
 
 
 

 

Master Level Thesis 

European Solar Engineering School 

No. 258, May 2019 

 

 

Solar Tent: 
A Photovoltaic Generator Model 

for a Flexible Fabric  
with Inbuilt Cells 

 

 

Master thesis 30 credits, 2019 
Solar Energy Engineering 

Author:  
Ali Manhal  
Tammam M. Ali 

Supervisors: 
Désirée Kroner 

Examiner: 
Ewa Wäckelgård 

Course Code: EG4001 

Examination date:  2019-05-27 

 

 

K 

 

  

Dalarna University 
 

Solar Energy 
Engineering 



i 

 



ii 

Abstract 

Natural disasters and conflicts in many different parts of the world force thousands of 
people to get displaced from their homes and live in refugee camps temporarily or 
permanently. For refugee families, lack of energy access has great impact on their lives. 
Tarpon Solar company has developed a solar tent which is a combination of laminated cloth 
and flexible solar cells. In addition to producing renewable electricity, it can create a 
comfortable outdoor shelter from sun, rain and wind.  
 
The aims of this study were to define and size the solar system of the tent in both AC and 
DC systems and optimize the tent to work in different locations around the world. Beside 
designing a monitoring system for the solar tent to evaluate the performance. In addition, 
defining the social aspect and the consumer behavior for a better solar tent future design. 
As a case study, Tarpon AC solar tent in Glava, Sweden has been installed to cover the basic 
needs of the tent users. To understand the solar tent performance in different weather zones, 
4 different locations were suggested. A monitor system was designed to monitor the tent 
solar system performance. The simulation software PVsyst was used to size the PV system 
in the different locations with different solar data. 
 
The PVsyst simulation results showed that the current Tarpon solar tent with 32 
photovoltaic modules is extremely oversized to cover the basic needs loads (Lighting, mobile 
charging and ventilation) in the emergency cases. 
 
The current Tarpon solar tent has a standard number of photovoltaic modules integrated in 
the tent fabric while the photovoltaic modules number should vary from one location to 
another according to the weather data and solar irradiation. In this case the current Tarpon 
solar system used in Glava, Sweden can be optimized by decreasing the number of 
photovoltaic modules to only 6 photovoltaic modules instead of 32 modules. 
 
The study also shows that the features of the off-grid system components (battery and 
charge controller) are different from one location to another according to the criteria of 
selection. 
 
This study concludes that for the temporary short-term emergency use of the tent where 
only basic needs loads are needed, DC system is better than AC system in terms of energy 
efficiency, system size and cost in the different proposed locations. While AC system is 
better when using the tent for prolonged time in terms of user flexibility and ability to extend 
the system. Understanding the consumer behavior and the goal of the tent whether to be 
used for an emergency short term shelter or a permanent shelter for a prolonged time are 
important factors for a better solar tent design.  
 
 



iii 

Acknowledgment  

We would like to express our special thanks of gratitude to those who supported us during 
our study at Dalarna University. 
We would like to sincerely thank our supervisor Desiree Kroner. 
Thank you! 



iv 

Contents 

1 Introduction ................................................................................................................................... 1 
 Aims ......................................................................................................................................... 1 
 Method .................................................................................................................................... 2 
 Previous work ......................................................................................................................... 3 

2 Detailed study method .................................................................................................................. 5 
 Selection of Simulation inputs and system description .................................................... 5 
2.1.1. Solar tent location selection ......................................................................................... 6 
2.1.2. Weather data for the different locations .................................................................... 6 
2.1.3. Load analysis for stand-alone solar tent ..................................................................... 8 
2.1.4. Solar AC tent system description .............................................................................. 12 
2.1.5. Solar DC tent system description ............................................................................. 13 
2.1.6. The PV arrays .............................................................................................................. 14 
2.1.7. The PV off grid (ESS) ................................................................................................ 15 
 Component selection of solar system ............................................................................... 16 
2.2.1. Battery bank ................................................................................................................. 16 
2.2.2. Solar charge controller ................................................................................................ 17 
2.2.3. Off grid solar inverter ................................................................................................. 19 
 Component selection of monitoring System ................................................................... 19 
2.3.1. The criteria of selection of the monitoring system components ......................... 21 
2.3.2. Uncertainties in monitoring measurements ............................................................ 21 

3 Results ........................................................................................................................................... 22 
 AC solar tent system............................................................................................................ 23 
3.1.1. Scenario of solar AC system in Turkey .................................................................... 24 
 DC solar tent system ........................................................................................................... 26 
3.2.1. Scenario of solar DC system in Turkey ................................................................... 26 
3.2.2. Scenario of solar DC system in Indonesia .............................................................. 28 
 Performance ratio ................................................................................................................ 29 
 Uncertainties in simulation ................................................................................................. 29 
 Component selection .......................................................................................................... 30 
 Monitoring system components ........................................................................................ 31 

4 Consumer Behavior and social aspects .................................................................................... 37 

5 Discussion .................................................................................................................................... 40 

6 Conclusion .................................................................................................................................... 43 

7 Future work .................................................................................................................................. 44 

Appendix A PVsyst simulation results .................................................................................. 47 

Appendix B PVsyst simulation results .................................................................................. 51 

Appendix C Data logger specifications ................................................................................ 53 

Appendix D Current sensor data sheet ................................................................................. 55 

Appendix E Energy meter ...................................................................................................... 56 

Appendix F Solar irradiance sensor ...................................................................................... 57 

Appendix G Suggested lead acid batteries ............................................................................ 58 

Appendix H Suggested Lithium ion batteries ...................................................................... 63 

Appendix I Suggested solar charge controller ........................................................................ 66 



v 

Abbreviations 

Abbreviation Description 

AC Alternating current 

CIGS Copper indium gallium selenide  

DC Direct current 

DOD Depth of discharge 

ESS Energy storage system 

IP Ingress protection 

LED Light emitting diode 

MPPT Maximum power point tracking 

N/A Not applicable 

NiCd Nickel-cadmium battery  

NiFe Nickel-iron battery  

NiMH Nickel metal hydride battery  

PR Performance ratio  

PV Photovoltaic 

PVsyst Photovoltaic system simulation software 

PWM Pulse width modulation 

SOC State of charge 

STC Standard test conditions  

USD United states dollar 

  
 

  



vi 

Nomenclature 

Symbol Description Unit 

DOD Depth of discharge % 

SOC State of charge % 

PR Performance ratio  % 

SF Solar fraction % 

   

   

 
 
 
  



1 

1 Introduction  
Many people faced wars and natural disasters during the last century. Earthquakes, volcanos, 
and floods can happen at any time and anywhere. The world now witnessing the highest 
levels of displacement on record. An unprecedented 68.5 million people around the world 
have been forced from home. Among them are nearly 25.4 million refugees. Where nearly 
one person is forcibly displaced every two seconds as a result of conflict or persecution [1]. 
The national power grid destruction is the most common disaster in these situations, in 
addition, the electricity is commonly the first critically important service, wherever power 
cuts led to affect life level in schools, houses and hospitals, and other most important vital 
services [2]. The number of refugees, internally displaced persons, homeless, and those in a 
desperate need for shelter has significantly risen in the last decades, propelled by the wars, 
violent action, natural disasters, and economic crises. People affected by these crises find it 
difficult to provide their families with basic needs. However, finding a safe shelter comes 
first in priority among these needs [7]. International relief organizations for natural disasters 
and other governmental organizations usually offering shelters, food, and medical services, 
tents are often provided as a shelter in emergency cases [3]. 
 
Unfortunately, reconstructing the infrastructure of the national power grid such as 
transmission lines and distribution stations consumes a lot of time and sources to provide 
power after a disaster, the use of photovoltaic (PV) power instead of traditional diesel 
generators to provide the electricity is safer, noise-free and environmental impacts are better 
than burning fuel to generate the electricity [4]. Nowadays, lack of energy access for refugees 
and natural disaster surviving families has an even greater impact on their lives than before. 
There are currently 8.7 million refugees and displaced people living in camps and only 11 % 
have access to reliable energy sources and lighting and the cost of energy is high. The average 
displaced household will spend at least $200 per year on fuel, which amounts to $2.1 billion 
each year worldwide, which creates a world need for a modern type of tents that can provide 
users with protection and basic needs [5]. 
 
A stand-alone (PV) powered tent is one of the new concepts have been developed by using 
flexible PV cells, which have been integrated into the textile of tent's roof leading to a light-
weight and easily applicable product [6]. 
A modern solar-powered tent with integrated flexible solar panels on the roof needs to be 
comfortable and usable in different locations and still can cover the basic electrical load, 
lighting, charging mobile phones and some other basic uses, easy to transport, packed and 
set up anywhere in the world in shortest possible time to provide temporary shelter powered 
by electric energy. 
 
Tarpon Solar Company has developed a solar tent which is a combination of laminated 
cloth, used in the sailing industry, and flexible solar cells. In addition to producing renewable 
electricity, it can create a comfortable outdoor shelter from sun, rain and wind. 
 

 Aims 

The objective is to define and size the solar system of the tent in both alternating current 
(AC) and direct current (DC) systems including the size of the charge controller, off-grid 
inverter and the battery storage and optimize the tent to work in different locations around 
the world. In addition, finding the most energy efficient loads for both AC and DC 
systems. Beside designing a monitoring system for the solar tent with focus on durability 
and maintenance free. Defining the social aspect and how understanding the consumer 
behavior and goal of the tent whether to be used for an emergency short term shelter or a 
permanent shelter for a prolonged time can play an important role for a better solar tent 
design.  
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 Method 

The following methodology steps will be performed to obtain the final reliable design of 
the solar tent: 
 

 A comprehensive literature study on using solar energy in refugee camps. This will 
give an overview of the world need for a more optimized solar tent and select the 
locations in different weather zones to understand the solar tent performance 
under differ weather conditions. 

 Analyze where in the world is the highest probability for natural disasters and war 
conflicts and the weather data of the different proposed locations to study the tent 
performance in different weather zones. 

 Analyze the basic needs of the tent inhabitants in the chosen locations to optimize 
the solar system of the tent. 

 Studying the already existed AC solar tent installed in Glava to optimize the size 
and performance of the system.  

  Selecting the most efficient basic loads for the different tent purposes in AC and 
DC systems to decrease the total electricity consumption which leads to reduce the 
system size and cost. 

 Selecting the off-grid system components in both AC and DC systems. 

 Designing a monitor system to monitor the tent solar system performance on the 
spot by taking the following sequenced tasks: 
1. Defining the system maximum current and voltage. 
2. Selecting the right sensors. 
3. Selecting a suitable datalogger. 

 The simulation software PVsyst is used to size the PV system in the different 

locations with different solar data.  

 Defining the solar tent consumer behavior and social aspects 

 

The discussion and conclusion sections will be based on the results acquired by 
performing the methodology steps. 
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 Previous work 

There is a lot of literature concerning the PV-powered refugee camps and portable PV 
applications. Generally, these studies focus on fixed ground mounted PV panels to feed the 
camps. Conversely, there is very little literature concerning integrated PV panels in the tent. 
Some studies concerning existing PV projects in refugee camps have evaluated the load and 
system performance are reviewed in this section. 
 
Estimating the electricity demand of refugee camps to meet the power requirement of the 
end-user in camps in a safe and sustainable manner, basically, the critical load of the Zaatari 
refugee camp in Jordan divided into two main loads, the electrical load to cover the daily 
load of lighting and charging mobiles inside the tents, and another load is to cover electricity 
demands for camp services such as street lighting, clinics, and schools as shown in 
Figure 1.3.1 [8]. Generally, the electrical load distribution is during the evening for the tents, 
from the sunset until 10 pm, the lumens produced per watt for lighting depend on the choice 
of the bulb technology, usually, people charging their mobile at night time, and each mobile 
has a different power capacity to charge it, and the cumulative load profile for four hours 
during the night is around 60 W for each tent [8]. 
 
