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Populärvetenskaplig sammanfattning 

 

Den globala solcellsmarknaden växer snabbt, vilket medför att produktionen av och handeln med 
solcellsteknik och kringutrustning ökar. Historiskt har utvecklingen skett i länder med hög 
elektrifieringsgrad och god administrativ kontroll över sitt elsystem. På senare tid har nya marknader i 
utvecklingsländer däremot blivit allt mer aktuella, både i fråga om installationsvolymer och 
marknadsandelar. I många av dessa länder är statistiken bristande, vilket leder till problem för globala 
organisationer som International Energimyndigheten (IEA) eller International Renewable Energy 
Agency (IRENA), vars uppgift är att följa utvecklingen.  

Bristen på tillgänglig statistik gör det svårt att uppskatta installationstakten av solceller vid studier av 
utvecklingsmarknader, vilket också medför svårigheter i att dra slutsatser om systemeffekterna av 
denna utbyggnad.  

I detta projekt utvecklas en modell genom vilken tulldata har analyserats. Detta eftersom tillgången på 
tulldata i utvecklingsområden är betydligt högre än tillgången på statistik kring solcellsutbyggnaden. 
Tulldatan hämtas ur verktyget trade map vilket är en databas som administreras av det Internationella 
Handelscentret. Vidare har datan sedan omvandlats med hjälp av prisstatistik och nationella 
modulproduktionsdata till årliga installationsvolymer. Modellen har förbättrats och utvecklats stegvis 
tills en lyckad datakonvertering mellan exporterade och importerade solcellsprodukter den faktiska 
installationsvolymen skett. Detta har möjliggjorts genom att identifiera ett antal referensländer med 
god och tillförlitliga uppgifter om årlig installerad solcellseffekt och jämföra modellresultatet med 
dessa. 

Känslighetsanalysen visar att metoden är känslig för förändringar i den inhemska produktionsvolymen 
och för förändring av Kinas modulpriser. Dessutom identifieras den intramodullära storleksfaktorn SF 
som en viktig faktor. De utvalda referensländer är alla medlemmar IEAs samarbetsorgan PVPS och 
har tillförlitliga uppgifter kring inhemsk solcellsproduktion eller saknar helt produktion. För år 2018 
erhöll en genomsnittlig skillnad på 21% och en maximal avvikelse på ± 38% mellan modellresultaten 
och referensländernas rapporterade uppgifter. Den total genomsnittlig skillnaden mellan ländernas 
årliga installationsvolymer och modellresultaten var 12%, 17% och 11% för år 2016, 2017 respektive 
2018. 

Genom att vidareutveckla denna metod kan den årliga installerade kapaciteten uppskattas i alla länder 
som är anslutna till FN: s tulldatabas och där den inhemska modulproduktionen är känd. Detta ger 
möjligheten att åtminstone grovt uppskatta hur stora solcellskapaciteter som har installerats i 
utvecklingsländer. De regioner som har lägst existerande datatäckning i fråga om solcellskapacitet har 
identifierats som Afrika och Mellanöstern och modellen har tillämpats på dessa områden. 



 

 

Executive summary 

 

One of the conclusions drawn in this study is that customs data can be used to estimate installed solar 
PV capacity. The calculation method has been developed in steps and for countries with accurate PV 
module production data, or countries with no module production, the method seems to be able to 
estimate the annual installed capacity in 2018 with an average difference of 21% and a maximum 
difference of ±38%. The total average difference between the reference countries actual PV 
installations and the model results are 12%, 17% and 11% for 2016, 2017 and 2018, respectively.  

Applying this knowledge and the calculation method developed within the project in a larger context, 
it could contribute to an improved state of knowledge about the PV deployment on emerging markets. 
By continuing to expand the model both in time and in scope, a more accurate statistical tool can be 
developed. Since the model is relying on data on PV module production, the regional production on 
the chosen PV markets should be studied further. Adding a user interface and more information about 
trade ways are identified as important steps when packaging the model into a salable product. 
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Vocabulary, definitions, and abbreviations 

 

ITC – International Trade Centre. It is a joint agency of the World Trade Organization and the United 
Nations. 

Trade Map – is one of a few analyst tools provided by ITC. It presents monthly, quarterly and yearly 
trade data with US dollar as the most commonly available functional unit.  

PV – photovoltaics. Defined as the conversion of light into electricity using semiconducting materials. 

IRENA- International Renewable Energy Agency. 

IEA– International Energy Agency. 

IEA PVPS Task 1– International Energy Agency Photovoltaic Power Systems Programme Task 1. 
PVPS is a collaborative research and development agreement within IEA and is one of their TCPs 
(Technology Collaboration Programmes). The program consists of 8 task groups where Task 1 focuses 
on Strategic PV Analysis & Outreach.  

Energy payback time (EPT/EPBT) – is a time factor that represents the amount of time it takes for an 
electricity producing unit to generate the amount on energy it took to produce it. 

RoW– Rest of world.  

Emerging markets – describes the regional PV markets that are growing faster than the world average 
and from a low level of PV penetration. These markets are growing in terms of market shares and are 
becoming of larger importance in global PV contexts. 

Developing markets – describes the markets that are not developed in terms of PV deployment. Note 
that all emerging markets are developing but not all developing markets can be identified as emerging, 
since that term indicates a fast growth in installation rates. 

OECD country– A country that is a member of The Organisation for Economic Co-operation and 
Development.  

SDG– Sustainable Development Goal. There are 17 SDGs that were set by the United Nations General 
Assembly in 2015 and each goal describes a target area inside The 2030 Agenda. 

NDA– Non-Disclosure Agreement. 

Market Size factor– a factor that is developed within the project and abbreviated SF. It is used to meet 
the differences in PV module prices between domestic markets of varying sizes. 

Factory door prices– are the prices of the PV modules at the first step of its sales chain, being the price 
when they exit the doors of the factory. 

BIPV– Building Integrated Photovoltaics. 

NSR–National Survey Report. The NSRs are used as reference data in this project and are a set of 
publications within the IEAPVPS Task 1. They are national market reports providing data and 
information on the countries’ respective PV markets, including industry and employment information. 
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1. Introduction 

1.1 Problem formulation and purpose 
The global PV market is experiencing changes. In recent years, the annual installations on new markets 
have accelerated and outpaced the average growth, increasing their market shares. These regions are 
called emerging markets and are becoming interesting for both global energy organizations and actors 
interested in entering these markets.  

The characteristics of the emerging markets are, however, fundamentally different from the established 
ones in a few aspects. Until now, the largest development has taken place in highly developed and 
electrified countries with good administrative control over their electricity system. When the market 
shares of these emerging countries are increasing, so is the uncertainties of the global estimates and 
forecasts. This is because the statistics from the type of countries that are emerging are often weak or 
non-existent. This complicates the mission for global organizations such as the International Energy 
Agency (IEA) or the International Renewable Energy Agency (IRENA), whose task is to follow, analyze 
and document named development. 

Shortage of data is a problem, and the reason for it presumably varies between countries. In some cases, 
it could have to do with poor relations with the European Union, United Nations or the international 
energy authorities. Insufficient administrative control and limited access to electrical infrastructure 
could be another reason, since it is often the utility companies that keep track and report the amount of 
grid-connected capacity in a region. The lack of available data, and a standardized way of reporting 
installed capacities makes it difficult to draw conclusions about solar energy installation rates and thus 
the associated system effects of this expansion. This results in less accurate analyses, or trouble when 
comparing different estimates, when studying the development of these new markets. When comparing 
different estimates, it becomes clear that there is no unambiguous approximation of the cumulative PV 
capacity. 

In this thesis report, the development of a calculation method for estimation of global installed capacities 
is described (further called the model). It is built around the idea of open trade with PV products, and 
the globalization of the market. When PV modules or cells are exported or imported, the transaction is 
booked by the national custom organizations and becomes visible in the databases, adding to the traded 
value under a specific category of goods. Further, it can be traced through the international trade center’s 
database through a product specific code.  

By implementing this model, one can estimate the annual installed PV capacity in all countries which 
are connected to the UN customs database and where the domestic module production is known, if there 
is any. This gives the opportunity to at least get an assessment of how much PV that has been installed 
on developing markets that lack official statistics about their PV development, that is based on reliable 
and unbiased data. Furthermore, an assessment of the global installation rate can be derived from the 
global export data and the historic trends which is valuable for the organizations that follow the 
development of the global solar cell market.  

Another goal is that this model can be used to acquire a deeper knowledge of currently hidden markets, 
which will enable to analyze the system effects that follow an increased amount of solar energy globally 
installed in these markets. In addition, the work can increase the understanding of how different national 
PV markets are developing and how the trade behavior looks. This type of information can be of use to 
the many Swedish and/or international players who have now started working to meet these markets 
demands. 
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To summarize, this project aims at answering the follow research questions: 

 How can custom data be used to estimate yearly installed PV capacities in countries where there 
is no statistics?  

 Which markets are lacking statistics? 
 Which trade ways are most important for the emerging markets in question? 

1.2 Limitations and Delimitation 
In the following section, the project limits are described. 

1.2.1 Available data 
This project’s aim is to develop a calculation method which can in turn be used to estimate yearly 
installed capacities in markets where no such data is currently available. For reasons somewhere in 
between project time and data availability, the analysis will be limited to a time frame of the years 2016, 
2017 and 2018. This is because during the project time (spring/summer 2020), no high-quality data on 
PV installations and prices for 2019 has yet been published by the major energy authorities, limiting the 
time frame in that end. As for 2016, it marks both the year when PV installations started to make an 
important presence on the markets that are being focused on in this project and is estimated as a good 
objective within the time frames of this project. 

1.2.2 Commodities 
To gain further knowledge of the deployment and production of PV products, one could investigate the 
trade with raw products such as silicon or thin film materials. This would work as a complement to the 
production data gathered and received within this project. Peripherals such as inverters, cabling and 
aluminum racks could also have been a possible addition to the analysis. But to not make the model 
overly complex and with the balance of the combined error factors and the contribution it would make 
to the model, the project has been limited to only consider trade with PV cells and modules. 

1.2.3 Global estimations 
The model, or calculation method, might result in misleading yearly installed capacities for the large, 
more complex markets. This is partly since there are a lot of factors contributing to the result and partly 
because of the lack of domestic module production data. Mature markets are also more complicated and 
consist of many parallel developments in different market segments, which are not considered in this 
project. Therefore, the goal of this project is to develop a calculation method to apply to developing and 
emerging markets, rather than providing an estimation on global PV capacities. This method could be 
used as a tool, along with other sources of information and estimations, when analyzing the development 
of global PV market trends.  

