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Abstract 
The development of photovoltaics (PV)-powered vehicles are expected to 
contribute to reduce CO2 emission of vehicles and create a clean energy so-
ciety. This paper presents the impact of high-efficiency solar cell modules on 
reduction in CO2 emission, charging cost reduction for electric vehicles, and 
reducing storage capacity of PV-powered electric vehicles. In this paper, the 
effects of solar cell module efficiency upon driving distance of PV-powered 
vehicles are also shown. Especially, the potential of Si tandem solar cells for 
PV-powered vehicle applications is discussed. This paper presents that the 
III-V/Si 3-junction solar cell modules with an efficiency of more than 37% 
have the potential of longer driving distance of 30 km/day average and more 
than 50 km/day on a clear day compared to an average 16 km/day driving by 
vehicles powered by 20% efficiency Si solar cell modules. 
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1. Introduction 

Development of the PV(photovoltaics)-powered vehicle [1] [2] [3] [4] [5] is de-
sirable and very important in order to create a new clean energy society. Because 
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the PV-powered vehicles have great potential of reducing CO2 emission from 59 
g-CO2 e/km in the case of EV (battery-powered Electric Vehicle) to 15 g-CO2 
e/km [4] [5]. According to the NEDO’s Interim Report “PV-Powered Vehicle 
Strategy Committee” [2], a new broader PV market with more than 10 GW and 
50 GW in 2030 and 2050, respectively, are expected to be established when 
PV-powered vehicles are developed. Cumulative PV capacity for PV-powered 
vehicles will be 50 GW and 0.4 TW in 2030 and 2050, respectively. In order to 
enhance recognizing the PV-powered vehicles as major clean vehicles and to 
create a clean energy society based on PV, clarifying values of PV-powered ve-
hicles and development of high-efficiency, low-cost, light-weight, 3-demensional 
curved, and colorful solar cell modules and other technologies are necessary. 

This paper presents the importance of developing PV-powered vehicles from 
point views of reduction in CO2 emission and total cost reduction. Although de-
veloping high-efficiency solar cell modules has been shown to be very effective 
[4] [5] in order to develop attractive PV-powered vehicles, quantitative analysis 
for the impact of high-efficiency solar cell modules upon an increase in driving 
distance, reduction in CO2 emission, and total cost reduction are necessary. This 
paper shows the quantitative analysis for the impact of solar cell module efficiency 
upon extension of driving distance in Section 2 and Section 5, impact for reduc-
tion in CO2 emission in Section 3, impact for charging cost reduction and re-
ducing storage capacity of PV-powered electric vehicles in Section 4. In addition, 
because the development of low-cost solar cell modules is very important for larg-
er market growth of PV-powered vehicles, the potential of Si tandem solar cells 
[6] [7] [8] [9] for PV-powered vehicle application is discussed in this paper. This 
paper shows that III-V/Si 3-junction solar cell modules have potential of driving a 
distance of 30 km/day on average and more than 50 km/ day on a clear day. It is 
demonstrated that higher efficiency solar cells have a longer driving distance. 

2. Analysis for High-Efficiency Impact on Increasing Driving  
Distance of PV-Powered Vehicles 

A report by the Ministry of Japan [10] [11] showed that the average trip distance 
of passenger car in Japan is 24 km/day and approximately 70% of the passenger 
car runs less than 30 km per day. Figure 1 shows changes in cumulative fre-
quency of passenger cars in Japan as a function of daily mileage reported in ref-
erence (Hara et al. [12]) and approximation curve. Standard electric vehicles 
(EVs) have an electricity consumption rate of 8.8 km per kWh, but after the 
weight reduction of passenger cars from 1400 kg to 600 kg, the rate is expected 
to increase to 17 km/kWh [13]. Namely, the average annual energy yield that is 
required for the lightweight passenger car powered by sunlight will be 642 
kWh/year which is not an incredible value but a promising one that generated 
on the car exterior, when we use high-efficiency solar cell module with an effi-
ciency of higher than 30%, enables the society that majority of the Japanese pas-
senger cars run by the solar power and without electric charging or supplying 
fossil fuels. Thus, we need to develop high-efficiency (over 30%), which cannot  
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Figure 1. Changes in cumulative frequency of passenger cars in Japan as a function of 
daily mileage reported in references (Hara et al. [12]) and approximation curve. 
 
be achieved by single junction Si solar cells and low-cost solar cell modules, for 
automotive applications.  