 

 
Figure 1.3.1 Basic tent electric load [2]. 

 
Mobile stand-alone PV systems for refugee camps could use to produce the electrical energy 
for the camp activities in emergency situations, there are easily mounted and disassembled 
to transport it anywhere at any time, any one of these systems usually consists of similar 
components of any PV stand-alone system, but for disaster situations, these systems should 
be more flexible, lighter and high level of durability for harsh transportation and mounting 
[9]. 
 
The concept of a mobile stand-alone PV system on trailers to provide the power to a disaster 
area used first time in 1988 in southeast united states in Florida, then used frequently in such 
of these disastrous situations, The Northridge Earthquake in Los Angeles 1994 and 
Hurricane Katrina in 2005 [9].  
 
Incorporating the flexible PV cells in the top of refugee roof made this light-weight structure 
a future technology to produce renewable electricity to cover the power needs in disaster 
situations. The first trial for this technology found out in 1998, many aspects still need to 
focus on to develop it such orientation, cells arrangement, and shading [10]. Integration of 
thin-film solar cells into the textile of the tent's roof increases the sustainability of this tent. 
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Kansas National Guard Soldiers installed 72 flexible PV panels on the 40×60 roof of solar 
tent system to produce two kilowatts of power daily, during one year this system was well 
performing due to the harsh climate, such as high-speed winds, high levels of temperatures 
and the loss due to a dusty environment. The annual fuel saving during the same year was 
approximately 3000 gallons of fuel and increased safety due to replacing traditional diesel 
engine by solar PV modules [11]. 
 
A Study conducted in University of Twente to develop an inflatable solar-powered tent by 
installing flexible solar modules (544 W), and battery storage (300 Ah). The power 
production from modules was enough to cover the basic load of the tent, such as lighting, 
and charge mobiles [12]. The main aim of this study was the energy balance for emergency 
situations in several locations with various irradiance and climate, furthermore, the study has 
been extended to cover many energy demand scenarios according to the location and its 
requirements. Basically, they divided the energy load into 4 scenarios, the first scenario was 
to provide the energy for the basic needs, lighting bulb, charge mobile and laptop. The 
second scenario was to extend the load to provide the electricity for more facilities, radio, 
second laptop and tablet. The third scenario was to add a cooling or ventilation fan on 
previous loads. The fourth scenario was to use the tent as a mobile clinic by adding a 
refrigerator, chargeable defibrillators. This scenario was not logic due to the high energy 
demand and the limited roof area to install PV modules.  
 
The study concluded that powered solar tents are highly feasible to cover enough power 
for basic needs in an emergency due to natural disasters or wars [12]. 
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2 Detailed study method 
This chapter describes the study methodology of detailed selecting of the simulation inputs, 
off-grid solar system components and monitoring system. 
A primary calculation to estimate a rough PV system size by using the three steps procedure 
to estimate the initial size of the PV array and battery bank of the DC and AC Tarpon solar 
tent in Sweden case, while, the PVsyst simulation tool will be used to assure more accurate 
results for the proposed locations. PVsyst software is used to study, analyze and size the 
complete PV system in the different 4 location since it has the capability to simulate both 
AC and DC systems. PVsyst analyzes the solar energy resource data from provided weather 
databases for each specific location, system configuration, and the losses of the PV array 
and the system components to estimate the electricity production. 
 

 Selection of simulation inputs and system description  

The main goal of the solar tent is to provide a temporary shelter for refugees and survivors 
from the natural disasters. The idea of a solar-powered tent comes to provide the tent 
inhabitants with the basic energy needs to make life inside the tent more comfortable. 
 
The PVsyst has been chosen as a simulation software tool in this study, it provides the sizing 
and data analysis for any PV plant, how much energy could transfer from solar on any 
specific location, and it can simulate grid connected, off-grid, and pumping PV systems in 
both cases of the AC and the DC PV systems. PVsyst supplied by a huge database for PV 
systems components, and it can redefine a new component to meet the user need [22]. One 
of the limitations in the PV stand-alone systems simulation is there is no off-grid inverter, 
in their explanation (software developers), the off-grid inverter does not play an essential 
role in stand-alone systems, due to it has fixed input voltage from the battery with an 
unlimited current from the user load side, the current is according to the instantaneous user's 
needs. In the case of resolving this limitation and finding the right component size, they 
suggested adding a percentage of an inverter loss and wiring loss on the required power 
demand to overcome this problem. 
 
The boundary conditions in this study are the assumed tilt angle of the tent roof 25°, the 
lowest temperature -10 °C, the maximum operating temperature 60 °C and the assumed 
number of autonomy days is 3 days for the four proposed locations.  
 
The flexible PV modules were not in the software database, thus, they entered manually 
depends on the manufacturer datasheet. The simulation results of the PVsyst in this study 
are the PV system electricity production, losses and battery performance while the main 
inputs for the PVsyst software are the weather data of the proposed location and the load 
profile of the consumer. 
 
The accuracy in PVsyst simulation software results mainly depends on the input weather 
data and simulation parameters, and the forecast stations or the satellites are not covering 
whole the Earth, moreover, the weather data are historical climatic records which it means 
it is difficult to predict the weather data for coming years. In this simulation used the average 
of many weather databases to get more accurate weather input for the simulation. Based on 
PVsyst manual, with the given input of the weather data, the simulation results have 
inaccuracies less than ±1 % to ±2 %, and this inaccuracy comes mainly from the PV 
module's performance, the PV performance in simulation is based mainly on the data 
provided from the product’s manufacturer at the standard test conditions (STC) and the 
temperature coefficients. 
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2.1.1. Solar tent location selection 

The solar tent potential users are mainly refugees in conflict areas and survivors of 
environmental disasters. However, it can be useful to many other outdoor activities and 
services like the firefighting. Weather data is the most important site condition since the 
same solar tent has a different performance from one weather zone to another. High quality 
weather data is critical for site selection and system design as well as for estimating, validating 
and forecasting the solar tent performance. In this research four different locations in four 
different weather zones and with different solar data have been selected to study the solar 
tent performance in different circumstances. 
 
The main criteria of selection for the 4 different locations is the weather zone to show the 
impacts of different weather conditions on the solar tent size and performance. The 
locations will be selected from different weather conditions, tropical as in Asia, 
Mediterranean as in Turkey, cold as in north Europe and arid desert weather as in Africa. 
With focus to choose the different locations where the greatest number of refugees are 
located or where environmental disasters are more often expected according to the goal 
from the tent, these locations are: 
 
1. Middle East (Turkey, Gaziantep): The general weather in the Middle East is hot and 
dry in Summer and cooler in winter. The Middle East region has always been a home of 
unrest and demographic changes with multiple and complex emergency situations which are 
currently on an unprecedented scale. Since 2011 more than 3.5 million people displaced by 
the Syrian war acts and sought refuge in Turkey. Their numbers, through births and new 
arrivals, are increasing by approximately 1000 people per day [13].  
 
2. South East Asia (Indonesia, Batan city): The general weather in South east Asia region 
Indonesia is a tropical climate with high temperatures and humidity year-round, a wet season 
and a dry season with little seasonal variation. The region witnessed many natural 
catastrophes that caused major waves of people displacement. Tsunami, earthquakes and 
volcanic eruptions are obvious potential risks that occur more often, beside the increasing 
acts of war and violence in the whole region. Two direct threats of a humanitarian crisis that 
may leave tens of thousands of people homeless. 
 
3. Africa (Kenya, Dadaab): The weather in East Africa is hot and humid all year round 
and has a dry and wet season. Civil wars and draught in the region lead to a huge number of 
immigrants and refugees. Sudan's civil war displaced millions of civilians. People fled over 
the border to the relative safety of UN refugee camps in Dadaab and Alinjurgur in 
neighboring Kenya which are now home to some 474000 people [14].  
 
4. Sweden: In the summer of 2018, many wildfires occurred throughout much of Sweden 
and many people were evacuated from their homes. With firefighting teams are battling to 
extinguish the fire, the solar tent can afford a temporary shelter for evacuated people and 
for the firefighting teams as well. 
 

2.1.2. Weather data for the different locations 

The PV system is simulated by using PVsyst software. Since there is no available nearby 
weather station in some of the potential locations to measure the received irradiation, the 
daily solar global horizontal irradiation data were taken from different databases and 
averaged as shown in Figure 2.1.1 and Figure 2.1.2 for obtaining the average behavior of a 
complete PV system. The used databases are:  
1. Meteonorm dataset through PVsyst software, a global meteorological climate database 
combined with a weather generator and widely used as meteorological input for simulation 
of solar applications. All weather stations of the main European countries are referenced in 
the PVsyst database. Data for any other site may be obtained by interpolation between the 
nearest stations. 
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Meteonorm functions: 
 

 Provides calculation of long term and current monthly mean values as well as hourly 
values of typical year. 

 Calculation of radiation for inclined surfaces. 
 Generates data for simulation of solar equipment. 
 The database stores measured data (climatological data) of more than 8000 weather 

stations. 
 Use of satellite data for areas with low density of weather stations. 

2. PVGIS-TMY, a global meteorological climate database provides typical meteorological 
years for geographical location around the world with data from CM-SAF, SARAH and 
NSRDB. Available at geographical site creation. 
 
3. NASA-SSE dataset through PVsyst software. (Surface Meteorological and Solar Energy 
Program) hold satellite monthly data for a grid of 1°× 1° (111 km) covering the whole world. 
From the PVsyst manual, the accuracy of satellite measurements has been evaluated using 
numerous ground-based measurements. Although the reliability of these ground 
measurements themselves is not always well assessed, the NASA estimates that the error on 
monthly values is around 13 % to 16 %. 
 
Figure 2.1.1 shows the monthly global horizontal irradiation taken from three different 
sources for the potential location in Turkey and the average irradiation of the three values. 
  

  
Figure 2.1.1 Global horizontal radiation from different weather stations (Meteonorm, PVGIS-TMY, 

and NASA-SSE) and their average in Gaziantep, Turkey. 

It is clear from Figure 2.1.2, the annual amount of the global horizontal irradiation in the 
locations near to the equator (Kenya and Indonesia) is much higher than (Turkey and 
Sweden), and the global horizontal irradiation in locations near to the equator is distributing 
almost flatly during the year. While in locations far away from the equator the global 
horizontal irradiation is distributed as Gaussian curve during the year. 
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Figure 2.1.2 The average global horizontal radiation in Kenya, Turkey, Indonesia, and Sweden radiation 

from different weather stations (Meteonorm, PVGIS-TMY, and NASA-SSE). 

 

2.1.3. Load analysis for stand-alone solar tent 

Load estimation is the first step in planning and installing a stand-alone PV system, it 
considers as the main key factor to start the design and levelized the cost of the stand-alone 
PV system [4]. The prediction or assessment of electricity consumption is a complex step in 
designing, whereas consumer behavior has a significant effect on power consumption. The 
designer should be realistic and consider consumer behavior to add around 10 % to 50 % 
more electricity consumption in case the consumer not following the designer assumption 
[4], [5]. 
This solar tent will implement and used in different locations worldwide, users of the tent 
will be from different cultural and electrical consumption behavior, this makes it more 
complex to predict the electricity consumption and to acquire accurate energy load before 
implementation. 
 
