Battery Size  60000 Wh  

PV Area 2.90 m
2
 

Charge Rate 11000 W 

Average Velocity  46 km/h 
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FIGURE 14. Simulation with Tesla Model S battery size 60 kWh with and without PV, 

fast charge rate and shading 0.2. There is no significant power consumption 

difference between the EV with and without PV through the entire day and night.  

 

The average fuel consumption/day (kWh): 7.55 

The average fuel consumption/day with PV (kWh): 7.04 

 

Standard deviation of charging load (kW): 0.96 

Standard deviation of charging load with PV (kW): 0.94 

 

Number of times the EV runs out of battery per day: 0.24 

Number of times the EV runs out of battery per day with PV: 0.21 
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FIGURE 15. Simulation with Tesla Model S battery size 60 kWh with and without PV, 

fast charge rate and shading 0.5. There is small significant power consumption 

difference between the EV with and without PV the entire day and a major difference 

at 5-7 PM. The power consumption has a peak at 6 PM.  

 

The average fuel consumption/day (kWh): 7.26 

The average fuel consumption/day with PV (kWh): 5.54 

 

Standard deviation of charging load (kW): 0.94 

Standard deviation of charging load with PV (kW): 0.86 

 

Number of times the EV runs out of battery per day: 0.23 

Number of times the EV runs out of battery per day with PV: 0.17 
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FIGURE 16. Simulation with Tesla Model S battery size 60 kWh with and without PV, 

fast charge rate and shading 0.8. There is a significant power consumption difference 

through the entire day between the EV with and without PV. The power consumption 

has a peak at 6 PM.  

 

The average fuel consumption/day (kWh): 7.64 

The average fuel consumption/day with PV (kWh): 5.14 

 

Standard deviation of charging load (kW): 0.94 

Standard deviation of charging load with PV (kW): 0.83 

 

Number of times the EV runs out of battery per day: 0.25 

Number of times the EV runs out of battery per day with PV: 0.16 
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Scenario F: Simulations with Tesla Model S battery size 85 kWh with fast charge 

rate  

Battery Size  85000 Wh  

PV Area 2.90 m
2
 

Charge Rate 11000 W 

Average Velocity  46 km/h 
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FIGURE 17. Simulation with Tesla Model S battery size 85 kWh with and without PV, 

fast charge rate and shading 0.2. There is no significant power consumption 

difference between the EV with and without PV. The power consumption has a peak at 

6 PM.  

 

The average fuel consumption/day (kWh): 9.13 

The average fuel consumption/day with PV (kWh): 8.35 

 

Standard deviation of charging load (kW): 1.07 

Standard deviation of charging load with PV (kW): 1.02 

 

Number of times the EV runs out of battery per day: 0.19 

Number of times the EV runs out of battery per day with PV: 0.16 
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FIGURE 18. Simulation with Tesla Model S battery size 85 kWh with and without PV, 

fast charge rate and shading 0.5. There is a significant power consumption difference 

between the EV with and without PV through the entire day. The major power 

consumption difference is at 5-7 PM with a peak at 6 PM.  

 

The average fuel consumption/day (kWh): 8.86 

The average fuel consumption/day with PV (kWh): 6.13 

 

Standard deviation of charging load (kW): 1.04 

Standard deviation of charging load with PV (kW): 0.89 

 

Number of times the EV runs out of battery per day: 0.17 

Number of times the EV runs out of battery per day with PV: 0.10 
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FIGURE 19. Simulation with Tesla Model S battery size 85 kWh with and without PV, 

fast charge rate and shading 0.8. There is a significant power consumption difference 

through the entire day between the EV with and without PV. The power consumption 

has a peak at 6 PM. The average fuel consumption per day with PV decreased to 

almost the half of the fuel consumption per day without PV. 

