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Abstract

The global photovoltaic (PV) market is growing, contributing to reduced climate emissions
from electricity production. Historically, PV deployment mainly occurred in developed and
electrified countries with a high level of certainty over their electrical system. Recently, this
trend has started to change, contributing to a more globally distributed PV market. In pri-
marily two of the emerging markets, Africa and the Middle East, the statistical situation is
weak or non-existent, making it hard to monitor and track the PV development. PV devices
can be grid-connected or off-grid, installed in PV parks or in smaller household applications,
which further complicates the monitoring. As a result, the best available statistics on these
markets, provided by the International Renewable Energy Agency (IRENA), are to a major
part based on estimations not built on any official data.

In a pilot study a instrument prototype, Njord, for converting monetary trade data of PV de-
vices into installed PV capacities was initiated, with the aim to provide more accurate estimates
for these markets. Njord is in this study further developed, by increasing its resolution and
adjusting assumptions. Further, an additional conversion factor, namely PV module weight, is
implemented to improve the accuracy of the predictions. The time frame of Njord is enlarged
enabling estimates of accumulated capacities, in contrast to previously only annual installa-
tions. The instrument methodology is based on a bottom-up approach of processing import
and export customs data, and converting the data to installed capacities using the price and
weight of a PV module per wattage. In addition to the further development of Njord, the trade
data is used to map and analyse monetary trade flows and thereby market values.

Identified improvements concerned, among others, to adjust the percentage of PV modules in
the customs code for countries without specific codes, and to fill data gaps with additional
mirror data. The weight conversion factor was initially implemented as a parallel instrument
to the price based. The two conversion factors were then combined into an instrument choosing
the most suitable conversion factor with regards to a number of constraints. The instrument
performance was validated against reference countries with well documented PV markets, qual-
itatively customs data, and small domestic PV manufacturing. For the reference countries and
the comparative period of 2016 – 2018, the total deviations were improved from spanning 11.1
% – 17.0 % to 0.5 – 22.6 %. The best performance is seen for the most recent years of 2018 and
2019, with total deviations of 0.5 % and 4.1 % respectively. Njord shows high performance for
estimating accumulated capacity, with a deviation of 4.3 % in the end of 2019. When apply-
ing Njord to the markets of interest, Africa and the Middle East, the results are significantly
higher than the IRENA estimates, with a result of 118 % higher for Africa and 127 % higher
for the Middle East. This indicates that the PV deployment in these emerging markets could
be underestimated in today’s statistical situation.

In combination with the instrument results, mapping trade flows has shown to give compre-
hensive information about the PV markets of interest and shows the potential of using trade
data for this type of analysis. China distinguishes as the dominant trade partner for both
Africa and the Middle East, in line with the global PV market. Although these markets are
small relative the global PV context, there was in 2019 still a net import of PV modules of in
total 879 million US$ for Africa and 728 million US$ for the Middle East, and the markets are
growing fast. Further, mapping trade flows has shown to identify manufacturing countries on
the markets of interest, which there also is a lack of information on. The trade patterns and
its inherent monetary values could be used to for example identify market development and
business opportunities.
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Nomenclature

Vocabulary and Abbreviations

Abbreviation Meaning

AC/DC Alternating current/Direct Current

Centralised PV Large scale solar plant installations, also known as utility-
scale PV.

Decentralised PV PV applications where the electricity is produced close to
where it is used. Residential, industrial and commercial in-
stallations.

Emerging markets PV markets that grow faster than the world average starting
from a low level of PV penetration.

Factory Door Price Price of a PV module leaving the factory, being the first step
in its sales chain.

IEA International Energy Agency

IEA PVPS Photovoltaic Power Systems Programme within the IEA

IRENA International Renewable Energy Agency

ITC International Trade Center

Market Size Factor Factor to account for differences in market sizes, PV module
prices are assumed to be higher for smaller markets.

MEA Middle East and Africa

NSR National Survey Reports, publications from IEA PVPS pro-
viding data on the countries’ PV markets. In this study used
for reference data.

PV Solar photovoltaic technologies

RET Renewable energy technologies

STC Standard Test Conditions of a PV module, corresponds to a
temperature of 25 ◦C, solar irradiation intensity of 1000 W/m2

and air mass 1.5.



Abbreviation Meaning

Trade Map Tool offered by ITC providing global trade statistics presented
in monetary value and quantities, on monthly, quarterly and
yearly basis.

RoW Rest of World

Statistical Symbols

Symbol Description Unit

σ Standard deviation. Statistical measure-
ment of the dispersion in a set of values.

[MW ]

µ Mean value in a set of values [MW ] or [%]

α Level of confidence [%]

v Size of population

tα,v Distribution of a t-curve dependent on the
size of population and the level of confi-
dence.
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1 Introduction

Increasing the use of renewable energy technologies (RET) such as solar photovoltaics (PV)
is a vital step in reducing climate emissions from electricity production and mitigate climate
change while meeting the future power demand. PV devices convert energy from photons in
solar radiation into electricity. In 2019, fossil and nuclear energy contributed to a majority of
the global electricity production, namely 73 %, while PV contributed with 3.3 % [1]. Increas-
ing the share of RET is a central target for the UN’s Sustainable Development Goals for 2030,
explicitly mentioned in goal 7 Affordable and Clean Energy and goal 13 Climate Action [2].
The energy system development is monitored by global organisations such as the International
Energy Agency (IEA) and the International Renewable Energy Agency (IRENA). To monitor
the general development of the global PV market, all associated markets must be studied.
Access to data on installed capacities is central to making accurate estimates and forecasts of
the global electricity production, and the associated system effects.

The global PV market is growing in both absolute and relative terms. Most of the PV capacity
has been installed in recent years and forecasts predict continued high installation rates [1]. So
far, most of the PV capacity has been installed in developed and electrified countries with high
administrative and operational control over their electrical system. The market is, however,
changing and the market share of PV installations in new markets is accelerating and have
outpaced the average growth. These markets are called emerging markets and are further de-
fined as ”PV markets that grow faster than the world average starting from a low level of PV
penetration”. The emerging markets are predominantly located in the regions of Africa, the
Middle East and Central America [3]. Foremost Africa and the Middle East are lacking data
and official statistics, and as their global market shares are increasing, so are the uncertainties
of global PV estimations. In today’s statistical situation, PV capacities on emerging markets
must be estimated with high uncertainties since there is a severe lack of official statistics. The
indexing in the latest annual statistical report from IRENA, show that the PV data to a large
extent consists of estimated numbers not based on any official data (government departments
and statistical offices) nor unofficial data (industry data and news articles) [4]. This leaves
the question how the estimates are conducted, and such information can not be found in the
report. The lack of statistics in terms of installed PV capacities serves as motivation for this
study.

The starting point of this study is a previously conducted analysis, in which a prototype of a
global statistical instrument, Njord, was developed that can be used to estimate installed PV
capacities. Using reliable and unbiased trade data from the International Trade Center (ITC),
the prototype’s intended use is as a complement to other methodologies for approximation of
installed PV volumes. Apart from the international trade data used as the main data set, the
prototype utilises PV price and industry data to estimate annually installed capacities. The
choice to use customs data also enables studies of important trade ways and PV market trends.

The presented prototype of Njord show promising results when validated against reference
countries. There are however several areas for further research that needs to be studied for
the prototype to be useful for the purpose of estimating PV capacities. In this study Njord is
further developed and optimised by including an additional conversion factor, namely weight,
besides monetary value for the conversion of customs data to installed capacity. For the mar-
kets of interest, weight offers the benefit of not being sensitive to market sizes in contrast to
monetary values. For early PV deployment years, weight is also beneficial in terms of finding
historical values. Besides adding another conversion factor, the level of detail of the instrument
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is increased. Further, the included time frame is enlarged to enable estimations of accumulated
PV capacities.

Moreover, the trade data can provide additional information on the PV market development,
of interest for actors on the PV market. The application range of the instrument is therefore
widened by using the trade data to map trade flows and its inherent market values in detail. The
analysis of installed PV capacities and in addition, trade flow analysis, gives a comprehensive
overview of the PV deployment on the emerging markets in question.

1.1 Aim and Research Questions

The aim of this project is to further develop and improve the statistical instrument, Njord, for
estimating the annual installed PV capacity on emerging markets, by analysing customs data.
The instrument is improved by increasing its robustness, resolution and level of detail. The
application range of the instrument is also widened by enabling estimations of accumulated in-
stalled PV capacities and mapping of trade patterns, giving further knowledge on the markets
of interest.

The project aims to answer the following research questions:

1. How can the price based statistical instrument be improved?

2. How can the statistical instrument be improved by adding weight as a factor for converting
customs data to installed PV capacities?

3. Can the further developed instrument be used to estimate the accumulated PV capacity
on emerging markets?

4. By mapping trade flows, what other inherent information can be found in the trade data
that is of interest for actors on the PV market?

1.2 Limitations

The statistical instrument developed in the prototype study is limited to a time frame of 2016–
2018, in this study the time frame of Njord is enlarged to also include the years of 2014, 2015
and 2019. Thus, the years before 2014 are excluded when calculating accumulated capacity.
This is compensated by a factor further described in Section 2.6 Estimation of Accumulated
PV Capacity. The year of 2020 is not included in the study due to being too recent in time by
the start of the study, and no customs data yet reported in ITC Trade Map for that year.

Njord treats all trade with photovoltaic modules as silicon PV cells and modules. Price and
weight data are solely based on information of silicon PV devices, hence excluding other PV
technologies. Other PV technologies, however, have a very low penetration. On a global scale
silicon PV module technologies represents 95 % of the market [5]. The remaining share, 5
%, is mainly thin-film technologies which differs significantly in price and weight. Although
introducing thin film technologies in the instrument would improve its accuracy, it would be
difficult to take several technologies into account since different types of PV modules cannot
be separated in the customs data.

All countries in the world are included in Njord, however, it is developed to be better suited
for emerging markets. More complex segments of mature markets are not taken into consider-
ation. This limitation can effect on the validation which is done against developed PV markets.
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The instruments do not take decommissioning of PV modules into account, which is considered
a valid assumption for this study, since the emerging PV markets are young and a majority of
the capacity have been installed in the recent years.

1.3 Background

In the following section, an introduction to PV technology and hardware is presented, as well
as an overview of the global PV Market including the statistical coverage. Further, previous
research and the Njord prototype, which is the baseline for this report, is presented in more
detail. An introduction is given to customs data, constituting the main data source for the
study. Important sources of data are described together with an introduction of the emerging
markets of interest for this study. Lastly, data quality dimensions, data analysis tools and
statistical measurements of importance for the study are described.

1.3.1 Photovoltaic Energy

PV devices converts the abundant energy from sun’s photons to electricity. A PV cell, often
referred to as solar cell, consists of a semiconductor material, most commonly silicon, which is
sensitive to the photon energy from the sun’s light [1]. A PV module, or solar panel, is built
of several, commonly 60–72, solar cells connected in an array. The solar panel also consist of a
frame, protecting glass, encapsulant, back sheet, and a junction box [6]. For a grid connected
PV system to function, an inverter, converting direct current (DC) to alternating current (AC),
is needed and for an off-grid PV system, battery storage and charge controller is often needed
[1].

PV electricity can be utilised in different system sizes, often divided into two main groups of
centralised and decentralised systems. Centralised applications are often referred to as solar
parks or utility scale PV, while decentralised applications are commonly residential or industrial
applications, often mounted on rooftops [7]. Most of the globally installed PV capacity is
centralised, and there is a global trend of an increasing dominance of the utility scale segment
[1].

1.3.2 PV Global Development and Statistical Coverage

As mentioned, the motivation for this project is the lack of reliable data and statistics for
installed PV capacities on emerging markets. However, foremost IEA and IRENA annually
conducts reports compiling estimates for the global PV development including the emerging
markets.

IEA Photovoltaics Power System Program (PVPS) estimated in the report Trends in Photo-
voltaics Applications 2020 the share of PV in the global electricity production to 3.3 % in the
end of 2019 [1]. Further, the estimation was that 112 GW of PV was installed globally in 2019
and by that the total capacity was brought to 623 GW. Of this cumulative capacity more than
70 % has been installed in the latest five years. IEA PVPS collects data from its 28 member
countries which is compiled from annual National Survey Reports (NSR) from these countries
[8]. The member countries accounts for more than 80 % of the installed PV capacity in the
world [1]. For non-member countries PVPS collects data from various sources, some based on
trade statistics.

China possesses the largest PV market with an installed capacity of 205 GW, but there has
been a slow-down on the Chinese market in the latest two years [1]. The five leading markets,
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namely China, the European Union, the United States, India and Japan accounted for 53 %
of installations in 2019 which is a reduction compared to 73 % in 2018. This is an indicator
that the PV market is becoming more globally distributed and that new markets are starting
to significantly contribute to global installations. Figure 1 is collected from IEA PVPS [1] and
show annual PV installations 2011 – 2019.

Figure 1. Annual PV installations 2011 – 2019, retrieved from IEA PVPS [1]. The Chinese market shows a
decay 2017–2019 whereas ”Other countries” is increasing its annual installations both in installed capacity and
relative share of market.

IRENA annually presents the report Renewable Energy Capacity Statistics [4] which also com-
piles installed global PV capacities for each country in the world. From this report it is possible
to extract data from each country individually as well as for entire continents. For the emerg-
ing markets, this is the best available data. In Figure 2 and 3, IRENA’s estimations for the
emerging markets are compiled [4]. In relation to the globally installed PV capacity, Africa
and the Middle East have increased their market share from 0.86 % in the end of 2013 to 1.98
% in the end of 2019. This show that these markets are growing faster than the global average,
thus being emerging markets by definition.

Figure 2. Estimates of annual installed capacity
on emerging markets, compiled from IRENA [4].