Moreover, the need for a model to assess the amount of PV installations in countries with large 
production and a well-developed solar energy market is nonexistent, since those markets are already 
well studied and analyzed. On emerging markets in Africa, South America and the Middle East for 
example, there is a lack of statistics. But even though the markets are individually small, the accumulated 
capacity in those regions are starting to become importance to the global electricity production studies 
and compilations.  
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2. Background 

Solar PV contributed with 3,3 percent of the global electricity demand in 2019 [1], making it a rather 
small power source. On the other hand, the world is facing a climate threat and most of the world's 
nations joint the Paris Agreement in 2015 and agreed to collectively strive to create more sustainable 
economies and to limit global warming to well below 2, preferably to 1.5 degrees Celsius, compared 
to pre-industrial levels [2]. This transition will take place in many ways, but in the IEA's forecasts [3], 
the contribution from solar energy is expected to increase drastically. With regions rapidly expanding 
their economies and populations, the need for reliable and sustainable energy is increasing, often from 
a low level of electrification and with poor infra structure. On these markets, the deployment of PV is 
expected to increase [4].  This development has already started but is expected to accelerate. In order 
to continue to produce global forecasts and estimates of the global energy system, these new markets 
must be monitored and documented. 

To fully understand the current state of data availability and the global estimates on PV installations, 
market reports from the large global energy institutions are investigated. In the following section, a 
summary of their respective statistical reports is presented. Additionally, a description of the 
conditions of these emerging markets are presented focusing on electrification, access to electricity 
and statistical coverage.  

2.1 Global estimates 
In the latest global PV market report from IEA, the global distribution of annual PV installations over 
time is presented, see Figure 1. Looking at the historical development, it becomes clear that early 
installations took place in Europe, which can be one of the reasons why the western European market is 
so well documented, considering its quite low market share in recent years. For the last years, China has 
been the single largest PV Market, with 42,8% of annual installations and 34,2% of the total cumulative 
PV Capacity at the end of 2018 [5]. 

 

Figure 1. Annual global PV installations 2008-2018, by country or region [5] 

 

  

0

20

40

60

80

100

120

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

G
W

Year

EVOLUTION OF ANNUAL PV INSTALLATIONS (GW)
China

European Union

India

Japan

USA

Other IEA PVPS
countries
Other countries



 

4 
 

2.2 The gap between PV production and installation 
 

Figure 2 visualizes the global supply and demand of PV modules. There is a gap between the amount of 
PV that is installed worldwide and the global production capacity, and it is widening with time. In other 
words, the manufacturers are enhancing their production at a larger speed than the installation rates are 
increasing. This capacity expansion is happening both in the sense of manufacturers opening new 
production sites or by making extensions on already existent ones, but also by producing modules with 
a higher conversion efficiency [5]. 

If there was total harmony and standardization in global data collection of PV production volumes and 
installed capacities, the gap between PV installations and total production would be very low or zero.  It 
is likely that not all manufacturers produce photovoltaic modules directly on demand, but the rather 
significant discrepancy between production and installation shown in figure 2 would not be visible. In 
addition, manufacturers and intermediaries probably consider wastage and warehousing in their 
production quantities. A delay between module production, the commence of PV projects and 
commissioning of the PV systems could explain parts of the discrepancy between annual global PV 
module production and installation volumes. But since the gap between cumulative PV module 
production and installed PV capacity is growing, other reasons may also be the cause. IEA PVPS 
explains the discrepancy with double counting of the modules that enter the system. The data is collected 
from many different sources such as wholesalers, producers, and official organizations, opening for the 
possibility of double counting and that the differences could be an effect of methodological 
shortcomings. However, the reasons for the discrepancies are not yet fully understood and the 
explanation of double counting is an hypothesis [6].  

 

 

Figure 2. The global yearly PV installations, PV module production and PV module production capacity, 
presented in GW  [5].  
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2.3 The International Renewable Energy Agency (IRENA) 
IRENA is an intergovernmental organization that offers a platform for debate, cooperation and support 
around the topic of renewable energy. The organization function as a resource of intelligence and 
expertise, as they have over 180 counties that are actively engaged and a council with 21 member states 
represented [7]. One services they provide is the work and publishing of the annual Renewable Energy 
Capacity Statistics Report. As the name entails, it is a report that includes statistics around the 
accumulated renewable energy capacity each calendar year. It provides both total capacity tables and 
detailed capacity data on the different power sources, solar PV being one of them.  

In the Annual Statistic Report, the data is presented with accumulated PV capacity for each year for all 
countries in the world. Consequently, one could extract the numbers for Africa, the Middle East or South 
America, for example. In the section for solar PV in IRENA Renewable statistics report [8], the global 
cumulative PV capacity in 2019 is estimated as 580 159 MW, with at least 13 647 of it being installed 
on developing PV markets. There is no straight forward classification of developing PV markets, in this 
reasoning, it is simplified to include Africa, the Middle East, Central America and the Caribbean.  

The different data sources are also presented in the introduction of the IRENA Statistical reports. What 
is described are the four different sources and their indexing, being: official sources (o), unofficial 
sources (u), questionnaires (q) and estimation (e). Data that is not tagged with any of the letters are the 
results from their questionnaires. The methodology for the estimations is however not presented, nor 
can it be found in any other documentation on the organization’s website. Nonetheless, the capacities 
have been summarized in Table 1 below. The data is collected from the 2020 Renewable Energy 
Statistics Report (pages 25 to 27) where all global accessible IRENA data can be found. To facilitate 
the reading, the cumulative and yearly installed capacities have been added in Table 1 and the market 
shares of the global market have been calculated and added into its own columns. 

In Table 1 (see next page), two trends can be identified, one being the general growth in the market for 
PV. Each year the market grows around 70-100 GW, according to the IRENA statistics. The second is 
that the African, Middle Eastern and Central American markets are growing faster than the global 
average, both in terms of annual installation volumes and total cumulative capacities. 

The lack of reported official statistics or answers from questionnaires from these countries becomes 
clear when looking at the IRENA report, as it is one of the world’s largest organizations focusing on the 
development of the global and regional energy system. A large majority of the entries are estimations, 
developed with a methodology that is difficult to find documented anywhere on the organization’s 
website. 
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Table 1. Cumulative PV capacity, global and divided into regions of interest for this report [8]. 

 Cumulative Capacity Share Yearly installed capacity Share 
2016      
World 290961 MW  73718 MW  
     Africa 2972 0,7% 1049 1,4% 
     Middle East 1482 0,5% 485 0,7% 
     Central America 
     + Caribbean 

1126 0,4% 213 0,3% 

Emerging markets 4531 1,6 % 1034 2,3% 
2017     
World 385598 MW  94637 MW  
     Africa 3724 1,0% 752 0,8% 
     Middle East 2175 0,6% 693 0,7% 
     Central America  
     + Caribbean 

1468 0,4% 342 0,4% 

Emerging markets 7367 1,9 % 2836 1,9% 
2018     
World 483 078 MW  97480 MW  
     Africa 5196 1,1% 1427 1,5% 
     Middle East 3155 0,7% 980 1,0% 
     Central America  
     + Caribbean 

1729 0,4% 261 0,3% 

Emerging markets 10080 2,1% 2668 2,7% 
2019     
World 580 159 MW  97081 MW  
     Africa 6367 1,1% 1171 1,2% 
     Middle East 5134 0,9% 1979 2,0% 
     Central America  
     + Caribbean 

2141 0,4% 412 0,4% 

Emerging markets 13642 2,4% 3562 3,7% 
 

So while these markets are growing and starting to constitute a significant part of the global renewable 
energy system, there is a lack of reported data and therefore reliable statistics on both cumulative and 
installed volumes of PV in these regions. Examining the indexing of the data sources of the African 
capacities for 2018, 40 out of 54 countries’ capacities were estimations and the remaining 15 entries 
were a mix of answers from questionnaires, unofficial and official sources. In 4. Results, the distribution 
between the different data sources each year is presented. 

Additionally, IRENA have estimated low PV installation capacities compared to other PV analysts or 
forecasters. In the following section, publications from another large organization with the mission to 
document the development of the renewable energy market is examined, namely the International 
Energy Agency, and more precisely their Photovoltaic Power Systems Programme (IEA PVPS). 

2.4 The IEA Photovoltaic Power Systems Programme (PVPS) 
Another important actor in the global PV field is the International Energy Agency (IEA) which, similarly 
to IRENA, has a mission to enable a secure and sustainable energy transition [3]. Unlike IRENA, IEA 
has an all-fuels, all-technology approach and follows the development of both fossil and renewable 
energy sources. Topics such as energy security, market integration, energy efficiency and policies 
amongst others are also discussed and researched within the organization.  

Annually, a report on key value data is published, in which the Global PV distribution development over 
time is presented. Even though the regions are not yet prominent, one can see how Africa, the Middle 
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East and non-OECD countries are starting to become significant on the global PV arena. When 
comparing these numbers to the market shares in Table 1, one should note that Figure 4 refers to shares 
of PV electricity production rather than the geographical distribution of PV capacity. However, the 
importance of statistical coverage of these regions as they grow in the global perspective is still valid. 
Figure 4 also illustrates how the global PV market is becoming more complex and differentiated, with 
the entrance of many different types of countries and regions, while growing at the same time [9]. 

 

 

Figure 4. Illustrations of the regional shares of solar PV electricity production in 2005 and 2018, respectively [9]. 
Note that China is not included in Non-OECD Asia. 

Furthermore, publications from the Photovoltaic Power Systems Programme (PVPS) are studied. IEA 
PVPS is a collaborative R&D Agreement established within the IEA and is divided into numerous tasks, 
each with their own respective area of interest and mission. Grid integration, Solar resources and 
building integrated PV (BIPV) are examples of research tasks of the different groups. In this report, 
when mentioning IEA PVPS, the Strategic PV Analysis & Outreach task 1 is referred to if nothing else 
is stated.  

Besides occasional reports on specific research areas, there are two types of publications that are central 
for the task 1 work [10]. The first one being National Survey Reports (NSR), which are reports written 
by national Task 1 experts [10]. These reports have been used as sources of reference data for the 
development and calibration of the model (see 3.Methodology). The NSRs are all publicly accessible on 
the organization’s website and are of varying quality. One conclusion after reviewing the NSRs is that 
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it is not only in underdeveloped countries where PV data can be lacking, but also in developed countries. 
One reason could be associated with the fact that PV is scalable, which leads to difficulties and high 
administrative costs of keeping track of many small distributed systems as compared to a few central 
power plants. This, however, is not fully investigated and there could be man other reasons behind it.    

