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ABSTRACT 
 

Improving energy efficiency in the transportation sector could significantly contribute to limit 

the environmental impacts and decelerate the depletion of existing fossil fuels reserves. 

Effective methods for increasing energy efficiency include adoption of eco-driving - 

especially in urban areas, the utilization of more "efficient" vehicles and the shift to green 

public transportation. In any case, for the development of a sustainable and efficient 

transportation strategy in selected cases (e.g. smart cities), the usage of "clean" new 

technology vehicles should be adopted. 

The Laboratory of Soft Energy Applications and Environmental Protection (SEALAB) of the 

Piraeus University of Applied Sciences (former TEI of Piraeus) has recently undertaken, in 

the framework of its innovative activities, the development, construction and operation of the 

first standalone Solar Electric-Vehicle (EV) Charging Station in the country, "CARPORT", 

monitoring all energy data and supporting in this way the country’s effort towards the 

infrastructure development and strengthening in the field of electro-mobility. 

More specifically this innovative effort, described in the present paper, is targeting to 

accelerate the implementation of a European-national electrification action plan through the 

construction of EV charging stations based on PV generators. The proposed Solar EV 

Charging Station is considered to be one of the most environmentally friendly solutions, able 

to support the decarbonization of the European transport sector. 

Keywords: Photovoltaic generators, Green Vehicles, Sustainable Development, Urban Areas. 

1. Introduction 
 

The continuous dependency of the EU on imported fossil fuels (mainly oil and natural gas) 

and the corresponding environmental degradation, despite the remarkable efforts of the last 

thirty years, underline the necessity for additional measures being taken, especially in the 

transportation sector. Actually, the transportation sector absorbs more than 30% of the EU-28 

final energy consumption (figure (1)), while it is responsible for emitting more than 1000Mtn 

of carbon dioxide equivalent annually, i.e. 20% of the entire CO2 production of the EU (figure 

(2)). Moreover, the road transportation sector contributes by more than 70% of the entire 

transportation sector’s carbon dioxide emissions [1]. 

The situation is almost similar in Greece, where the transportation sector is the second major 

final energy consumer (almost 37%), following that of households and services (figure (3)), 

being almost exclusively based on motor gasoline (61%) and diesel oil (37%) [1]. 

Improving energy efficiency in the transportation sector could significantly contribute to limit 

the environmental impacts and decelerate the depletion of existing fossil fuels reserves. 

Effective methods for increasing energy efficiency include adoption of eco-driving - 

especially in urban areas, the utilization of more "efficient" vehicles and the shift to green 

public transportation. In any case, for the development of a sustainable and efficient 

transportation strategy in selected cases (e.g. smart cities), the usage of "clean" new 

technology vehicles should be adopted. 
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The systematic introduction of non-fossil fuelled vehicles and more specifically electric 

vehicles (EVs), may significantly contribute on reducing the corresponding oil consumption 

and on the limitation of air pollutants’ emissions, especially in the urban environment. This 

almost obligatory option has been adopted by most industrial countries including China, 

which is planning a very aggressive strategy in favour of EVs in the next years [2]–[5]. 

 
 

Figure 1: EU final energy consumption 

analysis for 2012 [1]. 

Figure 2: GHG emissions analysis by 

economic activity in EU for 2012 [1]. 

 

According to the available data (figure 

(4)) more than 700,000 EVs are operating 

all over the world, while only during 2014 

more than 300,000 EVs have entered the 

market, figure (5) [6]. More specifically in 

figure (6) one may find the annual EVs’ 

sales volume between 2013 and 2014 

which is significantly increasing [7]. The 

most active countries of the sector include 

USA (with almost 120,000 cars), China 

(50,000 cars) and Japan along with 

several other European countries like 

Norway and Holland. Notable is also the 

contribution of Germany and France 

being however not in accordance with their economic power. 

Figure 4 Number of electric cars worldwide 

by January 1
st
, 2015 [6]. 

Figure 5 Annual registrations of new electric 

vehicles during the period 2008 - 2014 [6]. 

A more detailed inspection of the official data [8] reveals (figure (7)) that the share of EVs in 

the annual new vehicles sales is remarkably high in Norway and Holland, representing more 

than 6% of the new vehicles sales for 2013. More precisely, Norway pays special attention on 

 

Figure 3: Final energy consumption analysis in 

Greece for 2012 [1]. 
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supporting clean EVs, which represent the vast majority of the new environmentally friendly 

vehicles, including plug in hybrid cars. 

 

 

Figure 6: The annual EVs sales for the major 

markets of our planet (2013-2014), [7]. 