Figure 3. Estimates of cumulative installed capacity
on emerging markets, compiled from IRENA [4]
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The estimations are built on questionnaires from IRENA, official sources, and unofficial sources.
Official sources include for example statistical offices and government department whereas un-
official sources are for example industry associations and news articles. Some data are only
labelled as estimations using a variety of sources, not explained more thoroughly. For Africa in
2019 there was only unofficial data and estimates, for the Middle East there was one country
labelled as an official source and the rest being unofficial sources and estimates. As presented
in 1.3.5 Previous Research, more thorough research on the global statistical coverage is per-
formed in the prototype study [3], concluding that Africa and the Middle East are the least
documented markets.

On a global scale, the reports’ estimations of installed capacities can be compared. IRENA
estimates the global installed PV capacity to be 580 GW [4] which is 43 GW lower than the
estimation from PVPS [1].

1.3.3 Emerging Markets

As presented, the emerging markets of PV installations with the lowest statistical coverage
are the Middle East and Africa (MEA). Several countries in MEA have PV in their energy
planning [1]. However, a barrier for larger utilisation of PV energy in these regions is the high
investment cost for households compared to conventional centralised energy sources provided
by the electricity grid. Despite this barrier, these PV markets grow faster than the world aver-
age, contributing to them becoming of greater importance in a global PV context every year.
According to J. Gosens et al. these PV markets grow up to 16 times faster than world average
growth [9]. This accelerating pace is the main reason for the need of better data coverage of
these regions. Although these markets have the lack of statistics and a rapid PV deployment in
common, there are substantial differences between these regions which are highlighted in this
section.

Africa
In Africa many people still lack access to clean cooking equipment and electricity supply [10].
The next decades, trends of population and economic growth will be seen in the region and as
a result an increasing energy demand. To be able to meet the larger demand, utilising of RET
will play an important role. Solar energy will be an important part in the transition towards
more renewable energy in Africa, both due the trends of falling cost of PV devices and the
location of the continent in the global solar belt. The solar belt can be recognised by high
intensity solar radiation and a clear sky the majority of the time.

Today, Africa accounts for less than 1 % of the globally installed PV capacity according to
available estimations [10]. The electricity demand in Africa is however predicted to double un-
til 2040 and it is expected that RET will stand for 75 % of the expansion. Solar PV is estimated
to increase with an average of 15 GW per year until 2040 in both off-grid and utility-scale appli-
cations. The African PV market is therefore expected to play a larger role on a global scale in
the next decades. The lack of data and official statistics from Africa will, as the market grows,
have a larger impact on the global estimations and forecasts of global electricity production.
For Africa the most competitive market segment are PV devices to replace existing off-grid
diesel generators [1], which differs from the Middle Eastern market explained in the section
below.

Middle East
Like Africa, the Middle East is one of the regions that have the largest potential for renewable
energy in the world, but yet only a small part of the potential is utilised [11]. Although the
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Middle Eastern economies are highly diverse, they are characterised by a heavy dependency
on oil, weak economy bases, high population growth rates and unemployment [12]. This is due
to foremost public-sector domination, low level of institutional quality, undeveloped financial
markets and restrictive trade practices. However, what affects the economic growth differs
for different parts of the region. For the Gulf Cooperation Council (GCC) countries, with a
high oil dependency, the public sector is holding back the growth of the private sector and
by that hinders economic diversity. For other countries, it is instead political instability that
limits the economic growth. In recent years, many of the governments of the Middle East
have formulated policies to stimulate private sector participation in implementing large scale
centralised power plants [13]. Further, the Middle East has granted amongst the lowest cost
power purchase agreements (PPA), a method for financing renewable energy projects, in the
world. This makes the Middle East one of the most competitive places for PV [1].

1.3.4 Customs Data

The basis for this study is trade statistics, which is a by-product of customs control. The cus-
toms data consists of import and export data, giving information about a country’s trade with
other countries. That trade statistics are related to movement of physical goods and reported
by a limited number of customs authorities, making it reliable, according to the International
Trade Center (ITC) [14].

ITC provides a tool called Trade Map in which trade data is reported. This is done accord-
ing to the International Convention on the Harmonised Commodity Description and Coding
System (HS) nomenclature, which is a globally accepted way to report customs data [15]. The
HS system has a standardised way, designed by the World Customs Organisation, to report
products traded in the customs. The customs data of interest for this study are found under
the customs code 854150 Photosensitive semiconductor devices, incl. photovoltaic cells whether
or not assembled in modules or made up into panels; light emitting diodes (excluding photo-
voltaic generators). The trade data are available in monetary values and quantities meaning
weight. Over 200 countries in the world report their import and export data according to
the HS system, which corresponds to 98 % of the world’s traded goods. On an annual basis
these countries report their customs data to the UN who incorporate it in ITC Trade Map.
Moreover, the database is complemented with trade data from United Nations Conference on
Trade and Development and the World Trade Organisation.

1.3.5 Previous Research

There is limited research on the topic of using customs data to estimate installed PV capacities,
but it has been explored in primarily two studies which are highlighted in this section. The
conference paper Growth Regions in Photovoltaics 2016 – Update on Latest Global Solar Market
Development [16] examines the global PV capacity by analysing customs data amongst other
sources. The paper shows that customs data to some extent can be used in order to estimate
global installed PV capacities and concludes that emerging markets show an increasing share
of global installed PV. The paper estimates the global installed photovoltaic capacity to be
306 GW in the end of 2016, excluding a small amount of PV installed before the year of 2000.
Even so, this estimation was slightly higher than the estimation from IEA of 303 GW the same
year [17].

The most recent and thorough research on the topic is the study Revising Installed Photovoltaic
Capacities on Emerging Markets by Analysing Customs Data (2020) [3] which will function as
a pilot study for this project, further referred to as the prototype. The aim for this study
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was to investigate which markets that lack reliable statistics of installed PV capacities and to
establish a method to estimate installed PV capacities on these markets. Based on IRENAs
report for globally installed capacities of renewable energy [4], the study shows that the least
documented and monitored markets are Africa and the Middle East. A statistical instrument
prototype was developed, Njord, which uses customs data in monetary values and converts
this into installed PV capacities. The customs data are extracted in quarterly time series from
Trade Map, the trade statistics tool managed by ITC [18]. The prototype conversion is built
on an equation using the net trade value, including import and export for each country of
interest. The net trade is converted to installed PV capacities by a weighted price for PV
modules based on module price data for different exporting countries, and the share of import
from each exporting country. The price data are obtained from publications from IEA PVPS.
The domestic manufacturing, if any, is directly added in the equation by using PV module data
from important manufacturers. The customs data of interest are found under the customs code
854150, including different types of photosensitive semiconductor devices. Since not only PV
modules are included in this code, the share of PV modules in the code is calculated using
more specific codes available for some countries. For each country and each year the amount of
PV in the import customs code, PVc, is calculated based on the origin of the import and the
share of PV devices in the exporting country’s customs code, see Equation 1. PVc is based on
a weighted PV content factor (Fi), which is the PV content in the exporting countries customs
code, and the exporting countries share of the the total import to a country (Ii).

PVc =
∑
i

Ii · Fi (1)

where

i : Country that has exported to the country in question

Ii : Import share of each exporter

Fi : PV content factor for each exporter

For better understanding, this can be exemplified: PVc is to be calculated for Sweden. China
(i) had 68 % (F1) of PV devices in the customs code 854140 2018 and 15 % (I1) of Sweden’s
total import came from China the same year. This calculation is done for all countries with
detailed PV codes in the general customs code exporting to Sweden and summarized, building
a weighted average of PV in the customs code exporting to Sweden. Import from countries
without detailed customs codes are assumed to contain 80 % of PV modules (PVa). To calculate
the annual installed PV capacity, Equation (2) is used

C =
I · PVc − E · PVa

p · SF
+ P (2)

where

C : Installed capacity [MW ]

I : Total import [US$]

PVc : Amount of PV in the customs code [%]

E : Total export [US$]

PVa : World average amount of PV in the customs code [%]

p : Weighted price [US$/MW]

SF : Market size factor [−]

P : Domestic yearly PV manufacturing [MW]
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The annual installed capacity, C, for all countries in the world during the years of interest,
2016 – 2018, can be calculated using the statistical prototype. Some details on the equation
follows, for the export data the export to the large manufacturing countries, namely China,
South Korea, Taiwan, Malaysia, India, and Indonesia, were excluded. This since it is considered
unlikely that large manufacturing countries would import PV modules from countries with small
PV manufacturing capacities. For the import data a specific amount of PV in the customs
code is as explained calculated, but for the export an average amount of PV in the customs
code is utilised, namely 80 %. Most large exporters have detailed customs codes which allows
for the import to be specified, however for other countries there is seldom specific codes which
makes this assumption necessary. Besides previously mentioned the prototype is built on the
following assumptions:

• A factor of 20 % is subtracted when module prices are presented as spot prices, to account
for distributor margins and shipping. The factor was based on literature [16] and modified
in an iterative process of validating the instrument for the reference countries.

• A delay of one quarter from when the modules are purchased to when they are installed
is used, the installed capacity for a certain year is therefore built on customs data from
the last quarter the previous year and the three first quarters the current year.

• Any eventual illegal PV trade is neglected, since it do not take place in the customs data.

• PV cell trade is removed from the customs data to avoid any double counting for countries
having domestic PV module manufacturing.

• A market size factor is included to meet the differences in market size and therefore prices
per unit of PV module, which is assumed to be higher for smaller PV markets.

The prototype was validated against reference data from countries with well documented PV
markets and small domestic manufacturing. For the validation of the instrument, there is a
desire to have the domestic manufacturing at a low value, to allow for the trade data to deter-
mine the performance of the instrument. Domestic manufacturing is often an uncertain factor,
and is seldom current for the emerging markets. Therefore, countries that fulfilled the follow-
ing criteria are used as reference countries: public quality annual PV capacity data, domestic
module manufacturing statistics and a yearly domestic module manufacturing not exceeding
half of the annual installed PV capacity. The countries fulfilling the criteria are: Australia, Bel-
gium, Chile, Finland, France, Israel, Italy, Japan, Spain, Sweden, Switzerland and the United
States. A sensitivity analysis was performed to evaluate the impact of assumptions, errors and
uncertainties.

The study shows that it is possible to use customs data to estimate installed PV capacities on
emerging markets [3]. The total deviation in yearly installed capacities for the reference coun-
tries was on average 12 % for 2016, 17 % for 2017 and 11 % for 2018. When the prototype is
applied to customs data on the emerging markets it generally estimates higher yearly installed
capacities than the estimates conducted by IRENA. The sensitivity analysis showed that the
market size factor and the Chinese module price had the largest impact of the investigated
parameters. From the customs data, trade ways of importance can also be extracted, showing
that China is the most important import source for both Africa and the Middle East.

The results from the prototype are discussed in terms of reliability, sources of error, and further
research [3]. The total relative difference in the validation data is smaller later on in time, which
is explained by an improved data availability by time. Since the reason for performing the study
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was the lack of statistics on emerging markets, there is no reliable reference data to compare
the results on emerging markets with. The available data from IRENA of installed capacity
on emerging markets is based on estimates and the methodology of how those estimates are
made is not declared and therefore hard to further evaluate. The author suggests several
areas for further studies, including further refinement of the calculation method, widening of
the included years in the statistical instrument prototype and adding weight as a conversion
factor.

1.3.6 Data Quality Dimensions

The reliability of this study is largely dependent on the quality of the input data sources. Data
quality can be defined as the ”fitness of use of data for a given context or task” [19]. Although
there is no universal definition for which specific quality dimensions to assess within this defi-
nition the quality dimensions are commonly divided into four general categories: intrinsic data
quality, contextual data quality, representational data quality, and accessibility data quality.
These categories are further elaborated and explained below.

Intrinsic data quality indicates if the data are accurate, correct, objective and from a reputable
source [19]. The accuracy of data refers to how well data describes the real-world object, entity,
or event described by the data. To measure the accuracy usually requires a source of reference
to be identified and available. Contextual data quality assesses if the data are applicable to
the given task. Quality dimensions related to contextual data quality are relevancy, timeliness,
completeness and amount of information. For this study, foremost completeness and timeliness
is of high importance where timeliness refers to the time of real-world event to when data are
available to the user.

Representational data quality assesses if the data have consistent representation and if it is
interpretable and easy to understand [19]. The representational data quality can be addressed
by analysing the clearness of data definitions and the use of standard concepts, terminologies
and classifications. Accessibility data quality refers to the availability of data and/or metadata
(information and data about the data).

1.3.7 Data Analysis and Statistical Measurements

A data set can either be evaluated with exploratory data analysis or confirmatory data analysis
[20]. Exploratory data analysis is commonly used in an initial stage, when the knowledge of
what to do with the data is low and no specific results are expected from it. Confirmatory
data analysis is instead used for hypothesis testing from a predefined question [21]. Confirma-
tory data analysis, commonly, involve making assumptions or estimates when evaluating the
precision of the results.

In order to evaluate the correlation between variables in data sets the Pearson correlation can
be used. According to P. Watters et al. correlations are often calculated in the exploratory
stage of a study to evaluate the potential relationships continuous variables can have with each
other [22]. The Pearson correlation coefficient, r, measures the linear association where a value
of r close to one (r > 0.5) indicates a strong correlation and a value close to zero indicates no
correlation. Negative values indicates a negative correlation.