Generally, in stand-alone PV mini grids, it is more preferable to use DC appliances to avoid 
the energy loss due to conversion process from DC to AC and the loss due to inverters 
clipping which occurs when the power output of PV modules are higher than nameplate 
rating for the inverter, in this case, the inverter will clip the extra power to match with its 
nameplate rating. Whereas the capability of handling the output power and efficiency of the 
inverter increases at higher DC voltage system, 48 V systems have higher efficiency than the 
12 V systems in terms of converting DC to AC [4]. Using more power electronics in any 
system will decrease the overall efficiency of the system and increases the loss, even though 
DC appliances could be more costly, but it is more energy efficient and last longer, for 
example, DC fans are consuming significantly 70 % less power than AC fans and producing 
the same levels of output [4]. Mobile chargers, LED lights, laptops, and many other 
appliances working on DC, these appliances connect directly to the battery without an 
inverter to convert DC to AC, thus, the appliances operating with higher energy efficiency 
[6]. It is also worth to mention that one of the advantages of using DC system over the AC 
system is the difficult access of users to the system components which gives a higher safety 
for users and a longer system life. 
 
The lighting load assumption depends on the night hours for the specific location to estimate 
the required light hours for the tent inhabitances, lighting level is considered depending on 
a standard living room lightning (4000 lumens), likewise the average temperature in a specific 
location during the year is an index to roughly estimate the fan operating hours during the 
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whole day. In this study the tent electrical loads consist primarily of (bulbs, USB mobile 
charger, fans) as shown in Table 2.1.1. 
 

Table 2.1.1 Basic appliances in solar tent 

Appliances Number Power (W) 

LED bulb 4 12 

Fan (AC) 1 50 

Fan (DC) 1 25 

USB charger 2 5 

 
 
Figure 2.1.3 to Figure 2.1.7 illustrates how the load and the energy is distributed during the 
day hours for different scenarios in different locations, and the comparison between using 
AC or DC systems. Based on the regular human behavior can be assumed that more energy 
is needed at evening time and when the tent inhabitants are inside the tent. For instance, 
Indonesia's and Kenya’s climate is classified as tropical climate and the average annual 
temperature in both are 25 °C to 28 °C respectively, which requires to run the fans inside 
the tent during the whole year, whereas the daily load assumed is constant during weekdays 
and weekends during whole of the year. 
 
 

 Load analysis in Gaziantep, Turkey: 
 
Turkey’s climate in summer means hot sunny weather all around where the PVsyst weather 
data show that temperatures reach 30 °C and above in July. Spring and summer are pleasantly 
warm, and winters average around 10 °C and may reach to 0 °C which implies that users of 
the tent will spend more time inside. The load profile is highly dependent on the weather 
and the human behavior. In winter there is no need to use the fan, however, the daylight 
hours are less which means using more energy for lighting the tent. The electricity 
consumption in winter in both cases, AC and DC is almost the same since the bulbs and 
mobile chargers have the same power in the two cases and the fan is not running. While in 
summer the daylight hours are more, and people spend most of time outside which means 
less energy needed for lighting the tent but more energy for running the fans so the electricity 
consumption in summer is higher. 
Figure 2.1.3 and Figure 2.1.4 show the detailed load and energy distribution for both AC 
and DC systems and the difference between using the two systems in Gaziantep. 
 

 
Figure 2.1.3 Estimated daily AC tent load profile in Gaziantep, Turkey. 
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Figure 2.1.4 Estimated daily DC tent load profile in Gaziantep, Turkey 

 
 

 Load analysis in Batan, Indonesia: 
 
Indonesia has a tropical climate with high temperatures and humidity year-round, a wet 
season and a dry season with little seasonal variation, the PVsyst weather data show that the 
average annual temperature is about 25 °C which implies that users of the tent will spend 
more time inside to protect themselves from the long rainfall periods and keep the fans 
running all year long. The load profile is highly dependent on the weather and the human 
behavior.  
Figure 2.1.5 shows the detailed load and energy distribution for both AC and DC systems 
and the difference between using the two systems in Batan city. 
 
 
 

 
Figure 2.1.5 Estimated daily tent load profile in Batan, Indonesia. 
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 Load analysis in Garissa, Kenya: 
 
Kenya is too close to the equator to experience a real winter and summer. There is, however, 
both a Dry and Wet season. the PVsyst weather data show that Kenya’s daytime 
temperatures average is about 28 °C and it is hot and humid all year round which implies 
that users of the tent will spend more time inside to protect themselves from the long rainfall 
periods in the wet season and from the sun during the dry season, so the tent inhabitants 
will most probably keep the fans running all year long.  
Figure 2.1.6 shows the detailed load and energy distribution for both AC and DC systems 
and the difference between using the two systems in Garissa city. 
 
 
 

 
Figure 2.1.6 Estimated daily tent load profile in Garissa, Kenya. 

 
 
 

 Load analysis in Glava, Sweden: 
 

The purpose of the tent in Sweden is to be used by the firefighting teams during summertime 
(June, July, and August) in case of wildfires, it affords a temporary shelter for evacuated 
people and for the firefighting teams as well. Figure 2.1.2 shows that Sweden has a big 
difference in daylight hours between summer and winter. In the north part of Sweden, the 
sun does not set at all in June and daylight hours reach to 18 hours in the rest of Sweden. 
The energy demands for lighting is much less in summer time in comparison with winter 
time, thus, the assumed daily energy profile is consistent with summer conditions [7]. 
In this case, there is no need to run the fan, AC and DC lighting bulbs and the mobile 
chargers here have almost the same power (AC to DC conversion in the mobile charger is 
negligible), consequently, the electricity consumption is the same in both AC and DC 
systems. 
Since both AC and DC have the same energy load distribution, Figure 2.1.6 shows the 
detailed load and energy distribution of one of them in Glava, Sweden. 
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Figure 2.1.7 Estimated daily tent load profile in Glava, Sweden. 

 

2.1.4. Solar AC tent system description 

The primary prototype of the solar tent was installed in Glava Energy Research Center on 
the 1st of May 2019 to evaluate the performance and durability of the tent, the tent is a 
conventional 36 m2 to fit 6 inhabitants in case of an emergency. The flexible laminated solar 
panel membrane is developed by Tarpon Solar to suit the requirements of many applications 
and locations. The solar panels are inbuilt inside the tent fabrics to provide enough energy 
and create a comfortable outdoor shelter from sun, rain, and wind. 
 
 

 
Figure 2.1.8 The primary prototype of the solar tent at Glava Energy Center 

 
 
Figure 2.1.9 shows the PV system scheme of the solar tent in Glava Energy Center, which 
basically consists of two parts, the first part is the PV strings on the rooftop of the tent, and 
the second part is the PV off grid energy storage system (ESS) which contains the solar 
charge controller, the system controller, the off-grid inverter, and the lithium-ion battery. 
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Figure 2.1.9 PV system schematic at Glava Energy Center 

 
 

2.1.5. Solar DC tent system description 

The prototype of the DC PV system will install to compare its performance with the AC 
system, Figure 2.1.10 shows the scheme of the 32 modules connected in 2 strings and each 
string has 16 PV module in series, where the system basically consists of two parts, the first 
part is the PV array on the rooftop of the tent, and the second part is the energy storage 
system (ESS) which includes only the solar charge controller and the battery bank. 
 

 
Figure 2.1.10 PV system schematic of DC system tent 

 
 
 
 
The current Tarpon solar system used in Glava, Sweden which is aimed to cover the assumed 
basic daily needs load (430 Wh) is extremely oversized. It can be optimized by decreasing 
the number of PV modules. In order to calculate a rough size of the current system, the 
three steps procedure from Sandia laboratory used to estimate the initial size of the PV array 
and battery bank. PVsyst simulation tool will be used to simulate the complete PV systems 
in Sweden and the other locations to obtain more accurate results [25].  
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Starting with sizing the DC tent system: 

The first step is to calculate the total energy needed (𝐸𝐿𝑜𝑎𝑑𝑡𝑜𝑡𝑎𝑙) to cover the system loss 
due to the PV array loss, conversion loss and other Ohmic losses, which is estimated 
at 30 % in the off-grid systems as suggested from Sandia laboratory. 
 

𝐸𝑙𝑜𝑎𝑑𝑡𝑜𝑡𝑎𝑙
=

𝐸𝑙𝑜𝑎𝑑

ƞ𝐵𝑂𝑆𝑃𝑉

 
Equation 2.1.1 

 
Where Eloadtotal is the total energy needed to cover the system loss, Eload is the daily 
energy demand, and ƞ𝐵𝑂𝑆𝑃𝑉

 is the efficiency of the balance of the DC system (80 %). 

 
The second step is to calculate the nominal PV array size that is needed to cover the daily 
load, with assumed 3 hours of peak sun hours. 

𝑃𝑃𝑉  = 
𝐸𝑙𝑜𝑎𝑑𝑡𝑜𝑡𝑎𝑙

𝑃𝑆𝐻 ⋅ ƞ𝑛𝑜𝑛𝑆𝑇𝐶

   Equation 2.1.2 
 

Where: ƞ𝑛𝑜𝑛𝑆𝑇𝐶
 is the system efficiency non-operating at STC (70 %), and PSH is the 

peak sun hours. 
 
 
The third step is to calculate the battery bank size for the required load, with assumed 3 
autonomy days. 

𝐸𝐵𝑎𝑡𝑡𝑒𝑟𝑦 = 
𝐸𝑙𝑜𝑎𝑑 ⋅N

ƞ𝐵𝑂𝑆𝐵𝑎𝑡𝑡𝑒𝑟𝑦⋅DOD
 

Equation 2.1.3 

 

Where N is the number of autonomy days, ƞ𝐵𝑂𝑆𝐵𝑎𝑡𝑡𝑒𝑟𝑦
 is the battery bank efficiency 

(95 %), and DOD is the depth of discharge of the battery (50 %). 
 
The same procedure is used to resize the AC system, in this case, the efficiency of the balance 

of the AC system (ƞ𝐵𝑂𝑆𝑃𝑉
) is 70 % instead of 80 % in the DC system due to adding the 

inverter loss in the system.  
 
 

2.1.6. The PV arrays  

The PV arrays used in Tarpon tent consists of 32 flexible PV modules. The nominal peak 
power of the solar membrane is 1.6 kW. The modules are connected in 2 parallel strings, 
each string has 16 modules in series. Figure 2.1.11 shows the PV arrays integrated in the tent 
fabric, each PV module panel has a nominal peak power of 50 W at standard test conditions 
(STC), and each module has (2 x 8) cells in series and weighs approximately 1.3 kg with a 
total area of 0.47 m2. The membrane textile built from many fiber layers to provide durability 
and lightweight at the same time. The flexible solar modules are manufactured of copper 
indium gallium selenide (CIGS) technology. The optimum orientation for the tent installed 
in Glava is west-east according to its location. However, the current tent orientation is south-
north, and the tent roof tilt is approximately 25°. 
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Figure 2.1.11 The PV arrays, while installing it on the tent roof at Glava Energy Center 

 

2.1.7. The PV off grid (ESS) 

The system has all its power electronic components integrated into one compact case. The 
system can charge the battery direct from the grid or diesel generator as a backup in the case 
of unavailability of solar radiation to meet the users need. 
The inverter has a continuous rated output power of 2 kW to supply the power on 
a steady basis and it can supply maximum power 3 kW up to 10 seconds to ensure the startup 
surge for some electric devices, the AC output voltage is 240 V with maximum inverter 
efficiency of 92 %. 
The used battery is a lithium-ion battery with a gross capacity of 4 kWh and 77.2 Ah, the 
rated voltage of the battery is 52 V and the maximum DC charging voltage reach to 58 V. 
 

 
Figure 2.1.12 The PV off grid ESS at Glava Energy Center 
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 Component selection of solar system 

This section describes the main components of a typical off-grid PV system (batteries, 
charge controller, and an inverter). It also presents a brief view of the main technologies of 
each of the components available in the markets and the main advantages and disadvantages 
of these technologies are given. 

