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Abstract
Saudi Arabia has developed Saudi Vision 2030, an ambitious plan to reduce the country’s dependence on oil by supporting 
promising private energy organizations and by developing opportunities that contributes to the national economy. In the 
manufacturing sector, the government is encouraging technology transfers in the renewable energy industries. It is expected 
to result in the localization of significant parts of the renewable energy value chain in Saudi Arabia. Solar energy systems 
are proven renewable energy source globally and domestically, it has its long and vast share of experience, from operations 
and maintenance, to solar data monitoring and gathering. Wide areas had been identified, where this technology can be 
highly installed and integrated. Components can be manufactured from locally available raw materials to achieve the final 
products. This study analyzed the key elements of the value chain for producing crystalline silicon solar photovoltaic systems. 
This paper presents recommendations for localizing this industry in the Kingdom of Saudi Arabia to align with the goals of 
Saudi Vision 2030. Although these recommendations are based on the environmental conditions of Saudi Arabia, such are 
also highly relevant for further application to other countries in the Middle East and North Africa region, where widespread 
energy transitions from fossil fuels to renewable resources are already taking place.
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Introduction

Renewable energy resources have been gaining increasing 
attention globally as the world shifts from its reliance on 
fossil fuels to sustainable energy systems. The recent rapid 
growth of renewable resources in the electricity sector has 
been boosted by several factors, including the significant 
decrease in system costs and the formulation of dedicated 
national policies and initiatives for adopting renewable 
energy [1]. Consequently, new opportunities for centralized 

and distributed renewable energy markets are likely to 
appear globally [2]. High-level agreements have been made 
by the G7 and G20 governments in an attempt to accelerate 
access to renewable energy and promote energy efficiency 
on the demand side. The United Nations General Assembly 
adopted clear sustainable development goals that promote 
sustainable energy projects [3]. The European Union is 
committed in reducing greenhouse gas (GHG) emissions to 
80–95% of 1990 levels by 2050, as they recognize the obli-
gation of developed countries to make necessary reductions 
[4]. In addition, the European Council adopted ambitious 
energy and climate change objectives for 2030 to reduce 
GHG emissions by 40% compared to 1990 levels, which 
require increasing the contribution of renewable energy to 
at least 27% of consumption [5]. The United Kingdom has 
addressed the importance of bridging the research gap in 
the field of sustainable energy technologies. Uncertainty 
analysis results show that an 80% reduction in GHG emis-
sions is achieved with an installed generation capacities of 
100 GW and 130 GW by 2050 [6]. The world installed a 
record number of new solar power projects in 2017, more 
than the net additions of coal, gas, and nuclear plants put 
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together. China has been the leading destination for renew-
able energy investment, accounting for 45 percent of the 
global investment. It plans to achieve 16% renewables by 
2030, while some studies reveal that China should be able 
to reach 26% renewable energy by 2030 and 60% renewable 
energy and 86% renewable electricity by 2050 [7].

In the Middle East and North African (MENA) region, 
transition from oil-based economies to renewable energy 
is increasingly discussed and implemented, driven by both 
political and environmental incentives. In the Gulf Coopera-
tion Council (GCC) countries, renewable energy projects 
and initiatives have grown alongside tangible developments 
in the local value chain.  The 2030 plans of GCC countries 
could save around 354 million of barrels of oil equivalent 
and could cut  CO2 emissions by 22% [8]. Various energy 
mix scenarios are being planned or implemented across the 
GCC countries, which include renewable energy, nuclear 
energy, and energy efficiency measures. In some countries, 
such as the Kingdom of Saudi Arabia (KSA) and the United 
Arab Emirates (UAE), specialized bodies for renewables 
and energy efficiency have been established to facilitate the 
energy transition [9]. The United Arab Emirates, for exam-
ple, recorded an astounding 29-fold increase in renewable 
energy investment in 2017. Figure 1 shows the renewable 
energy plans and targets in the KSA, which include some 
recent modifications following the development of Saudi 
Vision 2030, which has increased the focus on, including 
renewable resources in the national energy mix. Solar energy 
is the most abundant renewable energy resource in the king-
dom. Several solar photovoltaic (PV) projects have recently 
been announced with the aim of supplying electricity with 
very competitive costs [10].