Solar cell module efficiency impact on driving distance of PV-powered ve-
hicles was calculated. In the calculations, the charging system efficiency of 73.9% 
[13] composing of cell temperature correction, maximum power point tracking, 
DC/DC conversion, and DC charging was assumed [5]. Figure 2 shows calcu-
lated driving distance of PV-powered vehicles in the case of electric mileage of 
9.35 km/kWh and 10.54 km/kWh [14] and solar irradiance 4 kWh/m2/day as a 
function of PV module nominal power in comparison with practical data for 
Toyota Prius 2019 [5], Toyota Prius 2017 [5] [14], and Sono Motor Sion [15]. 
The Toyota Prius 2019 (demonstration car) [5] installed with about 30.9% effi-
ciency module and output power of 860 W has shown 36.6 km/day and 29.9 
km/day driving distance at solar irradiance of 6.2 kWh/m2/day and 4.1 kWh/ 
m2/day, respectively. If sunny day (solar irradiance of 8.4 kW/m2/day), the 
Toyota demonstration car can run 49.5 km/day. On the other hands, the Sono 
Motor Sion [15] installed 20% - 22% efficiency module has shown 34 km/day 
driving distance in clear day (solar irradiance of 8.4 kW/m2/day) and 15.3 km/ 
day average (solar irradiance of 3.84 kW/m2/day). It is clear that the vehicles in-
stalled with the higher-efficiency solar cell modules are promising for realizing 
the longer distance driving as shown in Figure 2. Although detail analysis of 
driving distance is shown in Section 5, our analytical procedure shows good 
measure of solar cell module efficiency dependence upon driving distance of PV- 
powered vehicles. 

3. Analysis for High-Efficiency Impact on Reduction in CO2  
Emission by PV-Powered Vehicles 

Effects of introduction of high-efficiency solar cell modules into electric vehicles 
(EVs) upon reduction in CO2 emission were analysed. Average CO2 emission 
intensity CIEV for EVs is reported to be 462 g-CO2 e/kWh [16]. EV usage CO2 
emission CEEV is expressed by: 
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Figure 2. Calculated driving distance of PV-powered vehicles in the case of electric mi-
leage of 9.35 km/kWh and 10.54 km/kWh, and solar irradiance 4 kWh/m2/day as a func-
tion of PV module nominal power in comparison with practical data for Toyota Prius 
2019 [5], Toyota Prius 2017 [5] [14] and Sono Motor Sion [15]. White colour plots show 
clear day data and black colour plots shows average driving distance. 
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where ECEV is the EV energy consumption and EM is the electric mileage. 
On the other hands, CO2 emission CEPV-production for PV-production is thought 

to be given by: 

[ ]
[ ] [ ] [ ] [ ]( )

PV-production 2

pv PV 2 PV

CE g-CO e km

P W CI g-CO e W DD km day yearsτ=
       (2) 

where Ppv is the module output power, CIPV is the carbon intensity per unit W, 
DD is the driving distance, and τPV is the lifetime for PV modules. In this study, 
1008 g-CO2 e/W was assumed as CIPV according to the reference [17] and 15 
years were assumed as τPV because of PV-powered vehicle applications. The 
PV-EV usage CO2 emission CEPV-V is expressed by: 

[ ] [ ] [ ]PV-EV 2 EV 2 PV-production 2CE g-CO e km CE g-CO e km CE g-CO e km= +  (3) 