2.2.1. Battery bank 

The process of storing electrical energy is particularly important to store excess energy and 
use it later when needed consequently improving the performance and efficiency of systems 
and increasing system availability. The topic of energy storage is a daunting issue in 
renewable energy applications as renewable energy is an intermittent resource, solar power 
plants do not work more than 12 hours a day in a most location in the world and therefore 
enough energy must be stored for night loads. The energy storage technology selection may 
play a critical role in increasing the credibility of solar power systems. 
 
In order to understand the differences in energy battery storage and read the datasheet and 
determine the desired battery size for the PV system, mainly there are three concepts to 
classify the batteries: capacity, voltage, and the battery chemistry. The battery capacity or the 
specific energy is measured by (Ah), which means the amount of discharged current can the 
battery to deliver to the load over time, and the parallel connection of the batteries will 
increase the overall capacity (Ah) [21]. 
 
Typically, the battery consists of many cells connected in series to increase the battery 
voltage, the number of these cells will determine the battery voltage, for example in lead-
acid batteries, the nominal voltage for each cell is 2 V, thus, 6 cells connected in series give 
a battery with 12 V and accordingly 24 V, 48 V batteries in the market. The lead acid, nickel, 
and lithium are the most prevalent rechargeable batteries in both market and renewable 
energy industry, where each one of this chemistry requires a specific way to charge it, recycle 
it, and even transport it. 
 
Currently, lead-acid batteries and lithium batteries are more common for storing solar energy 
in many applications and they are leading the energy storage market recently, moreover, low 
costs, durability, and high cycle life are the main advantages of these two technologies. 
Generally, lead-acid battery is the most preferred energy storage technology with PV solar 
systems, it has acceptable performance ratio compared to its low price, and high overcharge 
tolerance and low self-discharge in moderate temperatures. On the other side, it has many 
disadvantages, like it requires extra routine maintenance, in terms of the life cycle it has lower 
life cycle compared to the other kinds of batteries. In addition, it has a low specific energy 
density per kg (50 Wh/kg), and that means it is much heavier than lithium battery with the 
same capacity [19]. The lithium batteries are lighter, smaller, longer life cycle, lower self-
discharge, and better performance in low and high temperature, free maintenance compared 
to lead-acid batteries, but the lithium technology hurdle are the high cost and safety issues 
in flight transportation [19].  
 
In competitive energy storage markets, nickel-based batteries have quite widespread for 
many decades before, for instance, the nickel-cadmium battery (NiCd), nickel-iron battery 
(NiFe) and nickel metal hydride battery (NiMH) are more practical with small PV devices 
and PV off-grid systems. NiCd batteries have been banned in the European Union due to 
consider the cadmium as very hazardous material, furthermore, it is expensive, has low 
efficiency (65 % to 80 %), and non-standard voltage and charging curves as lead acid or 
lithium batteries, make it challenging to find charge controllers or solar inverter suit to charge 
NiCd batteries [27]. On the other side, NiCd batteries have low self-discharge, more stability 
at deep discharges and overcharges than lead-acid batteries, non-freezing at low 
temperatures, and longer lifespans. It has a much longer life than the lead-acid battery in 
terms of chronological (long-lasting without use), not in terms of charge and discharge 
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cycles, it makes NiCd batteries suitable for emergency applications, but not for application 
require daily charge and discharge cycles [20]. 
 
NiFe batteries are much less toxicity than NiCd, high robustness against vibrations, and high 
tolerance against overcharge/discharge and high temperatures. It has low energy density like 
lead-acid batteries, but a higher rate of self-discharge and lower efficiency around 50 %, 
subsequently, reducing the overall efficiency of the whole system. In addition, this kind of 
batteries requires good ventilation conditions, they produce hydrogen gas as a chemical 
reaction inside the battery, and the hydrogen gas is explosive. Table 2.1.1Table 2.2.1 
presented and summarized the main comparisons between different batteries technologies 
which are using in the PV solar systems. 

 

 

Table 2.2.1 The comparison of the battery’s technologies [19], [27] 

  NiCd NiMh NiFe Lead Acid Li-ion 

Energy density 
(Wh/kg) 

45-80 60-120 50 30-50 110-160 

Cell  
voltage 

1.2 V 1.25 V 1.2 V 2 V 3.6 V 

Battery 
 efficiency 

65 % to 80 % 65 % to 70 % 65 % - 85 % 85 % to 90 % 95 % to 99 % 

Self-discharge 
(per Month in 
room temp) 

20 % 30 % 15 % - 20 %  5 % 10 % 

Overcharge 
tolerance 

Moderate Low High High Very low 

Operating 
temp(discharge) 

(-40 °C to 60 °C) (-20 °C to 60 °C) (-40 °C to 50 °C) (-20 °C to 60 °C) (-20 °C to 60 °C) 

Cycle life  
(to 80 % of 

initial capacity) 
1500 300 to 500 10000 200 to 300 500 to 1000 

Maintenance 1 to 2 months 2 to 3 months 1 to 4 months Rarely  Not require 

 

 

The most important battery characteristics in these kinds of applications is to be 
transportable since Tarpon solar tent is manufactured in Europe and need to be air 
transported to different locations. Solar tent with a battery that cannot be transported is 
limited and will not serve the main purpose of the solar tent to be used worldwide. Since the 
solar tent will be used mainly in remote rural areas and refugee camps, sealed batteries are a 
better choice. The most significant benefit of the sealed design is that no service attention is 
required, other than ensuring the battery is kept clean and fully charged, so extended battery 
life can be expected as a result. The battery cost is another important key to make the solar 
tent economically feasible, efficient battery with reasonable price is a tradeoff between the 
system cost and the system performance for the right selecting of the system battery. 
 

2.2.2. Solar charge controller 

A solar charge controller is the essential part of off-grid solar system, it is used to prevent 
the battery from over-charging or over-discharging. It is regulating the DC power which 
flows between the solar panels and the battery bank and prevents the reverse current through 
solar panels when the sun is not available. Charge controller can control the supplied energy 
to the load and disconnect the power automatically when the battery voltage drops under a 
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limited depth of discharge. Add to that, there are two most common types of charge 
controller in the markets and solar industries, pulse width modulation (PWM) charge 
controllers and maximum power point tracking (MPPT) charge controllers [23]. 
 
PWM charge controllers  
The primitive charge controller works as an electric circuit which monitors the battery 
voltage, when the battery voltage exceeds a certain level the circuit will open and stop 
charging the battery and circuit closed again when the battery voltage drops again. In more 
advanced charge controller PWM, it monitors the battery voltage level and when it is closed 
to fully charge the controller will slowly lower the amount of power flows to the battery to 
get closer and closer fully charged, in this case, the battery to be fully charged with less stress 
and consequently extend the life span [24]. 
 
The battery voltage and solar panels voltage must be matching to use PWM controller, it is 
more suitable for a small solar system which contains a few solar panels and a small battery. 
It has a lower efficiency than MPPT controller but it much less price than MPPT, could be 
suited to the place where the solar radiation is constant with less amount of solar 
interruption, thus, it is preferable in warm and sunny climates. 
 
MPPT charge controllers 
The MPPT controllers are more efficient, complex and more expensive than PWM, and 
basically, they have the same function of PWM by reducing the output DC power to match 
the battery inputs, it can convert the excess voltage into current. Moreover, with an MPPT 
controller could connect non-matching voltage between the solar panels and battery, it 
allows extracting the maximum output DC power from the panels and adjusts it to match 
the battery input power especially in places where solar radiation is not constant and a lot of 
shading, and it is more preferable in cold climates [24]. Table 2.2.2 presented and 
summarized the main comparisons between PWM charge controller and MPPT charge 
controller. 
 

Table 2.2.2 PWM controllers versus MPPT controllers [23], [24]. 

PWM charge controllers  MPPT charge controllers 

less charging efficiency  
Up to 30 % higher charging 

efficiency 

Relatively low price Higher price 

Higher efficiency in warm 
climate with higher levels of 

solar radiation 

Higher efficiency in cold and 
shaded places 

Solar input voltage must match 
the battery voltage 

Ability to adjust the solar input 
voltage to match the battery 

voltage 

limited ability to extend the 
system in the future in cheap 

ones  

Ability to extend the system in 
the future 

Fewer components needed 
which makes it simpler 

More components needed 
which makes it more complex 

Require more ventilation due 
to internal heating 

Less loss and less heating 

 
The criteria choice of solar charge controller technology is related to the number of the PV 
module cells and the battery voltage. When the PV module has slightly higher voltage than 
the battery bank, PWM is recommended, while MPPT charge controller is preferable when 
the PV module voltage is lower than the battery bank voltage.  
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The PWM solar charge controller is a better low-cost solution for small systems in sunny 
warm climates. While MPPT solar charge controller is better choice in cold cloudy climate 
or when partial shading occurs frequently from clouds or other surroundings objects. 
The choice depends also on where the system will install, PWM solar charge controller 
requires more ventilation than MPPT solar charge controller due to its internal heating since 
it has higher losses.  
 
The ratio of the PV array power to the load power is another criteria to choose the suitable 
solar charge controller. When the PV array power is greater than the discharge load from 
the battery bank, in this case the battery will be fully charged. PWM solar charge controller 
is the better option to reduce the unnecessary cost with using MPPT solar charge controller. 
PWM solar charge controller is better economical choice to the user in low power systems 
and smaller loads. 
 

2.2.3. Off grid solar inverter 

A solar inverter is an electric device which it converts the DC power into AC power and 
controlling power flow of AC and DC in the system. In a solar PV system, there are two 
types of the inverters, tied grid inverter which it converts the DC generated power from the 
PV modules into AC power to feed it to the grid or to consume it directly. Another type is 
the off-grid inverter, which it converts the stored DC power in the battery and converts it 
into AC power. Regarding the sizing of the off-grid inverter, the inverter voltage should 
match the system and battery bank voltage, and it can handle the peak power of the 
appliances at the same time including the started power. Moreover, it should consider 
choosing a pure sine wave inverter instead of modified sine wave inverter, pure sine wave 
inverters are higher efficiency, relatively more expensive, and recommended for all 
appliances, electronics and especially sensitive ones. 
 

 Component selection of monitoring system 

The main goal of the monitoring system in this study is to analyze the solar tent performance 
in different locations by monitoring and registering the most important values (PV voltage, 
battery current, PV current, battery current, the consumed energy, the solar irradiation and 
the battery temperature). This section describes the criteria for designing the monitoring 
system and selecting its components for both DC and AC systems of the solar tent. Selecting 
the right sensors and the suitable data logger starts with defining the system maximum 
current and voltage.  
 
Solar monitoring system is consisting of a data logger, energy meter and sensors. The central 
device (data logger) which is collecting the data taken from the sensors and meters, then 
transforming the collecting data into graphs or readable data. Sensors detect the chosen 
required data and send it as a signal to the data logger. The most common sensors used in 
solar PV monitoring systems are current, temperature, and solar irradiance sensors. 
Understanding and monitoring the inputs and outputs of the solar PV system will increase 
the reliability of the tent solar system, identify the impacts of the system's inputs on the 
system production and detecting the system failures. 
 
Battery performance is inversely proportional with its temperature. Increasing the battery 
temperature has a major impact on excessive the self-discharge and battery degradation 
consequently its effect cycle life of the battery. Monitoring the temperature increases the 
battery credibility and establishing an optimal operation strategy for batteries.  
Monitoring the output voltage and current of the PV modules will allow to know the amount 
of delivered power from the array. In addition, monitoring the voltage and the current of 
the battery bank to the monitor state of charge of the battery and how fast it is charging 
from the PV power and discharging from the load. 
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Figure 2.3.1and Figure 2.3.2 shows the measurement setup of both DC and AC systems. 