The electricity demand of KSA has grown very rapidly, 
where an investment of more than 33 billion Saudi Riyals 
to achieve an annual growth rate of about 6% over the next 
decade [11] has been made. The Saudi government has 
imposed electricity tariffs and generated energy efficiency 
measures to reduce the electricity demand that will decrease 

the electricity peak load. The electricity load curve peaks at 
midday, which is similar to the peak of the solar irradiance 
curve. It is, therefore, a good strategic choice to produce 
electricity from solar energy, as it is a country with abundant 
sunshine. The solar energy sector is growing in response 
to the Saudi Vision 2030 plans for economic diversifica-
tion. As shown in Fig. 1, KSA is committed to installing 
27.3 GW of renewable energy by 2023, most of which, 
20 GW, will be solar PV, while wind and concentrated solar 
power (CSP) will sum up to be 7.3 GW [10]. By 2030, the 
figures will reach 40 GW, 16 GW, and 2.7 GW for solar PV, 
wind, and CSP, respectively. This target covers about 32% of 
the current KSA peak power consumption (2018 estimate) 
of 61.743 GW [12]. This high level of solar generation is 
achievable due to the significant reduction in the cost of 
solar PV [13]. The government is expected to initiate legal 
and regulatory frameworks for the deployment of renewable 
energy resources and the harnessing of private sector invest-
ment and encouraging public–private partnerships.

Solar PV technology has been long established in Saudi 
Arabia. In 1977, KSA and the United States of America 
(USA) started a joint collaboration (Solar Energy Research 
American and Saudi) aimed at developing solar energy tech-
nologies for the mutual benefit of both countries. This was 
followed by another joint program in 1986 with Germany 
(HYSOLAR), a cooperative undertaking for research, devel-
opment, and demonstration of solar hydrogen production, 
as well as utilization of hydrogen as an energy carrier [14, 
15]. Since then, the academic community of the country 
has carried out many research and development (R and D) 
projects and participated significantly in the international PV 
society. Although it still has limited manufacturing capacity 
for PV value-chain components, the Saudi PV industry is 
expected to become the leading market in the region in PV 
grid connected projects in the next several years [11]. Con-
sequently, all industries related to solar technology shall be 
gradually localized. However, localization of the PV indus-
try in KSA may encounter more economic problems than 
the world leaders in the PV value chain. Other countries 
that are prioritizing localization of manufacturing have used 
governmental support programs through political regulations 
and tax incentives, to facilitate localization of the indus-
try [16, 17]. Such programs also resulted in job creation 
and development of human capital, which are also major 
goals for Saudi Vision 2030. To the best of our knowledge, 
the present study is the first analysis of the opportunities 
for localization of the PV industry in the KSA. This paper 
briefly reviews current PV technology and its supply chain 
and discusses the major issues impacting the localization of 
the Saudi solar PV industry considering the available local 
resources and industries.

Fig. 1  Renewable energy targets for the KSA over the next 5–12 years
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PV industry value chain

Solar PV systems are classified according to their light-
collection mechanism: flat plate or concentrated PV 
(CPV), where the former is the most common. CPV has 
been shown to reach very high efficiency of above 40% 
[18]. However, it requires sophisticated solar-tracking 
systems and does not operate well in dusty and foggy 
environments (where the required direct normal-incident 
solar radiation is limited). For this reason, CPV is only a 
small part of the KSA energy mix. Each technology has 
advantages and disadvantages in terms of efficiency, ease 
of manufacture, and degradation. Crystalline silicon solar 
cells are still the most commonly used technology in the 
solar industry and are generally less expensive than the 
other types of cells [19]. Polycrystalline silicon (poly sili-
con) PV technology is the main focus of this paper since it 
currently represents more than 90% of the commercial PV 
systems in the world [20]. In this section, the main steps in 
the value chain of the poly-silicon based PV industry are 
discussed to provide a background for the analysis of the 
localization of this process in KSA.