Figure 7: The annual market share of EVs in 

the total new vehicles sales for 2013, [8]. 

Considering this brief presentation of worldwide activities in the area of EVs one may note 

that the EU plan is targeting 7.2 million of EVs in the countries members by 2020. This target 

is definitely related with an integrated network of Electric Vehicles Charging Stations 

(EVCSs) all around the Union. More specifically, 13000 new EVCSs have been planned for 

Greece during the next years. 

In order to contribute and support the clean-green transportation activities the present work 

investigates the opportunities and any potential problems related with the development of one 

or more EVCSs. In this context, one may first analyze the environmental performance and 

accordingly the cost related issues of a typical EVCS. Furthermore, special emphasis is given 

in order to support the totally green solution of Solar-based (powered) EVCSs in comparison 

with the ones connected with the electrical grid. For this purpose the main technical 

characteristics and the preliminary performance of an experimental solar-based EVCS created 

by the Soft Energy Applications & Environmental Protection Laboratory of the Piraeus 

University of Applied Sciences are also included in the current work. 

2. Proposed Solution 
 

In order to define the main dimensions of a typical EVCS one should take into account the 

corresponding energy and power demand, the environmental behavior and some preliminary 

cost-benefit estimations. 

2.1 Energy Balance of an EVCS-Preliminary Sizing 

Based on available data, the specific volume fuel consumption "ε" (lt/km) of the 

contemporary private vehicles varies between 6 – 8lt/100km, while one may expect values 

even less than 4lt of fuel per 100km up to 2020. It has to be noted that the vast majority of 

drivers in urban areas and in remote small islands seldom travel more than 50km per day. The 

corresponding final energy consumption "Εf" at the vehicles wheels is given as: 

tff HuE ηε ⋅⋅=  (1) 

where "Huf" is the specific calorific heat of the fuel used (in kWh/lt) and "ηt" is the total 

efficiency of the entire power transfer process to the vehicle wheels (including engine 

efficiency, gear box loss, etc.). Applying equation (1) one may estimate that the final energy 

consumption of a modern private vehicle is approximately 10kWh per 100 km or 0.1kWh/km. 

In any case, this specific energy consumption may be more than double for vehicles of the 

former decade. Expressing the authors’ belief, values approximating 0.1kWh/km (Well to 

Wheel – WtW) should be the target for future EVs. It has to be noted, though, that taking into 

account the corresponding losses and self-consumption of the electrical system (e.g. battery 
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losses, electrical generator efficiency, etc.), this figure has to be increased by at least 50%. 

Furthermore accounting for charging/discharging and other electrical losses it is expected that 

WtW consumption will surpass 0.2kWh/km. Finally if the required energy is provided by a 

PV generator, via an appropriate charger or EVCS’s battery bank the corresponding 

consumption may even exceed 0.3kWh/km, with the most plausible value of 0.25kWh/km. 

In this context, in order for a PV-based EVCS to guarantee daily autonomy of an EV 

(assuming 50 to 100km/day), the corresponding PV generator’s daily production "Ed" should 

be approximately 12.5kWhe, accounting for 50km, value reaching up to 30kWhe for 100km 

daily autonomy. The energy yield of a PV generator depends on the generator’s peak power 

"Pmax", the installation’s capacity factor "CF" and the time period under consideration. Thus 

for a typical day one may write: 

tCFPEd ∆⋅⋅= max  (2) 

Applying equation (2) one may estimate the PV generator’s peak power to vary between 

2kWp and 5kWp, for the greater Athens (Greece) area (i.e. solar irradiance and ambient 

temperature). Thus, applying equation (2) for a typical day in central Greece one ends up with 

15 – 35kWh of electricity, able to support directly or via batteries the complete daily energy 

needs of an EV covering up to 100km per day. 

2.2 Environmental Performance of a PV-

based EVCS 

A solar (RES) based EVCS (figure (8)) 

is, expressing the authors’ belief, the 

only almost entirely environmental 

benign solution, since during its 

operation it does not surcharge the 

environment with any type of air or 

water pollution. At this point one should 

consider the embodied energy in the 

proposed solution (including the PV 

panels, the system batteries and 

electronics as well as the BOS 

components) [9], [10]. On top of these, 

one should not disregard the severe 

problem of batteries replacement 

throughout the operational life of the 

installation and their final disposal. 

However, the proposed Solar EVCS does 

not induce any air pollution which is one 

of the main problems of the existing 

transportation sector. More precisely, a 

typical gasoline/diesel based private 

vehicle emits 150-300gr CO2/km, 1-2gr 

CO/km, 0.1-0.2gr hydrocarbons 

(HC)/km, 0.06-0.15gr NOx/km and 

0.005-0.015 particulate matters 

(PM)/km) [11]. 