As shown in Figure 1, tendency for cumulative frequency CF of passenger 
cars in Japan as a function of daily mileage was approximated by the following 
equation: 

[ ]( ){ } [ ]( ){ }CF 0.9 1 EXP DD km day 20 0.1 1 EXP DD km day 200= ∗ − − ∗ − −

(4) 

As shown in Section 2, driving distance DD was estimated by using the fol-
lowing equation: 

[ ] [ ] [ ]2 2DD km day SI kWh m day PR % 0.01A m EM km kWhη   =       (5) 

where SI is the solar irradiance, PR is the performance ratio of PV system and 
0.739 [13] was used as the PR in this case, η is the solar cell module efficiency, A 
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is the area of solar cell module and 3 m2 was used as A this time, and EM is the 
electric mileage. In the calculation, sharing ratio of EV mode and PV mode for 
PV-EV was estimated by driving distance DD and Equations (1)-(5).  

Figure 3 shows calculated results for CO2 emission of PV-powered electric 
vehicles (PV-EV) installed with solar cell modules with different efficiencies as a 
function of electric mileage in comparison with those of electric vehicles (EV) 
and PV production. As shown in Figure 3, the EV and PV-EV with larger elec-
tric mileage have large benefits for reduction in CO2 emission. It is clear in Fig-
ure 3 that the PV-EV installed with the higher efficiency solar cell modules has 
great potential of reduction in CO2 emission.  

Figure 4 shows calculated results for reduction ratio of CO2 emission of 
PV-powered electric vehicles (PV-EV) installed with solar cell modules with dif-
ferent efficiencies compared to CO2 emission of the EV and PV production as a 
function of electric mileage. As shown in Figure 4, reduction of 55% - 73% CO2 
emission will be realized by using the PV-powered vehicles with electric mileage 
of 10 km/kWh and the higher-efficiency solar cell modules have possibility of 
great contribution to CO2 emission reduction in the PV-powered vehicles. 
 

 

Figure 3. Calculated results for CO2 emission of PV-powered electric vehicles (PV-EV) in 
stalled with solar cell modules with different efficiencies as a function of electric mileage 
in comparison with those of electric vehicles (EV) and PV production. 
 

 

Figure 4. Calculated results for reduction ratio of CO2 emission of PV-powered electric 
vehi cles (PV-EV) installed with solar cell modules with different efficiencies compared to 
CO2 emission of the EV and PV production as a function of electric mileage. 
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4. Analysis for High-Efficiency Impact on Total Cost  
Reduction of Electric Vehicles by PV-Powered Vehicles 

4.1. Saving of EV Charging Cost 

Electricity cost saving for EV charging by usage of PV was analysed in this study. 
EV energy consumption EC is given by: 

[ ] [ ] [ ]EC kWh year DD km year EM km year=             (6) 

Charging electricity cost CC of EV charging is given by: 

[ ] [ ] [ ]CC $ year EC kWh year EP $ kWh=               (7) 

where EP is the household electricity and is $0.207/kWh [18] in Japan in 2020.  
PV-EV cost saving ΔCSPV-EV was calculated by using the following equation: 

[ ] [ ] [ ]PV-EV gridCS $ year E kWh year EP $ kWh∆ = −∆            (8) 

In the similar way with analytical procedure described in Section 3, effective-
ness of high-efficiency solar cell modules for cost saving of EV charging was 
analysed. By using Equation (4) for tendency for cumulative frequency CF of 
passenger cars in Japan as a function of daily mileage shown in Figure 1, charg-
ing possibility of PV-powered vehicles was calculated. Cost saving for charging 
of EV was calculated by considering reduction in charging frequency due to 
usage of PV and using Equation (8). 