Polycrystalline silicon production

Polycrystalline silicon is manufactured from silica, one 
of the most abundant elements on Earth, the primary raw 
material in the value chain of the PV industry. The first 
step in the production process is converting quartz sand 
into metallurgical-grade silicon, which is purified into 
solar-grade silicon that is suitable for producing silicon 
wafers. The global production of polycrystalline silicon 
increased from 235,000 tons in 2014 to about 453,000 
tons in 2016 [2]. Semiconductor industries used only 10% 
of the total production in 2015, indicating that the PV 
industry became the largest consumer of polycrystalline 
silicon in recent years.

A significant shortage in the supply of silicon due to 
an increase in the demand from both the PV industry and 
semiconductor manufacturers in 2008 resulted to a price 
increase of up to US $500/kg. This price gradually went 
down to US $13/kg at the end of 2015. This huge drop was 
attributed to increased production rate and the emergence 
of new manufacturers in the market [21]. However, many 
PV module manufacturers signed long-term supply con-
tracts at higher costs during the supply shortages, which 
are still affecting the costs of PV modules today.

The conventional methods for polycrystalline silicon 
production are the Siemens process and the fluidized bed 
reactor (FBR) method. The Siemens process uses huge 
amounts of energy to superheat silicon gas and deposit 

pure silicon on seed-silicon rods inside a huge refrigerator, 
while the FBR method uses granules of purified Si instead 
of seed rods. The consumption of energy during the Sie-
mens process has decreased from 80 kWh/kg in 2010 to 
55 kWh/kg in 2015; however, the FBR process still con-
sumes less energy. Among the two fabrication methods, 
the metallurgical process that produces polycrystalline 
silicon directly from metallic silicon has the lowest energy 
consumption and, hence, cost. This has led to companies 
from countries such as Canada, the USA, and Norway to 
focus on this method [22].

China is the global leader, producing over 50% of the 
polycrystalline silicon worldwide, which is entirely con-
sumed domestically. Despite this high level of production 
and concerns of domestic silicon quality, Chinese manufac-
turers need to import high-quality poly-silicon raw materials 
from countries such as Germany, Korea, and Malaysia [22]. 
In KSA, where sand is one of the most abundant materi-
als and the country’s ambitious vision involves maximizing 
local production, polycrystalline silicon production is being 
localized via the private sector. Some specialized companies 
have recently started to convert silica-rich sand into poly-
crystalline silicon. The Polysilicon Technology Company 
located in Jubail city (located in the eastern province) was 
the first to contribute to this industry by investing in a fac-
tory with a 3000 metric ton capacity that uses the hydro 
chlorination—Siemens process. In addition, King Abdulaziz 
City for Science and Technology (KACST; KSA) is collabo-
rating with Stanford Research Institute (SRI; USA) to trans-
fer knowledge and technology developed at SRI regarding 
the  SiF4–Na process to provide high-purity silicon with the 
objective of designing, building, and operating a pilot plant.

Ingots and wafers

The production of ingots and wafers is the second step of 
the PV manufacturing value chain. The highly purified poly-
crystalline silicon is used to make single-crystalline silicon 
ingots or multi-crystalline silicon (mc-Si) ingots. The first 
type is used for both the microelectronics and PV industries, 
whereas the second is used only for the PV industry. The 
most common process for producing single-crystal ingots is 
the Czochralski method, which involves pulling molten sili-
con upward under rotation and forming a cylindrical single-
crystal ingot. The wafers cut from these ingots have regular 
and perfectly arranged crystals. On the other hand, the man-
ufacturing of -Si ingots uses a furnace to convert molten sili-
con into cast ingot blocks, which are slowly cooled, resulting 
in the formation of multiple small crystals in the blocks. The 
mc-Si ingot blocks are then sliced into wafers of thickness of 
about 150 µm. Finally, the wafers are cleaned and polished 
before being inspected [23]. Around 60 GW of wafers were 
produced in 2015, where China dominated the global market 
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with ~ 80% of the total production [19]. To date, the ingot 
and wafer industries have not been introduced into the KSA. 
However, they are expected to be among the main targeted 
industries for PV component localization in the coming few 
years.