The other important publication is the Trends in Photovoltaic Applications report, hereafter referred to 
as Trends [10]. These contain global summaries of all reported data from the member countries along 
with analyses of the global PV market and industry. In the latest available Trends, one can follow the 
development through infographics and texts. The total accumulated PV capacity in the end of 2018 is 
estimated to 512 GW, of which 103 GW was installed during 2018 [5]. Compared to the capacities in 
IRENA, the numbers are higher, both in terms of annual and total capacity. In Figure 5, the historical 
development of PV deployment is presented.  

Figure 5 also demonstrates that The Middle East and Africa have grown in the last five years in terms 
of market share, once again establishing the fact that the solar PV growth in those regions has outpaced 
the global market development, making them emerging markets. Even though the countries defined as 
emerging PV market could coincide with general classification of emerging economies [11], the 
definition of the term applied in this thesis report is “a PV market that is growing fast, earning market 
shares and developing characteristics of a developed market in a large pace, but that does not fully meet 
its standards”. There are different theories of the market growth of late adopters compared to early ones. 
The late adopters usually have a lower level of infrastructural development and technology of poorer 
economic performance. On the other hand, they are entering the global PV market at a time where the 
PV products are drastically improved, and the global market has matured [12]. This reasoning goes for 
all maturing renewable energy technologies, but especially wind and PV. Late adopters, in this context 
described as emerging markets have experienced up to 16 times faster market growth compared to early 
adopters. Meaning a late entry into the PV market entails greater advantages than disadvantages in this 
context [12]. 

 

Figure 5. Historical development of regional shares of solar PV capacity between 2013 (the upper ring diagrams) 
and 2018 (the lower ring diagrams) [5].  
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2.5 Other forecasts and global estimations 
In the latest Global Market Outlook report from SolarPower Europe, it is established that solar PV is 
the single most attractive power generation source in terms of annually added global capacity [13]. In 
2019, approximately 8.5% of the cumulative generation capacity constitutes of solar energy. The 
corresponding number for actual production output is 2.6%, making it a rather small power source 
despite its popularity. In terms of markets size, SolarPower Europe’s estimation of the cumulative PV 
capacity at the end of 2018 is 516.8 GW, which can be compared to IRENAs of 483,1 GW and IEAs 
512 GW [13]. Their global estimates on cumulative PV capacity is closer to IEA estimates, once again 
rating IRENA as conservative in its approximations.  

SolarPower Europe publish yearly forecasts and estimates of the global market growth and 
development, which states that around 6% of the annually installed capacity is currently installed in 
the Middle East and Africa [13], which conform with the data is presented in Figure 5 and extracted 
from IEA PVPS Trends 2019 [5]. SolarPower Europe forecast that the annual solar PV installations in 
the regions will hold 9% of the global installations in 2024, which corresponds to a growth of 50% in 
terms of market shares in 5 years. An increased market dominance by China is also predicted, while 
the market shares of Europe, The Americas and the Asia Pacific region are expected to decrease [13].  

 

2.6 Energy poverty and PV 
Emerging markets have been mentioned as target regions for this report as further growth of the solar 
PV markets in these areas is expected. This section has been included to highlight the link between 
rural, underdeveloped areas and PV energy. 

Solar PV is one of the fastest growing industries in the world [14]. Still, IEAs latest report on projections 
and data regarding SDG7 on “Universal access to affordable, reliable, sustainable and modern energy 
by 2030” claim that close to a billion people in the world has no access to electricity [9]. Even though 
the current assessment of 860 million people is a recent time record, there is a long way to go until the 
7th sustainable development goal is reached. 800 million people have gained access to electricity in the 
last 10 years, which is of course a great achievement. The backside is that the geographical distribution 
of this development has not been equally represented globally, since 80% of the people who has accessed 
electricity the last 10 years lives in Asia. The fact that Asia holds a large part of the human population 
is another important point to make. Sub Saharan Africa is overrepresented, as close to 600 million people 
lack access to electricity in the region. While the numbers are still very high, a lot of progress has been 
made in Africa. Since 2014, the electrification speed is outpacing population growth with around 20 
million people improving their living standards with access to electricity. Large parts of the positive 
development can be attributed to establishment and reinforcements of the electricity grids, but in recent 
years distributed off grid solar systems also play an important role as they have contributed to around 
2.5 million people getting access to electricity in Kenya, Tanzania and Ethiopia alone, according to IEA 
[4]. 

The same pattern can be found on multiple, if not all, regions and communities that have gained access 
to electricity in recent years. Reinforcements and expansions of the electricity grids are crucial for the 
level of electrification and is estimated to be the most important factor in the long term to eradicate 
energy poverty. The common factor amongst these areas, besides a low level of economic status, is often 
the substandard or non-existent infrastructure. Besides the long term, centralized electrification that is 
made possible through reinforcements of the grid, renewable energy seems to be the cheapest way to 
access electricity. A key factor in the named development, especially in rural and remote areas, has been 
decentralized PV solutions and home systems. The prices have declined rapidly in that segment in recent 
years, making it more widely accessible. Decentralized PV solutions also play an important role in the 
forecasts and sustainable development scenarios developed by the IEA. [9] 
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PV can be a part of a mini grid or micro-grid, providing electricity for a community, household or an 
appliance. The modular nature of PV and its scalability makes it suitable to install in applications of 
varying character and can be a way to increase the availability of electricity without having to invest in 
infrastructural projects like transmission lines. Solar home systems are increasing in popularity and 
affordability and are used as the main electricity source or as backup alternatives to unreliable grids 
[15]. It also explains why there is no reliable data available of the installation rates in those areas, as the 
PV systems often are decentralized and/or off grid applications. This, however, does not make the 
markets any less interesting for potential investors, energy system analysts or electricity production 
forecasters. In the data sheet on electricity access provided by IEA, rural sub-Saharan Africa had and 
level of access to electricity of 26%, while the corresponding number for the Middle East 78%, 
developing Asia’s 73% and central and south America 88%, as can be compared to the >99% that is 
estimated for rural, and urban, China, North Africa and Europe [4]. As off-grid solar is a key enabler to 
electricity access in regions of low electrification, the growth of PV in Africa, the middle East and 
Central and South America is expected. Developing Asia is another region that could be included in this 
reasoning but is excluded from this project since it usually is not exclusively classified in the global 
reports. Instead, its capacities are counted with the rest of Asia, which constitutes more than half of the 
global market, making the small developments in parts of Asia in this developing market segment hard 
to sort out from the rest. 

Another key-enabler for the historical, and future growth of PV in these areas are maturing economical 
support systems. In Sub-Saharan Africa, the off-grid and mini system solutions are increasing faster 
than utility scale systems and other grid connected installations. Even though grid stability and 
availability are part of the reasons for this development, PV regulations, policies and economical 
instruments have also been a contributing factor to this development. The focus on these types of 
installations from both national and international policy makers originates from the facts that they give 
access to electricity even in areas where no grid connections are available. They therefore contribute to 
light and access to electrical home systems for the parts of the population that are otherwise hardest to 
reach [13].  

2.7 Life cycle assessments and climate justice 
Besides the fact that data on installed capacities can be useful for the large energy organizations, there 
are other uses for a model of this kind.  

One would be that the global PV distribution is linked to the distribution of greenhouse gas emissions 
and reductions. Life cycle assessment (LCA) is a method for quantifying material and energy flows and 
their associated emissions. With the extended use of these types of analyses, the origin of the energy 
and raw material is increasing in importance [16]. Since the methodology is based on custom data, trade 
ways of PV materiel can also be tracked through it.  

Depending on the system limits, China or other large manufacturers of clean energy technology are 
either net emitters of greenhouse gases linked to their PV industry, or responsible for the avoidance of 
emissions. The first way of counting emissions is the current international practice [17]. The second 
way of counting is with respect to the manufacturing counties’ contribution to green energy production 
in the countries where the modules are installed. Renewable energy technologies are repressing or 
replacing fossil fuels in the energy systems they are installed in, resulting in a positive climate impact 
seen in the long-term perspective [17]. This reasoning is relevant for PV since their energy payback time 
is low compared to other technologies [18]. Such arguments are often used when promoting the system 
changes and justifying introduction of economic instruments designed to facilitate the expansion of solar 
energy. Knowledge of origin and trade behavior will add to a more nuanced picture and the true 
contribution of the renewable energy component producing countries make to global greenhouse gas 
reductions easier to assess. In global legislation contexts and in discussions about climate justice, the 
topic of true responsibility of emissions on an international market is relevant. 



 

5 
 

With regards to life cycle assessments, or other analyses connected to quantification of the 
environmental or social impact of products, the country of origin have an impact on the results. The 
methodology requires information around the material flows as well as well as the electricity mix for 
the electricity used in manufacturing [16]. Apart from electricity mix, the production capacity of the unit 
is another important factor when analyzing the energy use, as well as the production year, since a 
decrease in energy use per Watt is shown when looking at historical data  [19].  Knowledge of origin 
and time exists within the model, meaning it could help bring clearness on all factors mentioned. 
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3. Methodology 

This project centers around the development of a model which is intended to be applied on markets 
where the current data availability is low. In this section, the methodology and the model parameters 
are presented. Data sources, assumptions and uncertainties are also discussed. 

3.1 Data  
Developing a calculation method is of course dependent on the accuracy and quality of the data fed into 
it, as well as the reference data used to validate and calibrate with the method. In the following section, 
the different sets of data used in the development of the model are explained thoroughly, and the 
methodologies of relevance when gathering the data are also mentioned. 

3.1.1 Custom Data  
The main data source for the method is an analyzing tool managed by the International Trade Centre 
(ITC), called Trade Map [20]. The International Trade Centre is an organization with a joint mandate 
with The World Trade Organization and The United Nations on working internationally in projects on 
trade and development [21]. Its work includes working towards the sustainable development goals and 
concentrates its actions on developing micro, small and medium- sized companies and strengthening 
their ability to export. As an organization, they are focusing especially on enterprises driven by women, 
young people and poor communities [21]. When analyzing traded volumes and paths from a global 
perspective, ITC was considered as the best available data source of international trade data. 

The Trade Map stores custom and trade data, categorized by product codes, so called HS-codes. It 
enables registered paying users to extract detailed import and export data by annual quarters. The 
product data availability is divided into three categories, being No data, Reporting Data, and Mirror 
Data. The Mirror Data is data collected from trade partner countries to a country that has not provided 
ITC with trade information. The Mirror Data  is available for countries that trade goods with reporting 
countries, since export of a product from country X to country Y is the same as  import into Y from 
country X. In the data base, it is clearly marked out what data is reported, where there is a lack of data 
and what is mirror data. As indicated earlier, the data in question is reported to ITC by the respective 
countries’ trading entities. The nature of the reporting system could leave room for misreporting and/or 
differences in data quality, but is the best option available. In this data set, it is the mirror data that 
constitutes the largest source of uncertainty, since trade between two countries that only have mirror 
data is not shown in the ITC database. The countries bordering the countries that only have mirror data 
was examined. In those countries, the trade seems highly concentrated to the largest producers of PV 
products, like China and Malaysia for example. If the assumption is made that the trade behavior is 
similar in countries bordering each other, the data missing should have little effect on the robustness of 
the model. 