Figure 5 shows calculated results for charging electricity cost of EV and PV- 
EV as a function of electric millage by assuming 30 km/day as average daily 
driving distance. The results show effectiveness of high-efficiency solar cell 
modules for charging electricity cost saving of electric vehicles. For example, 
electricity cost saving is $254.1/year for 40% module and $149.1/year for 20% 
module in the case of electric mileage of 4 km/kWh, $167.2/year for 40% module 
and $117.8/year for 20% module in the case of electric mileage of 10 km/kWh as 
shown in Figure 5. 
 

 

Figure 5. Calculated results for charging electricity cost of EV and PV-EV as a function 
of elec tric millage by assuming 30 km/day as average daily driving distance. 
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4.2. Saving of EV Battery Capacity 

In general, the electric vehicles (EV) have high battery capacity from about 40 to 
95 kWh [19] as shown in Figure 6. Figure 6 shows calculated results for changes 
in driving rage of EV [19] as a function of battery capacity and electric mileage 
(EM). Driving range of the EV is well known to be dependent on battery capaci-
ty and EM. Therefore, total cost reduction of the EV is thought to be possible 
because cost reduction of solar cell modules has been progressed recent years.  

Here, estimated driving distance DDest. was calculated by the following equa-
tion: 

[ ] [ ] [ ]est.DD km BC kWh EM km kWh=               (9) 

where BC is the battery capacity. Figure 7 shows correlation between estimated 
driving distance and practical driving distance of various vehicles [19]. Practical 
driving distance DDprac. is correlates with DDest. 

prac. est.DD DD 0.9=                       (10) 

Figure 8 shows Price trend in Li-ion battery pack and price prediction [20]. 
According to the Bloomberg New Energy Finance [20], the price of EV battery 
pack was $1183/kWh in 2010 and average price was $156/kWh in 2019. By 2024  
 

 

Figure 6. Calculated results for changes in driving rage of EV [19] as a function of battery 
ca pacity and electric mileage (EM). 
 

 

Figure 7. Correlation between estimated driving distance and practical driving distance 
of various vehicles [19]. 
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Figure 8. Price trend in Li-ion battery pack and price prediction [20]. 
 
and 2030, the price was predicted to be $94/kWh and $74/kWh [20] as shown in 
Figure 8. Here, price reduction potential of the PV-EV compared to the EV was 
analysed because the PV-EV has potential of reducing battery capacity of PV- 
EV. In the similar way with reduction in CO2 emission by the PV-EV compared 
to the EV, possibility of reducing battery capacity was calculated by using ten-
dency for cumulative frequency CF of passenger cars in Japan as a function of 
daily mileage approximated by Equation (4). 

Figure 9 shows changes in cumulative frequency estimated from Equations 
(4), (9) and (10) for battery capacity of passenger cars as a function of electric 
mileage. If 99.0% of passenger car satisfy battery capacity of PV-EV, saving bat-
tery capacity of 37.5 KWh and 24.5 kWh in the cases of electric mileage of 12 
km/kWh and 8 km/kWh compared to average battery capacity (63.5 kWh) is 
thought to be possible. However, it depends on choice of motor companies and 
passenger car customers. 

Here, effects of saving batter capacity by usage of solar cell modules were ana-
lyzed. In the calculation, possibility of price reduction of battery part of the 
PV-EV due to reducing battery capacity as a result of support by PV as a func-
tion of solar cell module efficiency η in the cases of battery price of $150/kWh, 
$100/kWh and $50/kWh by using (9) and (10). Figure 10 shows calculated re-
sults for price reduction potential of PV-EV as a function of solar cell module ef-
ficiency in the cases of battery price (BP) of $150/kWh, $100/kWh and $50/ 
kWh. It is clear in Figure 10 that the vehicles installed with the higher efficiency 
solar cell modules have potential of the larger battery cost saving. However, sav-
ing of battery capacity depends on choice of motor companies and passenger car 
customers.  