PV cells

Wafers usually have some damage after slicing; hence, both 
surfaces of the wafer need to be etched using a wire saw 
to remove defects. Texturing of the wafer surface is also 
performed to minimize reflection of incident solar radia-
tion (by more than 70%). Amorphous silicon (A-Si) can be 
textured using random chemical texturing, while mechanical 
texturing is used for multi-crystalline silicon (mc-Si) due to 
its crystalline structure. Subsequently, impurity dopants are 
implanted into the wafers to form the p–n junctions. This 
process is usually performed in high-temperature furnaces, 
although screen printing and chemical vapor deposition can 
also be used [24, 25]. Then, the front and rear sides of the 
wafer are electrically isolated and an anti-reflection coating 
is applied to further reduce light reflection and maximize 
solar absorption.

The metallization process for forming the metal contact 
is an important step in cell manufacturing, because the cell 
properties, such as short-circuit current, open-circuit volt-
age, and fill factor, strongly depend on the quality of this 
contact. Front-side (sun side) contacts are the most widely 
used, back side contacts result in better overall performance. 
Cells with back metallization have several advantages: (1) 
the absorption area is not shadowed by the contacts, result-
ing in 5% higher power compared to the standard PV mod-
ule; (2) simple cell assembly that requires 30% less man-
power than the standard PV module assembly, which results 
in lower manufacturing costs [26, 27], and (3) 4 °C lower 
nominal operating cell temperature that increases cell con-
version efficiency [28].

Considering these production methods, KACST is operat-
ing a cell metallization process line with a 100-MW yearly 
output, which is feeding a 100-MW module production line. 
This facility uses double-printing technology for front print-
ing, the most advanced screen printing process for manufac-
turing solar cells. This technology reduces the use of print-
ing pastes (e.g. silver and aluminum) by up to 30% compared 
to the standard screen printing method. In addition, narrow 
finger widths of the contacts can be achieved, which results 
in a lower shadowing area, and hence, more photons are cap-
tured by the cell, which increases the overall cell efficiency. 
Production started in 2016, where KACST imported semi-
finished solar cells (after anti-reflection coating) to test the 
metallization process. The front-side contacts are produced 
by screen printing silver, while the back side of the solar 
cell is coated with aluminum, and a mixture of silver and 

aluminum is used for bus bar printing. KACST operates its 
own R and D back-contact assembly line. Back side print-
ing is achieved by printing metal pastes with special screen 
printing device that place the metal inline onto the back side.

Moreover, the double-printing (DP) concept is now 
being investigated in the KSA. KACST has implemented 
this concept, a new multi-printing technology, which can 
achieve finer printed features and enhanced the cell electri-
cal performance. The layout of the front contacts of a solar 
cell needs to be designed considering a trade-off between 
increasing the current-carrying capability of the contacts 
by increasing the cross section of the metalized lines, while 
minimizing the shaded area on the sun side of the cell to 
maximize photon collection. In the DP process, the second 
layer of paste is screen printed on top of the first one with 
high alignment accuracy using a high-precision printer. In 
this way, the aspect ratios (i.e., the ratio of line height to line 
width) of the printed lines can be increased, which increases 
the current-carrying capacity of the contacts, while minimiz-
ing shading. In addition, fewer finger interruption defects are 
observed in DP cells compared to single screen printed cells.