Extracting the data from Trade Map is done in two main steps; handling the import data and the export 
data. Important in both steps is making sure the spreadsheets covered the largest amount of data 
accessible. The HS code used for the bulk of the collected data is 854140, which have the description; 
Photosensitive semi-conductor devices, including photovoltaic cells whether or not assembled in 
modules or made up into panels; Light emitting diodes. This code is globally available and used in 
classification on all continents.  

Furthermore, additional custom codes are investigated. These are found through examination of regional 
and national HS-code catalogs. Most important are those of large exporting countries, which throughout 
held a large share of the traded quantities on all continents. As earlier mentioned, there exist specific 
codes for PV materials, often with product descriptions identical or like the one 8541 4020 00 in found 
in the Chinese custom catalog, which reads solar cells. This data is then used to estimate the amount of 
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PV in the code above, which consist of all photosensitive semi-conductors and light emitting diodes. 
This methodology is further explained in 3.4 Model Design. 

For countries with PV module production, their respective markets are examined to see if they only 
assemble the panels, or if they have domestic PV cell production. If they import solar cells, the traded 
value for solar cells must be collected and subtracted from the total imported value, to avoid any double 
counting (see 3.4 Model Design. for more information on the methodology). In these cases, the national 
custom catalogs are once again consulted, and national data bases searched to obtain the data needed. 
An example of a solar cell code found and used in this step of the model is the HS code 854 140 11 in 
the Indian Trade system, with the description; Solar cells, not assembled in modules or made up into 
panels. 

3.1.2 Module Prices 
Prices of PV modules and cells have a large impact of the model results. This because the ITC data is 
reported in US dollar, meaning it is the monetary value of the consignment that is booked in the 
administrative part of the trade. In order to derive the installed PV capacity, high resolution module and 
cell prices are crucial. These are primarily collected from the yearly publications of IEA PVPS, both 
NSRs and Trends . Furthermore, module spot prices categorized by producing country were reported 
for the European market by PVxChange until mid-2017. PVxChange is a well renowned German 
brokerage platform, why it was assumed to be a good source of information of European spot market 
prices. Both data sources are well cited and used as reference data in many publications, both in 
academic and popular science contexts. 

3.1.3 Production Data 
Another important set of data is production data. In this case it means national domestic production of 
cells or modules. Since installation of domestic produced modules will never be visible in the custom 
system, the national production must be included in the model to estimate the installed capacity. 

RTS Corporation is a consulting firm with decades of expertise in monitoring and analyzing the global 
PV industry [22]. Since they provide production data for publications such as Trends, they are 
considered a good collaborative partner for this project. The obtained data is not on all global production 
but covers the largest producers and therefore the most important actors. The data of RTS is collected 
with the help of global surveys along with business associates around the world and at the large 
producing companies. The raw data cannot be presented in this report, since the information is 
confidential.  

In specific cases, especially when developing the model using reference countries with high resolution 
statistics on their PV development and deployment, specific NSRs are used as reference on domestic 
production. In many of these cases, additional measures are taken and all known producers in the 
reference countries where data is missing has been contacted by the author, with varying rates of success.  

The missing production spots are, however, considered small enough not to cause a large error in the 
model, which is intended to be used on countries with no production, or on a macro perspective. It is, 
furthermore, one of the major improvements that can be made in further research projects on the subject. 

3.1.4 Reference Data 
When developing and validating the model, it is important to have access to reference data with high 
resolution and quality. In this case on installed PV capacity in each calendar year globally and divided 
into national capacities.  

As mentioned in the introduction, one of the drivers for this project is the lack of such data. IRENA and 
IEA are two organizations that work on monitoring the development of renewable energy markets. There 
exist qualitative data for parts of the world, namely for markets with high levels of electrification and 
functioning statistical systems. But for more recently developed- or emerging markets, there is not really 
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any reliable data, as least not summarized or harvested by the international organizations where one 
would naturally search for such.  

This complicates the validation of the model, resulting in using a smaller portion of the worlds’ countries 
as reference countries when developing the model. Installation capacities are collected from the same 
sources as stated above, namely NSRs from the reference countries. Additional information on countries 
outside IEA PVPS was collected from their respective governmental website. 

3.1.5 Other 
Market size factors were also used in the development of the model. They were initially collected from 
a report on another project handling custom data [23]. These factors were, however, changed in order to 
optimize the results in the calibration to this model, since the author of the mentioned report only used 
the mainstream price in his methodology. In this model, the prices are weighted arithmetic means of the 
spot prices for PV modules of origin from all trade partners. See 3.4.5 Prices for more information on 
the methodology. For that reason, the market size factor of [23] cannot be directly applied to this model. 

3.1.6 Data availability 
In this project, the availability of reference data has been one of the biggest challenges and one of the 
largest known sources of uncertainty. The lack of reliable data on installed capacities in the studied 
regions is hindering the development of the model since the possibility of validation is limited. But the 
access to international customs data is generally good, especially for the codes higher up in the HS code 
hierarchy.  

Yearly domestic PV production is, on the other hand, often handled as company sensitive information 
and the data is for that reason often classified as confidential. This means that if there is any information 
at all presented in the producers’ yearly reports, it is just on yearly production capacity. Since the 
production is an important input parameter, quite a lot of effort has been put on contacting the producers 
in the reference countries one by one, with varying levels of success. For confidentiality reasons, no 
yearly production output is presented in this report.   

3.2 Assumptions 
Some assumptions must be made when developing the method. First, the PV material is reported in US 
dollars in the ITC database, meaning it is the monetary value that constitutes the base for the analysis. 
As stated earlier, information on module spot prices were collected from different reports and statistical 
centers. Distributor margins and shipping, etc. increases the price of modules for the end consumer, so 
a factor of 20% is added to the retail module price to offset this difference. In a similar project that was 
carried out in 2016 [24] an analogous factor of 10% was used. In this study the higher factor of 20% is 
a result of an iterating validation process were the resulted of changing the factor was compared to 
installation capacity data from the reference countries.  

Furthermore, the custom data is available with a 3-month time resolution. To cover the time between 
the moment when the modules are purchased and when they are installed, a delay of one quarter was 
assumed. In practice, this means that the results shown in 4. Results are based on data from the fourth 
quarter the year before and the three first quarters of the year in question. For example, 2017’s results 
are based on trade data from 2016 Q4 to 2017 Q3. The reality is of course that the time between purchase 
and installation varies a lot and can probably be both longer and shorter in many cases.  

In general, it is more expensive to import smaller quantities occasionally, than it is to make large regular 
orders. This is covered for by an assumption that markets with lower PV penetration experience higher 
average prices than more developed markets. To meet this irregularity in world pricing, the size of the 
market was roughly determined based on the custom data. This, in order to categorize all nations into 
market sizes and then appoint them with a market size dependent price factor. See 3.4 Model Design for 
further information on the process.  
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Lastly, the whole methodology and model designed is based on the idea of an open trade between 
countries, and that the trade interactions are booked by their respective trade ministry and reported to 
the International Trade Center. The whole trade behavior is not entirely known and there might exist a 
black market with PV and peripherals that affect the installed capacity rates. If so, basing the calculations 
on ITC numbers might not be enough to cover the spread and distribution of PV. In this project and 
report, any illegal trade with PV is considered to lay inside the margin of error but could of course be 
investigated in further research to obtain a better understanding and result. 

3.3 Data Analysis 
It became clear when analyzing the data that the most common trade partner for most of the countries 
in the world is China. The latest Trends stated that 73% of the global production of PV took place in 
China in 2019, which motivates the Chinese dominance [5]. Another observation made was that the data 
availability varied between countries, and since this is the problem on which the whole project is based 
on, neither this came as a surprise. As stated in 3.1.1 Custom data, the data availability in Trade Map 
varied between countries, since some had firsthand reported data while other only had mirror data 
available. More noticeable though was that some countries had data up until Q2 2020, while some 
countries had no reported data in years, even though they have had historical entries. The case could 
either be that there is no available data on traded goods under the HS-code, and that the ministries has 
reported no data instead of zero trade. But since there often had been regular entries years before, it is 
more credible that the overall reporting to ITC has stopped. When choosing what years to adapt the 
model to in this project, the availability in time was one important factor that led to the choice of the 
years 2016-2018. 

As mentioned above, the domestic production is an important part of the model since it is directly added 
to the installed capacities in the end step. When manufacturing solar modules, it is not unusual to import 
the solar cells used for mantling the modules. Since the HS code used in the model is a product code 
containing all photosensitive semiconductors including PV cells, whether or not assembled into 
modules, the imported cells are a part of the custom data used for the analyses. If the price per Wp did 
not differ between PV modules and cells and the losses of materials were nonexistent, the cell import 
would not be a problem. But cells are generally cheaper than modules, resulting in the fact that any cell 
import must be traced for the method to give accurate results.  

When analyzing the production data, the countries with module manufacturing are labeled in the model 
and a further analysis on those are carried out manually, meaning specific HS codes for PV cells are 
searched for in their national trade centers. This is briefly explained above in 3.1.1 Custom Data.  In 
cases where there exists such a code, the booked monetary value of the traded cells is subtracted from 
the total trade for the general code, and the same goes for the corresponding export value for the country 
providing the manufacturing country with cells. These codes are structured in a hierarchical system, 
meaning all sub-codes with more specific descriptions are all included in the international HS codes 
contents. For domestic cell production, no specific actions are taken since the produced amount should 
be handled in either the step earlier described or embedded in the fact that the model handles PV module 
production, not cell production. This way, all large amounts of solar cells should be taken care of, since 
they are either exported or used in domestic module production. 

3.4 Model Design 
Below in Figure 6, the core steps in the development of the model is presented. The basic idea is that 
the import, export and production are the three constituents of how PV are traded and inserted into a 
system. All parts of the model are calibrated and validation with NSR from countries with good 
statistical data. The steps are desribed further into detail in the following section. The model consists of 
four main data sets, being import data (I), export data (E), domestic production data (P) and module 
price data (p). They are all combined in order to obtain a successful conversion from traded value of PV 
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products and annual capacity. A price factor (F) is also introduced in order to meet the differences of 
the national PV markets. 