To evaluate results of the data analysis, statistical measurements can be used. In this study,
descriptive statistics is used to analyse the performance of Njord, both measures of location
and variability are of importance. The location of a data set is most commonly described by
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the mean or the median. Many numerical populations can be fitted closely to a normal curve
[23]. According to the Central Limit Theorem, a sample with a mean µ and a variance σ2

has approximately a normal distribution if the population is sufficiently large, where a rule of
thumb is that the population should be larger than 30 for the Central Limit Theorem to be
used. If the population is less than 30 a t-distribution with a t-curve can be utilized instead of
a normal curve. A t-curve is more spread out than a standard normal curve, meaning it has
more values in the tails of the curve due to the smaller population in the sample corresponding
to a larger uncertainty. The standard deviation (σ) in a t-curve is abbreviated tα,v and is the
standard deviation adjusted to fit a t-curve instead of a normal curve. The distribution in the
t-curve is decided by tα,v where α is the level of confidence and v the size of the population.
If the population in the t-curve head towards infinity, the curve approaches a normal curve.
The degree of freedom, df, in the t-curve is decided by the size of the population in the sample
subtracted by one and is used to decide the spread of the t-curve.
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2 Method

By aggregating data, Njord is built on a bottom-up approach [24]. Confirmatory data analy-
sis have been the main methodology for evaluating the data set, since the questions and the
hypothesis for the study were previously stated in the prototype study. The instrument was
further developed in Microsoft Excel, based on several parallel and iterative approaches. The
instrument based on price data was further developed, alongside with adding weight as an ad-
ditional conversion factor. The process for the instrument development of Njord is visualised
in Figure 4. This section explains the methodology steps and the sources of data Njord is built
upon. Lastly, the methodology for investigating trade ways and other inherent information of
value in the trade data is explained.

Improvement of 
Price Based 
Instrument

Development of Weight 
Based Instrument

Existing Price 
Based 

Instrument

Development of 
Combined Price 

and Weight 
Instrument

Compiled  
Datasheets

Collected 
Weight 

Customs 
Data

Increased 
Resolution

Expanded 
Time 
Frame

Adjustment of 
Assumptions

Forming of 
Assumptions

Figure 4. Process for instrument development. The price based instrument was improved from its prototype,
alongside developing the weight based instrument, with the goal to form a combined price and weight instrument.
The instruments have been validated against reference countries to track the improvements and the development
in every step of the process.

2.1 Data Sources

Njord utilises, as described in section 1.3.5 Previous Research, foremost customs data down-
loaded from ITC Trade Map to convert traded goods of PV to installed PV capacity in a certain
country on an annual basis. In addition to the import and export data, price data and weight
data for PV modules are needed as well as PV manufacturing data. Data for the years of 2016
to 2018 for the price instrument was added and implemented in the prototype, for 2014–2015
and 2019 data has been gathered and implemented. For the weight instrument, data have been
gathered for the entire time frame, namely for 2014–2019. Further, the correlations in the data
sets have been evaluated with the Pearson correlation coefficient to see if the data can function
as intended reference data, see Section 2.1.4 Data Correlations.

All the reference data on installed PV capacities are given in DC. Both the weight and the price
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data are given for DC capacities since the AC/DC ratio is a factor determined by the PV system
design rather than the choice of PV modules. The data from IEA PVPS are foremost given in
DC capacities, and in Trends in Photovoltaic Applications in cases of AC, it is converted to DC
[1]. However, some discrepancies occur between the report Trends in Photovoltaic Applications
and the NSR’s for individual countries. In these cases, data have been collected from Trends
in Photovoltaic Applications instead. To what extent IRENA report their data on installed
PV capacities in DC or AC has not been found, but DC is assumed and no further conversion
have been done in this study. This can, however, be a source of error if discrepancies in the
reporting occur.

2.1.1 Import and Export

The import and export data are as previously described provided by the ITC Trade Map Tool.
ITC is a part of the United Nations (UN) and the World Trade Organization (WTO) [25], with
the mission to stimulate sustainable and inclusive development. The tool is mainly based on
data provided by the United Nations Statistics Division (UNSD), however the quarterly data
that are used as input to the instrument are based on national and regional sources. For each
country the source is displayed as a footnote, often being the national customs authorities.
The data covers a majority of the countries in the world, but there are exceptions of missing
data. Trade for countries without so called direct data can be reconstructed by using data from
reporting countries, so called mirror data [26]. This means that for countries without direct
data the import is assumed to be equal to the export from all countries reporting export to this
country. In the same way the export is assumed to be equal to the import to all the countries
reporting import from this country.

The customs data are available in monetary value or quantities. The monetary value is dis-
played in the unit of US dollars. For the quantitatively values the unit can differ and be
displayed in kilograms, tonnes, or pounds, or as an absolute number without a unit. How the
absolute number without a unit is handled in the instrument is further described in Section
2.3.2 Other Units.

2.1.2 Price and Weight

Accurate price and weight data for PV modules are of great significance for the instrument
outcome, since they are used as conversion factors for converting traded PV modules to in-
stalled PV capacity. The Njord price input are prices per watt for an average PV module of
different origins i.e. different exporting countries. The prices should be factory door prices
meaning it does not include any taxes neither profit margins, reflecting the price for the PV
module in its first step of the sales chain. This since it best reflects the transaction values
registered in the customs. When a price is presented as an end-customer price it should be
converted to factory door prices. C. Werner et al. [16], decided 0.8 to be an appropriate fac-
tor for the task. Country specific spot market module prices were collected from the major
PV module exporters. The rest of the world (RoW) were assigned with the price of a main-
stream module being the type of module representing a majority of modules on the market [27].

A variety of sources for prices were utilised, as a single source seldom provided all data needed.
In first hand, prices were extracted from the same sources used in the prototype, as they are
validated and deemed reliable. Also, it provides a uniformity in the input data and comparable
instrument results. The primary sources used in the prototype are reports from PVPS being
the annually published Trends in Photovoltaic Applications [28] and National Survey Reports
[8] for the PVPS member countries. For non-members of PVPS the report by IRENA, Re-

12



newable Power Generation Costs in 2019 [29] is used. Mainstream prices are not presented
in these reports and therefore the Market Analysis [27] from the magazine PvXChange were
used which presents mainstream PV module prices on monthly basis back to 2016. For 2014
and 2015 mainstream prices were extracted from the IEA article Evolution of Solar PV Module
Cost 1970–2020 [30].

To obtain data for weight of the modules, PV module product data sheets were collected from a
variety of manufacturers with the intention to cover all major PV manufacturers as well as the
time range considered in this study. For recent years PV module data sheets could be obtained
from producer’s websites. In order to find historical product data sheets manufacturers and
wholesalers were contacted for saved documents. In total the gathering of data sheets resulted
in 132 PV module data sheets from 24 manufacturers, ranging from 2014 to 2019. The weight
data is further presented in 2.3 Development of Njord Weight Instrument, and a full list of the
origin of the PV module data is available in Table A1, Appendix A.

2.1.3 PV Manufacturing Data

For the reference countries, domestic PV manufacturing volumes data can often be found in
the country’s NSR [8]. For other countries it has shown to be difficult to locate this data, often
because of manufacturing volumes being company confidential information. Further, it is often
expressed in manufacturing capacity rather than actual outputs needed for the instrument.
The consulting firm RTS Corporation with expertise in PV market trends, industry and policy
[31] provides industry data for IEA, among others. The company has provided manufacturing
data for the prototype and this further research study. It covers the largest manufacturing
countries, and since the model is intended to be applied on markets with no manufacturing, or
very small manufacturing quantities, the shortage of data should not cause any large errors. For
smaller markets, information about domestic manufacturing can sometimes be found in news
articles. In cases where there is no other information available, news articles or other unofficial
sources of PV manufacturing has been used. Since the manufacturing, if any, is likely to be of
significance for the instrument estimations on small markets, it is assumed to be better to use
any known information than to set the manufacturing capacity to zero. As will be discussed
further, the manufacturing data needs to be added if Njord is to be applied on countries with
a PV industry. Domestically manufactured and installed PV modules will not appear in the
trade data base since they will not cross any national borders.

2.1.4 Data Correlations

In an initial stage of the study, correlations in the relevant data sets were examined. This
was a part of the exploratory data analysis to see whether correlations could be found to
strengthen the assumption of inadequate statistics of installed PV capacities on the emerging
markets. Therefore, the Pearson correlation coefficient was determined for the net trade value
of customs data on the emerging markets in relation to the IRENA statistics of installed PV
capacities. For comparison, the Pearson correlation coefficient between the reference countries
customs data and IEA PVPS was also determined. The Pearson correlation coefficients can be
seen in Table 3.
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Table 3. Pearson correlation coefficient, r, used to find relations in data sets. A number close to
one indicates a strong correlation. Evaluated for the customs data in relation to IRENA’s data on
installed capacities on emerging markets. For the reference countries, customs data have been evaluated
in relation to IEA PVPS’s data.

Emerging markets/
IRENA

Reference countries/
IEA PVPS

2014: Weight 0.12 0.76

2014: Price 0.91 0.97

2015: Weight 0.15 0.70

2015: Price 0.62 0.93

2016: Weight -0.01 0.80

2016: Price 0.56 0.89

2017: Weight 0.04 0.85

2017: Price 0.60 0.63

2018: Weight 0.52 0.85

2018: Price 0.76 0.50

2019: Weight 0.87 1.0

2019: Price 0.77 0.99

Table 3 shows a stronger correlation between the IEA PVPS data and the customs data for
all the examined years, except for the price instrument in 2018. This indicates mainly two
things, first that that the customs data is suitable for estimating installed PV capacities, since
the customs data correlates, r > 0.5 for all years, to the installed PV capacities on the well-
documented PV markets in the reference countries. Second, that the statistics from IRENA
can be questioned since they do not correspond, or correspond less strongly, to the customs
data for the emerging markets.

2.2 Improvements of Njord Price Instrument

The Njord instrument prototype based on PV module prices was evaluated and improved.
First, the time frame of the instrument was enlarged by adding data from 2014 – 2015 and
2019. Second, the components of equation (2) was analysed to find improvements. Figure 5
visualises and explains the equation and its sources of data. The instrument was improved in
terms of adjustments of assumptions and increasing the resolution by adding more data to the
instrument.
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Figure 5. Overview of the calculations which the price statistical instrument is built upon for calculating the
annual PV capacity for each country in the world. Yellow boxes indicate the data sources that were used for
different parts of the equation.

2.2.1 Adjustments of Assumptions

The share of PV in the customs code 854140 that was applied for the import of countries not
having more detailed customs codes (RoW), and for all the export has been updated. In the
prototype the percentage for PVa was assumed to be 80 %. In this study the percentage for
PVa has been updated to be a weighted average. The weighted average is based on the amount
of PV in the customs code for countries with more detailed PV customs codes and the amount
of the total globally exported PV each exporter represent. If a certain country has registered
more trade it will to a larger extent contribute to the weighted average. The new values of
PVa has showed to be significantly lower than the previous one, see Table 4.

Table 4. PVa values [%] for the years included in the study. The PVa value is used both to determine
the amount of PV devices in the export code and in the import for the countries without more detailed
custom codes, RoW.

Year 2014 2015 2016 2017 2018 2019

PVa 51.9 50.3 50.2 48.6 55.1 63.4

The assumption regarding which countries that are classified as large exporters has been up-
dated. In the prototype these were determined to be China, Taiwan, South Korea, India,
Malaysia and Indonesia. This assumption was kept unchanged for 2019, but for 2014 – 2015
only China, Taiwan and South Korea were classified as large exporters. This decision was
made due to the recently increased manufacturing in India, Indonesia and Malaysia which was
not significant in 2014 – 2015 [32]. This affected the processing of export data, since the large
manufacturing countries are assumed not to import any PV devices from smaller countries.

The assumption to assume one quarter of delay between import and installation of PV modules
has not been updated, but investigated. This has been done through testing of a time-lag of
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two quarters instead of one. The test showed worse instrument performance and no change of
the assumption was therefore implemented.

2.2.2 Increasing the Resolution

In the Njord prototype, direct import and export data were in first hand applied for each
country and if non-existent, mirror data were used. This way, a specific country is applied with
either direct data or mirror data. In some cases, the direct data only covers a certain range
of 2014 – 2019, leaving gaps of quarters of years, or in many cases several years. It has shown
that these gaps often can be filled with mirror data which complements the data for several
countries. Utilising this methodology the data availability has been noticeably improved, 51
countries has been assigned with additional data either making the time-series of 2014 – 2019
complete or lowering the number of gaps. The gaps are most often present for smaller markets
which are the ones of interest for the project, hence this improvement being highly significant
for the study. A time lag in the reporting has also been identified, why more data could be
added, mainly for 2018.

Further, smaller adjustments have been made as the statistical instrument has been processed.
The prototype’s sensitivity analysis showed that Njord is sensitive to changes in Chinese PV
module prices. With this background effort was made to analyse how these prices have changed
for the time frame of interest, to obtain as accurate prices as possible. As mentioned in 2.1.2
Price and Weight, prices are foremost obtained from the PVPS members NSR’s for each year
of interest. In some cases prices are shown for a number of years backwards in addition to the
specific year of the report, which is the case for China’s NSR 2019. Prices presented in China’s
NSR for 2014 – 2018 seem to have been adjusted backwards giving a discrepancy between each
specific annual NSR and the compilation in the report for 2019. The adjusted prices in the NSR
2019 are assumed to be of higher quality and are also showing a trend more in line with the
overall price reduction during these years [17]. The Chinese PV module prices have therefore
been updated for the years of 2016 – 2018.

When manufacturing capacities were found but no actual manufacturing data, a global annual
average value of actual manufacturing volumes to manufacturing capacity was utilised to con-
vert the manufacturing capacity to actual manufacturing volumes. This value was obtained
from the report Trends in Photovoltaic Applications 2020 [1]. The percentages of manufactur-
ing volumes in relation to manufacturing capacity is ranging between 63 % and 74 % for the
time period of 2014 – 2019. This method was foremost applied when manufacturing capacities
were found in unofficial sources such as news articles.

The PV cell transactions, that should be subtracted from the trade data in the customs code,
have been removed for additional countries. Singapore and the US have specific solar cell
customs codes which separate modules and cells and enables to remove cell trade for these
countries, in addition to the specific codes found in the prototype study.