PV modules

Most assembly lines for crystalline silicon modules are 
located close to cell manufacturing factories. It is strategi-
cally advantageous to locate module assembly lines close to 
end users to avoid exporting bulky and heavy materials such 
as glass and aluminum frames. In the assembly of modules, a 
number of PV cells (generally 10 or 12 cells) are connected 
in a series to form a string. A group of strings (generally six 
strings) are connected in series to form the fundamental unit 
of the PV module. This unit is laminated between two sheets 
of ethylene vinyl acetate (EVA), which is encapsulated using 
a special type of glass at the front and a polymeric sheet at 
the bottom, and then framed with anodized aluminum bars. 
Finally, a junction box is fitted to the rear of the module 
[24, 25].

In 2015, 63 GW of PV modules were produced, where 
China was the largest producer (69% of total production).
The KSA is targeting 58.7 GW of renewable energy by 2030 
under Saudi Vision 2030 [10]. Even though the country has 
impressive natural potential for solar and wind power and 
local energy consumption is expected to be doubled by 2030, 
a competitive renewable energy sector is lacking at present. 
To develop this sector, the ministry of energy has set an ini-
tial target of generating 27.3 GW of electricity from renewa-
bles by 2023, while aiming to localize a significant portion 
of the renewable energy value chain in the Saudi economy, 
including R and D and manufacturing.

The project plan for solar PV in the KSA has been final-
ized and execution of the first stage began in 2018, with 
a target of 2.22 GW by the end of 2019, reaching 40 GW 
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by 2030 [10]. These projects coincide with the launch of 
the National Industrial Development and Logistics Pro-
gram (NIDLP), which is one of twelve programs of Saudi 
Vision 2030. The program is focused on transforming the 
KSA into an industrial powerhouse and a global leader in 
logistical services. It will lead and guide the growth of four 
key sectors: industry, mining, energy, and logistics, which 
are expected to contribute to the successful localization of 
manufacturing in these industries, which would generate 
ample job opportunities for Saudis, enhance the trade bal-
ance, and maximize local content. [29].

Some PV module assembly lines have been recently 
opened in the KSA, accounting for several hundreds of MW 
per year, to which the existing local glass, aluminum, and 
petrochemical industries will contribute by providing the 
required materials with high specifications. For example, 
the Saudi International Petrochemical Company (Sipchem) 
established a new EVA production facility (the Wahaj fac-
tory) in Hail city in the north of the KSA. The total capac-
ity of this factory could meet the need for about 700 MW 
of solar panels. They offer multiple EVA grades, where 
their fast-cure EVA and ultra-fast-cure EVA products could 
reduce the lamination time during solar cell production and 
increase the throughput of the assembly line.

Inverters

There are three main types of PV inverters: module-level 
micro inverters; string inverters (medium-scale inverters 
that power up to 100 KW); and central inverters (large-
scale inverters that power up to a few MW). For small-scale 
rooftop applications, micro and string inverters are used, 
while central inverters are used in utility-scale PV plants. 
The size and cost of new inverters are decreasing, while their 
efficiency is increasing due to the availability of advanced 
power semiconductor devices based on silicon carbide and 
gallium nitride. These improved devices provide more flex-
ibility in terms of control and communications, allowing 
the inverters to contribute significantly to the development 
of reliable smart grids [30]. Saudi Arabia has a well-estab-
lished infrastructure for the power electronic device industry. 
For example, the Advanced Electronics Company launched 
the new Shams PV inverter production line in September 
2015 that can produce up to 2000 units or 1 GW per year 
[31]. In addition, KACST has transferred and localized the 
design and manufacture of both micro and string inverters; 
it operates an assembly line that produces up to 50 MW of 
string inverters every year.

Balance of system

The balance of system (BoS) refers to all other system 
components that are necessary to integrate the photovoltaic 

panels and inverter with the building load and/or the electric 
utility supply. Such components account for nearly half of 
the cost of a PV plant, whereas the PV modules and inverters 
represent the remaining half. Several components are needed 
for protection and energy supply conditioning such as:

• mounting structure and trackers
• wiring, for both the DC and AC portions of the system
• manual switches and automatic protection equipment
• structures or solar trackers, where the solar PV modules 

are mounted.