4.3. Analysis for Cost Target of Solar Cell Modules for PV-Powered  
Vehicles 

In this section, target cost TC of solar cell modules can be estimated by consi-
dering compensation of electricity cost saving by usage of solar cell modules by 
using the following equation. This time, only effects of charging electricity price 
saved on cost reduction of vehicles were considered because effects of battery 
capacity saving of the PV-EV are dependent on choice of motor companies and 
passenger car customers. 
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Figure 9. Changes in cumulative frequency estimated from Equations (4), (9) and (10) 
for battery capacity of passenger cars as a function of electric mileage. 

 

 

Figure 10. Calculated results for price reduction potential of PV-EV as a function of solar 
cell module efficiency in the cases of battery price (BP) of $150/kWh, $100/kWh and 
$50/kWh. 
 

[ ] [ ] [ ] [ ]PV-EV EV PVTC $ Wp CS $ year year P Wpτ= ∆ ∗          (11) 

where τEV is the vehicle lifetime. Figure 11 shows estimated target cost of solar 
cell modules as a function of electric mileage and lifetime of vehicles. As the cost 
target of solar cell modules for the PV-EV, $2.5 - 3.3/Wp is estimated in the case 
of electric mileage of 10 km/kWh. 

According to the survey reports [12] [21], passenger car customers prefer 
low-cost solar cell modules for PV-powered vehicles. Cost reduction of high- 
efficiency solar cell modules is also significant for PV-powered vehicle applica-
tions. Figure 12 shows our calculated results [22] for changes in cost of PV 
module and system as a function of production volume of PV modules and PV 
system cost target in comparison with those of cost analytical results by NREL 
[7] [23] and PV price data for Toyota Prius. The PV price estimated [4] [5] are 
about $30/W for Toyota Prius shipped in 2009 and $12/W for New Prius  
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Figure 11. Estimated target cost of solar cell modules as a function of electric mileage and 
life time of vehicles. 
 

 

Figure 12. Calculated results for changes in cost of PV module and system as a function 
of production volume of PV modules and PV system cost target in comparison with those 
of cost analytical results by NREL and costs estimated from PV price data for Toyota 
Prius HEV. 
 
shipped in 2017, respectively. Cost of PV modules Cmodule was estimated as a 
function of production volume VPV by assuming the following equation [22]: 

[ ] [ ]( )1 3
module PVC $ W 14 1 V MW year= ×              (12) 

PV cost CPV was estimated as a function of production volume VPV by consi-
dering PV price and production volume estimated from information [24] for 
Toyota Prius and assuming the following equation: 

[ ] [ ]( )1 3
PV PVC $ W 1.5 14 1 V MW year= × ×             (13) 

The results suggest that there are many possible ways to achieve low-cost 
III-V based solar cell module, such as scaling up production volume to 100 MW/ 
year with a high-speed growth method and Si tandem solar cells by combining 
III-V or perovskite or II-VI or chalcopyrite or kesterite and Si bottom cell in 
addition to static low concentrator PV. As shown in Figure 12, cost targets of 
$30/W for production volume of 1 MW/year, $5/W for 100 MW/year and $2/W 
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for 1000 MW/year are thought to be reasonable by considering PV price for 
Toyota Prius. Estimated target cost ($2.5 - 3.3/Wp) of solar cell modules shown 
in Figure 11 will be realized. We will describe each way in the next section. 

5. Analysis for Potential of PV-Powered Vehicles by Using Si  
Tandem Solar Cells 

As described above, the higher-efficiency solar cell modules have great potential 
for the longer driving distance, reduction in CO2 emission and saving charging 
cost for electric vehicles. However, cost reduction of solar cell modules is also 
very important for attractive PV-powered vehicles. The Si-based tandem cells 
that combine Si with other materials such as III-V compound, II-VI compound, 
perovskite chalcopyrite, and so forth are desirable for realizing super high- 
efficiency and low cost, as shown in Figure 12. The Si tandem solar cells [6] [7] 
[8] [9] have been receiving considerable attention because of its potentials.  