 

The average fuel consumption/day (kWh): 9.15 

The average fuel consumption/day with PV (kWh): 5.75 

 

Standard deviation of charging load (kW): 1.05 

Standard deviation of charging load with PV (kW): 0.90 

 

Number of times the EV runs out of battery per day: 0.19 

Number of times the EV runs out of battery per day with PV: 0.10 
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Table 2. Results 

 The average 

fuel 

consumption

/day 
 
(kWh) 

The average 

fuel 

consumption

/day with PV 
 
(kWh) 

Standard 

deviation of 

charging 

load 
 
(kW) 

Standard 

deviation of 

charging 

load with PV  

 

(kW) 

Number of 

times the EV 

runs out of 

battery per 

day 

Number of 

times the EV 

runs out of 

battery per 

day with PV 

Scenario A 
Shading 0.2 

1.55 1.07 0.20 0.18 0.31 0.22 

Scenario A 
Shading 0.5 

1.48 0.60 0.19 0.17 0.29 0.17 

Scenario A 
Shading 0.8 

1.50 0.28 0.19 0.16 0.30 0.16 

Scenario B 
Shading 0.2 

6.85 6.37 0.40 0.40 0.24 0.22 

Scenario B 
Shading 0.5 

7.01 5.36 0.40 0.38 0.24 0.18 

Scenario B 
Shading 0.8 

6.90 4.66 0.41 0.38 0.23 0.15 

Scenario C 
Shading 0.2 

9.27 8.48 0.45 0.44 0.22 0.18 

Scenario C 
Shading 0.5 

8.64 6.58 0.44 0.42 0.19 0.13 

Scenario C 
Shading 0.8 

8.98 5.91 0.45 0.41 0.21 0.12 

Scenario D 
Shading 0.2 

1.56 1.05 0.42 0.37 0.29 0.20 

Scenario D 
Shading 0.5 

1.42 0.49 0.41 0.33 0.27 0.15 

Scenario D 
Shading 0.8 

1.57 0.31 0.42 0.34 0.29 0.16 

Scenario E 
Shading 0.2 

7.55 7.04 0.96 0.94 0.24 0.21 

Scenario E 
Shading 0.5 

7.26 5.54 0.94 0.86 0.23 0.17 

Scenario E 
Shading 0.8 

7.64 5.14 0.94 0.83 0.25 0.16 

Scenario F 
Shading 0.2 

9.13 8.35 1.07 1.02 0.19 0.16 

Scenario F 
Shading 0.5 

8.86 6.13 1.04 0.89 0.17 0.10 
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Scenario F 
Shading 0.8 

9.15 5.75 1.05 0.90 0.19 0.10 

 

5. Discussion  

Depending on what the vehicle is used for indicates how effective it is to install PV 

on the vehicle. The PPAM Wesla 4x4 average velocity is 15 km/h and is primarily 

used for short distances. The average velocity for Tesla Model S is 46 km/h and is 

used as a regular vehicle. The electricity that can be generated from the sun would not 

be enough to run a Tesla since it needs and a larger amount of power while driving, 

compared with PPAM Wesla 4x4. But it is important to note that according to 

simulations a large amount of electricity can be saved from the grid, even if it is not 

possible to run entirely on solar electricity. Another important factor with installed PV 

on the vehicle is that the weight of the vehicle will increase and so would the energy 

consumption. This factor is not being analysed in this report due to the limitations of 

this study but has to be highlighted.  

 

A fast charge rate gives the advantage of being able to use the vehicle more often and 

may be more important for the Tesla vehicle when it is used as a regular vehicle and 

goes faster and longer distances compared with the PPAM Wesla 4x4.  

6. Conclusions  

According to the results from the simulations both vehicles can minimize the fuel 

consumption and the number of times the EV runs out of battery with installed PV. 

The scenarios with shading factor 0.8 indicate that the largest amount of electricity 

can be saved from the grid by installing PV on the EV. The scenarios with shading 

factor 0.5 shows that a significant amount of electricity can be saved, and only a small 

amount of electricity can be saved with the shading factor 0.2. For PPAM Wesla 4x4 

it will be a major reduction of fuel consumption and less reduction for Tesla Model S 

battery size 60 kWh and 85 kWh. Hence, the highest shading factor reduce the daily 

fuel consumption with approximately 80% for PPAM Wesla 4x4 and 30% for Tesla 

Model S battery size 60 kWh and 85 kWh. It is most valuable for PPAM Wesla 4x4 

to install PV. The highest shading factor for Tesla Model S save less then PPAM 
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Wesla 4x4 does with the lowest shading factor.  