 
Figure 2.3.1 Measurement setup of DC solar system 

 

 
Figure 2.3.2 Measurement setup of AC solar system 

 
The data logger has two different inputs channel, voltage inputs, and pulse inputs. The 
voltage terminals have a limited voltage input, to ensure a limited voltage input into the data 
logger it requires to use signal conditioning to reduce the magnitude of the measured voltage. 
Similarly, to measure the current, the output voltage signal of the sensor should suit the data 
logger voltage terminal range otherwise it requires an additional signal conditioner connected 
to the sensor output to ensure that the generated voltage signal does not exceed the data 
logger voltage terminal. 

To calculate the maximum output voltage (𝑉𝑚𝑎𝑥 ) at STC for each string is given by : 
 

𝑉𝑚𝑎𝑥 = 𝑉𝑜𝑐 ⋅ 𝑁 
 

Equation 2.3.1 

Where: 𝑉𝑜𝑐 is the open circuit voltage, N is the number of modules. 
The voltage value increases at lower temperature and to calculate the maximum output 

voltage 𝑉max(−20 °C) at -20 °C as following: 

 
 

𝑉max(−20 °C)= 𝑉𝑜𝑐𝑆𝑇𝐶
⋅ 𝑇𝑐𝑜𝑒𝑓 ⋅  ∆𝑇 Equation 2.3.2 
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Where: 𝑉𝑜𝑐𝑆𝑇𝐶
 is the PV module at STC, 𝑇𝑐𝑜𝑒𝑓 is the PV module temperature coefficient, 

and ∆𝑇 is the temperature difference between STC and -20 °C. 
 

2.3.1. The criteria of selection of the monitoring system components 

The preconditions for selecting the current sensor are: 
The maximum PV output current, the load current and the battery current do not exceed 
the input current of the current sensor. In addition, the output signal voltage of the current 
sensor must be in the range of the data logger input channel. Otherwise a signal conditioner 
is needed to reduce the voltage magnitude. The current sensor is better to operate without 
a power supply or with a low voltage power supply. 
 
The PV output voltage is measured directly by applying a signal conditioner (voltage divider) 
to reduce the voltage magnitude and to match the data logger inputs. 
Temperature sensor is selected in a way that the temperature range of the sensor is suit the 
battery operation conditions (-20 °C to +80 °C) and the sensor output voltage signal is in 
the range of the data logger input channel. Easy installation to the battery and the data logger 
without any external circuit. 
The selection criteria of the irradiance sensor are that the output signal voltage is in the range 
of the data logger input channel. It is also preferable if the irradiance sensor is working 
without the need of a power supply. 
The preconditions for selecting the energy meter are: Single-phase energy meter to suit the 
system, minimum internal electricity consumption and high accuracy. 
 
The following features present the criteria of selection of the data logger:  

- The number of the data logger channel match the number of the required 
measurement ( 8 input channels). 

- 7 input voltage channels to measure current, voltage, irradiance and temperature 
sensors. 

- 1 input pulse channel for the energy meter. 
- Good internal memory to take more than (800 000) readings in a year. 
- longer battery life. 
- User friendly data logger is preferable where users can view all data with no need 

for a computer in remote areas where a computer may not available always. 
 
  

2.3.2. Uncertainties in monitoring measurements  
 

Uncertainty in the monitoring system measurements is a combination between the sensors 
uncertainty and the data logger uncertainty, the obtained measurements through the sensors 
have a certain of uncertainty. However, to increase the credibility of the measurement, it 
should mention the range of the uncertainties from the obtained data. 
The data logger has a negligible value of the uncertainty in comparison with other sensors, 
thus, its uncertainty was negligible in a few of the calculations. For instance, to calculate the 
accurate value of the output voltage of the PV array should be taken into consideration the 
voltage divider resistances uncertainty and the data logger as well. 
So, from Equation 2.3.3, to calculate the combined uncertainty of the measurement is two 
steps, first to define the sensor uncertainty and secondly the data logger uncertainty [31]. 
 

𝑈(𝑡𝑜𝑡𝑎𝑙) = √𝑈(𝑠𝑒𝑛𝑠𝑜𝑟)2 + 𝑈(𝑑𝑎𝑡𝑎 𝑙𝑜𝑔𝑔𝑒𝑟)2 
 

Equation 2.3.3 

 
Where, U(sensor) is the sensor device uncertainty, U(data logger) is the data logger 
uncertainty, and U(total) is the final uncertainty. 
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3 Results 
This section describes with a rough estimation the size of PV solar tent in different proposed 
locations by applying 3 steps pre-sizing procedure. PVsyst simulation tool shows the size of 
the PV solar tent system for the different proposed locations. It also shows the normal 
production of the installed PV system on the tent roof top and the battery bank 
performance. The main PVsyst inputs are the assumed daily energy needs and the weather 
data like as the daily solar global horizontal irradiation data and temperatures. In addition, 
this chapter presents the selected components of the PV solar tent system and the 
monitoring system. 
 
The rough estimation of the 3 steps pre-sizing of PV systems shows clearly that the current 
Tarpon solar tent is oversized to run the basic needs load in Sweden. The 3 steps calculation 
procedures show that the number of the required PV modules in the DC solar tent in the 
rough estimation is 6 PV module, while it requires 6 PV modules in AC solar tent. PVsyst 
software will demonstrate later if the rough calculation is matching with the simulation result 
in the Sweden case. Table 2.3.1 shows the 3-step procedure for 3 different locations to get 
a rough estimation about the PV system size in these location before the PVsyst simulation. 
 
 

Table 2.3.1 Estimated PV system size in Glava by 3 step procedures 

 PV array size Battery size 

AC solar tent in Glava 300 W 185 Ah 

DC solar tent in Glava 260 W 160 Ah 

AC solar tent in Turkey 408 W 550 Ah 

DC solar tent in Turkey 220 W 368 Ah 

AC solar tent in Indonesia 608 W 600 Ah 

DC solar tent in Indonesia 300 W 390 Ah 

 
 

 
Figure 2.3.1 Schematic of the DC solar tent system in Glava, Sweden by 3 steps pre-sizing of PV systems 
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 AC solar tent system 

Table 3.1.1 shows the results of the optimum size of the PV systems in case of using AC 
appliances, the table illustrates the main purpose of the proposed tent, the average energy 
needs, PV array size and the other related components for each specific location. 
 
The PVsyst simulation takes into consideration ±5 % uncertainty and gives optimum system 
size in the case of the weather data and the consumer behavior get perfectly along with the 
design assumptions. However, this case is almost impossible, and the system size needs to 
be increased to overcome the unpredictable uncertainty to give the consumer more flexible 
lifestyle and ensuring that the system will keep functioning when the weather data and the 
consumer behavior are different from assumption. Increasing the system size will give more 
flexibility but in the same time it will increase the total cost and give more unused energy 
and system losses which will decrease the system performance ratio. 
 
The system capacity in this study need to be increased by adding only one PV module to the 
optimum PVsyst system size (15 % to 25 %) to overcome the unpredictable uncertainty and 
keep the performance ratio at an acceptable value.  
 
The power consumption of lighting bulbs and mobile chargers in the AC system is almost 
the same appliances power consumption in the DC case (AC to DC conversion in the mobile 
charger is negligible), but it differs in the AC power consumption of the fan where it is 50W. 
An Inverter is added to the system to convert DC power to AC power and supply AC power 
to the load.  
 
Table 3.1.1 shows the size of the main components of the AC system as simulated by PVsyst. 
 

Table 3.1.1 PVsyst simulation results of AC system components in the proposed locations. 

Location and 
the purpose 

of tent 

Average daily 
electricity 

consumption 

PV array size 
(kWh) 

Charge controller Inverter size 
Battery size 

(kWh) 

Turkey 
(Refuge) 

1.1 kWh 
0.35 ±0.02 
 1 string of  
7 modules 

Nominal power 0.28 kW  
MPPT 12V  

 Discharge current 10 A 

Continuous power 200 
W 

 Inverter voltage 12 V  

3.65 ±0.20  
380 Ah, 12 V 

Indonesia 
(Shelter) 

1.3 kWh 
0.60 ±0.03 
 1 string of 
12 modules 

Nominal power 0.5 kW  
MPPT 12V  

 Discharge current 10 A 

Continuous power 200 
W 

 Inverter voltage 12 V  

4.32 ±0.21 
450 Ah, 12 V 

Kenya 
(Refuge) 

1.18 kWh 
0.40 ±0.02 
 1 string of  
8 modules 

Nominal power 0.35 kW  
MPPT 12V  

 Discharge current 10 A 

Continuous power 200 
W 

 Inverter voltage 12 V  

4.32 ±0.21 
450 Ah, 12 V 

Sweden 
(Firefighting 
in summer) 

0.45 kWh 
0.30 ±0.02 
 1 string of  
6 modules 

Nominal power 0.26 kW  
MPPT 12V  

 Discharge current 8 A 

Continuous power 200 
W 

 Inverter voltage 12 V  

1.92 ±0.12  
200 Ah, 12 V 
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3.1.1. Scenario of solar AC system in Turkey and Indonesia 

 
Achieving 100 % of electricity availability requires that the number of installed PV panels 
need to be increased by 75 % according to PVsyst. Comparing the unused energy in the AC 
system to the unused energy in the DC system during the same wintertime period, where, 
the fan is not operated, shows that the amount of unused energy in AC system has increased 
dramatically to 10 times, the PV array and system losses would increase as well by 35 %. 
 
Figure 3.1.1 shows the annual output electricity production of the PV system in Turkey, the 
unused electricity, and the system losses. 
 

 
Figure 3.1.1 Output production of the PV system in Turkey as simulated by PVsyst 

 

Consequently, PVsyst shows that the battery bank size should be increased by 10 % and the 
simulated SOC reaches 75 % most of the year, in November the SOC decreased rapidly to 
reach 50 % due to cloudy days and lower levels of solar irradiation while the fan is still 
running. 
 

 
Figure 3.1.2 PVsyst simulated state of charge and battery voltage for the installed PV in Turkey 
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Figure 3.1.3 shows that the greatest amount of unused energy when battery banks is full in 
January, February, and March, this high level of unused energy comes from a higher global 
irradiation incident, and its higher by 50 % than DC system in same period of the year. The 
higher levels of irradiations increase the electricity production and lead to a higher system 
and PV array losses, and it is also the system losses higher by 15 % than the DC system. 
 

 
Figure 3.1.3 Output production for the PV system in Indonesia as simulated by PVsyst 

 
Figure 3.1.4 shows that the SOC is fluctuating is almost constant around 80 % during the 
year, and the battery voltage increases a little bit in March due to high levels of solar 
irradiation and relativity lower temperatures during this month compared to June and 
decreases a little bit during November. 
 

 
Figure 3.1.4 PVsyst simulated, state of charge and battery voltage for the installed PV in Indonesia  
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 DC solar tent system 

Table 3.2.1 shows the results of the optimum size of the PV systems in case of using DC 
appliances, the system capacity in this study need to be increased by adding only one PV 
module to the optimum PVsyst system size (15 % to 25 %) to overcome the unpredictable 
uncertainty and keep the performance ratio at an acceptable value. Adding one PV module 
to the DC system in Turkey case would increase the system capacity by 
25 %, while adding one PV module to the system in Indonesia would present a 15 % increase 
to the system capacity. 
 

 

Table 3.2.1 PVsyst simulation results of DC system components in the proposed locations. 