Figure 6 shows the main computing steps of the model, as well as a brief explanation of the variables. 
All steps are further explained in the following sections.   

 

 

Figure 6. Flow chart visualizing the steps and hierarchy of the model. The main equation is expressed both 
mathematically and in text. 
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3.4.1 Validation and calibration 
A number of reference countries were chosen for the validation of the method. The first criterion was 
that the reference countries should have public annual capacity, price and domestic module production 
statistics. This was solved by chosing member countries of IEA PVPS as reference. This, since they all 
produce yearly NSRs, and they have experts assigned with knowledge of the market structure in their 
respective country.  

As explained earlier, not all member countries of IEA PVPS had produced high quality NSRs, which 
means the first criterion is not fulfilled for all IEA PVPS member countries. The second criteria for the 
reference countries is that the yearly domestic module production cannot exceeded half of their annual 
installed PV capacities, due to the uncertainties in the module production capacity data available.      

After implementing these criteria, the chosen reference countries are Australia, Belgium, Chile, Finland, 
France, Israel, Italy, Japan, Spain, Sweden, USA, and Switzerland. 

The geographical spread in the reference countries is a conscious choice, trying to cover large parts of 
the well documented global PV market, and even though it cannot really be used to make conclusions 
on a region, looking at the data series as a whole could help getting a general idea on the model’s 
performance.  

Before handling ITC data from all countries in the world, and dealing with the complications of massive 
amounts of data, the chosen reference countries’ customs data was used. The reason for this was to 
create the frames for the first version of the model and to improve it stepwise by making the discussed 
assumptions and adjusting the different factors of these assumptions, which are further discussed in the 
following sections. These steps were important to fully understand the data.  

Step by step, the calculation method was refined by gathering additional reference data, developing the 
steps explained in Figure 6 and developing the market size factors (see Prices below) by iterating 
different factors until the best available results were obtained among the reference countries.  

3.4.2 Import  
The first step in the model development is to analyze the import data that is extracted from Trade Map. 
Since the available codes in the international system are of wider character, the code used includes PV, 
diodes and other photosensitive semiconductors. Furthermore, the PV content of the traded goods must 
be estimated. The largest exporters (China, Germany, Indonesia, etc.) were identified and their 
respective national custom authorities were contacted or searched for, to find codes for only PV. Most 
countries have HS-catalogs where one can search for codes further down in the hierarchical system in 
which they are categorized. This is the easiest way to find the trade with PV. Theoretically, this process 
could be repeated for all countries, but includes a lot of manual work and would take longer time than 
viable for this project. This is the reason the following method is used. 

After finding the national codes for PV, the reported value was analyzed and compared to the content 
in the wider, international HS-code. This by comparing the amount of PV in the global code and 
calculating a weighted arithmetic mean for each year (shifted one quarter, as mentioned under 
assumptions), quarter by quarter. By doing this, a weighted PV content factor, Fcountry, with respect to the 
varying amounts of traded goods is obtained. 

Equation (1) shows how the weighted PV content factor, Fcountry, is calculated. There, i indexes the 
quarters, so that each year includes custom data analyzed from Q4 the year before to Q3 the same year.  
ICell, Qi is the value of PV amongst the traded goods while Itot, Qi is the total import value in the quarterly 
data, collected from trade map. This calculation step handles the fact that not only PV is categorized in 
the studied HS code, but Photosensitive semiconductor devices, including photovoltaic cells whether or 
not assembled in modules or made up into panels, Light emitting diodes [20]. When the share of PV in 
the import data is calculated, it is multiplied with the share of yearly goods that were traded that year, 
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since Itot is the the total import value of traded goods registered for the HS code that year. The second 
factor in equation (1) of Fcountry (“weighted PV content factor”) is added so that the quarters with high 
trading activity have a larger impact than the ones with low, like so: 

𝐹 = ∑
,

,
∗

,
  (1). 

Furthermore, the imported values for each country and year are categorized by exporting countries from 
which the goods were imported. The shares are then multiplied with their corresponding weighted PV 
content factor and a weighted PV content mean is calculated, Simp. In Equation (2) 

𝑆 =  𝐹 ∗ 𝐼  (2) 

the iterating unit i is all countries that has exported goods into the country in question. Ii is the import 
share of each exporter. For example, China has a weighted PV content factor, Fcountry of 0,68 (meaning 
68% of the imported value was PV modules or cells, the rest was other photosensitive semiconductors) 
in 2018 and the same year, 15% of Sweden’s import came from China, making Ichina 0,15. Chinas 
contribution to Sweden’s Simp is then (0.68*0,15)=0,102, and the procedure is repeated for all countries 
from which Sweden has imported PV modules. 

Any unknown markets are applied with an average weighted PV content factor, Favergare.. The factor Simp 
(“weighted PV content mean”) is multiplied with the the total import value, Itot  and constitutes the base 
of the analysis. Instead of analyzing each market manually, this enables market specific variations to be 
included in the analysis without too many manual steps. The step of dividing the import into country 
shares show that most of the import did come from the large exporters, which came as no surprise. China 
is without a doubt the most occurring exporter and topped the list of exporters for almost all countries 
with the highest share of goods with few exceptions. 

For some markets, an additional step in the import data must be added. This in cases with domestic 
production or processing of PV materiel. If a country has PV module production, it is likely they have 
an import of solar cells for the assembling of the modules. If so, their national custom code catalog must 
be searched for a code for solar cells that are not assembled into panels. The value in this code, Acell 

(“total imported PV cell value”), is then subtracted from the the total import value Itot.  If there exist 
domestic PV cell production, the cells are either assembled into modules in the same country or 
exported. Since the PV module production is added from external data sources, this step is added to 
avoid any double counting. Equation (3) is expressed 

𝐼 = 𝐼 ∗  𝑆 − (𝐴 )  (3) 

 

where Im equals the adjusted imported value of PV modules, with Itot being the total import value, Simp 

the weighted PV content mean and Acell the total imported PV cell value. 

Another reason for this step is that the price per capacity (US$/Wp) is lower for solar cells than for PV 
modules, meaning the model results would be missleading if the cell import or export were not deleted 
from the calculations, where price is the conversion factor (reminder: it is the monetary value in US$ 
that is registered in the ITC database).  
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3.4.3 Export  
The export is downloaded and analyzed in a similar way as the import data. The factors that are 
developed in the import-step are also applied to the export data of the large exporters. This means that 
for the large exporters of PV, the share of PV in the main code is known. As visualized in Figure 6, the 
export data is used to produce a net traded value that further on can be converted into an installed 
capacity. Even though the model probably is not very suitable for nations that holds the world’s largest 
module production, it is still reasonable to use the information in hand for the model.  

For markets where the share of PV in code 854140 is unknown, the average from countries where the 
share could be calculated is used, which is 80%.  

As stated in the 3.2 Assumptions, it is considered unrealistic that countries such as Sweden or Lebanon 
would export solar modules or cells into large manufacturing countries like China. For that reason, the 
top producing countries were all excluded from the export data for the rest of the world. The countries 
that was assumed not to import any larger quantities of PV modules from smaller countries in other 
regions were: China, South Korea, Taiwan, Malaysia, India and Indonesia.   

3.4.4 Production  
Another factor that has a large impact on the result is the domestic production of modules, which is 
directly added to the derived yearly installation factor (see Figure 6). As mentioned in 3.1 Data, it is 
complicated to obtain high quality production data since it must be gathered and reported from all 
producing units in a country or region to provide a good representation. Finding production capacities 
from manufacturers is not as hard as actual yearly production numbers, since the actual production and 
pricing is business sensitive information and is often not published openly in yearly reports or such. 
With the help of RTS Corporation, however, some good quality module production data, summarized 
from different publications such as NSRs and their own questionnaires, is obtained. Even though it did 
not cover all production in the world, it is the base of the data used in the model.  

The module production data is the data least processed. The reason for this is that it is already reported 
in MW/year, it is simply added to the other factors after they have been converted into capacities.  

3.4.5 Prices 
Price data was collected from multiple sources and converted into US$/kWp with the corresponding 
conversion rate for the currency in question. Most price data are reported in quarterly or yearly data 
series, and even if the NSRs present the data in their national currency, they are often also available 
converted into Euro or US dollar. A price per capacity unit, Pexp, from each exporter country was 
obtained. It should be noted that the markets for which price information are available coincided with 
the largest global exporting countries and that they are the markets presented in yearly reports and 
available on market analyst’s websites. 

There are multiple ways of executing the price estimations, but in this project the knowledge of trade 
ways and origins was chosen as a base for the analysis, to fully utilize the inherent knowledge in the 
model. Firstly, the import data is once again divided into shares of import origin, with categorization on 
the exporting markets where price data is available. The import share from each market is annotated Ii 
in equation (4) below, as it is in the import section above. 

Secondly, all prices that are presented as retail or end consumer prices are adjusted to more accurately 
represent the factory door prices. This term describes the price of the parcel in the custom administration 
process, namely the price to the first actor in the distribution chain excluding taxes and fees. By 
consulting literature from other studies (see 3.2 Assumptions above) and calibration of the model in the 
development stage, a margin factor, F, was assumed to be added to cover costs in the wholesale part of 
the sales process. This resulted in a price equation: 
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𝑝 = (𝑝 , ∗ (1 − 𝐹) ∗ 𝐼 ) (4) 

 

where a process like the one applied to the import data was executed. A weighted arithmetic mean was 
calculated of the prices and the import shares, resulting in a weighted market price, pimp, that could be 
applied directly to the net traded monetary value of the nation, but still include aspects of origin. Since 
the price is calculated with respect to the markets from which PV is being bought, they vary between 
markets and continents.  

Even if the weighted market price, pimp, does mirror the pricing with some respects, there are still other 
important elements that play a roll. For that reason, another step was added to the price process before 
applying it to the model.  

A factor that was assessed as important was the market size and the size of the orders made from the 
wholesale or factories in the manufacturing country. For this reason, a calculation process is executed 
with only mainstream prices as input, but with all other country specific factors in place. This way, an 
estimate of market sizes is obtained. These preliminary market sizes are then roughly divided into 
categories with respect to market size in MW installed capacity per year, with the boundaries being 0 
MW/year, <1 MW/year, 1-5 MW/year, 5-10 MW/year, 10-100 MW/year and lastly >100MW/year.   

To meet the differences in market sizes and therefore prices per unit, a so-called price irregularity or 
market size factor was introduced, Fmarket (further called size factor in this report). The numerical values 
of the size factors are presented in Table 2, but are based on a similar study [24] made with the purpose 
of analyzing the development of established PV markets. The size factor is then multiplied with the price 
from the import data, 

𝑝 = 𝑝 ∗ 𝐹  (5). 