2.3 Development of Njord Weight Instrument

Besides monetary value, the Trade Map tool provides trade statistics in quantities meaning the
weight of traded goods. The prototype analyses solely the monetary value to convert traded
PV modules to installed capacity (W), using the price of a PV module (US$/W). In this further
development, in addition to monetary value, the weight of a PV module has been used to con-
vert traded weight of PV modules into an estimated installed PV capacity. The improvements
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made for the monetary instrument were also applied for the weight instrument when applicable.

The conversion factor of weight to capacity, kg/W, has been obtained using product data sheets
from manufacturers and wholesalers covering the global PV market from 2014 to 2019. From
each data sheet, a factor of kg/W was calculated based on the weight of the PV module and
the effect under standard test conditions (STC). For data sheets with a variety of performance
from the same module the average value was used. In addition, each data sheet was labelled
with year, manufacturer and the country of origin. Correlations between year and weight,
and producing country and weight can be matched with the trade data, and were therefore of
interest in the analyse. A clear trend of decreasing weight annually could be established, see
Figure 6, and by that the weight of a PV module on annual basis was chosen for conversion
factor. The falling trend of kg/W is both a result of a decreasing weight of PV modules and
an increasing efficiency of the PV cells included in a PV module.

Figure 6. Spread of weight (kg/W) for collected data sheets 2014–2019. 50 % of values for each year are within
the box, the whiskers show the highest and the lowest value. The median is marked with a line, and the average
with a cross. Outliers are shown as dots.

The average weight factors from these sheets are presented in Table 5, spanning from 0.074
kg/W in 2014 to 0.060 kg/W in 2019. In total, 132 data sheets were obtained, with 12 – 32
per year. For further information on included PV modules, see Appendix A.

Table 5. Average of weight per capacity for PV modules for the collected data sheets from 2014
to 2019. In total, 132 data sheets were obtained from online websites and by communication with
wholesalers.

Year 2014 2015 2016 2017 2018 2019

Weight Average [kg/W] 0.074 0.069 0.067 0.065 0.057 0.060

Number of data sheets [ - ] 12 23 25 25 15 32

To some extent, the weight seemed to vary with country of origin. However, the trend was
less clear than the trend between years. Finding country specific weight factors is also more
complex, since it is not unusual that manufacturers have sites in several countries. Further, it
is likely that the weight is related to specific manufacturers rather than the country of origin.
The decision to not categorize the modules based on manufacturing country also simplifies
Njord and the amount of assumptions the instrument is based upon.
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2.3.1 Equations and Assumptions

The Njord weight instrument was built upon the equations from the monetary statistical in-
strument. Assumptions made for the monetary instrument were also valid for the weight
instrument, with the exceptions of assumptions regarding prices and market sizes.

The share of PV devices in each country’s import in the customs code 854140 (PVc) was
calculated the same way as in the methodology developed for the monetary instrument, see
Equation 1. In general, the shares of PV devices in terms of weight were higher than the shares
in terms of monetary value. This was expected as the weight of PV modules relative to other
items such LED or solar cells in the customs code, is higher than share of the value.

In Figure 7 the weight instrument equation and sources of data are shown. Figure 7 can be
compared with Figure 5 which is built on the same basis but with the major difference of using
weight instead of price as conversion factor.
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Figure 7. Overview of the calculations the Njord weight instrument is built upon for calculating the annually
installed PV capacity for each country in the world. Yellow boxes indicates the data sources for different parts
of the equation.

2.3.2 Other Units

Some countries do not report their customs quantity data in weight, and instead report it in
units which corresponds to counts or numbers of packages. The information that units cor-
responds to counts was obtained from personal contact with the Singaporean-, Australian-,
Japanese-, and Thai customs [33], [34], [35], [36]. The quantitative customs data from other
countries reporting in units is in the same order of magnitude as the countries previously
mentioned. Therefore, it was assumed that units corresponds to number of packages for all
countries reporting this way. More information about units could not be provided from ITC
Trade Map or from the other countries reporting in units, namely Brunei Darussalam, Fiji,
Kenya, Malaysia, Maldives, Mauritius, South Africa and the US.
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The customs data reported as units cause difficulties, due to the lack of an appropriate con-
version factor from units to kg. Since there was no further information of this data type it was
hard to draw conclusions from it. The size of a package of PV modules can vary significantly
and no trends or patters could be obtained from the quantitative data reported in units. The
unit data were, therefore, not taken into consideration in this study, causing a source of er-
ror for the weight based instrument. However, this foremost causes errors for non-reporting
countries with mirror data since import from some countries is then displayed as units. If a
country with direct data reporting in kilograms imports from a country reporting in units, it
is displayed as kilograms. To get an idea of the magnitude of this error, the share of import
from countries reporting in units was analysed for African countries without direct reporting.
On average 3.0 % of the import to these countries was from countries reporting in units.

2.4 Validation of Njord Instrument Results

The results for both the Njord price instrument and the Njord weight instrument were val-
idated against reference data. In an ideal case, the instrument would be validated against
reference data for the markets on which the instrument is intended to be used on. However,
as there is a lack of such data it is not possible. On the other side, the existence of such data
would defeat the purpose of this instrument. The instrument was therefore validated against
countries based on the criteria that the country has qualitative data on annual PV prices, PV
capacity, and domestic module manufacturing. For the reference countries, qualitatively PV
data could be obtained from IEA PVPS members countries in their annual NSR [28] or the
annual report Trends in Photovoltaic Applications from IEA PVPS [1]. Further, a criteria
was set that the yearly domestic PV manufacturing should not exceed more than half of the
annual installed PV capacity, since this data often are an uncertainty. Needless to say, the ref-
erence countries also need qualitative trade data, which is not mirror data nor reported in units.

The criteria for reference countries resulted in 13 reference countries, namely Australia, Bel-
gium, Chile, Denmark, Finland, France, Israel, Italy, Japan, Spain, Sweden, Switzerland, and
the United States for the price instrument. For the weight instrument, Australia, Japan and
the United States were removed since they report their quantitative data in units. The method
of evaluation of reference countries are the same as in the prototype, in order to make the re-
sults from the developed statistical instrument comparable with its prototype. Some countries
did not fulfill all the criteria for the entire time period of 2014 – 2019. Sweden and Spain had
a domestic PV manufacturing that exceeded half of their annual installations in 2014. Sweden
was, however, still kept as a reference country due to the high certainty of that specific data
source, both in terms of manufacturing data and data of installed PV capacity from the NSR
2015 [37]. Further, Spain was removed as reference country for 2014 since it did not fulfill the
criterion for a reference country that year. According to IEA PVPS, Finland had no installed
capacity in 2014, resulting in division by zero when calculating deviations, and was therefore
also removed for this specific year [38]. Denmark was identified as a country fulfilling all crite-
ria for entire time period and was therefore added. The reason Denmark was not included as
a reference country in the previous study is unknown, since the country fulfills the demands.
Njord was validated with all countries fulfilling the criteria for validation, to achieve a nuanced
result. Including Denmark as a reference country affects the statistical measurements as Den-
mark’s individual deviation affect the total deviation of the entire set of reference countries and
makes the results not fully comparable with the prototype results. Although the purpose of the
study is to further develop the prototype, it is considered to be more important to accurately
measure the performance of the instrument, than the comparison itself. For this reason, it was
decided to use all available countries for each year.
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The Njord results for the reference countries were validated through evaluation of the deviations
in annually installed capacity between the instrument and the IEA PVPS statistics. This was
done through different statistical measurements in summary statistics, both measurements of
location and statistical dispersion. The mean and median deviation together with the standard
deviation adjusted for a t-curve were calculated in terms of difference in installed capacity. The
median deviation was also calculated in percentage and was used to lower the effect from outlier
values, which effect the mean values more. In addition, the mean absolute deviation and the
total deviation for all reference countries in percentage were determined. For each country,
the deviation in percentage was also calculated. The reason to present this large amount of
statistical measurements is to not over- or underestimate the performance of Njord due to the
different market sizes. For example, in a small market a deviation of a few MW of installed
capacity represent a large deviation in percentage but a small deviation in absolute numbers.

2.5 Development of Njord Combined Instrument

A combination of the price and weight based instruments was developed based on their per-
formances. It was developed based on the annual performance of the price based instrument
and the weight based instrument respectively, where the one with the lowest total deviation
and the lowest mean absolute deviation was chosen for the entire year. If the lowest devi-
ation measurements did not coincide, the instrument with the lowest average deviation was
picked for the entire year. This resulted in the weight instrument being rewarded higher for
2014, 2015, 2016 and 2017 and the price instrument being rewarded higher for 2018 and 2019.
When the starting position for the combined instrument was set, constraints of when to change
instrument was applied which can be seen in Figure 8.
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Figure 8. Flowchart of the development of the Njord combined instrument. It presents the starting instrument
and the constraints of when the to change instrument. If neither of the instruments show a positive result of
installed capacity the result can not be used and error is reported.
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First, if the starting instrument was the weight instrument and the trade data was given in units
the instrument was changed to the price instrument, since no way of handling the units have
been found in this study. As can be interpreted in Figure 8, the methodology is changed in case
the net result of installed PV capacity is negative while the domestic manufacturing is zero.
This, since a non-manufacturing country won’t export more PV modules than it imports. It also
switches between instruments if it showed to have a negative instrument result, since a negative
PV capacity can not be installed when neither of the instruments take decommissioning of PV
devices into account. If the instrument result still was negative after the change of instrument
for any of the constraints an error message was reported and the result for that country was
removed due to not being realistic. The resulting combined instrument is a set up that chooses
the best instrument, either the price based instrument or the weight based instrument, for each
country and year.

2.6 Estimation of Accumulated PV Capacity

To enable estimations of accumulated capacity, Njord was fed with more historical data. The
accumulated PV capacity was based on 2014 – 2019. The years before 2014 were not included
due to shortage of historical data and not being as significant in the PV deployment in the
emerging markets as the later years. The years before 2014 were instead replaced with an
estimated factor, which is further described in this section.

The accumulated PV capacity by the end of 2019 was calculated as the sum of the annual
installed capacities during the years of 2014 to 2019. To account for the early PV development
years an assumption was made that 10.2 % was installed before 2014, based on the report
IRENA Renewable Energy Capacity Statistics [4]. According to IRENA, 1.2 GW was installed
in Africa and the Middle East together, before 2014. Up until 2019, PV capacities of 11.5 GW
were installed, making the years before represent 10.2 % of the total accumulated installed
capacity in these regions. Although these statistics are questioned through this study, they are
the best available for the regions. The relative shares could also be more representative than
the absolute numbers of installed capacities, and are therefore utilised. The report presents
statistics of installed capacity from 2006, meaning any installed capacity before 2006 could
not be accounted for since no data is available. According to the IEA, however, there was no
installed capacity on these markets at this time [39]. Njord was not applied for these early
years, since the instrument performance has shown to worsen for earlier years.

The lifetime of a PV system is commonly assumed to be 25 years, with a continuous degradation
of performance [40]. On emerging markets, the majority of the PV systems were installed in
the recent 5 years. Based on this, the assumption was made not to take any decommissioning
of PV systems into account in Njord and by that assuming that all the installed capacity is
still in use. In the reference countries, the PV markets are older even though a majority of
the installed capacity in these countries is added in the recent years. Decommissioning is not
taken into account for these markets either, but would be a relevant improvement of the study
to further investigate.

2.7 Analysing Trade Flows and PV markets

The collected ITC trade data for all countries in the world for Njord enabled further analysis
of the information. The trade data were analysed in terms of how it can be a source of relevant
information for actors on the PV market. As monetary values are of greater importance than
quantitative flows for actors on the PV market, only these flows are included in the analysis.
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The collected trade data covers almost all corners of the world, which makes it possible to
perform the analysis for all parts of the world. In this study however, only an analysis of trade
flows of PV modules in Africa and the Middle East, and the monetary values on these markets
is presented. Only 2019 was further analysed, since this year was considered to be most relevant.

Trade flows of import and export larger than 0.5 million (M) US$ 2019 to regions in Africa
and the Middle East were extracted from the trade data and mapped. Smaller flows could
have been extracted but were excluded to limit the complexity and the amount of data in the
analysis. Mapping the trade flows gives the possibility to overview the most important trades
ways of PV modules. The import share for exporting countries representing more than 1 % of
the import to a country or region were also extracted. The export showed to be smaller and
therefore less significant for the analysis and the origin of them were therefore not included in
these results, but can be tracked through the mapping of trade flows.
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3 Results

This chapter presents the results of the study, including instrument validation and instrument
results for accumulated capacity, followed by the trade flow analysis. Lastly, data uncertainties
for the trade data are presented.

3.1 Njord Price Instrument

In this section, the improvements made for the Njord prototype are quantified to the extent
possible. The improvements have different characteristics and not all of them improve the
validation results. Other improvements instead improves the data coverage or the accuracy of
the Njord.

The final model performance of the Njord price instrument compared to its prototype is pre-
sented in Table 6. The years of 2014, 2015 and 2019 cannot be compared since they are not
included in the prototype, but the enlarged time scope itself is an improvement. The differences
of results for 2016–2018 can be seen in Table 6. For two years the mean absolute deviation
(|µ|) has improved, 2016 and 2017, while the total deviation (Tot. dev.) in the data series
of reference countries has deteriorated. For 2018, the opposite trend can be seen. The total
deviation has improved, while a small deteriorate can be seen for the mean absolute deviation.

Table 6. Comparison of validation results for the Njord prototype and the Njord price instrument
for the years 2016, 2017 and 2018. |µ| is the symbol for mean absolute deviation and Tot. dev. is the
abbreviation for total deviation.

Njord Prototype Njord Price Instrument

Year |µ| [%] Tot. dev. [%] |µ| [%] Tot. dev. [%]

2016 46.9 -11.9 35.8 -17.4

2017 47.4 -17.0 38.3 -23.8

2018 21.5 -11.1 28.8 -0.5

3.1.1 Adjustments of Assumptions

The percentage of PV in the customs code, PVa, was updated to be a weighted average based
on the countries with more detailed codes. The validation result of the adjusted assumption
can be seen in Table 7 compared with the result from the prototype study. The same trend
of the result can be seen here as in Table 6, with some improvements in the mean absolute
deviation and some improvements in the total deviation.