Location and 
the purpose 

of tent 

Average daily 
electricity 

consumption 

PV array size 
(kWh) 

Charge controller 
Battery size 

(kWh) 

Turkey 
(Refuge) 

0.7 kWh 
0.20 ±0.01 

 1 string of 4 
modules 

Nominal power 0.16 kW  
MPPT 12V  

 Discharge current 8 A 

3.26 ±0.20 
340 Ah, 12 V 

Indonesia 
(Shelter) 

0.75 kWh 
0.35 ±0.02 

 1 string of 7 
modules 

Nominal power 0.28 kW  
MPPT 12V  

 Discharge current 8 A 

2.88 ±0.13 
300 Ah, 12 V 

Kenya 
(Refuge) 

0.75 kWh 
0.30 ±0.02 

1 string of 6 
modules 

Nominal power 0.22 kW  
MPPT 12V  

 Discharge current 8 A 

2.25 ±0.11 
234 Ah, 12 V 

Sweden 
(Firefighting 
in summer) 

0.45 kWh 
0.25 ±0.01 

 1 string of 5 
modules 

Nominal power 0.175 kW  
MPPT 12V  

 Discharge current 8 A 

1.92 ±0.01 
200 Ah, 12 V 

 

3.2.1. Scenario of solar DC system in Turkey 

 
The load is not constant, the energy needs vary between winter and other seasons, the 
required energy needs in winter is less since there is no need to use the fan in cold winter 
climate. Moreover, the day lighting hours are more in summer than in winter which lead to 
lessen the need for lamp operation in summer. Figure 3.2.1 shows the output electricity 
production of the system, unused energy, and the losses of the PV array and the system. 
Whereas, the main losses of the PV array come from many factors like the module 
temperature, the module mismatch, the wiring loss, and the soiling. In addition, the 
converter losses are included system losses and wiring. The figure also shows that the 
maximum unused energy occurs in the summertime because of the high solar irradiation in 
this time of the year that is exceed the load and keep the battery state of charge (SOC) at 
high values. 
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Figure 3.2.1 Output production for the PV system in Turkey as simulated by PVsyst 

 
Figure 3.2.2 shows the battery bank operation and performance of the desired system, 
moreover, the simulated results ensure to reach 100 % of solar fraction during the whole 
year. 
It's noticed 4 different cases, one for each season. In winter months (December, January, 
and February) the simulated SOC is more than 80 % due to the fact that less energy is needed 
in winter since the fan is not needed. In spring months (March, April, and May) the simulated 
SOC reaches 70 % because increasing the load by using the fan while the solar irradiation in 
this time of the year is still less than its maximum. In the summertime (June, July, and 
August) the SOC increases again to reach 80 % cause of high levels of solar irradiation. The 
SOC decreased rapidly in November to reach 50 % due to more cloudy days and lower levels 
of solar irradiation while the fan is still running. 

 
 

 

 
Figure 3.2.2 PVsyst simulated state of charge and battery voltage for the installed PV in Turkey 
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3.2.2. Scenario of solar DC system in Indonesia 

 
Figure 3.2.3 shows that the greatest amount of unused energy (battery bank is full) is 
occurring during January, February, and March, this high level of unused energy comes from 
a higher global irradiation incident on the collector plane during this period of the year. The 
higher levels of irradiations increase the electricity production and lead to a higher system 
and PV array losses. The lowest amounts of unused energy occur during May, June, and July 
due to less amount of incident global irradiation in the collector plane. 
 

 
Figure 3.2.3 Output production for the PV system in Indonesia as simulated by PVsyst 

 
Figure 3.2.4 shows that the SOC is fluctuating slightly between (70 % to 80 %) during the 
year, and the battery voltage increases a little bit in March due to high levels of solar 
irradiation and relativity lower temperatures during this month compared to June. 
 
 

 
Figure 3.2.4 PVsyst simulated state of charge and battery voltage for the installed PV in Indonesia:  

 

 The rest of Output electricity production figures for the PV system in Sweden and 
Kenya as simulated by PVsyst are available in the appendices. 

 PVsyst simulated state of charge and the battery voltage figures for the installed PV 
in Sweden and Kenya are also available in the appendices. 
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 Performance ratio  

Performance ratio (PR) is the key factor to assess the performance of any solar PV system, 
for example, a solar PV system has a 75 % performance ratio, which means 25 % of the 
produced energy from PV panels would be lost in the array losses and system losses [26], in 
other words, the performance ratio decrease when electricity production is much higher than 
electricity consumption in off grid PV systems.  
 
From PVsyst manual, the PV array losses include PV conversion, panels mismatch, shadings, 
and other ohmic losses, systems losses include the DC to AC power conversion through the 
inverter, wiring losses, and unused energy which is stored in the battery bank. 
 
Figure 3.3.1 shows the performance ratio during one year in Turkey for both AC and DC 
systems, it shows a higher performance ratio during the whole year in the DC system than 
the AC one. The design month is the month that has the lower solar irradiation and more 
cloudy days, in Turkey this month is November, thus, the performance ratio is the highest 
in both AC and DC systems between all other months in the year since the electricity 
production is almost matching the electricity consumption during this month. 
 

 
Figure 3.3.1 PVsyst simulated performance ratio in Turkey for both AC and DC systems 

 
 

 Uncertainties in simulation  

The main inputs of PVsyst to simulate any system are the load and the weather data. The 
meteorological data are not constant, and it is not easy to be predicted from year to year, 
even by advanced technologies, from the PVsyst manual, the annual variability of 
meteorological data reach to ±5 % of uncertainty. The consumer behavior or observance to 
the assumed energy load profile has a large impact on the system sizing, even with taking 
into consideration the consumer non-observance and oversizing the system it is still difficult 
to predict that. However, to overcome of this issue there is not a consistent standard ratio 
to oversize the system, but it is preferable to oversize it by 10 % to 50 %, in this study 
assumed to be 15 % to 25 % [4], [5]. 
 
The PVsyst simulation tool itself has an uncertainty of ±1 % to ±2 % for the output results. 
Moreover, the losses due to the system components wiring which assumed to be ±1.5 %, 
this value is not constant, where it varies from location to location, where it increases with 
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longer cables and more connections in the system. Since, the ambient temperature also has 
an impact on the conductivity of the cable, which the conductivity decreases in higher 
ambient temperatures. The soiling loss due to the accumulation of dust, leaves, and birds’ 
droppings on the PV panels is varied and unpredictable due to the locations and rainfalls, in 
the simulation, so it is assumed to be ±1.5 % [28]. However, the uncertainty of the simulation 
results has an overall range of ± 5 % including PVsyst tool uncertainty, soiling, and the 
Ohmic loss. 
 
 

 Component selection 

Battery  
There is no perfect battery and each battery is tailored for a specific application. Each battery 
technology has its advantages and disadvantages. Selecting the right battery for a specific 
application in a specific location is a controversial issue in terms of cost and performance. 
A tradeoff between the price and the performance is the key for the right selecting of the 
system battery.  
Table 3.5.1shows the main features of Li-ion, lead acid, and NiFe batteries. 

Table 3.5.1 Comparison of the main battery features 

 
 
Lithium-ion battery is selected in the current Tarpon solar tent prototype in Glava, Sweden. 
The battery is light weight, free maintenance and has a greater energy efficiency, a good cycle 
life compared to the lead acid batteries. On the other hand, it is more expensive, less tolerant 
to overcharge and has higher self-discharge, however lithium ion batteries are classified as 
dangerous goods by the international air transport association (IATA). This regulation 
makes it difficult to transport the solar tent overseas. Lithium-ion battery is preferable for 
local application when there is no need for air transportation. 
 
Table 3.5.2 shows some of the suggested lithium-ion batteries brand available in the market 
and its main features that could be used in the solar tent. The data sheet of the suggested 
batteries is available in the appendix H. 
 

Table 3.5.2 Suggested lithium-ion batteries available in the market 

 Battery Brand Maintenance Cycle life Recycling Price Weight 

Victron  NO 5000 yes 1,266 € 16 kg 

Power Tech NO 3000 yes N/A 13 kg 

 
Using lithium-ion batteries is limited in overseas applications since Tarpon solar tent is 
manufactured in Europe and needs to be air-transported to different locations. In the other 
proposed locations of the solar tent lead-acid battery is a better choice to be used. This 
battery is a low cost, recyclable, energy efficient and offers low self-discharge. It also offers 
good performance at low and high temperature. On the other hand, the cycle life of the 
battery is limited, and the specific energy is low. 
 

  Maintenance 
Battery 

efficiency 
Cycle 
life Transportation Recycling Price Weight 

Li-ion *** *** ** * * * *** 

Lead 
Acid 

* ** * *** *** *** ** 

NiFe ** * *** ** ** ** * 
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Table 3.5.3 shows some of the suggested lead-acid batteries brand available in the market 
and its main features that could be used in the solar tent. The data sheet of the suggested 
batteries is available in the appendix G. 
 

Table 3.5.3 Suggested Lead-acid batteries available in the market 

 Battery Brand Maintenance Cycle life Recycling Price Weight 

Rolls AGM NO 1200 yes 208 € 27 kg 

Victron AGM NO 750 yes 360 € 33 kg 

Hoppecke AGM NO 1500 yes 210 € 38 kg 

 
Charge controller 
The current charge controller used in Tarpon solar tent in Glava, Sweden is MPPT type 
which is a good choice in Sweden where the weather is cold and cloudy days are often even 
in summer. In addition, long trees can shade the PV panels in the forest since the solar tent 
is aimed to be used for fighting wildfires. MPPT charge controller is also a good choice for 
the proposed solar tent in Indonesia where cloudy days are more often around the year. 
MPPT is used to extract the maximum output power of the PV panels. However, MPPT 
charge controller is more expensive and more complex compared to the PWM charge 
controllers. 
 
For the other two proposed locations in Kenya and Turkey where the weather is warmer 
and the cloudy days are less frequent, it is better to use a PWM charge controller instead of 
MPPT one to reduce cost, size, and complexity. The main disadvantage of the PWM charge 
controller are the internal heating and the higher losses. Many charge controllers available in 
the market could be a good choice for these applications, data sheet of these charge 
controller listed in the appendix I. 
 
 

 Monitoring system components 

Data logger 
There are too many data logger models with different features available in the market. In 
this study three data logger models is discussed to select the one that match the solar tent 
application. Table 3.6.1 shows the different features of the three proposed data loggers 
 

Table 3.6.1 Comparison of the main data logger features 

  
Display Price 

Input 
voltage 

Channel 
number 

Input 
pulse 

Internal 
memory 

Battery 
life 

User 
friendly 

Weight 

Omega *** * *** * *** *** ** *** * 

EdgeBox N/A *** * *** *** * *** * ** 

Picolog N/A ** * ** N/A ** * ** *** 

 
 
For the purpose of collecting the data and save it, an eight channels programmable portable 
data logger (OM-CP-OCTPRO) from Omega Company used for this purpose. Input 
channels simultaneously measure current, voltage, temperature and pulse. Moreover, the 
data logger is provided with a touch screen for the real-time data that are automatically 
generated into graphs for immediate analysis. An internal rechargeable battery stands to  
9 hours of sampling data, the input voltage rate is up to 12 V. 
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The chosen sample rate of the data logging of the system is assumed to be 5 minutes, which 
means that the data logger takes one measurement from the sensors through the 8 channels 
every 5 minutes and store it into its internal memory.  
 
Current sensor 
The current transducer (LTSR- 15-NP) used to measure the currents in both AC and DC 
tent systems, this sensor will produce a determinate maximum output voltage signal reaches 
to 5 V, in the AC system tent, there are two currents measurements, the first sensor would 
place to measure the output PV current, second sensor would place to measure the battery 
current. In the DC tent system, would be three currents measurements, the first and second 
sensor would place like AC tent system, the third sensor would place near to the load to 
measure the discharge load current. 
 
Voltage divider 
There are two voltage measurements for each system, the first voltage measurement is the 
produced output voltage of the PV panels, and secondly the battery voltage. As in both 
voltages, they exceed the limited input voltage of the data logger (12 V), to reduce the PV 
voltage and battery voltage, two voltage dividers are used for this purpose. Whereas, the 
voltage divider is a small electric circuit consist of two resistance connected in series to 
reduce the high voltage to lower value. The data acquisitions of the PV outputs (current and 
voltage) give the produced PV power from the solar panels.  
 