 

Equation 5 generates the end price, pcountry, including factors of origin of the PV modules and market 
size. The steps were repeated for all years and countries, as are all equations. 

The obtained end price, pcountry is then used as the main conversion factor between the reported values in 
Trade Map, reported in dollars, and the desired result unit of installed yearly PV capacity. 

3.5 Sensitivity analysis  
Lastly, a sensitivity analysis is carried out on the calculation model too see what aspects are the most 
critical to the results. Since the model is dependent on different data sets, each with their own errors and 
insecurities, it is valuable to investigate where the sensitivities lay.  

The analysis itself is directly applied to the model and of simple methodology. Its result is presented in 
4.3 Sensitivity Analysis in 4. Results. Some chosen factors of importance were adjusted with a factor of 
5-20 percent and the difference in the result was noted. This way, the behavior of the model could be 
observed as well as if there were any factor that affected the model in an unproportionally manner. If 
so, the factor should be handled with extra caution.   

The sensitivity analysis is performed on one of the two series of model results, namely the one indexed 
as SF, which abbreviation of Size Factor in Table 3. This version of the model includes the market size 
factor and is chosen for the sensitivity analysis because it is the version of the model that is the most 
developed. Also, the market size factor is an imported parameter that is included in the 

The factors chosen to examine further in the analysis are Price of PV modules in China, Mainstream 
price of PV modules, Amount of PV in Chinas export, Module production volumes and Market size 
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factor. Many of the factors are related to China, which is explained by their dominance on the global PV 
market. The market size factor, SF, is chosen because it is a factor developed within this project which 
makes it hard to relate and analyze. Furthermore, the mainstream price  is chosen as a key factor since 
it is used as price data for all countries that does not have reported module data and also in the first 
model execution where the preliminary market sizes are generated. Lastly, the production data is the 
data that is hardest to obtain and to complete, why its influence on the model results is of importance 
for further development. 

  



 

16 
 

4. Results 

Firstly, the results of the analysis of the statistical coverage in IRENAs data base is presented, to 
obtain a deeper knowledge on which markets to apply the model on. Secondly, the trade ways and 
model results are displayed, as well as the performance of the model. Lastly, the results from the 
sensitivity analysis is presented. 

4.1 Detection of undocumented markets 
First, the markets with the lowest level of statistical coverage are presented. It is evident that the regions 
with the highest level of uncertainty i.e. with the most IRENA estimates are Africa, The middle East, 
and to some extent Oceania. The shares of estimated entries on the African continent are 69%, 67% and 
74% for 2016, 2017 and 2018 respectively while the corresponding numbers for the Middle East are 
54%, 71% and 50%. This can be compared to the much lower shares in Europe (3% in 2016, 3% in 2017 
and 8% in 2018) or the 0% of North America, the two continents which seem to have the best centralized 
administrative control over their PV system. Also, IRENA prioritizes, or ranks, the data sources are as 
follows: 1. Questionnaires 2. Official sources 3. Unofficial sources 4. Estimations. This means that the 
shares of official sources available are probably larger than the grey bar in Figure 3 entails, but the 
answers from the IRENA questionnaires are ranked higher in the hierarchy and is therefore prioritized, 
see Europe for example.   

   

Figure 3. Figure showing the different data sources presented in Renewable Energy Statistics Report 2020 [8]. 
The y-axis in shows the regions, while the three bars each represent one year, from 2016-2018. 
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4.2 Model  
In the following section, the model results, performance and sensitivity are presented. 

4.2.1 Tradeways of PV in Africa & the Middle East 
Below in Figure 7 and 10 the shares of import of PV are presented. The reason for choosing the specific 
countries below is mainly because those countries had HS codes specific for solar cells (see Appendix 
Table A.1). The markets were then used to assess the amount of PV in the code that was globally 
accessible. The reasoning is further explained in 3.4.2 Imports. 

Furthermore, the large amount of import from China is the most prominent trend. In Africa, the import 
share from China and Hong Kong was 55% in 2016, 47% in 2017 and 58% in 2018. In the Middle East, 
the numbers were even higher, with 59% in 2016, 57% in 2017 and 64% in 2018. The second largest 
exporters out of the countries available are USA and the Netherlands for the Middle east and Germany 
for the African market. See Appendix Table A.2 for higher resolution data on the market shares in the 
regions. 

 

Figure 7. The different import sources of all African countries in the ITC data base. The inner circle represents 
2016, the middle one 2017 and the outer one 2018 share of PV imports. HK is short for Hong Kong and RoW 
means rest of world. 

 

Figure 8. The different import sources of all countries in the Middle East that are in the ITC data base. The inner 
circle represents 2016, the middle one 2017 and the outer one 2018 share of PV imports. HK is short for Hong 
Kong and RoW means rest of world. 

African import sources

China + HK France Germany Italy Netherlands Singapore Taiwan USA RoW

Middle Eastern import sources

China + HK France Germany Italy Netherlands Singapore Taiwan USA RoW
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4.2.2 Market size factors 
The prices used in the method are model-generated arithmetic means of the prices of modules of 
different origins. Even though the manufacturer is of importance, there are other mechanisms that 
affects the price point in a certain market, the size of it being one important factor. In the table below, 
the multiplication factors that are applied to the prices (see equation 4) are presented. 

Table 2. Market size factors obtained and used in the model. 

Market size  0-1MW 1-5MW 5-10MW 10-100MW >100 MW 

Factor 1,98 1,79 1,48 0,98 1,02 

 

4.2.3 Model results 
 

The best way available to evaluate whether the model is usable or not is to validate it with available 
data, in this case comparing it to existent data on yearly installed capacity. Below, the model results 
from the reference countries chosen according to the criteria described in the 3. Methodology is 
presented. The total difference in the data series for all reference countries are 12 % for 2016, 17% for 
2017 and 11% for 2018.  

 

 

 

Figure 9. Model results for the reference countries (2016) expressed in percentual difference [%] compared to the 
capacity reported in their respective NSR. The blue bar represents the model version without any size factors (Sf) 
while the grey bar is the version with the size factor. 

 

-36%

-59%
-50%

155%

-68%

-21%

-69%

-9%

-49%

-17% -20%

-4%

-37%

-58%
-51%

158%

-69%

-20%

-69%

-10%

-48%

-16% -21%

-5%

-100%

-50%

0%

50%

100%

150%

200%

Australia Belgium Chile Finland France Israel Italy Japan Spain Sweden Switzerland United
States

MODEL RESULTS 2016- ANNUAL PV CAPACITY [%]

2016 Std 2016 Sf



 

19 
 

 

Figure 10. Model results for the reference countries (2016) expressed in percentual difference [%] compared to 
the capacity reported in their respective NSR. The blue bar represents the model version without any size factors 
(Sf) while the grey bar is the version with the size factor. 

 

 

Figure 11. Model results for the reference countries (2016) expressed in percentual difference [%] compared to 
the capacity reported in their respective NSR. The blue bar represents the model version without any size factors 
(Sf) while the grey bar is the version with the size factor. 
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There is a strong correlation between the ITC data and the yearly installed PV power, even though some 
refinements and conversion factors are needed for model to produce estimations that come close to the 
reported PV capacities in these countries. Table 3 below shows the model results for the two different 
versions of the model STD and SF, in numbers and with percentual difference marked out.  

The model results in Table 3 are presented both in definitive numbers and in relative difference. 2017 

can be detected as the year with the largest uncertainties when looking at average absolute difference 

per country, with Israel and Finland having large deviations from the reference capacity. It should be 

noted that the reference data in this case is collected from the NSRs from the respective countries, and 

not from the IRENA statistics. When combining the whole series, the result show differences of 12 % 

for 2016, 17% for 2017 and 11% for 2018. 

Table 3. Model results compared to reported yearly capacities in NSRs from IEA PVPS for the respective year. 
The index sf stands for size factor while std stands for standard and is a version where the size factor is excluded 
(IEA PVPS Task 1, 2017-2019).   

Country 2016 PVPS 
*[MW] 

2016 STD 
[MW] 

Difference [%]  2016 SF [MW] Difference [%] 

Australia 851 543 -36% 533 -37% 
Belgium 202 83 -59% 84 -58% 
Chile 551 276 -50% 271 -51% 
Finland 17 43 155% 43 158% 
France 596 189 -68% 188 -69% 
Israel 106 83 -21% 85 -20% 
Italy 368 114 -69% 115 -69% 
Japan 7889 7146 -9% 7074 -10% 
Spain 55 27 -49% 28 -48% 
Sweden 58 48 -17% 49 -16% 
Switzerland 270 216 -20% 212 -21% 
United States 15152 14590 -4% 14323 -5% 

Avg difference 
  

33,5% 
 

33,8% 
Country 2017 PVPS 

*[MW] 
2017 STD 
[MW] 

Difference [%]  2017 SF [MW] Difference [%] 

Australia 1270 1197 -6% 1173 -8% 
Belgium 313 156 -50% 153 -51% 
Chile 637 63 -90% 64 -90% 
Finland 43 51 19% 51 21% 
France 898 239 -73% 237 -74% 
Israel 75 180 141% 176 136% 
Italy 399 24 -94% 25 -94% 
Japan 7460 6031 -19% 5961 -20% 
Spain 135 95 -29% 96 -28% 
Sweden 85 48 -43% 49 -42% 
Switzerland 242 237 -2% 233 -4% 
United States 10845 10563 -3% 10377 -4% 

Avg difference 
  

47,4% 
 

47,6% 
Country 2018 PVPS 

*[MW] 
2018 STD 
[MW] 

Difference [%]  2018 SF [MW] Difference [%] 

Australia 3775 3563 -6% 3492 -7% 
Belgium 434 248 -43% 269 -38% 
Chile 596 495 -17% 491 -18% 
Finland 53 61 15% 61 17% 
France 862 522 -39% 517 -38% 
Israel 406 400 -1% 392 -3% 
Italy 420 440 5% 435 4% 
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Japan 6662 7446 12% 7326 10% 
Spain 288 411 43% 403 38% 
Sweden 158 108 -32% 105 -33% 
Switzerland 271 317 17% 311 15% 
United States 10680 13796 29% 13553 27% 
Avg difference  

  
21,5% 

 
20,6% 

*Data sources: [26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36], [37], [38], [39], [40], [41], [42], [43], [44], [45], [46], [47], [48], 

[25], [5]. 

4.2.4 Market estimations 
When applying the model to the markets focused on in this report, the results presented in Table 4 are 

obtained. Generally, the model gives higher yearly installed capacities than the IRENA estimates and 

reports. In the middle column in Table 4, the so-called matched capacities are presented.  