Table 7. Comparison of validation results for the adjustment of the average amount of PV in the
customs code, PVa.

Njord Prototype Njord Price Instrument

Year |µ| [%] Tot. dev. [%] |µ| [%] Tot. dev. [%]

2016 46.9 -11.9 37.4 -22.0

2017 47.4 -17.0 41.5 -27.9

2018 21.5 -11.1 20.6 -1.2
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3.1.2 Increasing the Resolution

Adding mirror data where there were gaps or missing direct data has improved the data cover-
age for Njord. As 51 countries have been assigned additional data for at least a part of a year it
corresponds to 26 % of countries in the world. Notice that for some of the countries, only parts
of a year were added and different countries had gaps different years. The share of increase in
countries does, therefore, not correspond to the increase in total data coverage. However, the
complementary data shows to cover several of the previously missing countries in the regions
of interest. Some relatively large African markets have been added to the instrument, these
are Algeria, Angola, Cameroon, Cote d’Ivore, Eswatini, Ghana, Mali, Rwanda, Senegal, Togo
and Tunisia. African markets still not included in the instrument are Western Sahara and
Réuonion. Further, using a global annual average for converting manufacturing capacities to
actual manufacturing volumes has increased the data coverage of domestic manufacturing.

As the historical Chinese PV module prices were adjusted to updated values from the NSR
2019, the validation results have improved. The changes compared to the prototype results
can be seen in Table 8.

Table 8. Comparison of validation results from the update of historical Chinese PV module prices.

Njord Prototype Njord Price Instrument

Year |µ| [%] Tot. dev. [%] |µ| [%] Tot. dev. [%]

2016 46.9 -11.9 35.2 -16.6

2017 47.4 -17.0 39.7 -22.8

2018 21.5 -11.1 20.4 1.7

The improvement to further remove trade of PV cells has not been quantified since it is difficult
to quantify, as the export affect the import to many countries. The countries, USA and
Singapore, where detailed information has been found about the PV cell trade represent 3.8 %
and 2.9 % of the total export over the years 2014–2019. The additional separation of traded
PV cells from PV modules is, therefore, considered a significant improvement although not
further quantified.

3.1.3 Validation

The validation results for the Njord price instrument for all reference countries on an annual
basis can be seen in Table 9. The Table shows the standard deviation of the deviation adjusted
to a t-distribution (tα,v) from IEA PVPS statistics and mean deviation (µ) in installed capaci-
ties. The mean absolute deviation (|µ|) and total deviation (Tot. Dev.) in percentage is further
presented. The median deviation is presented both in percentage and in installed capacities.
Figure 9 shows the t-curve of deviation of installed capacities 2019, the orange line representing
the mean deviation (µ) and the grey and green line representing the standard deviation of the
deviation adjusted by the t-distribution for samples with a population smaller than 30 (tα,v),
which is the case for this study. To provide a perspective of the included numbers, the average
installed PV capacity in the reference countries 2019 was 2598 MW.
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Figure 9. T-curve of the deviation in installed capacity between Njord and IEA PVPS 2019 for the reference
countries in total. The orange centered line indicates the mean deviation (µ) and the grey and green line indicated
the standard deviation of the deviation adjusted for a t-distribution, tα,v, for samples with populations less than
30. Df is the abbreviation for degree of freedom, which is 12 in this case. The size of population, v, is 13 and
the level of confidence, α, is 95 %.

The methodology of t-distribution has been applied for all years of the study, but is only
visualised for 2019. The corresponding µ and tα,v for all the years, 2014–2019, is instead
presented in Table 9.

Table 9. Validation results for all reference countries on annual basis. Measured by standard deviation
of the deviation adjusted to a t-curve (tα,v), mean deviation (µ), mean absolute deviation (|µ|), total
deviation (Tot. Dev.) and median deviation.

tα,v µ |µ| Tot. Dev. Median

Year [MW] [MW] [%] [%] [MW] [%]

2014 417 43.2 49.9 9.4 43.2 18.6

2015 274 -245 57.7 -14.0 -70.0 -9.7

2016 482 -351 35.8 -17.4 -50.9 -21.0

2017 401 -412 38.3 -23.8 -29.4 -20.7

2018 109 -9.2 28.8 -0.5 -36.6 -5.2

2019 545 106 23.0 4.0 -52.0 -8.5

For the respective reference countries the validation result are visualised in Figure 10 – 12.
The reference countries were divided between the figures based on the the average annual
installation size of the domestic PV market, from the instrument results. The figures show,
in percentage, the annual deviation from the results from the statistical instrument and the
official statistics from IEA PVPS for each reference country. The largest deviations were of
different sizes and Figure 10 – 12 are therefore in different scales, but otherwise comparable.
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Figure 10. Validation results for reference countries with an annual average domestic PV installation rate <
250 MW during the years 2014–2019. The percentage represents the deviation from IEA PVPS statistics on
annually installed PV capacity. The color green represent a deviation < 50 %, orange represent 50–100 % and
red represent > 100 %.
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Figure 11. Validation results for reference countries with an annual average domestic PV installation rate
250–500 MW during the years 2014–2019. The percentage represents the deviation from IEA PVPS statistics
on annually installed PV capacity. The color green represent a deviation < 50 %, orange represent 50–100 %
and red represent > 100 %.
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Figure 12. Validation results for reference countries with an annual average domestic PV installation rate >
500 MW during the years 2014–2019. The percentage represents the deviation from IEA PVPS statistics on
annually installed PV capacity. The color green represent a deviation < 50 %, orange represent 50–100 % and
red represent > 100 %.

3.2 Njord Weight Instrument

In this section the validation results for the developed Njord weight instrument are presented.

3.2.1 Validation

The validation for the weight instrument has been conducted in the same way as the validation
of the price instrument. In Table 10 the statistical measurements for the instrument can be
seen. In this case there were less countries that qualified as reference countries, due to not
reporting the customs data in weight. Therefore, the statistical measurements for the price
and the weight instrument are not fully comparable.

Table 10. Validation results for all reference countries on annual basis. Showed as standard deviation
of the deviation adjusted to a t-curve (tα,v), mean deviation (µ), mean absolute deviation (|µ|), total
deviation (Tot. Dev.) and median deviation.

tα,v µ |µ| Tot. Dev. Median

Year [MW] [MW] [%] [%] [MW] [%]

2014 98.5 -48.6 38.6 -16.9 -3.1 -2.9

2015 83.5 -33.6 46.9 -13.2 -34.7 -32.2

2016 44.1 -44.1 40.8 -19.1 -26.9 -23.4

2017 102 -122 43.4 -42.2 -50.0 -36.8

2018 96.9 52.5 40.5 14.6 10.0 11.2

2019 122 141 22.8 16.1 23.6 5.9

In Figure 13 – 14 the validation for respective reference country from the weight instrument
can be seen. The figures were divided on markets with annually installed capacity of less than
300 MW and more than 300 MW.
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Figure 13. Validation results for reference countries with an annual average domestic PV installation rate <
300 MW during the years 2014–2019. The precentage respresents the deviation from IEA PVPS statitics on
annully installed PV capacity. The color green represent a deviation < 50 %, orange represent 50-100 % and
red represent > 100 %.
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Figure 14. Validation results for reference countries with an annual average domestic PV installation rate >
300 MW during the years 2014–2019. The precentage respresents the deviation from IEA PVPS statitics on
annully installed PV capacity. The color green represent a deviation < 50 %, orange represent 50-100 % and
red represent > 100 %.
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3.3 Njord Combined Instrument

The Njord combined instrument makes the choice of either the price or weight based instru-
ment, depending on the performance of the instruments for different years and the constraints
presented in Figure 8. In Table B1, Appendix B, the selected instrument for the reference
countries is presented. For 2014 – 2017, the weight instrument was the basis and the price
instrument was chosen if the country reported the weight customs data in units, which was
the case for Australia, Japan and USA among the reference countries. The price instrument
was also applied for Israel due to having mirror data in the weight customs data, giving data
presented in units for some exporting countries. Further, the combined instrument switched
to the price instrument for Italy 2015 due to a negative result. For 2018–2019 the price in-
strument was the basis with no need for a re-selection for any reference country. The choice
of instrument for the emerging markets followed a similar trend, with a majority of countries
using the weight instrument for 2014 – 2017, and the price instrument for the later years. The
instrument is, however, more frequently varied due to active constraints.

In Table 11, a comparison of the price, weight and combined instrument performance in terms
of statistical measurements is shown. Only the reference countries used for all three instruments
is taken into account to make the comparison valid and fully comparable. The total deviation
and the mean absolute deviation are presented. Since given in percentage they can take all
reference countries into account, even though the PV markets are of different sizes. The results
show that the combined instrument generate a better average performance than the price and
weight instrument in a majority of the cases, see Table 11. The price instrument show a worse
performance than previously presented, this is due to the loss of some of the reference countries
with the highest instrument performance.

Table 11. Comparison of the Njord price, weight and combined instrument results for the reference
countries valid for all three models. Shows the mean absolute deviation (|µ|) and the total deviation
(Tot. Dev.)

Year Price Weight Combined

|µ| 2014 63.4% 38.6% 38.3%

Tot. Dev. 2014 2.6% -16.9% -16.7%

|µ| 2015 69.7% 46.9% 43.3%

Tot. Dev. 2015 -8.5% -13.2% 5.7%

|µ| 2016 41.2% 40.8% 29.5%

Tot. Dev. 2016 -31.8% -19.1% -16.0%

|µ| 2017 45.8% 43.7% 45.7%

Tot. Dev. 2017 -51.8% -42.4% -41.9%

|µ| 2018 35.9% 40.5% 35.9%

Tot. Dev. 2018 -18.8% 14.6% -18.8%

|µ| 2019 25.0% 22.8% 25.1%

Tot. Dev. 2019 -13.7% 16.1% -13.7%

3.3.1 Validation

The Njord combined instrument was validated with the same statistical measurements as the
price and weight instrument. In addition, the combined instrument was used for validation of
accumulated capacity. In Table 12 the statistical measurements for the combined instrument
can be seen. Since the combined instrument removes all countries reporting in units, results
for all reference countries are presented.
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Table 12. Validation results for all reference countries on annual basis. Showed as standard deviation
adjusted to a t-curve (tα,v), mean deviation (µ), mean absolute deviation (|µ|), total deviation (Tot.
Dev.) and median deviation.

tα,v µ |µ| Tot. Dev. Median

Year [MW] [MW] [%] [%] [MW] [%]

2014 420 124 32.0 7.1 -10.2 -8.3

2015 1614 1676 37.5 -13.0 308 -18.5

2016 484 -323 26.8 -16.0 -22.2 -17.7

2017 498 -390 38.2 -22.6 -60.0 -28.2

2018 109 -9.2 28.8 -0.5 -36.6 -5.2

2019 543 106 23.0 4.1 -52.0 -8.5

The instrument estimated the total accumulated capacity for the reference countries to be
slightly less than the by PVPS reported capacity, with a deviation of -4.3 % (9.0 GW) by the
end of 2019. Figure 15 shows the growth of the total accumulated capacity for the reference
countries from 2014 to 2019 for the instrument in comparison to the estimations by IEA PVPS.
It can be noted that the instrument has its starting point in the IEA PVPS statistics, hence the
graph shows how the two data sets progress in relation to each other from 2014. On a country
basis, the average deviation 2019 in absolute values for the reference countries was 12.2 % and
the median was -5.3 %.

Figure 15. Validation for the total accumulated capacity 2014–2019 for the reference countries, Njord results
in comparison to IEA PVPS estimations. By the end of 2019 the Njord estimation was 4.3 % (9.0 GW) lower
than the IEA PVPS estimations.

3.4 Estimates of Accumulated PV Capacity

In this section, the results for the research question of accumulated capacity are presented. The
estimates are based on the result for the Njord combined price and weight instrument. The
results are compared to the available estimates from IRENA. Figure 16 visualises the instrument
result for accumulated capacity in Africa and the Middle East by the end of 2019. Njord
estimated the accumulated installed capacity in Africa to be 13.4 GW and the accumulated
capacity in the Middle East to be 11.7 GW. For Africa the instrument result of accumulated
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capacity was 118 % higher than the IRENA estimates, for the Middle East the instrument
result was 127 % higher. The results were adjusted for discrepancies between available trade
data, and available estimations from IRENA. In Africa, there are no trade data for Reunion and
no IRENA data or estimates for Equatorial Guinea, Comoros or St:Helena. Western Sahara
neither has any trade data nor estimates from IRENA. These countries were excluded from the
comparison.
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Figure 16. Njord results of accumulated installed PV capacity by the end of 2019 in Africa and the Middle East
compared to IRENA:s estimations. The results are adjusted to only include countries that both have available
trade data and IRENA estimates.

On a global scale, this result would indicate that the PV market share of these markets are
higher than the 1.9 % that can be calculated from the IRENA report on installed renewable
capacities [4]. When Njord results were compared to the global accumulated capacity of PV
stated in the same IRENA report, the share of Africa and Middle East was calculated to be
4.3 %. If the results are to be compared to the IEA PVPS statistics, which estimates Africa
and the Middle East to represent 3.0 % of the globally installed capacity, Njord calculates the
share to be 4.0 % of the globally installed PV capacities at the end of 2019 [1].

Looking at the Njord results over time, see Figure 17 and 18, it is evident that the gap between
the Njord results and the IRENA estimates is widening over time. Note that the Njord results
for 2014 are to a high extent the result of an assumption based on the IRENA data, giving the
graphs a close starting point.
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Figure 17. Estimation of accumulated capacity
2014–2019 for Africa, Njord result

in comparison to estimations from IRENA.
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Figure 18. Estimation of accumulated capacity
2014–2019 for the Middle East, Njord result
in comparison to estimations from IRENA.