Energy storage is required for stand-alone or off-grid sys-
tems. An off-grid solar system must be designed appropri-
ately so that it will generate enough power throughout the 
year and have enough battery capacity to meet the home’s 
requirements. Battery bank and charge controllers are parts 
of the BOS of this system. More complex solar PV systems 
may include elements such as a solar-tracking system, a 
weather station, a sophisticated computing system for auto-
mated operation and for data monitoring and recording. For 
utility-scale installations it may also include a substation 
and transformer bank to supply their output to the electric 
grid. Nearly 50% of utility-scale PV plants being built are 
equipped with single-axis tracking systems, as they increase 
the output power of the plant by about 20%, with less than 
a 10% increase in the cost [22]. Most of the basic industries 
required to produce the BOS components are available in 
the KSA and they could immediately participate in manu-
facturing many of the required components. For example, 
cable producers, steel industries, and installation contractors 
are well established and eager to enter this growing field of 
business.

Operation and maintenance

With the continuous global growth of PV systems, the oper-
ation and maintenance (O and M) of these systems are vital 
and should be taken into consideration. The lifetime of a 
PV plant depends greatly on the reliability of the O and 
M procedures, whether for small-scale solar applications or 
for utility grid applications. These are tasks and processes 
that include monitoring, preventive maintenance, corrective 
maintenance, and facility management. The monitoring pro-
cess is a list of “to do” list during normal operation. For 
residential and small-scale applications, the micro invert-
ers have all the automatic features that human interference 
is at the minimum. It monitors and stores all the electrical 
parameters that are required for automated operation from 
sunrise to sunset, real time. For utility grid connected and 
stand-alone solar power plants, automated and instrumenta-
tion data acquisition systems are integrated into it. Manual 
mode is also incorporated in the systems’ operation mode 
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for the purposes of troubleshooting and repair. AC and DC 
voltages and currents are monitored for the automation deci-
sion process. Preventive maintenances are activities that are 
comprised of regular visual and physical inspections and 
verification activities and inspection of certain electrical 
and mechanical components and all other key components 
conducted with specific frequencies of which are necessary 
to comply with the operating manuals and recommendations 
issued by the original equipment manufacturers (OEMs). 
Corrective maintenance covers troubleshooting and repair. 
It is done to restore a PV plant system, equipment or com-
ponent to a status, where it can perform to its required func-
tion. It usually takes place when the remote monitoring and 
supervision system detects a failure. Malfunction detection 
can also occur during regular inspections and specific meas-
urement activities. The main consideration of this activity 
is the time spent to restore full operational mode. Finally, 
facility management refers to the overall management of the 
process and the site [32]. It means meeting the full perfor-
mance capacity of the power plant. This can be achieved by 
effective implementation of O and M procedures. Reports 
coming from various PV system groups around the world 
have estimated different O and M costs. However, the esti-
mation from the US Department of Energy (DOE) National 
Renewable Energy Laboratory (NREL) Solar Access to Pub-
lic Capital (SAPC) working group proposed that O and M 
costs compose around 0.5% of the initial cost per year for 
large systems and 1% of the initial cost per year for small 
systems, including the replacement of failed inverters [33]. 
Considering the harsh environments in the KSA, such as 
heavy dust and high temperatures, these costs could be 
higher.