In Africa, there are several, presumably rather large PV markets that do not have any reported data or 
mirror data in the ITC database. Those markets are Algeria, Angola, Cameroon, Comoros, Cote d’Ivore, 
Congo, Egypt, Eswatini, Ghana, Mali, Rwanda, Senegal, South Sudan, Togo and Tunisia. This means 
that the IRENA estimates and reports from only those countries offers a more interesting comparison, 
rather than comparing it to the whole continents installed capacity. With that measure taken, one can see 
that the model generates higher estimates than the estimates of IRENA.  

Table 4. Model result, applying the model to the targeted regions for this project, namely Africa and the Middle 
East. The shares in percent between brackets are the relative difference between the IRENA result and the model 
result. 

 Yearly installed 
capacity, model 
[MW] 

Yearly installed 
capacity, IRENA 
matched [MW] 

Yearly installed 
capacity, IRENA 
[MW] 

2016     
     Africa 1196 794 (-33%) 1049 (-14%) 
     Middle East 771  485 (-60%) 
Emerging markets 1967  1534 (-22%) 
2017    
     Africa 713 348 (-51%) 752 (5%) 
     Middle East 923  693 (33%) 
Emerging markets 1636  2836 ( -12%) 
2018    
     Africa 1385 734 (-47%) 1427 (3%) 
     Middle East 2210  980 (-126%) 
Emerging markets 3595  2407 (-30%) 
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4.3 Sensitivity analysis 
In Table 5, the results from the sensitivity analysis are presented. Table 3 shows two different data 
sets, one called standard that does not include any market size factors and one indexed sf that in turn 
do have the determined market size factor included. The latter was chosen to perform the sensitivity 
analysis on, since it includes all parameters described in this methodology. In the column for each 
year, as well as the column on the far right in the table below, it can be determined that none of the 
parameters have an unproportionally large impact on the model results, since the output data was 
affected in a smaller extent than the parameter of change. 

However, the market size factor has the most direct impact on the model results, see results and 
changes in factor number 5 in the table below. 

Table 5. Sensitivity analysis results of the model, observations of changes in model output when varying the size 
of central model parameters. 

# Factor Change 2016 2017 2018 Average 

1 Price of PV modules in china      
  5% -1,5% -1,4% -1,2% -1,3% 

  10% -2,9% -2,7% -2,3% -2,6% 

  20% -5,5% -5,1% -4,3% -5,0% 
2 Mainstream price of PV modules   
  5% -1,0% -1,2% -1,6% -1,3% 

  10% -2,0% -2,4% -3,1% -2,5% 

  20% -3,8% -4,4% -5,6% -4,6% 
3 Amount of PV in Chinas export      
  5% 3,5% 4,3% 1,9% 3,2% 

  10% 7,0% 8,6% 3,8% 6,4% 

  20% 13,2% 17,4% 6,7% 12,5% 
4 Module production volumes    
  5% 1,1% 0,5% 1,1% 0,9% 

  10% 2,2% 1,1% 2,1% 1,8% 

  20% 4,4% 2,2% 4,3% 3,6% 
5 Market size factor     
  5% -3,7% -4,2% -3,7% -3,9% 

  10% -7,1% -8,1% -7,1% -7,5% 

  20% -13,0% -14,9% -13,1% -13,7% 
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5. Discussion 

The results are further discussed and analyzed in the following section. That includes theories on the 
model’s behavior, discussions on the indented use of the model as well as recommendations for further 
research and development of the model. 

5.1 Hidden markets 
As mentioned in 2. Background, the availability of data is lacking on many markets, even for the large 
organizations such as IRENA and IEA. Summarized in Figure 3 are the data sources from the latest 
statistical report from IRENA, showing the statistical availability in the different regions. The results 
show that the two markets with the lowest level of statistical coverage are Africa and the Middle East. 
The reason why Oceania is not considered one of the target markets for this project is because Australia 
has a well-developed and studied PV market and constitutes such a large part of the continent. Australia 
constitutes 98% of the Oceanian solar PV market and approximately 91% of its surface area. Worth 
mentioning is that Figure 3 as well as the Renewable Energy Statistics show the different data sources 
with respect to countries, which can be misleading when it comes to continents with one or a few very 
dominating or large countries. If one were to weigh the representation of each data source with respect 
to capacity, for example, the results would probably be more in IRENAs favor, with a higher percentual 
share not being estimates. 

The methodology with which the estimates are made is not explained in the introduction of the IRENA 
report, nor can it be easily accessed on their webpage. There are also cases where it seems to be no 
development at a certain market for years, with stagnating numbers of a few megawatts, just to see an 
addition in the hundred-megawatt scale one year. Approximations of this type, without any background 
information makes them hard to use when studying the markets. It could be explained by an addition of 
one or a few utility scale systems and whether that is the case or if development has taken place in many 
market segments simultaneously which is not represented in the estimates has to be further investigated 
to uncover. 

The two markets identified as hidden, or poorly documented, coincide with the two markets with the 
fastest relative growth the past years, as can be seen in Figure 5. As stated in 2.6 Energy poverty and 
PV, it is also established that the two regions are amongst the lowest in the world in terms of access to 
electricity. The correlation is not coincidental, since PV is one of few power sources that are easy to 
install in areas without functional electricity infrastructure. Mini systems and off grid installations are 
two of the main contributors to electricity access in Sub-Saharan Africa in the last decade. 

Its modular nature and the possibly to install them off grid could also become necessary in war-torn or 
areas or areas affected by natural disasters [49]. Especially when there is a need of shelters and/or fast 
reconstruction of demolished infrastructure. The fact that the two regions, especially sub-Saharan Africa 
are still in a low level of electrification also makes them very promising in terms of potential future PV 
capacity and therefore of interest for future investors and PV manufacturers [4]. This makes the regions 
probable as future targets of business analyses, in which data on installed capacities will be of use. 

5.1.1 Tradeways of PV in Africa & the Middle East 
One of many reasons to gain further knowledge of the currently hidden markets are the investment and 
business opportunities linked to the development in those areas. They are called emerging countries 
because of their high relative growth speed and large future PV potential. If a certain actor on the PV 
market choses to enter a new region, there are several factors of interest that must be evaluated before 
investing. One of them being competitiveness from other companies in the region. 

For such reasons, as well as ones linked to LCAs and climate justice, the trade ways of PV become 
interesting. The discussion about knowledge of the origin of the PV products when conducting life 
cycle assessment and other climate calculations is touch upon in 2. Background. 
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Figure 7 and 8 as well as Tables A.2 and A.3 in appendix show the geographical dispersion of trade 
into the named markets. The share from China constitutes more than half of the traded amounts in all 
cases. Apart from China, no other very dominating mutual market can be seen. In Africa, Germany is 
the second largest exporter while the Netherlands and USA can be detected as the second and third 
largest market in the Middle East. Since China is the world leading country both terms of PV 
production and installations, the dominance comes to no surprise. USA and Germany are also two 
large and considerably important markets on their respective continents. It seems logical that large 
countries with a long history and experience of PV are early on these developing markets. However, it 
does not necessarily mean that the investments in terms of capital or knowledge are of that origin, 
since it is only the PV hardware that is traced in this model. 

5.2 Model 
In this section, a discussion on the model itself is held, focusing on its performance and possible 
improvements. 

5.2.1 Market size factors 
As is explained in the 3. Methodology, market size factors, SF, were developed in order to meet the 
different price points of different sized markets. Countries with small PV markets probably experience 
higher prices per unit, due to smaller orders and more occasional purchases. Since the shipment’s 
monetary value is logged in the ITC data base, a lifelike and realistic market price must be applied in 
order to make a proper conversion into PV capacity. SFs are multiplication factors that are added to the 
model-generated price to meet the named effects. In Table 2, the final market size factors are presented 
and as mentioned in the 3. Methodology they are derived to fit this model after being collected from a 
report that also regarded international custom data.  

The reason the SFs break the pattern between 10-100MW and >100MW is not yet fully investigated. 
One possible reason for this, that is worth investigating is that the prices were calibrated into the model 
incrementally before SFs were introduced. This primarily when the price data that was reported in spot 
prices was converted into factory door prices. Another possible explanation could be that since the price 
that the size factor is multiplied with is not an average market price, but an arithmetic mean of the prices 
of hardware from different origins (see Figure 6 and Equation 4), it could possibly exist certain market 
effects in that segment that is not as present on other markets.   

5.2.2 Model accuracy 
When studying Table 3 summarizing the model results for the reference countries, it becomes clear 
that the way the results are presented is crucial for the perception of the model’s performance, why it 
is presented both graphically and numerically. The markets contributing to the quite high average 
deviation from the reference capacities are Finland and Israel, which are both small markets in 2017 
and 2018 with annual solar PV additions of under 100MW. This results in high percentage errors, 
while the actual differences in MW are rather small, for example the difference of 26 MW between the 
reference data and model results in Finland 2016 that resulted in a percentual difference of 158%.  

The total relative differences between the series are 12 % for 2016, 17% for 2017 and 11% for 2018, 
making 2018 the year with best results. Since it is the year with best data availability, it shows the 
importance of good reference-, price-, and production data for the model to output accurate results. 

5.3 Market size estimates 
In Table 4, the model was applied in a similar way as it was expected to be used. Namely as a 
complementary tool to be applied on a market where there is no, or little, knowledge and data on 
installed yearly capacities. Thereafter, the available estimates can be compared in order to get a better 
understanding. 
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The results show that the model gives higher installation volumes than the estimates in the Renewable 
Energy Statistics provided by IRENA. Since the methodology for those estimates are unknown, it is 
difficult to compare the two approaches. An argument in favor of the calculation method is that the 
differences could partly be explained by the conservative estimates that large organizations could 
make in order to not be blamed as unjustifiably optimistic of a development they are supporting. 
Resulting in a more conservative approach. 

Since the reason for the gap between PV module production and installed capacities is still unknown, 
underrepresented installation capacities in Africa and the Middle East could be part of the reason. 
There is a possibility that it, or parts of it, is due to underestimated off-grid installations worldwide, 
non-reported distributed systems or a general underestimation of the emerging markets. Since the gap 
is of relatively large proportions, several explanations could co-exist within the gap. See Figure 2. The 
possibility of double counting is presented as a probable hypothesis by IEA PVPS [6], but the 
uncertainty is emphasized. To draw any definite conclusion, further studies must be carried out.  

Lack of standardization in the collection and reporting of data can be another reason why different 
organizational estimates show such a discrepancy in terms of installed PV capacity, regionally and 
globally. In the NSRs and the IRENA statistics, there is a mix between reported data in AC and DC. 
This can result in poor estimates if they are combined in an unclear way, or if any deviating reporting 
parameters are not specified in the publication in question. Since the conversion between AC and DC 
varies between systems, a successful global conversion between the two factors is extremely 
complicated to execute. 