The geographical spread of installed capacities can be seen in Figure 19 and 20. For Africa
the highest instrument results for installed capacities were found in Burkina Faso, Morocco,
Egypt, Nigeria and South Africa. South Africa had the highest instrument result of 2.8 GW,
also Egypt was above 2 GW with an instrument result of 2.2 GW. The largest deviation from
IRENA:s estimations, in absolute values, was obtained for Nigeria. With an instrument result
of 1.0 GW and the IRENA estimation of 28 MW, there was a difference of 988 MW.

There are four countries for which the IRENA estimate is zero or non existent, but the instru-
ment showed at least 1 MW installed. These were Central African Republic (3 MW), Chad (8
MW), Djibouti (18 MW) and Equatorial Guinea (4 MW). Countries with results below 1 MW
are Lesotho, S:t Helena and São Tomé and Pŕıncipe.
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Figure 19. Predicted results using the developed instrument for geographical distribution of accumulated
installed capacity in Africa, by the end of 2019.

For the Middle East there were several, relatively, large PV markets with instrument results of
over 1 GW which were Iran, Israel, Jordan, Saudi Arabia, United Arab Emirates (UAE) and
Quatar. The largest capacity was obtained for UAE with a capacity of 3.3 GW which is 1.5
GW higher than the IRENA estimation of 1.8 GW.
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Figure 20. Predicted results using the developed Njord instrument for geographical distribution of accumulated
installed capacity in the Middle East, by the end of 2019.

3.5 Trade Flows and PV markets

In Table 13, the monetary trade flows of PV modules in and out of Africa 2019 can be seen. The
table show total import, total export and net trade value (import-export) for the respective
region. The table also show the main import sources, the export countries, and the percentage
of the total import it correspond to. Only countries representing more than 1 % of the im-
port for each country are included, and therefore the sum do not add up to 100 %. Detailed
information of the export paths from countries in Africa are not shown in Table 13, since the
net trade is positive for all regions, and the export consists of a small value compared to the
import of PV modules. The only countries in Africa with PV module manufacturing, that were
found during this study, are Algeria, Ghana, Egypt, Morocco and South Africa and the export
is therefore not of as great significance for the analysis on net import to the region. The export
can, however, be seen in Figure 21, represented by the blue arrows. As finding information on
PV manufacturers in these regions has shown difficult during the study, the mapping of trade
flows shows potential in identifying these. Africa was divided into regions due to the large
number of countries on the continent, see Figure 21. Some countries are however dominant in
the respective region, like South Africa in southern Africa.
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Table 13. Trade flows of PV Modules in Africa 2019 extracted from the customs data. The table show
the monetary value of the import, export and net trade value together with the exporting countries
representing more than 1 % of the total import for each importing region.

Region
Total Import
[kUS$]

Total Export
[kUS$]

Net Trade
Value [kUS$] Exporting Country [%]

North 356927 12853 344074 China [93], Germany [2]

East 90782 5739 85043

China [84], India [2],
Kenya [2],
Hong Kong [2],
Uganda [1]

Central 9418 165 9253
China [78],
South Africa [4]

West 183148 785 182363
China [89], France [3],
Hong Kong [2], India [1]

South 282539 24446 258093

China [86], UAE [3],
Hong Kong [3],
South Africa [3],
India [1], Thailand [1]

Total 922815 43988 878827 -

Figure 21 shows the most important trade flows, larger than 0.5 M US$, of both import and
export of PV modules to and in Africa. It can be seen that a majority of the export flows are
relatively small compared to the import, and often occurs to a neighbour country.
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Figure 21. Trade Flows larger than 0.5 M US $ in Africa 2019. Export flows are marked by blue and import
flows by the color of the region. The numbers are given in M US$.

Table 13 and Figure 21 show that China is the most important source of import of PV modules
for Africa. China accounts for more than 84 % of the import, in monetary values, for all re-
gions. Export of PV modules occur from manufacturing countries, South Africa, Morocco and
Tunisia, or to neighbour countries. There are large differences between the imported values
to the different regions, where the northern Africa has the largest import value of above 350
M US$ and central Africa the lowest of less than 10 M US$. This complies with the differ-
ences in installed capacities shown in Figure 19, although Figure 19 show accumulated capacity.

Trade flows of PV modules to the different countries in the Middle East can be seen in Table
14. The table contains the same information for the Middle East as Table 13 do for Africa,
but are not divided upon regions due to smaller number of countries.
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Table 14. Trade flows of PV Modules in the Middle East 2019 extracted from the customs data. The
table show the monetary value of the import, export and net trade value together with the exporting
countries representing more than 1 % of the total import for each importing country.

Country
Total Import
[kUS$]

Total Export
[kUS$]

Net Trade
Value [kUS$]

Exporting Country
[%]

Bahrain 1639 39 1600
China [80],
South Korea [11]

Iran 30397 140 302567
China [87],
Italy [7],
UAE [6]

Iraq 3277 0 3277

China [34],
Turkey [16],
UAE [13],
UK [8],
South Korea [7],
Spain [6]

Israel 99880 2854 97026
China [66],
Japan [6]

Jordan 116346 491 115856
China [88],
Malaysia [9]

Kuwait 3254 0 3254

UAE [38.1],
China [28],
Spain [9],
Germany [9]

Lebanon 6362 26 6336 China [83]

Oman 93114 68 93046
China [82],
UAE [13]

Palestine 10551 149 10402
China [68],
Israel [8]

Qatar 2806 16 2790

Austria [36],
UK [35],
China [9],
Germany [8]

Saudi Arabia 100620 96 100524 China [97]

Syria 9339 12 9327
China [44],
Turkey [25]

UAE 279577 36100 243478 China [74]

Yemen 11314 0 113134
China [49],
UAE [22]

Total 768475 39990 728486 -

Figure 22 visualises the import and export trade flows of PV modules greater than 0.5 M US$
to and from the Middle East. For visualisation of the trade flows in Figure 22, also the Middle
East are divided into regions. These regions are not further used or referred to in this study
but used to make the figure understandable.
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Figure 22. Trade Flows larger than 0.5 M US $ in the Middle East 2019. Export flows are marked by blue
and import flows by the color of the region. The numbers are given in M US$.

In Table 14 and Figure 22 it can be seen that China is the main import source for all countries
in the Middle East except for Kuwait and Qatar, where China takes the second and third
place. In total, China have a major export dominance to all regions in the Middle East. Other
important import countries are mainly located in Asia and Europe. It can be seen that United
Arab Emirates are an important export source within the region.

3.6 Data Uncertainties

The ITC Trade Map database has been assessed according to the data quality dimensions pre-
sented in 1.3.6 Data Quality Dimensions. Other data input sources, such as price and weight
data of PV modules, are analysed in the Discussion section.

Intrinsic data quality
With ITC being a multilateral agency with mandate from UN and WTO, the database is as-
sumed to have high objectivity and reputability. Although the lack of a reference database
makes it difficult to assess the correctness and accuracy, an attempt is made to discuss any
potential sources of error.

The reporting of customs data is done in a globally uniform and standardised way, even so,
the customs data can be assumed to be of varying quality. In a number of countries the lack
of reported data is a significant problem due to non-reporting and smuggling [41]. In most
developing countries, the informal and illegal economy is a significant business which is not
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accounted for in the gross domestic product [42]. The extent of the informal market for the PV
industry, and informal trade of PV modules on the markets of interest is however not known.
Like most data, the reliability of trade statistics also suffers from problems of omissions and
mistakes [41]. Some countries also report their re-import and re-exports as imports and exports
and can therefore, by mistake, report double-counting of goods.

The available mirror data complements the direct data. However, it is not certain to provide
the exact same values as direct data would, due to a number of reasons. ITC mentions a few
that involve differences in trade systems, time lag, and that which costs that are included can
differ [26]. Further, trans-shipments can hide the actual source of supply when the data are
not reported from the import-country [41]. Even though the mirror data provides additional
trade data to a large extent, it cannot capture trade from other non-reporting countries.

The correctness could also be compromised by how and when the transaction value is regis-
tered. The export value should refer to the total or contract value but is sometimes reported
as a local value. The local value is the value on the domestic market which commonly is lower
than the exporting value and can therefore cause discrepancies in the reporting [41]. Since the
traded goods from a country commonly is reported on annual basis the exchange rate from
the local value to US dollars is made momentarily which is not representative for the exchange
rate fluctuations over a year.

How the traded goods is reported to the ITC Trade Map can also be a source of error and
discrepancies between countries. The nomenclature in the aggregated HS groups can be gen-
eral and misleading for some products. If this is relevant to the HS code used in this project,
854140, could not be further evaluated due to lack of such information. There is also differences
in what is included in the reported value. For the unit quantities reported in weight, some
countries report gross weight, including packaging of the goods, and some countries report net
weight [26]. No consideration to the discrepancy between the gross and net weight have been
taken in this project since the packaging is assumed to be neglected compared to the weight of
the PV modules.

Contextual data quality
The data is applicable for the given task, since it provides the information needed to conduct
the analysis. The database is, however, not designed to extract this large amounts of data,
making the processing of data time consuming. More metadata would benefit the analysis,
such as for example information on what is included in the transaction value.

The completeness has been assessed by analysing the share of data gaps, being the share of
countries without available customs data, for each year. The result is shown in Table 15. The
data coverage appears to be lower for export than import, both for the weight and monetary
data. Further, the data coverage is lower for weight data than for monetary data.

Table 15. Share (%) of countries with data gaps for 2014–2019, for the monetary customs data and
the weight customs data.

2014 2015 2016 2017 2018 2019 Average

Monetary Customs Data Import 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Monetary Customs Data Export 7.0 7.6 5.9 6.0 6.3 10.6 7.2

Weight Customs Data Import 15.0 14.0 14.0 13.5 12.0 11.5 13.3
Weight Customs Data Export 22.0 17.5 15.5 18.0 17.5 17.0 17.9
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The timeliness, the time of the transaction to the time of visibility in the trade data base, de-
pends on how often each country reports its data to ITC, and can therefore not be determined.
Commonly, countries report the data annually, but it can be more often and more seldom [41].

Representational data quality
The reporting of data is done in a standardised way using the globally accepted standard of
HS codes. This makes the representation consistent and the tool user-friendly. The detail
level is high enough for its purpose, although more detailed codes to separated solar modules
from solar cells would improve the instrument. The monetary data is interpretable and easy
to understand, however, the quantity data leaves more to desire. The mixing of units (kg, ton,
pounds) makes the data more difficult to process and data expressed in ”number of packages”
does not provide any useful information for this analysis.

Accessibility data quality
The availability of data is high. To have full access to all features in the Trade Map tool, a
subscription is needed. However, some data is accessible for non paying users such as yearly
trade data at a higher level of aggregation. Metadata is available in form of information about
which source each country’s trade data is reported from, however, it is seldom possible to locate
the origin of raw data.
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4 Discussion

The process of developing Njord and its results gives a basis for assessing the validity of
the instrument and by that any implications for answering the research questions. Initially,
data uncertainties for the price as well as weight based instrument are analysed, followed by
an analysis of improvements made for the price instrument and development of the weight
instrument. Accumulated capacity, mapping of trade flows and what value such instrument
applications can the provide the industry are discussed. Lastly, suggestions for further research
are given.

4.1 Data Uncertainties

The Njord performance is dependent of the data that is fed into the instruments and the data
quality is therefore examined, still, uncertainties in the data remains. The trade data, which is
the main data set, has gaps in the data coverage and deviating values for some countries certain
years. The reason for this is probably errors touched upon in Section 3.6 Data Uncertainties,
but the exact reasons for the individual cases are hard to track. For data that deviates much,
the values can manually be tracked and questioned, but for smaller errors, it is impossible.
However, the errors are less common in the more recent years, indicating that the reporting
of trade data is improving with time. It is therefore promising to continue to use the method
developed in this study in the future, if the trends of better data quality continues.

The data coverage in the customs data is lower for the export than for the import, see Table
15, for both the monetary data and the weight data. This means that for certain countries and
certain years the installed PV capacity may only be based on the import, hence the installed
capacity in those cases becomes overestimated. An improvement of the study would be to
track these countries and further investigate the impact of the data gaps. However, in Section
3.5 Trade Flows and PV markets it can be seen that, for 2019, the import to the emerging
markets is much higher than the export as the net trade is positive for all regions in Africa and
all countries in the Middle East. Missing export data should therefore have a small impact on
the markets of interest in most cases, but rather affect the validation step.

The improved data coverage, by using mirror data to fill gaps, constitutes one of the major
improvements of the Njord prototype, contributing to answering Research Question 1. This
especially since mirror data has shown to be of high importance to achieve data coverage in the
regions of interest. The quality of the mirror data is difficult to assess, as there naturally is no
set of correct data to compare it to. Reoccurring in this study is that any data is thought to be
better than no data. Even if the mirror data does not, for reasons mentioned in Section 3.6 Data
Uncertainties, provide the exact same values as direct data would, it is unlikely that the mirror
data would report trade that has not occurred. However, the mirror data does not cover trade
between countries that both have mirror data which gives some completely missing trade flows.

For other data, different data sources have been used for different purposes. For example, for
the mainstream price of PV modules two different data sources have been used, which builds
some uncertainties in the instruments. For the development of a weight based instrument,
investigating Research Question 2, the data input for deciding on the weight conversion factor
is of high importance. An advantage of the weight instrument is the smaller dependency of
country-specific data, as the weight is not as volatile as the price dependent on the specific
manufacturing country and global economics. The price is also dependent on the market it
is imported to, in the study taken into account as the size factor. The size factor builds in
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complexity and uncertainties to the instrument which is not necessary for the weight instru-
ment as the weight for PV modules is independent of the market size. Further, the matching
of transaction value in customs to the factory door price is based on assumptions. The weight
of a PV module has a stable downwards trend from 2014 to 2019, and a fairly low spread
within the investigated years. The weight instrument can therefore be considered less complex
and more robust historically than the price instrument. The price instrument, however, offers
some advantages over the weight instrument as well, with the higher data coverage being the
primary, see Table 15. The price instrument also offers a better use of the inherent knowledge
of trade origin. An overall advantage of both the developed instruments to other available
methodologies, is the low dependency of any country-specific information. The method can be
applied if a country have reported trade data and is therefore independent of a strong admin-
istrative organisation and well-documented statistics of the PV market.