On the other hand, utilization of the existing electrical grid to support the EVs fleet is also 

related with remarkable air pollution since the electricity generation sector is dominated by 

fossil fuel fired power stations. One important issue is that the air pollutants do not appear in 

the EVs’ circulation region (i.e. urban areas) but at the power station sites. Generally speaking 

the induced air pollution depends strongly on the current electricity generation fuel mix 

 

Figure 8: A small wind turbine and the 

CARPORT at Piraeus University of Applied 

Sciences. 
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supporting the operation of the EVCSs. Theoretically, for countries that their electricity 

generation is based on renewable energy sources the corresponding air pollution is also 

minimal. However, this is not the case for Greece and for most EU countries members. For 

example, in mainland Greece more than 40% of the electricity consumption is based on the 

local lignite [12], while for the numerous islands of the country the electricity production is 

almost exclusively produced (almost 90%) by imported diesel and heavy oil [13]. In this 

context, utilizing some indicative air pollution data [14], [15] and by assuming electricity 

consumption of approximately 0.2kWh/km, one may result in values similar to (see for 

example) Table I. 

Table I: Comparison of the main air pollutants emissions for various private vehicle options 

in Greece 

Air Pollutant 

(gr/km) 

ICEV Mainland 

Grid 

Islands Grid Solar EVCSs(*) 

CO2 150-300 80-150 120-160 5-10 

NOx 0.06-0.15 0.15-0.25 0.04-0.10 0.00001 

HC 0.1-0.2 0 0.05-0.08 0.00002 

SO2 0 0.2-0.35 n/a 0 

PM 0.005-0.015 0.001-0.003 0.005-0.01 0 

CO 1-2 0 0.1-0.2 0 

 (*) Mainly due to the system construction 

Comparing the available data one may 

state that in terms of atmospheric 

pollution the EVs supported by the 

existing electrical grids do not provide 

the environmental benefits expected, 

especially for the islands’ case. 

Furthermore, any environmental 

advantage of the EVs is strongly 

questioned as far as the coal based 

power stations constitute the majority 

of the existing fuel mix. This is much 

more obvious if one takes into account 

the continuous environmental 

performance improvement of the 

corresponding internal combustion 

engines used in the road transportation 

vehicles. 

On the other hand, the utilization of 

solar energy (or any other RES as for 

example wind energy) for supporting 

the EVs (figure (8)) is the only 

environmental friendly solution, 

which may be integrated at large scale 

in both urban and rural areas, 

minimizing the environmental impacts 

of the road transportation sector. As it 

is obvious, for the commercial 

 

Figure 9: The proposed Solar Electrical Vehicle 

Charging Station (CARPORT) at the SEALAB of 

the Piraeus University of Applied Sciences, the 

charging point. 
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application of the proposed solution a well-organized and reliable network of electrical 

vehicle charging stations is a prerequisite. In this context, the encouragement of solar 

powered EVCSs is at this moment considered to be the optimum choice towards the 

decarbonization of the transport sector. 

 

3. Description of a Solar Based EV Charging Installation 
 

Hitherto, and accounting for available data [16] in Europe there are more than 15000 non-

residential slow EVCSs and nearly 1000 fast ones (see also Table II). Unfortunately, one 

cannot get reliable data about residential charging infrastructures. However, the existence on 

purely PV-based EVCSs is minimal. 

The Laboratory of Soft Energy Applications and Environmental Protection (SEALAB) of 

Piraeus University of Applied Sciences (former TEI of Piraeus) has recently undertaken, in 

the framework of its innovative activities, the development, construction (figures (9), (10)) 

and operation of the first standalone Solar Electric-Vehicle Charging Station in the country, 

"CARPORT", monitoring all energy data and supporting in this way the country’s effort 

towards the infrastructure development and strengthening in the field of electro-mobility. 

Table II: Non-residential charging points installed (approximately) in Europe, end of 2013 [16] 

Country Slow EVCSs Fast EVCSs 

UK 3000 150 

France 1700 100 

Germany 2800 50 

Netherlands 6000 120 

Portugal 1000 70 

Spain 800 20 

Sweden 1000 20 

Denmark 3800 120 

Norway 1300 90 

 

Essentially, the new CARPORT is a self-funded, stand-alone & grid connected solar-based 

EV charging station (figure (10)), developed by the personnel of the SEALAB with the 

contribution of Greek and foreign industrial partners. It is based on a 3kWp photovoltaic 

generator (12x250Wp PV panels), equipped with a lead-acid battery storage bank with 

nominal capacity of nearly 18kWh (DODmax=50%) and a charger of 5kW nominal power, 

providing full (slow) charging in 6 to 8 hours. 