Considering that the scope of the project is based on lack of statistics on emerging markets, there come 
as no surprise that there is no unambiguous, reliable reference data in any of the two regions. 
However, it complicates the analysis of the results since it is hard to assess the model performance on 
small, pre-developed markets. The fact that the model generally generated lower capacities compared 
to the reference countries is surprising when comparing its result on Africa and The Middle East with 
IRENA statistics.  

Many of the countries on the African continent are small, with the categorization inside the model of 
installation rates of <10MW/year. Since all reference countries are larger than 10 MW/year, it is 
possible that the SFs could be improved in the smaller market segments. That in turn, cannot be done 
without reference data on one or a few markets of that nature, preferably in any of the targeted regions 
since geographical positioning could affect the pricing. 

5.4 Sensitivity analysis 
Examining the results of the sensitivity analysis one can determine the model as rather robust with no 
factors that have an unproportionally large effect on the result of yearly installed capacity. The 
analysis was carried out on the reference countries, and the difference is expressed in relative change 
in the result. SF was one out of a few parameters that were investigated, and the one with the greatest 
effect on the model results. Nonetheless, the differences were still smaller than the changes made to 
the factor and since the model is based on linear relationships, see Table 5. As expected, no factors had 
any converging effect on the result.  

It established that the price of PV from China has a greater importance on the model than the 
mainstream/average price on the global market. This was not as easy to predict since the mainstream 
price is used in two important steps in the model. Firstly, the model uses the mainstream price for all 
RoW-markets and for all markets where no specific data on prices has been found. Secondly, the 
model makes an entire run of the net custom data with only the mainstream price as conversion factor. 
This is to get a first estimate on the market size and therefore a signal to the software on SF to apply to 
the country-specific weighted average price that is based on the import shares. 
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However, Table A.1 in appendix shows that 35% of all traded goods in the main code originates from 
China. Figure 7 and 10 show how even larger import shares can be seen on these markets targeted in 
this project. This means that a large portion of the arithmetic mean price (see equation 4) is made out 
of the prices for Chinese hardware, explaining why that seems to be the most important price element 
besides the multiplication factor for market sizes.  

Lastly, the changes made in domestic PV module production volumes would have had a larger effect 
on the result if all countries had production since it is added in the last step, and is not converted or 
weighted in any way, see Figure 6. Now that a few countries do not have any production, they are not 
affected by the change and a lower overall difference is shown. Additionally, the model is intended to 
be used on markets without large scale PV module production, why the factor is not considered as 
important in the application of the model as it is in the model development step, which is discussed 
further in the next section.  

5.5 Areas of use and reflection 
Accessing high quality PV production data is the greatest challenge in developing a model of this 
kind. This, because of the many NDAs circulating in the field and the PV manufacturers classifying 
the information as confidential. In this master thesis, a collaboration with the delivering part for 
Trends was established. This made the development easier but did still result in difficulties and 
uncompleted data sets. The markets on which the model is expected to be used seldomly has any 
domestic production, which facilitates the usage of the model. The validation and calibration have on 
the other hand been challenging. When combining multiple sets of secondary data, the errors margins 
(known or unknown) can become troublesome. That is why access to reliable production, reference 
and price data was of highest importance in this project. 

As mentioned in 1.2 Limitations and Delimitations, the demand of a model that estimates annual and 
accumulated PV capacity on well established markets is limited. Those countries and regions are 
already covered by their respective energy agency or by any of the large energy organizations. The 
situation in Africa and the Middle East is on the other hand completely different. In such situations the 
model can be applied, since the availability of International Custom Data is much better than it of 
cumulative PV capacities. Comparing the 26% (as 74% were estimates) of availability on the African 
continent in the latest IRENA paper with the 72% of African countries that had available custom data 
in Trade Map, makes it clear that the availability is higher.  

The approximations can in turn be added to the global statistical reports or estimates, to nuance the 
current statistical situation in the regions, which is rather limited. When it comes to the area of use of 
the gained knowledge, there are other players than the statistical centers that could benefit from it. Life 
cycle assessments and cradle to cradle-perspectives are becoming industry standard and discussions on 
climate justice and energy poverty are highly prioritized in the global renewable energy debate. 
Calculation methods like these cannot only provide information of installed capacities, but on trade 
ways and quantity of goods. As mentioned before, EPT is a parameter that is often discussed related to 
PV and in order to calculate proper, high quality key values, the origin of the hardware is crucial, and 
the same goes for LCAs.  

In a situation in which the model would be further developed, it can be used by different organizations 
working on analyses on PV, and not only technological and economical factors. Studies on social 
sustainability could be one example, where the origin is interesting since it tangents Human 
Development Index (HDI) or cultural factors, for example.  

A product that is purely business oriented could also be the result of this model, connecting the 
developed model to a graphical interface or packaging it along with a more in-depth market analysis 
on the region of interest. In such a case, the embedded knowledge of the trade ways would probably be 
as important, if not more, as the estimated capacities.  
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5.5.1 Suggestions for further research 
Further research on the calculation method would refine it further and make it more useable. It would 
also improve the accuracy and minimize the error margins. Through the report, suggestions of 
improvements or further research has been given and they are further summarized in the following 
section. 

One interesting measure would be to keep investigating the monetary trade flow, but to combine it 
with an analysis of the data with mass as a functional unit in Trade Map. The number of countries that 
have weight data is rather limited compared to the countries that have data on monetary value, but to 
combine the two could be optimal. Another improvement in this regard would be to extend the manual 
search in national custom catalogs to obtain more information on PV content in the widely accessible 
code with photosensitive semiconductors and diodes. Raw materials such as thin film materials and 
silicon could be an alternative way of gathering knowledge on domestic production.   

If one would like to extend the project boundaries in terms of technologies, one could also investigate 
the trade with peripherals such as inverters and storage systems. This way, a more nuanced picture of 
the system sizes and/or nature of the systems in a certain region could be generated within the model. 
However, the availability of suitable HS code has not been investigated within this project. 

Extending the years for which the model has data inserted would be the logical first step in any further 
model development. This both to cover the early development of the emerging markets and to obtain 
relevant and new data that can be used in coming estimates. If the period of handled data would be 
extended, accumulated model capacities could also be estimated. The challenge when extending it in 
history is finding input data on prices and production volumes.  

Getting access to more reference data would probably be the single most dramatic improvement in the 
model in its current state, especially if it is from a country or region which consists of rather small and 
young PV markets, to get a better representation coverage within the reference data. 

Lastly, reframing the calculation method into a more interactive program would be an improvement in 
the scenario of the model becoming commercialized or used by the public in any way. 
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6. Conclusion 

In summary, a global statistical tool has been developed, that inputs the monetary value of 
internationally traded PV hardware and outputs estimates on annually installed PV capacities. The 
model’s performance and accuracy are assessed as precise enough to be used to make rough estimates 
on installation rates on young PV markets. Its intended use is primarily to work as a complement to 
other, already existing methodologies for approximating installation volumes on emerging solar 
markets. 

There is a great shortage of available reference data in these developing markets, especially in Africa 
and the Middle East, which is why the model is applied to these areas in this project.  

The single most important trading partner for these two emerging markets is China. More than half of 
all analyzed traded amounts were imported from there. Thereafter came a couple of western exporters, 
namely Germany, the Netherlands, and the United States.  

As the availability of customs data is better than that of data on installed solar PV capacities the 
developed model could be used in the context of global estimates of solar power or in the case of a 
business entry into an emerging market. It could also be of use in various calculations of carbon 
dioxide emissions or other factors where the origin of hardware is important. The customs data could 
also be used to monitor the development of access to electricity, to some extent. 
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Additional tables 

Following this section, tables on import shares from exporters trading with countries in Africa and the 
Middle East are presented. Additionally, found HS codes associated with solar PV are listed, to simplify 
further studies or development of the calculation method.  

Table A.1 Specification of HS codes associated with solar PV. These are search for manually and used when 
determining the amount of PV material in the codes with higher levels of hierarchy.  

Exporters share of 
world trade 
2018 

854140 solar cell code If yes, what 

World 100% Yes no 
 

China 35% yes yes 85414020 
Malaysia 9% yes no 

 

Korea, Republic of 8% yes no 
 

Japan 8% yes no 
 

Hong Kong, China 7% yes yes 85414090 

Taipei, Chinese 6% yes yes 8541403006 

Germany 5% yes yes 85414090 
USA 5% yes yes 85414011 

Viet Nam 4% yes (2018) no 
 

Singapore 3% yes yes 85414021 
85414022 

Thailand 2% yes yes 85414010000, 
85414010800, 
85414021000, 
85414022000, 
85414029000, 
85414090001, 
85414090090 

Netherlands 2% yes yes 85414090 
     
France 1% yes yes 85414090 
Italy 1% yes yes 85414090 

 

Table A.2 and A.3 show the annual shares of import of PV into Africa and the Middle East in 2016-
2018. The chosen specific exporting countries are China (including Hong Kong), France, Germany, 
Italy, Netherlands, Singapore, Taiwan and USA, 

Table A.2. Shares of import of PV material categorized under the HS code: 854 140 into Africa between 2016-
2018. The Data is extracted from Trademap.org [20] . HK is short for Hong Kong and RoW for rest of world.  

 CHI + 
HK 

FRA GER ITA NL SIN TW USA RoW 

2016 54,8 % 4,1 % 2,7 % 1,7 % 0,9 % 0,4 % 1,7 % 3,5 % 27,8 % 
2017 46,6 % 4,7 % 5,3 % 1,9 % 4,0 % 1,0 % 0,4 % 2,5 % 33,5 % 
2018 57,3 % 4,2 % 6,5 % 1,6 % 2,3 % 0,1 % 0,4 % 1,0 % 26,7 % 
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Table A.3. Shares of import of PV material categorized under the HS code: 854 140 into the Middle Eastern 
region between 2016-2018. The Data is extracted from Trademap.org [20] . HK is short for Hong Kong and 
RoW for rest of world.  

 CHI + 
HK 

FRA GER ITA NL SIN TW USA RoW 

2016 59,0 % 4,0 % 2,2 % 0,6 % 0,3 % 0,7 % 0,8 % 8,5 % 24,0 % 
2017 56,8 % 1,4 % 2,3 % 0,9 % 0,8 % 0,6 % 0,9 % 17,9 % 18,4 % 
2018 63,6 % 0,6 % 3,5 % 0,3 % 7,3 % 0,4 % 0,2 % 3,4 % 20,7 % 

 

 