A sensitive parameter for the price and the weight instrument, thus of importance for Research
Question 1, 2 and 3, is the domestic manufacturing as domestically manufactured and installed
PV modules will not appear in the customs data, as they do not cross any national boarders.
Fortunately, the markets of interest have low or no manufacturing. Some countries do, how-
ever, have domestic module manufacturing. These module manufacturing capacities have been
estimated through information found in news articles and on industry actors’ websites. Since
the manufacturing capacities have been difficult to find, it is likely that some manufacturing
volumes are still missing for these countries. Having in mind the instrument equation (2), the
domestic manufacturing volume is directly added to the result. If the domestic manufacturing
is set too low, the result can be underestimated.

4.2 Instrument Development

Overall, the instrument Njord has been improved a noticeable amount, and the forming of
an additional methodology, based on weight, has made the instrument more robust, which
corresponds to answering Research Question 1 and 2. Since this study has its focus on Africa
and the Middle East, the larger data coverage that has been accomplished by filling data gaps
with complementary mirror data is one of the major improvements. From not having any
estimations for several of the larger markets in Africa and the Middle East, there are now very
few countries not included in the instrument. Adjusting assumptions and increasing resolution
has further improved the instrument, by lowering the deviations and making the instrument
reflect reality more correctly. In the following section, some results from the development
process are further highlighted and analysed.

4.2.1 Improvements of Instrument

Finding suitable statistical measurements to reflect the performance of Njord has shown to be
difficult and this complexity should be kept in mind when the results for Research Question 1, 2
and 3 are analysed. For small markets, the deviation in installed capacity in MW is often small
but gives a high percentage deviation. For larger markets, the deviation is larger in installed
capacity but the percentage difference is often small. The different characteristics of markets
therefore complicates comparisons.

Differences in means and medians for the deviations of installed capacities are identified for the
price, weight, and combined instrument, see Tables 9, 10 and 12. In a majority of cases the
median is closer to zero, which is desired as it indicates a smaller instrument deviation. The
larger mean deviation indicates fluctuations of deviation between the countries in the reference
population. As the mean and the median are given in absolute numbers, one explanation to
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this is the variation in market sizes. The median eliminates outlying values and can therefore
give a more fair prediction of the performance, but as the mean includes all values it gives a
more comprehensive prediction of the performance.

Analysing the price instrument, according to Research Question 1 from Table 9, it can be seen
that the average absolute deviation has an overall downwards trend from 49.9 % in 2014 to 23.0
% in 2019. The standard deviation and the average deviation has less clear trends. With the
PV market being dynamic and foremost growing, it should not be seen as an alarming result
since larger markets means larger deviation in absolute numbers of installed capacity. Looking
at the average deviation, total deviation, and median it can be seen that the instrument for a
majority of years underestimates the installed capacity in the reference countries. The same
trend can be seen for the weight instrument, although the trend seems to change for 2018 and
2019. One reason for the underestimation could be that both price and weight of PV modules
per wattage are set too high. Another reason, considered more likely, is that the customs data
are missing some transactions or that installations are conducted faster than the one quarter
delay that is set. As more customs data could be added retrospective for 2018 in this study
compared to its prototype, more data for 2019 can probably be added later in time. More
customs data for 2019 will probably enhance the instrument performance for that year.

For the weight instrument, Research Question 2, no such clear trend could be identified. The
average percentage deviation is the lowest for 2019 but the downwards trend from 2014 is less
clear. This could indicate that the historical weight data for PV module, like expected, is more
stable than prices. Like previously mentioned, the weight instrument also tends to underesti-
mate installed capacities for the reference countries but the trend changes for 2018 and 2019.
Conclusions should not be drawn on only two years but as the weight data has shown to be
more complete for recent years, this could be one reason for this trend shift.

Viewing the radar charts in Figure 10 – 12 it can be seen that the price instrument has a
clear trend of showing higher performance for the larger markets. For the smaller markets the
performance is much more diverse. It is concerning that the instrument shows more stable
performance for larger markets, since the instrument is to be applied foremost on the smaller
emerging markets. One explanation to this can be the measurement difficulties for markets
of different sizes. For example, the 54 % difference in 2014 for Denmark corresponds to 29
MW whereas the 10 % difference for USA corresponds to 628 MW. Comparing these plots to
the weight instrument plots in Figure 13–14, the choice of using the weight model as basis for
2014–2016 is motivated as the weight model shows slightly more stable performance for these
years, especially for the smaller markets.

As the markets continuously grows, it is interesting that the instrument performance is en-
hanced in markets with large PV installations. The countries chosen for reference countries
have less need for this type of statistical tool as their markets are already well documented.
It could, however, be an option to lower administrative costs, as the instrument shows high
performance for especially the larger markets in percentage deviation.

The Njord combined instrument reduces many of the difficulties with the price and weight
instruments alone, and by that enabling to answer Research Question 3. The different units
in the weight instrument are eliminated by changing instrument for all countries reporting any
trade data in units and not in weight. The larger uncertainties in the historical price picture
of PV modules is lowered by using the weight data set as the prioritised data set for the early
years. Other errors and uncertainties that might occur are also to a large extent eliminated
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by removing negative trade from non-producing countries and negative net result of installed
capacity in all cases. The removed results, when still showing negative installed capacity after
all the constraints, were only the case for Mayotte 2014 and Oman 2016 for the markets in focus
in this study. This indicates that the constraints in the combined instrument can track and
remove uncertainties in the other instruments making it more robust with better performance.
A further improvement of the constraint for the combined instrument would be to not base
the instrument choice on the year of interest but instead base it on the country of interest to
enhance the performance further. However, in the current state, this is not possible due to lack
of information on performance for specific countries.

4.2.2 Instrument Uncertainties

In the prototype study [3] a sensitivity analysis was performed for the price instrument, con-
cluding that the instrument is foremost sensitive to China’s prices and the market size factor.
No formal sensitivity analysis has been conducted in this study, the simplicity of the weight
instrument equation gives few parameters to vary. As it seems to vary whether the trade data
is reported as gross or net weight, attempts has been made to modify the weight of PV modules
to achieve better performance. The weight, however, seems to have fairly low impact on the
instrument results why it has not been investigated further. As different markets may have
reached different technological maturity, it is possible that the type of modules primarily used
on the African and Middle Eastern markets differs from the reference countries to some extent.
Less mature markets could be using older technologies, hence the instrument could benefit from
shifting the year dependent weight backwards for emerging markets. For this type of knowl-
edge to be included in the instrument, a more thorough analysis of the markets would be needed.

As discussed, the methodology of this study is largely built upon the instrument performance
for the reference countries. As other markets do not fulfill the criteria of a reference country,
only a limited number of PV markets constitute the base for the entire performance of the
instruments. It is therefore desirable to increase the number of reference countries to get a
more comprehensive picture of the instrument performance. The reference countries are also
mainly located in Europe which markets differ significantly from the emerging markets. Sev-
eral attempts to increase the number of reference countries have been made, but as reference
data has shown difficult to track, those attempts have not succeeded. As the development in
the world continuously grow, more countries will be better documented with well-functioning
administrative systems. In the future, this development will probably enhance the number
of countries that fulfill the demands on a reference country which will further enhance the
performance and the robustness of the instrument, which will further improve the analysis
for Research Question 1, 2 and 3. Further, no consideration to complex segments of mature
markets have been taken, as presented in the Section 1.2 Limitations. To not include such
markets behaviors limits the complexity of the instrument but can also affect the instrument
performance in the reference countries. The extent of this effect on the reference markets has
not been able to further evaluate but can be one of the reasons for the deviations between the
actual PV installations and the instrument results.

The trade of PV cells have been tracked and removed from the instrument due to the purpose
of only handling PV modules. It has, however, shown to be hard to distinguish PV cells from
PV modules in the customs data and trade of PV cells is therefore likely to still be included
in the instruments’ calculations. This can be one of the reasons why the instrument results
differs between the price and the weight instrument, as the PV cells have a higher price per
weight ratio than the PV modules. As the relative value of a PV cell is much higher than the
weight, the weight instrument could be less sensitive to the PV cell trade.
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As presented in Section 1.2 Limitations, decommissioning of PV modules are not considered in
this study. It will, however, in the future be relevant to include decommissioning in the instru-
ment to not overestimate the installed PV capacity. Further, it can have a larger impact on the
reference countries as these markets have developed in a longer time. In addition, shortfall of
PV modules for a variety of reasons should be included for higher precision. This is not quan-
tified in this study and is hard to find data on, but it is expected that some modules never gets
installed. Examples for reasons to this can be technical errors, wrong orders, wrong handling
and financial errors. To not include these shortfalls probably have a neglectable impact on the
instruments performance at this point but could have a bigger impact as the market grows and
more PV modules are traded.

The assumption of adding 10.2 % to the accumulated PV capacity until 2019 representing the
years before 2014 is based on the estimated numbers of PV capacity from IRENA. As these
estimates are questioned throughout the study, see for example Section 2.1.4 Data Correlations,
it is also questionable to use them as the base for estimating accumulated PV capacity. To
apply the instrument also for the years before 2014 has been considered, but as the instrument
show enhanced performance later on in time, it is questionable if the results would be good
enough to use. As adding years to the instrument require a lot of manual work it was not
possible to test this with the time frame of this study. It would however be preferable to test
this assumption with the instrument, as by that also automatise the process.

An assumption to exclude the export from all countries to large PV manufacturing countries
(China, South Korea, India, Malaysia, Taiwan, and Indonesia) have been implemented. This
assumption lowers the export from the countries of interest in the study as some export flows
are neglected. The assumption base is that it is unrealistic that small markets without or with
a low amount of PV manufacturing would export to the leading manufacturing countries. It
can, however, be questioned what the existing export consist of. One suggestion is that the
export consists of other devices than PV modules fitted in the customs code 854140 but it can
also be returns of PV modules, which in that case should be included. This assumption should
be further investigated for it to be fully valid for the study, but this specific information have
not been possible to extract from the customs data.

4.2.3 Accumulated Capacity

With a slightly conservative estimate of 4 % lower than the IEA PVPS data, the Njord re-
sults for accumulated capacity closely follows the reference countries, thus the instrument can
be used for estimating accumulated capacities, as stated in Research Question 3. That the
instrument tends to give conservative estimates of the accumulated capacity for the reference
countries, gives higher certainty that the installed capacity on the African and Middle Eastern
market are higher than the available estimations from IRENA. This is also strengthened by
the Pearson correlation coefficient calculated in 2.1.4 Data Correlations, which is strong for
the reference countries but weak or non-existing for the emerging markets. The accumulated
capacity shows less deviation than the deviation for most individual years. This could indicate
that the customs data reflects the installed capacities well when combining the whole time
series of 2014 to 2019, but that uncertainties in PV project time-frames and time-lag in trade
reporting builds in uncertainties giving larger deviations for separate years. Although the de-
viation in 2019 is small, it needs to be monitored for the following years to see if it tends to
converge or if the deviation is increasing by time. From Figure 15, it can however be seen the
the largest deviation is not for 2019, but for 2017 and 2018. The smaller deviation for 2019
could indicate a converging trend, but more years needs to be incorporated to draw conclusions.
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The assumption of one quarter has been varied to a longer time period of two quarters, but gave
worse results. A higher resolution of using monthly data could be an option to be able to adjust
this assumption more precisely. If possible, it would however require more thorough research
of the market. The time from transaction to installation is also thought to largely vary, why it
is not certain a more precise assumption would be possible to form. Further the PV market is
affected by legal matters and policies, why it can be volatile and installation rates can quickly
change if for example support systems are introduced or removed. For example, Denmark had
a PV market boom in 2012 but the year after the installations declined with more than half,
due to abrupt political decisions [43]. This can cause for the ordering of large quantities of
PV modules which are then piled up due to declining demand. This type of market behaviour
is difficult to take into account in the instrument, but can further be a reason for the better
performance of accumulated capacity than for specific years.

Comparing the geographical distribution in Africa to the IRENA estimates [4], the relative
spread of installed capacity in general matches well, but the instrument results show much
higher capacities. The largest market according to IRENA is South Africa, with an accumu-
lated capacity of 2.5 GW. South Africa is the largest African PV market according to the
instrument as well, but with an installed capacity of 2.8 GW. The second largest market,
Egypt, also coincide with the IRENA statistics, but again with a more conservative estimate
made by IRENA of 1.6 GW compared to the instrument result of 2.4 GW. These two countries
are the only markets above 1 GW in the IRENA statistics whereas the instrument results show
that also Morocco, Nigeria and Burkina Faso are above this threshold. The case of Nigeria,
showing the biggest difference between IRENA estimations and instrument results, has been
investigated further. Taking a closer look at the import and export data, it has been discovered
that the import data consists of direct data and the export consists of seemingly low numbers
mirror data. Missing export could therefore cause misleading results. Neighbouring countries
to Nigeria, as Niger and Cameroon, have mirror data for both import and export which indi-
cates missing trade flows between Nigeria and these countries. In Figure 13, it can be seen that
the export flows within Africa often occur to a geographically nearby country which strength-
ens this conclusion. To verify or correct this type of uncertain results, more thorough research
might be needed. Also in the IRENA statistics there are many markets in Africa in the 10–50
MW range, but few over 100 MW which the instrument indicates is the case for many of the
eastern African markets.