3.1 Main Installation Cost Parameters of a Solar-Powered EVCS 

One of the main drawbacks of similar integrated solar-based EVCSs is the remarkable first 

installation cost. More precisely, the initial cost of a single CARPORT able to support one EV 

on annual basis (100km/day) along with a motorbike ranges between 12000 and 20000 euro. 

The exact value depends on the peak power of the PV generator, the energy storage capacity 

and on the operational characteristics of the other major components of the charging station. 

Obviously, in case of mass production of similar installations the expected initial cost should 

be less than 10000 Euros and may even approach 8000 Euros, under favorable conditions. 

Recently, net-metering technique has been introduced in Greece. Under this circumstance, the 

solar-based EVCS does not need a large energy storage capacity since energy can be stored in 

the central electrical grid. In case that the net-metering solution is adopted the initial cost (no 

batteries are needed) may be further reduced to values ranging between 6000 and 8000 Euros, 

while one is not obliged to replace the system batteries every predefined time period. 

Moreover, in the commercial case of including multiple charging points for more EVs 

charging the estimated first installation cost (per charging point) may be less than 5000 Euros. 
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In the case of the CARPORT developed by the SEALAB the total turnkey cost may even 

exceed the 25000 Euros, mainly due to the experimental-individual character of the installation 

and the numerous used measuring equipments. Actually, the total amount spent is less than 

4000 Euros (driven primarily by foundation work and auxiliary equipment), not accounting 

however the manpower cost of the Laboratory personnel. This is due to the fact than all the 

major components of the CARPORT have been provided (free of charge) by the components’ 

manufacturers in view of the research and demonstrating character of the installation. 

 

Figure 10: The proposed Solar Electrical Vehicle Charging Station (CARPORT) at the 

SEALAB of Piraeus University of Applied Sciences, general view. 

What is interesting to mention is that in the majority of European countries new EVCS 

installations are experiencing heavy subsidization [17]–[19], which in France approaches 50% 

of the corresponding first installation cost. Additionally, in many European countries the 

development of EVCSs is undertaken by the State (e.g. UK, Spain, etc.), such as in the case of 

Italy where the State, in the support of ENEL, Italy’s largest power company, has under the 

project E-Mobility, installed and monitors 400 EV charging points in Milan, Pisa and Rome. 

Applying equation (2) for the 3kWp CARPORT the expected annual energy yield may 

slightly exceed 5000kWhe/year, thus the corresponding annual income varies between 750 

and 1000 Euros per year. Using a simplifying cost-benefit analysis the expected pay-back 

period of a commercial PV-based installation is between 10 and 15 years, including regular 

battery replacement and by excluding any initial cost subsidization. This pay-back period may 

be drastically reduced in case that the electricity price is increased (especially in accordance 

with the operational cost of the island local autonomous thermal power stations [13], 

exceeding in several cases the 0.3€/kWhe) or the initial installation cost is minimized 

including direct subsidization, [17]–[19]. 

4. Conclusions and Proposals 
 

Bearing in mind the firm decision of EU for sustainable development and energy autonomy, 

the support for further development of RES-based applications is a strategic decision towards 

2030. Since the transportation sector is by far the one with the minimum RES participation, 
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the significant encouragement of clean EVs is the most promising solution for the private 

road transportation. 

However, for the effective support of the EVs, promotion and expansion of an integrated and 

reliable charging network is necessary. For this purpose, we propose the adoption of solar-

based, instead of simple grid connected, EVCSs, in order to maximize the environmental 

benefits and to minimize fuel imports. Undeniably, the initial cost required is acting as a serious 

obstacle at present. However, the gradual cost reduction of the EVCSs’ components and the 

economies of scale fashioned by massively installing EVCSs, are expected to reduce the initial 

installation capital by as much as 50% in the near future. If considering the excellent solar 

potential of the Mediterranean region and the volatility of the international oil and gas prices the 

proposed solar-based configuration is, expressing the authors’ belief, the optimum solution. 

More specifically this innovative effort described in the present paper is targeting to 

accelerate the implementation of a European-national electrification action plan for the 

construction of EV charging stations based on PV generators. The proposed Solar EV 

Charging Station is one of the most environmentally friendly solutions, able to support an EV 

fleet market all over Europe. 
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