PV industry localization in KSA

Saudi Arabia is aiming to reduce its domestic reliance 
on fossil fuels as it pursues its Saudi Vision 2030 plan of 
diverse economic and social objectives. Its vision is to 
reduce dependence on industrial imports by building sub-
stantial local industries to serve the economy and with the 

future aim of becoming an exporting nation. This aim to 
become self-sufficient in manufacturing solar components 
is potentially achievable due to the local availability of most 
of the raw materials for the entire value chain. In addition, 
expertise in consultancy, administration and planning, and 
the production of solar cells, modules, inverters, tracking 
systems, mounting systems, and cabling is locally available. 
The country has a sufficient body of researchers and major 
public sector laboratories and workshops for all parts of 
the PV supply chain such as public sector institutions (e.g., 
KACST). Effective collaboration between such institutions, 
coupled with government policies that prioritize renewable 
products, is expected to enhance the morale of the local PV 
industry and drive development. Local jobs are expected 
to start flourishing in KSA in many fields related to the PV 
sector such as manufacturing, project development, sales and 
marketing, and installation. Much consideration is given to 
residential power systems, the prospected major market, if 
policies, tariffs and regulations are instituted.

This study depends on two solid localization experiences. 
First is a 10 MW PV plant that has been built in Khafji 
city as a part of the national initiative of water desalina-
tion using solar energy. Although this project is small, it 
gave the authors who were leading project execution team, 
a good understanding of the percentage share of each part 
of the system as shown in Fig. 2a. Moreover, this PV plant 
gives a good perspective of the potential localization of a 
PV project parts. Second experience is the local PV module 
assembly line that was established in KACST in 2010 with 
3 MW capacity and was expanded recently to a capacity of 
100 MW of PV modules every year. From this assembly line, 
the real numbers regarding PV module components can be 
used as shown in Fig. 2b and consequently, the potential of 
localization of each component will be predicted.

During the course of this study and in conjunction with 
the 10 MW project that was accomplished in 2018 and 
KACST PV assembly line, it was estimated that a total 
of nearly 45% of solar energy components were supplied 
locally, where the percentages of locally supplied compo-
nents for each part category is shown in Fig. 3a. It can be 
seen that in the civil work and electrical field, manpower 

Fig. 2  Breakdown of costs in 
the a PV industry for a 10-MW 
system and b a PV module of 
the system
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and material supply, comes from domestic produce. Mate-
rial supplies in the other sectors are dependent on external 
providers. Note that the supply of inverters is less than 10%, 
the lowest among the local share. Distribution of shares of 
the PV system ranges from 20% for modules to 80% for 
electrical work. Hence, the civil and electrical works showed 
the highest local availability, as these industries are already 
well established in the local market of the KSA. On the other 
hand, the inverters and PV cells are still mostly sourced 
internationally, as these are still newly developing industries 
in the Saudi market.

The growth of localization of the PV industry in Saudi 
Arabia is being anticipated, as the government will promote 
the increase of renewable energy as part of the domestic 
energy mix for electricity generation, by adding substan-
tial amount of renewable energy in the future. Based on 
KACST’s experience in the PV industry in the KSA, this 
paper predicts the growth of localization of the industry 
sections, as summarized in Fig. 3b. With many players in 
each sector of the industry progressing rapidly, electrical 
and structural works are expected to be completely local-
ized within a few years. The mid-paced developments in 
administration and “others” segments of the PV industry 
are expected to be around 80% localized by 2023. While 
PV module localization is expected to reach about 43% as 
all parts in Fig. 2b can be localized except solar cells, as 
discussed previously in the second section of this paper.

The administration and “others” sections include mana-
gerial, intellectual, and consultancy field along with needed 
specialized tools and equipment, facilities, spares, and well-
trained staff and personnel. The development of these fields 
would result in major knowledge and technology transfers 
into the industries. The most challenging localization sectors 
would be the PV module and inverter manufacturing side. 
These two sectors are being encouraged to achieve a remark-
able growth of around 50% by the end of the 2023 fiscal 
year. These fractions of localization could increase even fur-
ther, if the emerging policies for developing the renewable 

sector are implemented successfully with a minimum cumu-
lative growth prediction of 75% by 2023.

The sincere attempts of KSA to diversify its economy 
away from the reliance on petroleum production would 
accelerate the PV industry localization process. Predicting 
these values in more detail is complicated due to uncertain-
ties related to the implementation of future policies and 
regulations that could greatly affect these values. We hope 
that these predicted values can be used as a baseline for 
policy development and promoting collaboration within sup-
ply chain industries and research facilities.