 

 
Figure 3.6.1 Voltage divider circuit 

 
Table 3.6.2 and Table 3.6.3show the used resistance in the voltage divider to reduce the 
voltage magnitude to match the data logger inputs, as calculated from Equation 2.3.1 and 
Equation 2.3.2 . 
 

Table 3.6.2 Detailed voltage divider for the AC tent system 

VPV 180 V R1 220 kΩ  V Battery  58 V R3 51 kΩ 

V Signal 4.1 V R2 5.1 kΩ  V Signal 4.1 V R4 3.9 kΩ 

  
 

Table 3.6.3 Detailed voltage divider for the DC tent system 

VPV 70 V R1 82 kΩ  V Battery  15 V R3 15 kΩ 

V Signal 4.1 V R2 5.1 kΩ  V Signal 4.1 V R4 5.6 kΩ 
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Temperature sensor 
The high temperature has a big impact on the battery degradation rate, thus, a J-type 
thermocouple (-210 °C to 760 °C) placed near to the battery to measure the surrounding 
temperature where the range of operating temperature is (-20 °C to 80 °C), the sensor is 
connected directly to the data logger, the output voltage of the J-type thermocouple converts 
directly to degrees Celsius in the data logger with accuracy around ±0.5 %. 
 
Energy meter 
A Single-phase energy meter (WSZ15D-32A MID) from Eltako is used to measure the 
electricity consumption of the AC electric load with maximum current reach to 32 A, it has 
a low internal power consumption 0.4 W, the output signal represented as pulses, it has 
maximum rate 2000 impulse per kWh available in the market, it means one pulse for each 
0.5 Wh, the output signal it can only be connected to the first channel of the data logger. 
 
Irradiance sensor 
The silicon irradiance sensor (Si-mV-85) is used to measure the natural solar irradiance up 
to 1500 W/m2, the operating cell temperature is between (-35 °C to 80 °C) and it has an 
accuracy around ±5 W/m2, the output voltage of this sensor is approximately 85 mV for 
1500 W/m2. It has maximum output voltage signal 85 mV, so it connects directly to the data 
logger without any signal conditioner. 
Table 3.6.4 shows the main components of the monitoring system, the model, size, and the 
accuracy of the components. 
 

Table 3.6.4 Table of components list used in the monitoring system 

Component Brand Model Size Accuracy 

Data logger Omega OM-CP-OCTPRO Inputs (0.5 V to 12.0 V) ±0.01 V 

Current sensor LEM LTSR- 15-NP (0 A to 48 A) ±0.7 % 

Voltage divider Resistor E24  ±5 % 

Energy meter Eltako WSZ15D-32A MID (20 mA to 32 A) ±1 % 

Irradiance sensor IMT Si-mV-85 (0 to 1500 W/m2) ±2.5 % 

Temperature sensor  J-type (-200 °C to 1200 °C) ±0.5 °C 

 
 
From Equation 2.3.3, Table 3.6.5 and Table 3.6.6 shows the uncertainty of the measurement 
in the monitoring system sensors. 
 

Table 3.6.5 measurements uncertainty in AC system monitor 

The sensors 
Corrected 
measurements 

PV array voltage V = Vread ±2 % 

PV battery voltage V = Vread ±1.7 % 

PV array current I = Iread ±1.2 % 

PV battery current  I = Iread ±2.2 % 

Irradiance sensor G = Gread ±2.5 % 

Temperature sensor T = Tread ±0.75 % 

Energy meter E = Eread ±1 % 
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Table 3.6.6 measurements uncertainty in DC system monitor 

The sensors 
Corrected 

measurements 

PV array voltage V = Vread ±2 % 

PV battery voltage V = Vread ±1.3 % 

PV array current I = Iread ±1.4 % 

PV battery current I = Iread ±2 % 

Irradiance sensor G = Gread ±2.5 % 

Temperature sensor T = Tread ±0.75 % 
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Figure 3.6.2 and Figure 3.6.3 show the detailed schematic of the sensors box for both AC 
and DC systems, and how each sensor connected to the data logger channels. 

 
Figure 3.6.2 Detailed schematic of the data logger sensors in the DC system 
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Figure 3.6.3 Detailed schematic of the data logger sensors in the AC system 
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4 Consumer behavior and social aspects 
The first step in the solar PV system sizing is to determine the power consumption demands 
and to find out the total power and electricity consumption of all loads that need to be 
supplied by the solar PV system. However, the way the consumer behaves might differ from 
the design assumptions; it is important to consider the random aspect of the consumer 
behavior due to the change in habits and life style when people are forced to move from 
their houses to live in a temporary tent. 
 
In this study the system capacity is increased to lessen the possibility of a power shortage 
when the consumer behavior is different from the designer assumptions. To make this 
possibility highly improbable many solutions can be suggested like the load management by 
adjusting or controlling the load. This can be achieved by direct intervention to control the 
lighting inside the tent with timers or movement sensors to influence consumer behavior 
and make the daily load profile as close as possible to the assumed load profile. Load 
management allows the PV system to reduce demand for electricity when it is not needed 
and save the battery. 
 
The demand management tries to match the electricity consumption and the PV system 
capacity and represents an effective way of improving the solar system used in the tent.  
 The consumption behavior is related to the daily habits and routines which are different 
from one place to another and different from a set of conditions to another. The lifestyle of 
the people who live in their own homes is totally different from the lifestyle when they must 
live in a tent in a faraway place where their basic needs are too limited. The consumption 
behavior differs also between the AC and DC system. 
 
The consumption behavior in the AC system: Generally off grid systems are designed to 
meet the basic needs load. The AC system in this study cannot provide sufficient energy to 
allow the individual use of more AC appliances which require a higher inverter capacity. The 
access to energy outlet in AC systems is easy and possible which will give the users the ability 
to plug in different individual appliances that will consume the energy specified for lighting 
and may cause a deep battery discharge. The lamps used in the solar tent are 12 W energy 
saving LED light bulbs, so it is important that users choose the right lamp type and capacity 
when replacing these lamps otherwise the lamps will not work or may consume extremely 
more energy. Replacing the 12 W energy saving LED lamps with the normal light bulbs of 
60 W will cause many inverter disconnections due to higher power consumption. In this way 
of wrong consumer behavior, the system will fail and will not serve the goal of the solar tent. 
 
The consumption behavior in the DC system: The system is also designed to meet only 
the basic needs of the residents. Users have no access to the DC system since all the solar 
system components are integrated into one sealed case EES, in addition, most of the daily 
appliances are AC-operated and will not work if operated in the tent. Replacing light bulbs 
with wrong lamp type or with a higher DC power may be the only thing that affects the 
system in this case and cause the battery to discharge faster. It is less likely that the system 
is overloaded. The difficult access to the system components in the DC system makes the 
system lives longer and gives higher safety standards for residents.  
 
Previous studies on the social context of using PV in rural areas which might be closer to a 
camp than a village has indicated that the consumption behavior will change dramatically to 
adapt their daily lifestyle with the energy they have. Supplying refugee camps or rural areas 
with off-grid PV system showed that the community developed and followed rules in using 
energy to adapt the available supply from the PV system. 
"The households show a relatively broad variance in their consumption behavior. These 
differences are caused mainly by appliances, which differ in type, power, and number. 
Consumption at certain time periods during the day is determined using different types of 
appliances. Regression analysis confirms that the installed power of the appliances can 
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significantly explain variance in electricity consumption. Additionally, the analysis shows that 
the households of Santa Maria have developed use profiles that accord with their daily 
routines. (e.g., households whose members work all day typically develop use profiles with 
consumption during midday and in the evenings). These findings show that different needs 
must be met. The users developed energy use patterns that reflect their daily routines and 
possibilities for electricity consumption (owning appliances). Next to individual differences, 
cultural and geographic conditions determine general use patterns, such as the use of light 
sources (day and nighttime length), fans (climatic conditions) and televisions and radios 
(national programs). These individual and general use patterns cause fluctuations of energy 
demand during the day" [29]. 
 
Using the solar tent will lower the expenditure on energy compared to the regular tent. 
UNHCR conducted a survey in Dadaab camp in Garissa, Kenya which is one of the potential 
targeted locations about the household spending on energy “The Dadaab survey suggests 
that average monthly household spending on energy comes to 17.20 USD, amounting to 
around 24% of household income. " [30]. 
 
 

 

 
 

Figure 3.6.1 Per capita annual spending on lighting by the forcibly displaced in different settings, 2014 
(reprinted from the original source) [30]. 

 
 

Figure 3.6.1  shows that the individual annual spending on lightning energy is almost 8 USD 
where it is a big challenge to find a job and an income. Lowering the expenditure on energy 
will save the household income and time which will lead to increase the productivity and 
economic development. One of the good aspects is to lower the child and woman labor. 
This time is taken at the expense of women welfare, education, and childcare. The money 
saved can allow the family to have a better life standard, the time saved can allow better 
family relationships and can allow women to attend school and to take better care of the 
health and well-being of children.  
 
The most common source of energy in traditional camps is the diesel generator. However, 
diesel is not always available and has many disadvantages. It is expensive and difficult to 
transport especially in war torn areas beside it causes health problems due to inhalation of 
fumes. In contrast to diesel generators, solar tents are free of toxic emissions and can provide 
the users with the most important basic needs. Mobile phones are essential for refugees, 
they provide essential information and allow communication with families. the solar tent 
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keeps the inhabitants connected with their family members and knowledgeable with the 
important news regarding their situation by providing mobile phone chargers. 
 
 
Refugee camps are established as temporary settlements, but because the international failure 
to find peace and make a safe return of refugees to their homes, these camps have become 
permanent. When refugees use the tent for a long time it will become more like a permanent 
home than a temporary emergency tent. 
 
Consequently, their needs will not be limited only to the lighting and charging mobile 
phones, but they will need more home appliances to make life easier and more comfortable 
like kitchen appliances, TV, and radio. Thus, the consumer behavior of the inhabitant will 
change dramatically and will be different from the designer assumptions. Unfortunately, they 
will not be able to run these new appliances freely because the solar tent is not designed for 
these extra loads in the first place, this can have huge disadvantages on the lifestyle of the 
inhabitants and can limit their chances for a better life which is the main goal of the solar 
tent. 
 
Using extra appliances causes a deep battery discharge that will lead to system failure since 
the overload consumes the battery energy so the system will not be able to run even the 
basic needs. In this case, the inhabitants may use diesel generators as an energy source 
instead, which are not environmentally friendly and require huge amounts of not easily 
available fossil fuels. 
 
One of the solutions to partly solve this long-term problem could be oversizing the system 
to meet the extra load demand on future and encouraging the inhabitants to use energy 
saving appliances to reduce the load demand. However, that increases the system size and 
the cost. 
 
In the DC system solar tent users will not be able to run their energy saving AC appliances 
on the DC outlet since most home appliances available in the market are AC. That makes 
the AC solar tent a better choice in the long run despite the less energy efficiency and the 
higher cost comparing to the DC system solar tent.  
Despite the good initial system design and high quality of the PV components, the lack of 
understanding the goal of the tent whether to be used for an emergency short term shelter 
or a permanent shelter for a prolonged time may lead to a dramatic reduction of the lifetime 
of the systems.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



40 

5 Discussion  
During the study visit it is noticed that the Tarpon solar tent prototype installed in Glava, 
Sweden is not optimal oriented to receive the maximum amount of solar radiation. The 
optimal orientation for the tent roof in Glava is East-West whereas the actual orientation 
for the tent is North-South. 
 
