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Abstract 

Factors affecting the adoption of solar thermal technology - 

A study on Food and Chemical Industries 

 

 

 

Sukrit Reddy Bandi, Venkatesh Anandarao 

 

The rising concerns of climate change and global warming have made the 

current practices of industrial energy generation and consumption highly 

unsustainable. There is a growing awareness of the importance of renewable 

energy use in addressing climate change and establishing sustainable 

development. One of the renewable sources which have gained popularity over 

time is the solar energy. Among the various solar technologies, one potential 

segment is solar thermal technology which involves solar thermal collectors. 

This technology mainly concentrates on providing industrial process heat 

across a wide range of temperature, and it's classified within the industry of 

Solar Heat for Industrial Process (SHIP). Though the SHIP technologies show 

strong technical feasibility, only few industries employ solar heat and there is a 

decreasing trend of adoption.  

 

Hence, this research aims to understand the reasons for decreasing adoption 

by studying what and how are the factors affecting the adoption of solar thermal 

technology. This is done by performing a qualitative study across two industrial 

sectors food and chemical in the region of Middle East and North Africa 

(MENA). The obtained data by conducting semi-structured interviews are 

analysed using the Technological-Organization-Environment (TOE) theoretical 

framework.  

 

The results from the study show that there are 9 important factors affecting 

the adoption of solar thermal technology that are categorized into 

technological factors (reliability, flexibility, financial attractiveness, and 

competitive alternatives), organizational factors (management support and 

resources) and environmental factors (regulatory environment, technology 

support provider and competitive pressure). Apart from the technological 

factors of lack of reliability and financial attractiveness, the organizational 

factors of lack of resources and the environmental factor of low incentives in 

MENA region, the aspect of cheap competitive alternatives especially in the 

MENA region, is causing the decrease in adoption within the food and chemical 

industry. 
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Popular Science Summary 

In the current world, there is an increasing importance for sustainability. The rising levels of 

Green House Gases (GHG) emission responsible for global warming are causing several effects 

like climate change and rising sea level. These GHG emissions are mainly from the excessive 

consumption of fossil fuels for energy generations across industries. The use of fossil fuels in 

industries is mainly for generating the energy required during various manufacturing processes. 

To reduce the use of fossil fuels and decrease the emissions from industries, many governments 

and global regulations have directed these industries to reduce their emissions.  

In order to meet the direction of various governments and global regulations, industries have 

started exploring alternative sources which can reduce their emissions. As the industries try to 

reduce their emissions, there is a growing awareness of renewable sources for meeting the 

energy demand. Energy demand in industries can be broadly classified into electrical and 

thermal. One such renewable sources which can meet both demands is solar energy. Solar 

energy is highly known and primarily used for industrial and domestic usage among renewable 

energy sources. As the industries require electrical and thermal energy to run their operations, 

using solar energy sources can help to reduce their emissions.  

Though the vast applicability of solar, this research concentrates on only using solar to meet 

the thermal demand in industries. Meeting the thermal demand of industries using renewable 

sources like solar is important as the primary use of fossil fuels in industries is in this aspect. 

Replacing the use of fossil fuels in meeting process heat demand with renewable technologies 

like solar can help industries to reduce their emissions drastically. 

Solar energy for industrial heating application is generated by using solar thermal technology 

involving solar thermal collectors. Solar thermal technology has been in the market for a long 

and its proven technically and economically feasible in meeting the energy demand. But the 

acceptance of solar is seen high mainly for electrical energy usage in industries. Also, there is 

a decreasing trend of adoption, especially for solar thermal among the industries.  

In order to understand the reason for the non-adoption of solar thermal technology, this research 

mainly focuses on the factors that are affecting its adoption in the industry, particularly for 

industrial process heat generation. The study primarily concentrates on adopting technology in 

2 industrial sectors, which are food and chemical. The study is conducted by doing an extensive 

literature review related to the area of research and using a theoretical framework to understand 

the factors affecting the adoption of solar thermal technology. 
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1. Introduction 

 

The first chapter includes the introduction of the research topic, followed by the background of 

the study. The next subsections are the problematization, purpose of the research, research 

question, company background, delimitations, and research structure. 

 

Sustainability can be seen gaining importance among industries in present world markets. With 

alarming levels of Green House Gases (GHG) such as Methane (CH4), Chlorofluorocarbons 

(CFCs), Halons, Nitrous Oxide (N2O), Ozone and Peroxyacetyl nitrate and climate change 

(ozone layer depletion, acid rains, etc.) (Kalogirou, 2004), the pressure on industries for 

operational revision is very high. Among the global energy requirement, the industrial sector 

alone consumes around 32-35% of the global heat (Kumar, Hasanuzzaman and Rahim, 2019). 