This study is an initial step toward predicting and facilitat-
ing localization of the PV industry in the KSA. An increase 
in the level of PV localization is perfectly aligned with the 
KSA’s ambitious plans regarding renewable energy imple-
mentation and it is expected to create a significant number 
of jobs. Citing reports from the International Renewable 
Energy Agency and their annual review of jobs in 2017 [34], 
10.3 million people were employed in the renewable energy 
field (including hydro power) in 2017, with an increase of 
5.3% since 2016. China, Brazil, the United States, India, 
Germany, and Japan have remained the world’s biggest 
renewable energy employers, representing more than 70% 
of such jobs. The PV industry is the largest employer in the 
renewable energy field, with 3.4 million jobs (an increase 
of 9% from 2016) reflecting the year’s record 94 GW of PV 
installation.

The Renewable Energy Project Development Office 
(REPDO) of Saudi Arabia’s ministry of energy announced 
in [35] that seven projects of a total capacity of 1.51 GW of 
solar PV are in the process of bidding. These seven projects 
are expected to create 4500 jobs during construction and O 
and M [35]. Based on REPDO employment data, it can be 
predicted that about 60,000 jobs will be created by 2023 as 
20 GW of PV projects are planned to be built.

The significant increase in employment in the PV field 
is expected to follow the same trend as that of the large 
growth of the petrochemical industry, which was established 

Fig. 3  Components of the PV value chain a supplied locally and externally in 2018 and b anticipated values for 2023
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in the KSA in the 1980s. However, some unemployment 
is expected as a result of inertia to change in some con-
ventional power industries that could be eliminated by PV 
power. This may lead to some experts changing industries 
to fill newly created jobs, which will affect the analysis of 
PV job creation.

Moreover, the maturity of PV manufacturing technology 
and the economies of scale will influence the number of jobs 
created, as some jobs will likely be replaced with automated 
equipment in state-of-the-art manufacturing plants [36].
Therefore, a well-designed plan needs to be implemented 
by the Saudi entities, including the ministry of labor (job 
creation), ministry of education (solar training and educa-
tion), ministry of finance (budget allocation), and the Saudi 
electricity company (off-taker) to achieve the potential 75% 
localization by 2023. This localization could revolutionize 
wide sections of the economy, resulting in socioeconomic 
and industrial progresses.

Conclusion

The ambitious Saudi Vision 2030 plan aims to increase the 
participation of private industry in the economy and reduce 
the national dependence on oil. This provides opportuni-
ties for accelerated implementation of renewable energy 
systems (in particular solar energy) in the future. Analysis 
of the value chain of the solar PV industry showed that a 
large portion of this industry could be localized within the 
KSA in alignment with Saudi Vision 2030, which states that 
20.0 GW from solar PV will feed the national grid by 2023. 
It is predicted that localization of the solar PV industry 
will increase from 45% in 2018 and close to 75% in 2023, 
allowing the private sector to participate substantially in the 
national economy. These values could increase further; even 
reaching full localization, in response to recently announced 
plans for the largest PV power project in the world with a 
capacity of 40 GW to be installed across the KSA by 2030. 
However, the integrity of these predictions depends on the 
strength and timeliness of the localization policy framework 
that the government applies. Detailed analysis of the locali-
zation of the PV industry is a complex task. Hence, it is 
recommended that further detailed studies considering the 
economics of localization are undertaken in the future. The 
findings of this preliminary study have several shortcomings 
due to the limited available data regarding PV projects in the 
KSA. However, the study provides some new perspective 
for Saudi decision makers and highlights the importance of 
developing the local PV industry and its potential impact on 
employment. As many countries are beginning to transition 
from petroleum-based economies to those utilizing more 
renewables, it is expected that this study is broadly relevant, 

especially in the MENA region, where solar PV is likely to 
be the main source of renewable energy.
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