It is also noticed through helping the Tarpon Company team to install the solar tent that the 
tent is easy to install and does not require a technical people to install later in different 
locations when they know the right orientation. 
The inverter used in the Tarpon solar tent prototype has a maximum DC input voltage of 
150 V at STC conditions while the measured string voltage is 138 V in normal weather 
conditions. The string voltage will increase in low temperatures to exceed 150 V which will 
damage the inverter and make the system out of function and this is a design fault. However, 
when using the tent in warm weather, the string voltage will not exceed the inverter voltage 
and the system will work perfectly. 
 
In this study the tilt angle of the tent roof is 25° which is a boundary condition. The optimum 
tilt angle of the PV array to receive the maximum amount of solar radiation is different from 
one location to another. It has also been assumed that the azimuth angle is optimum which 
means that in the northern hemisphere locations the PV array is south faced and in the 
locations in the southern hemisphere the PV array is north faced.  
Installing the solar tent in a different direction will affect the PV array output and the whole 
system performance. 
 
The flexible PV modules were not available in the software database; thus, they have been 
entered manually depends on the manufacturer datasheet. However, the manufacturer 
datasheet does not include the data required in the PVsyst database and this may affect the 
PV modules simulated performance. 
 
The PV system is simulated by using PVsyst software. Since there is no available nearby 
weather stations in some of the proposed locations and in order to get more accurate 
simulation results, the daily solar global horizontal irradiation data were taken from different 
weather stations databases (Meteonorm, PVGIS-TMY, and NASA-SSE) and averaged for 
obtaining the average behavior of a complete PV system. However, this inaccuracy in the 
weather data can be neglected compared to inaccuracy of consumer behavior. 
 
The load profile for the tent in the different proposed locations shows that most of the load 
is needed during night when there is no solar radiation which means that most of the load 
is not fed directly from the PV array rather it will be fed from the battery storage. This will 
make the system need a bigger battery size to store more energy for the night load which 
will lead to extra cost. 
 
The three steps calculations have showed that the current Tarpon solar system used in Glava, 
Sweden can be optimized by decreasing the number of PV modules where only 6 PV 
modules can cover the basic needs load instead of 32 modules. Moreover, the PVsyst results 
have assured the same result. 
 
Simulation results shows that every location has a specific design month where the electricity 
production is the lowest due to the weather situation. The design month selection affects 
the system sizing. In Turkey, the lowest level of solar radiation is in November, so the system 
has been designed for November as a design month, the system will be oversized in the 
other months when the solar radiation and temperature get better. 
The PVsyst simulation results show that the current Tarpon solar tent is extremely oversized. 
The 32 PV module gives more energy than what is needed to cover the basic needs loads 
(Lighting, mobile charging and ventilation) in the emergency cases. 
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The current Tarpon solar tent has a standard number of PV modules integrated in the tent 
fabric while it should vary from one location to another according to the weather data and 
solar irradiation. 
 
Understanding the goal of the tent whether to be used for an emergency short term shelter 
or a permanent shelter for a prolonged time is an important factor for a better solar tent 
design.  
 
Simulation shows that for the temporary short-term emergency use of the tent where only 
basic needs loads are needed, the DC system is better than the AC system in terms of energy 
efficiency, system size and cost in the different proposed locations. 
Oversizing the system is not needed in DC system where the tent is intended to be used 
temporarily and only the basic needs load is required. 
 
The solar tent in this study is designed for 6 inhabitants. The load has been assumed to cover 
the basic need loads for the 6 users. Using the tent for more than 6 people will need more 
mobile charging outlets and more ventilation which will increase the load demand and make 
a solar system shortage. 
 
Overloading in DC system solar tent may occur in case of a prolonged use of tent appliances 
or when replacing the energy saving LED lighting bulb with a higher rated power bulb. 
Overloading is less likely to happen since the inhabitants have a limited access to the DC 
power outlet which is 12 V and cannot operate AC home appliances. The DC solar system 
may fail due to the overloading that may lead to a deep battery discharge. 
 
For the permanent prolonged use of the solar tent where the consumer behavior is different 
and the users need more than the basic needs, AC system is better than the DC system in 
terms of the possibility of future system expansion where inhabitants may use extra home 
appliances. 
Oversizing the system is preferable in AC system where the tent is intended to be used for 
a prolonged time where inhabitants may need to use extra home appliances in the future 
(TV, radio and kitchen blender).  
 
Overloading in AC system solar tent may occur in case of a prolonged use of tent appliances 
or when replacing the energy saving LED lighting bulb with a higher rated power bulb or 
when the inhabitants freely plug in higher capacity appliances to the 220 V power outlet. 
Overloading is more likely to occur in AC than in DC due to the easy access to the 220 V 
power outlet which is suitable to operate most home appliances. The whole AC solar tent 
system may fail in case of overloading due to the inverter failure and deep discharge of the 
battery which makes the AC solar tent system less stable than the DC solar tent system. 
Using only the basic loads in the DC system solar tent gives the inhabitants the feeling of 
instability where the tent is only a temporary place until circumstances get better. While in 
AC system solar tent where inhabitants have a better access to the power outlet, the tent is 
considered more like a permanent home than a temporary tent and gives a wider flexibility.  
 
Lithium-ion battery used in the current Tarpon solar tent prototype is a light weight, free 
maintenance battery and has a greater energy efficiency, longer cycle life compared to the 
lead acid batteries. On the other hand, it is more expensive and has higher self-discharge and 
less tolerant to overcharge, however lithium ion batteries are classified as dangerous goods 
by the international air transport association (IATA). This regulation makes it difficult to 
transport the solar tent overseas. 
 
It is suggested to design and install two monitoring system, one for the DC system and one 
for the AC system. The chosen data logger of the monitoring system is provided with a 
touch screen which make it easier to check the system performance with no need to connect 
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the data logger to a computer. The monitoring system components will be put in a box with 
IP 54 to be installed outside the tent. 
 
It is recommended that the monitoring system is powered from a separate PV module to 
ensure that the monitoring system keeps working in case of a tent solar system failure. While 
it is powered from an internal battery in case of low or no solar radiation. 
The ESS compact case is a sealed box which makes it difficult to access the internal 
components in order to locate the battery sensors (temperature sensor, current sensor and 
voltage sensor). 
 
The ESS case may be misused as a piece of furniture inside the tent due to its size, so it 
would be better if it is put outside. However, it needs to be manufactured with IP54 standard 
to withstand the weather circumstances. 
 
Since the DC voltage output is affected by the temperature change, the voltage sensor is 
designed to operate well to the limit of -20 °C low temperature. While the current is not 
affected by the temperature change. 
 
Oversizing AC solar tent can be understood from the manufacturing company point of view 
in terms of logistics and large-scale production to ensure covering the basic needs load in 
different location worldwide. 
 
Nowadays there are many interesting products available in the market that can solve some 
of the question facing the solar tent and give a good solution for Tarpon Company. 
Fosera for example is a company which provides customers with solar solutions which are 
perfectly fitted to their needs. A cooperation between Tarpon solar tent and Fosera is 
recommended 
The Fosera Power Line LSHS is an autonomous solar home system which is designed for 
enhanced electrification and capable of powering not only multiple lights but any efficient 
appliance as well, like a TV or a fan. Two built-in USB ports enable universal charging of 
mobile phones. Easy to install Fosera systems allow easiest Plug & Play installation. No 
technical skills or special training are required. Solar modules load or extensions can be 
connected intuitively with no hazard to the system or to people. Modern battery technology 
and high-quality components Fosera uses LiFePO4-batteries, highly efficient and resistant 
to capacity losses, allowing the systems to provide up to 10 years of maintenance-free 
lifespan. All Fosera appliances are energy efficient, with LED lights supplying up to 140 
lumen/W, and with a LED lifetime of up to 50.000 hours powers lighting, phone charging, 
torches, radio, TV and fan [32]. 
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6 Conclusion 
The purpose of the thesis was to define and size the solar system of the tent in both AC and 
DC systems and to optimize the tent to work in different locations around the world. Besides 
designing a monitoring system for the solar tent with focus on durability and maintenance 
free. This study has shown that the system size is directly dependent on the consumer load 
profile and the tent location and concluded that the current Tarpon solar tent which used in 
Glava can be undersized for emergency use (lighting and charging mobile phones). It is 
recommended that future solar tent is designed and manufactured according to the tent 
purpose and the location where it will be installed.  
 
The study has achieved its aims and shown that using the DC system is better than the AC 
system in case of temporary short-term emergency use of the tent where only the basic needs 
load is required in terms of system size, cost, safety, consumer behavior and energy 
efficiency. While using AC system is preferable than the DC system in case of using the tent 
for a prolonged period in term of the user flexibility to use home appliances, the possibility 
for future expansion which gives a sense of stability for inhabitants. 
Since the AC system is preferable for long term use, it is recommended to design an 
oversized PV system for a possible future expansion in order to cover the future possible 
extra loads. 
 
The study has also concluded that understanding the goal of the tent whether to be used for 
an emergency short term shelter or a permanent shelter for a prolonged time is an important 
factor for a better solar tent design. 
 
Selecting the right PV system components for a specific application is a controversial issue 
in terms of cost and performance, a tradeoff between the price and the performance is the 
key for the right selecting of the PV system components. 
To increase the system credibility, it is recommended to use energy-efficient loads and to 
apply load management measures to control the appliances operation inside the tent by 
timers or movement sensors. 
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7 Future work  
The outcome of this study is the detailed design of the monitoring system which will pave 
the way for a future work of installing and collecting measurements. This work will lead to 
evaluate the system performance and optimize the system size. 
 
Since the daily load profile does not match the solar radiation curve (most of the load are 
needed during night), load is powered from the batteries more than the PV modules. An 
interesting future work can be evaluating the system economic feasibility by compromising 
the number of CIGS PV modules and the battery size in terms of price and performance to 
find the critical point when it is more feasible to increase the number of PV modules and 
when it is more feasible to increase the battery bank capacity. 
 
Another topology of solar tents can be a central tent with a solar system to power a cluster 
of tents instead of the individual solar tent with its own solar system. Studying the social 
aspects and the commercial difference between the two systems is interesting topic for a 
future work. 
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Appendix A PVsyst simulation results  
 
 
 
 

 
Figure 3.6.1 Output production for the DC PV system in Kenya as simulated by PVsyst 

 
 

 
Figure 3.6.2 PVsyst simulated state of charge and battery voltage for the installed DC PV in Kenya 
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Figure 3.6.3 Output production for the AC PV system in Kenya as simulated by PVsyst 

 
 

 
Figure 3.6.4 PVsyst simulated state of charge and battery voltage for the installed AC PV in Kenya 
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Figure 3.6.5 Output production for the AC PV system in Sweden as simulated by PVsyst 

 
 
 

 
Figure 3.6.6 PVsyst simulated state of charge and battery voltage for the installed AC PV in Sweden 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0

5

10

15

20

25

30

35

40

45

50

June July August

O
u

tp
u

t 
en

er
gy

 [
kW

h
]

Month

E_User kWh E_nused kWh PV_Array losses kWh System_losses kWh

12.7

12.75

12.8

12.85

12.9

12.95

13

13.05

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

June July August

V
o

lt
ag

e 
[V

]

P
er

ce
n

ta
ge

 [
%

]

Month

SOC_End U_Batt V



50 

 
Figure 3.6.7 Output production for the DC PV system in Sweden as simulated by PVsyst 

 
 
 

 
Figure 3.6.8 PVsyst simulated state of charge and battery voltage for the installed DC PV in Sweden 
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Appendix B PVsyst simulation results  
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Appendix C Data logger specifications 
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Appendix D Current sensor data sheet 
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Appendix E Energy meter  
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Appendix F Solar irradiance sensor  
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Appendix G Suggested lead acid batteries  
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Appendix H Suggested Lithium ion batteries  
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Appendix I Suggested solar charge controller 
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