Previously, we have analyzed the efficiency potential of various solar cells by 
using our analytical procedure [25] [26] [27]. In the analysis for efficiency po-
tential of Si tandem solar cells, the similar method and parameters reported in 
our previous papers [25] [26] [27] were used. Figure 13 shows calculated 1-sun 
efficiency of III-V/Si triple-junction including our results and III-V/Si dual- 
junction tandem solar cells and perovskite/Si dual-junction tandem solar cells 
as a function of average external radiative efficiency (ERE) and resitance loss rs 
+ 1/rss. White rectangular and circle plots show InGaP/GaAs/InGaAs triple- 
junction and InGaP/GaAs dual-junction tandem solar cells. Previously, we 
achieved 28.2% efficiency (0.95 cm2 da) [6] [28] [29] in 2016, and Sharp dem-
onstrated 33% [30] (3.604 cm2 ap) in 2017, with mechanically stacked In-
GaP/GaAs/Si 3-junction solar cells. At present, the III-V/Si 3-junction and 
2-junction tandem solar cells have shown higher efficiency with 35.9% [7] (1.002 
cm2 da) and 32.8% [7] (1.003 cm2 da) compared to perovskite/Si 2-junction  
 

 

Figure 13. Calculated 1-sun efficiency of III-V/Si triple-junction including our results 
III-V/Si and dual-junction tandem solar cells and perovskite/Si dual-junction tandem so-
lar cells as a function of average external radiative efficiency (ERE) and resistance loss s + 
1/rss. White rectangular shows InGaP/GaAs/InGaAs triple-junction tandem solar cells. 
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tandem solar cells with efficiencies of 29.15% (1.030 cm2 da) [9] and CdZnTe/Si 
2-junction tandem solar cell with an efficiency of 16.8% (0.126 cm2 mesa area) 
[31]. Such an efficiency difference is thought to be a difference in material qual-
ity. For example, the external radiative efficiency values (ERE) are 1% - 2.2% for 
III-V/Si tandem cells, 0.1% - 0.17% for perovskite/Si tandem cells, 0.0016% for 
CdZnTe/Si tandem cells. Therefore, a material quality is critical for further im-
provements in the performance of Si tandem solar cells. Although efficiency 
(35.9%) [7] of 4-terminal mechanical stacked InGaP/GaAs/Si 3-junction tandem 
solar cells is close to that of InGaP/GaAs/InGaAs 3-junction cells (37.9% for 
1.047 cm2 ap) [32], resistance loss is higher as shown in Figure 13. Resistance 
loss for the perovskite/Si tandem cells and CdZnTe/Si tandem cells are much 
higher compared to the III-V/Si tandem solar cells as s shown in Figure 13. The 
3-junction and 2-junction Si tandem solar cells have an efficiency potential of 
42% and 36%, respectively.  

Figure 14 shows calculated results for driving distance of vehicles powered by 
perovskite/Si 2-junction, III-V/Si 2-junction and III-V/Si 3-juncttion tandem 
solar cells and III-V 3-junction tandem solar cells and module as a function of 
module efficiency and temperature coefficient (TC) in comparison with esti-
mated values of vehicles powered by perovskite/Si 2-junction, III-V/Si 2-junction 
and III-V/Si 3-juncttion tandem solar cells and III-V 3-junction tandem solar 
cells and module and actual driving distance calibrated of the Prius 2019 [5] po-
wered by 3-junction solar cell module and the Sono Motors Sion [15] powered 
by back-contact Si solar cell module. In the calculation, driving distance  
 

 