In the IRENA statistics for the Middle East, only the United Arab Emirates and Israel have
installed capacities over 1 GW whereas the instrument results indicates that this is the case
also in Saudi Arabia, Iran, Jordan and Qatar. The instrument results shows that only Iraq has
installed capacities below 50 MW whereas IRENA estimates the installed capacity to below 50
MW for Bahrain, Kuwait, Oman, Qatar and Syria. Whereas the installed capacities in Africa
show clear patterns for the regions of north, south, east and central Africa there are non such
in the Middle East.

4.3 Trade Flows

Mapping trade flows give complementary information about the situation on the PV market,
providing a more comprehensive picture than the estimated PV capacities do alone. Analysing
Research Question 4, the trade ways can be used to identify how the markets are developing
and where business actors could focus their efforts when expanding or developing new business
areas. The import, export, and the net value of the PV market could also be interesting for
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other actors on the market, as for policy development. The net trade value of a domestic or
regional PV market indicates a value and the size of the market for a stakeholder. In this
study, the monetary values of the PV markets are only analysed for 2019, but by examining
previous years can be used to visualise trends of market behaviors and to predict future market
behaviors. As the trade flows of PV modules directly impact the growth of the PV market, a
large trade flow one year is a strong indicator of an expanding market.

It can be seen that the import flows are much greater than the export flows for the emerging
markets. This indicates a value that can be earned within the region, if manufacturing of PV
hardware were to be expanded. It can also be of interest for other regions, such as Europe and
the Americas, that are not as dominant in exporting PV modules to these regions as China
are. The trade flow shows that there is an existing and growing PV market in Africa and the
Middle East, which could be of interest of actors on the PV market, in line with answering
Research Question 4.

In Figure 22, it can be seen that UAE is a dominant exporter of PV modules within the Middle
East region but also exports to the African regions. No information of manufacturing of PV
modules in UAE have been found during this study, but it is still possible that some domestic
manufacturing occurs. This shows the potential of the trade data in identifying manufacturing
of PV modules. As manufacturing of PV modules has shown difficult to identify in the studied
markets, mapping of trade flows can be of use also for this purpose. For the case of UAE, it is
however also likely that UAE import and process modules before exporting them further. That
UAE has an important sea port should not affect the trade balance if the end-stop of the ship-
ments are elsewhere, it is however possible that it does, due to reporting deviations in Trade
Map. In Section 3.6 Data Uncertainties transshipment is addressed, which could be a possible
reason for the relatively high export from UAE. However, the actual reasons behind the export
quantities from UAE must be further investigated to with certainty draw conclusions from it.
This kind of information does show the potential of mapping trade flows, as hidden market
behaviors can be identified and investigated.

Analysing the trade flows, even though they are only compiled for one year, can in combination
with the instrument results show important patterns in market behaviors. For example, the
central African markets show the lowest net trade value of all African regions, almost ten times
lower than the second lowest net trade value in Africa. The central African countries alone
also have low levels of accumulated installed PV capacities, with no country above 50 MW.
Further, this market information might be usable in targeting developmental work or policy
development. It can also be used in further development of method in this study, to better
adjust the market size factor to the actual situation on the market, further described in Section
5 Further Studies.
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5 Further Studies

Future use of the developed instrument can face challenges that are not present on the PV
market today. One major difference can be a more diverse PV market where the deployment
of for example thin film modules or bifacial silicon modules becomes higher, which must be
addressed in the instrument. The price instrument could be more suitable in such situation
since the value of thin film modules and silicon modules would probably be more similar than
the weight of thin film modules and silicon modules.

A further study could be to apply the the methodology developed in this study to other ap-
plications. One example could be other RET as wind energy, who face similar challenges as
the PV energy do, an emerging development in markets with inadequate administrative system
and statistics of the development. Wind energy does, however, differ from solar PV since it is
not applicable to off-grid systems to the same extent, and might therefore be better monitored.
It is, however, hard to find information on if, and how many, centralised PV systems there are
installed in the emerging markets and the installed wind capacity could therefore face the same
lack of statistics. The original idea of using trade data and convert it, in this case to installed
capacity, could also be applied for other things not including RET. For example for monetary
value to be converted to number of products on a certain market.

In this study, the market size factor in the price instrument is only dependent on the size
of the domestic PV market. An improvement to this assumption would be to include other
market dependent factors that effect the price on the domestic PV market. One important
factor would be to include economic situation and development, since different countries have
different economic characteristics. This could have been done by adjusting the market size fac-
tor dependent on for example the GDP or the number of inhabitants which further affect the
economics and the electricity need. For example, some countries in the Middle East have rich
economics, but a small PV market due to an oil based energy system. Other countries, mainly
in Africa, have a undeveloped economy and face other obstacles which hinder the development
and affect the price of PV modules.

The price of PV modules is also dependent on the type of PV system that is to be installed.
Centralised PV systems have a lower price per watt installed than decentralised systems have.
It would therefore be an improvement of the study to further investigate the markets of interest
to understand which types of systems that are most common. However, it would face the same
obstacles as this study is built upon, the lack of information and statistics from the emerging
markets.

A further improvement and enlargement of the study could be to include policy development in
the instrument methodology. As there are demands on documentation in policy development it
can be used as reference data but also to see how different decisions affect the market behaviors
through the customs data.
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6 Conclusion

According to the aim of the study, the statistical instrument Njord, using customs data for the
conversion to installed PV capacities on emerging markets has been further developed. Weight
has been added as an additional conversion factor to the previously solely monetary based in-
strument, and the monetary instrument itself has been improved by adjusting of assumptions
and increasing the resolution. The most significant improvements for the Njord price based
instrument was the enlarged time frame of 2014, 2015 and 2019, and the 26 % of countries
assigned with additional data. The larger data coverage has been accomplished by filling data
gaps with complementary data by additional mirror data, mainly in the markets of interest.

Further, a combined instrument selecting the most suitable conversion factor based on chosen
constraints has been developed. The Njord combined instrument utilises the advantages of the
price based instrument and the weight based instrument alone, namely the historical robustness
of weight data and the larger data coverage in the customs data of price in the recent years.
The development of the final combined instrument, fulfills the demands in both Research Ques-
tion 1 and 2. Njord shows high performance for a set of reference countries, particularly for
estimations of accumulated PV capacity, answering Research Question 3. This is thought to be
dependent on these estimates not being dependent on the time span from import of modules
to installation of the PV systems. On annual basis the statistical measurements vary for the
years included in the study, with the largest total deviation for the reference countries of -22.6
%, for 2017, and the smallest of -0.5 %, for 2018. For accumulated capacity on the reference
markets, the instrument shows a slightly conservative estimation with a deviation of 4.3 %.
Further, the results suggest that the installed capacity on the emerging markets of Africa and
the Middle East are significantly higher than available estimates from IRENA, with 127 % and
118 % higher estimates respectively.

In addition, the customs data has been used to map trade flows of PV modules in Africa and
the Middle East to answer Research Question 4. The analysis of trade flows together with the
Njord results gives a comprehensive picture of these PV markets. For example, it shows that
the import of PV modules is greater than export for all countries and regions in the emerging
markets, and that China is the main exporter for nearly all regions. Further, United Arab
Emirates is shown an important trade partner within the regions. Installed capacities, trade
ways and net trade values can be used to identify how the market is developing and where
actors on the PV market should focus their business development.
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Appendices

Appendix A: List of included PV modules

Table A1. Included PV modules for determining the conversion factor for the weight instrument on
annual basis.

Year Country of Origin Manufacturer Model Name

2014

China ETSolar
ET-M660260BB 260W, ET-M660260BB,
255W, ET-M660260BB 250W,
ET-M660260BB 245W

China JA Solar JAM6-60-225
Germany IBC Solar IBC Poly Sol 255 CS
South Korea LG LG30N1C-B3
Singapore REC Group REC250PE, REC250PE BLK, REC255PE BLK

Sweden Windon
Moja / Mbili / Tatu Multi,
Moja / Mbili / Tatu Mono

2015

Austria German Solar PowerLine Supreme

China
Astro Energy

Moja / Mbili / Tatu Multi,
LG300N1K-G4

Ulica Solar
UL-280M-60, Crystalline PV Module ASM6610P,
Crystalline PV Module ASM6610P

Germany
IBC Solar

REC250PE, REC255PE, REC250PE BLK2,
REC255PE BLK2, Moja / Mbili / Tatu Mono

Sun Module JC265M-24/Bbs

South Korea LG
LG300N1K-G4, LG295N1C-B3,
LG280S1C-B3

Singapore REC Group
REC250PE, REC255PE,
REC250PE BLK2, REC255PE BLK2

Sweden Windon
Moja / Mbili / Tatu Mono,
Moja / Mbili / Tatu Multi

Taiwan German Solar PowerLine Supreme

2016

Austria Kioto Solar KVP275ME mono

China
ETSolar

ET-P660265WB/WW 265W,
ET-P660265WB/WW 260W,
ET-P660265WB/WW 255W,
ET-P660265WB/WW 250W

JA Solar JAM6(K)(BK)-60-290/PR
Perlight PLM-290-MA-60 Series

Germany
IBC solar

IBC MonoSol 270 CS4 Smart,
IBC MonoSol 275 CS4 Smart,
IBC MonoSol 290 ZX Black,
IBC MonoSol 295 VL4,
IBC PolySol 260 VL4,
IBC PolySol 265 VL4,
IBC MonoSol 295 VL4,
IBC MonoSol 300 VL4

Sun Module SW320 XL Mono

Russia Solartek
SW320 XL Mono, PVMB26030,
PVMB27030, PVMHE29030

Slovenia Bisol BMO-270, BMO-275
South Korea LG LG350N1C, LG345N1C53



Year Country of Origin Manufacturer Model Name

2017

Canada Canadian Solar CS6P-260

Germany IBC solar

IBC MonoSol 295 ZL4, IBC MonoSol
300 ZL4, IBC MonoSol 300 ZL4, IBC
MonoSol 295 ZX4, IBC MonoSol 300
ZX4, IBC MonoSol 305 VL4,
IBC MonoSol 310 VL4, IBC PolySol 270 GX4,
IBC PolySol 270 VL4

China
Phono Solar

PS275P-20/U, PS295M-20/U,
PS350M-24/T

Trina Solar

Honey Plus+ Module in black,
Honey Plus+ Module, Tall Max plus+ in black,
Honey Module TSM-PD05,
DD05A.08 (II), DD05A.05 (II)

Russia Solartek
PVP26030, PVMB26030,
PVMB27030, PVMHE29030

South Korea LG LG370Q1C-A5, LG330N1C-A5
USA Sunceco Poly-crystalline Solar Module

2018

China

Longi Solar LR6-60PB 295-315M
Phono Solar PS310M-20/UH

Trina Solar

Splitmax framed 60 layout module,
TSM-DE14H (II), TSM-DD06H.05 (II)

TSM-DD06H.08(II) Big Cell,
DuomaxPEG5, DuomaxPEG5,
Honey TSM PD05Honey TSM PD05,
Honey TSM-DD05A.08 (II),
Honey TSM-DD05A.08 (II)

Ulica Solar
UL-320M-120, UL-325M-120,
UL-315M-120

Germany
Hanwha Q.PLUS-G4.3, Q.PEAK-G4.1

IBC solar

IBC MonoSol 310 VL5, IBC MonoSol 300 ZX5,
IBC MonoSol 305 ZX5, IBC MonoSol
300 ZX5 Black, IBC MonoSol 305 ZX5 Black,
IBC PolySol 270 VL,
IBC PolySol 280 VL, IBC PolySol 285 VL,
IBC PolySol 285 RS5, IBC PolySol 290 RS5

Italy Futura Sun
FU 340 M Zebra - All black,
FU 345 M Zebra -
All blackFU 350 M Zebra - All black

Poland Bruk-bet Solar BEM 280Wp
Slovenia Bisol BMO-290 , BMO-295

Singapore REC Group
REC340TP2S 72, REC345TP2S 72,
REC260PE, REC265PE, REC320NP,
REC305TP2M, REC310TP2M

South Korea LG
LG340N1C-A5, LG315N1K-A5,
LG325N1K-A5, LG300S1C-A5,
LG345N1C-V5
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Year Country of Origin Manufacturer Model Name

2019

China
Trina Solar

Honey framed 60 layout module, HoneyBlack
TSM-DD06.05(II),
DE14A (II), TSM-DD05H.05(II) &
TSM-DD05H.08(II),
Honey Black 60Layout Module

Ulica Solar

UL-305M-60, UL-310M-60, UL-315M-60,
UL-200D-72, UL-205D-72, UL-210D-72,
UL275M-60, UL280M-60,
UL285M-60

CSUNPOWER CSP380-72M

Italy Futura Sun
FU 360 M Next, FU 370 M Next,
FU 380 M Next, FU 380 M Next

Russia Solartek PVP28530, PERC 31030ab

South Korea LG
LG340N1K-V5, LG340N1K-V5,
LG340N1C-V5,
LG375Q1C-V5

Germany
Luxor

Eco Line Haf cells M120,
Eco Line Haf cells M120 ,
Eco Line Haf cells M120
Eco Line Haf cells M120

AE Solar AE280P6-60
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Appendix B: Combined Instrument Choices

Table B1. Choice of instrument for the reference counties. Dependent on the constraints presented in
Figure 8.

Country 2014 2015 2016 2017 2018 2019

Australia Price Price Price Price Price Price

Belgium Weight Weight Weight Weight Price Price

Chile Weight Weight Weight Weight Price Price

Denmark Weight Weight Weight Weight Price Price

Finland Weight Weight Weight Weight Price Price

France Weight Weight Weight Weight Price Price

Israel Price Price Price Price Price Price

Italy Weight Price Weight Weight Price Price

Japan Price Price Price Price Price Price

Spain Weight Weight Price Weight Price Price

Sweden Weight Weight Weight Weight Price Price

Switzerland Weight Weight Weight Weight Price Price

USA Price Price Price Price Price Price
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