  

Another factor analysed is the charge rate, which resulted in no effect on the fuel 

consumption for any of the EV. A major impact of reducing the number of times the 

vehicle runs out of battery is from the shading factor. But a significant reduction can 

be seen from the simulation with the Tesla Model S battery size 85 kWh with fast 

charge rate. Which indicates that a fast charge rate is more efficient to use for electric 

vehicles with high battery capacity. 
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8. Appendix 

In order to complement the technical investigation three interviews has been made 

and one guided tour at Tesla headquarter master manufacturing site in Fremont, CA. 

The first interview was with Andreas Molin who is CEO of Perpeetum Automobile. 

The second interview was with Taylor Gasman who works at Tesla store in Santana 

Row, CA. The final interview was with the innovator Hans Haenlein who works at 

Ericsson in Silicon Valley.  

8.1 Interview with Andreas Molin 

One telephone interview with Andreas Molin who works at the company Perpeetum 

Automobile was made in February 2014. Molin explained that PPAM Wesla 4x4 is 

good as a farm-vehicle and can replace the tractor in a particular part. According to 

http://laddbil.se/kora-laddbil/fragor-och-svar/
http://www.miljofordon.se/fordon/sa-fungerar-elbil
http://www.teslamotors.com/
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Molin the idea is to place PV on the roof and on the sides to avoid having to charge 

PPAM Wesla 4x4 during the day. Farmers are more interested in how practical 

PPAM Wesla is, than the appearance of the vehicle. Adding PV on the vehicle and 

change the appearance on the vehicle is therefore not a big issue for farmers.  During 

spring, summer and autumn, the idea is that the vehicle should be able to run on only 

electricity from PV. But during the winter months when the sun doesn't shine as much 

the vehicle has to be charged from the grid.  

8.2 Interview with Taylor Gasman  

One interview with Taylor Gasman was made in January 2014 at Tesla store in 

Santana Row, CA. Gasman considers that the PV has to be more efficient in order to 

increase the interest for EV manufacturing companies to place PV panels on their 

vehicles. According Gasman calculations by Tesla shows that installed PV on the 

vehicle itself would only add about 1.61 km of range per day, and that is on a sunny 

day in California. Gasman also explains that Tesla wants to offer a premium car and 

believe that the PV panels will ruin the design and unique panoramic roof for a small 

amount of energy. The batteries in Tesla Model S are placed in the floor of the 

vehicle, which results in a good road holding and highly safely, relative to a ordinary 

gasoline powered car with a heavy engine in the front. Gasman explain that if you 

place PV panels on the top of the car it would make it more top heavy and the range 

will be shortened.  

8.3 Guided tour at Tesla’s headquarter master manufacturing site 

One guided tour at Tesla headquarter master manufacturing site was done in January 

2014 in Fremont, CA. Tesla bought the old GM manufacturing site with a large 

production floor. Tesla only uses a small amount of the factory, which gives a great 

opportunity to ramp up for higher production volumes. It is a high technological 

automatic production with few operators, which gives a faster and more efficient 

production with a high precision. The production has an advanced quality process 

with many dimension measurement controls, and test station for the 7000 batteries in 

the floor. The production line to assemble the car body takes only 40 minutes to 

finalise. When the car is completely assembled it will be fully charged and ready for 

the final quality check, the test drive on a reality circuit.  
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8.4 Interview with Hans Haenlein 

One interview with Hans Haenlein was made at Ericsson in Silicon Valley in January 

2014. According to Haenlein EV change the image of a vehicle completely, it goes all 

quiet and has no heavy combustion engine. According to Haenlein EVs open up a 

new definition of what an EV actually is, is it only a new type of vehicle or a 

completely new transportation? Haenlein considers that it is difficult to say how the 

definition will appear in a few years. Since EVs has no combustion engine, there are 

no requirements about how the vehicle body design has to look like. The shape and 

design can completely change to new needs. Haenlein consider that the infrastructure 

is one of the major problems for EVs in the process of developing the total number of 

EVs on the market, PV and EVs must go hand in hand in order to obtain the number 

of vehicles to grow as fast as possible. An increase of EVs leads to an increased use 

of electricity, which requires a stronger and smarter power grid. 