Figure 14. Calculated results for driving distance of vehicles powered by perovskite/Si 
2-junction, II-V/Si 2-junction and III-V/Si 3-juncttion tandem solar cells and III-V 
3-junction tandem solar cells and module as a function of module efficiency and temper-
ature coefficient (TC) in comparison with estimated values of vehicles powered by pe-
rovskite/Si 2-junction, II-V/Si 2-junction and III-V/Si 3-juncttion tandem solar cells and 
III-V 3-junction tandem solar cells and module and actual driving distance calibrated of 
the Toyota Prius 2019 [5] powered by 3-junction solar cell module and the Sono Motors 
Sion [15] powered by back-contact Si solar cell module. The blue rectangular shows ac-
tual driving distance of the Toyota Prius 2019 and the black triangle shows actual driving 
distance of Sono Mortors Sion. 
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by PV-powered vehicles with electric mileage of 9.35 km/kWh (in the case of 
Toyota demonstration car [5]) and 3 m2 area modules under average solar irra-
diance of 4 kWh/m2/day was estimated. The III-V/Si 3-junction tandem solar 
cell modules with an efficiency of 37.9% and 30.9% have potential driving dis-
tance of 31.8 km/day and 25.6 km/day (that is quite agreement with actual driv-
ing distance of 26 km/day by Toyota demonstration car [5]) under solar irra-
diance of 4 kWh/m2/day. If 29.15% efficiency perovskite/Si 2-junction tandem 
solar cell modules, those have potential driving distance of 24.6 km/day under 
solar irradiance of 4 kWh/m2/day. On the other hand, the Si solar cell modules 
with an efficiency of 20.6% have potential driving distance of 16 km/day (that is 
quite agreement with actual driving distance of 16 km/day by Sono Motor Sion 
[15]) under solar irradiance of 4 kWh/m2/day. The III-V/Si 3-junction solar cell 
modules have potential of driving distance of 30 km/day average and more than 
50 km/day on a clear day. It is demonstrated in Figure 14 that the higher effi-
ciency solar cell modules can provide the longer distance driving. Our analytical 
procedure shows good measure of solar cell module efficiency dependence upon 
driving distance of PV-powered vehicles. 

6. Summary 

The development of PV-powered vehicle applications is desirable and very im-
portant for reducing CO2 emission of vehicles and the creation of a mobility so-
ciety. This paper presented quantitative analysis for the impact of solar cell 
module efficiency upon extension of driving distance, reduction in CO2 emis-
sion, charging cost reduction, and reducing the storage capacity of PV-powered 
electric vehicles. 

This paper has shown that reduction of 55% - 73% CO2 emission will be rea-
lized by using the PV-powered vehicles with electric mileage of 10 km/kWh and 
the higher-efficiency solar cell modules have the possibility of great contribution 
to CO2 emission reduction in the PV-powered vehicles.  

The results also have shown the effectiveness of high-efficiency solar cell 
modules for charging electricity cost saving of electric vehicles. For example, 
electricity cost saving is $254.1/year for 40% module and $149.1/year for 20% 
module in the case of electric mileage of 4 km/kWh, $167.2/year for 40% mod-
ule, and $117.8/year for 20% module in the case of electric mileage of 10 km/ 
kWh. 

In this paper, analytical results for the effectiveness of high-efficiency solar cell 
modules from point-views of driving distance, reduction in CO2 emission, and 
saving EV charging cost were shown. The Si tandem solar cells are expected to 
have significant potential for PV-powered vehicle applications because of high 
efficiency with efficiencies of more than 42% under 1-sun AM1.5 G, lightweight 
and low-cost potential. It is summarized that the III-V/Si 3-junction solar cell 
modules have the potential of driving distance of 30 km/day on average and 
more than 50 km/day on a clear day compared to average 16 km/day driving by 
vehicles powered by 20% efficiency Si solar cell modules.  
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Although this paper has shown that high-efficiency solar cell modules have 
great potential for longer driving distance, reduction in CO2 emission, and 
charging cost saving of electric vehicles, further cost reduction is necessary. 
Challenging development of super high-efficiency solar cell modules, develop-
ment of unique solar cell modules with color variation and 3-dimensional sur-
face in addition to solving some problems of partial shading mechanical stress 
and temperature rise is very important for major contribution by PV-powered 
vehicles in the transport sector. 
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