The industrial sector in the year 2019 consumed about 3900 Million tonnes of oil equivalent 

(Mtoe), accounting for one-quarter of total primary energy demand (Energy Agency, 2020). 

Many industries have Heat Intensive Processes (HIP), processes with high heat demand, 

primarily met by energy from boilers and furnaces (Kumar, Hasanuzzaman and Rahim, 2019). 

The energy from fossil fuels in boilers and furnaces of industries accounts for nearly 70% of 

the energy supplied, of which coal accounts for over 40% and natural gas for 30% (Energy 

Agency, 2020). Out of the total demand of heat in the industry, around 60% of this thermal 

energy is between the temperature range of 30°C-250°C, particularly in the industry sectors 

such as food, wine and beverages, textiles, pulp and paper, milk processing, chemical and 

pharmaceutical (Sharma et al., 2017). The depleting levels of fossil fuels, increasing concerns 

about GHG emissions, and global warming has made the need to commercialize clean, cheap 

and efficient renewable sources of energy in the industrial processes (Farjana et al., 2018b; 

Kumar, Hasanuzzaman and Rahim, 2019). Also, regulation like the Paris agreement has 

directed the industries to reduce their emissions, to keep the global temperature rise below 2°C 

(Nieto, Carpintero and Miguel, 2018) 

As the industrial process contributes significantly to global warming, conversion to renewable 

energy sources could decrease GHG emissions (Schnitzer, Brunner and Gwehenberger, 2007). 

Renewable energy sources generally include solar, biomass, wind, hydropower, geothermal and 

tidal energy (Kumar, Hasanuzzaman and Rahim, 2019). Among such sources, harnessing a 

large portion of infinite energy reserve from the sun can effectively and profitably provide a 

sustainable energy supply (Kassem, Al-Haddad and Komljenovic, 2017). Solar energy, in most 

cases, can be used in two broad ways, thermal energy or electrical energy (Ibid). However, to 

help industries transition, many solutions have come within the solar segment, particularly 

addressing heat generation for industrial processes (Ibid).  
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1.1 Background of solar thermal technology 

Solar energy is one of the renewable sources of energy that is inexhaustible, highly available 

and environmentally friendly (Kong et al., 2020). Solar energy can be highly utilized to provide 

energy to cities, rural regions and industries. There are two ways to harness solar energy: Photo 

Voltaic (PV) and solar thermal technology (Kong et al., 2020). In solar PV, the radiation from 

the sun is collected and converted into electricity through semiconductor devices, which are 

called solar cells (Asif, 2017). On the other hand, in simple terms, solar thermal energy is the 

energy obtained from heat conversion gained from solar irradiation  (Farjana et al., 2018b). In 

solar thermal technology, the solar radiation is captured by heating fluid and is utilized for 

generating electricity and industrial process heat (Kong et al., 2020). This technology is highly 

favourable for regions with high solar irradiances and high efficiency to gain maximum 

economic benefits (Ibid). 

The term solar collector is defined as "a device which, through the sunlight absorption, collects 

heat by transferring it to a Heat Transfer Fluid (HTF) flowing inside the device" (Barone et al., 

2019, pg 151). The heat collected by HTF will be used for Industrial Process Heat (IPH) 

applications and stored at suitable storage areas to generate electricity at power plants. This 

heat can also be used for thermal applications such as heating, process heat, material processing, 

cooling, and other chemical processes (Blanco and Miller, 2017). There are two surface areas 

in a solar collector: the collector and the absorber areas (Barone et al., 2019). The collector area 

intercepts the incident solar radiation, and in the absorber area, the radiation is absorbed (Ibid). 

Based on this, the collectors are distinguished as Non-Concentrating collectors and 

Concentrating collectors (Ibid). The complete classification of Non-Concentrating collectors 

and Concentrating collectors is in Figure 1. The Flat-Plate Collectors (FPC), Evacuated Tube 

Collectors (ETC) and Compound Parabolic Concentrators (CPC) fall under the Non-

Concentrating collector type (Barone et al., 2019). The second type of solar collectors is 

Concentrating collectors, where the intercepting area collects solar radiation and focuses it 

towards the absorber area (Ibid).  Linear Fresnel Collectors (LFC), Parabolic Trough Collectors 

(PTC), and Parabolic Dish Reflectors (PDR) all fall under this category of concentrating 

collector type (Barone et al., 2019). 

 

Figure 1: Solar thermal collectors classification (adopted from Barone et al., 2019) 
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1.2 Problematization 

The rising concerns of climate change and global warming have made the current practices of 

industrial energy generation and consumption highly unsustainable (Kumar, Hasanuzzaman 

and Rahim, 2019). Industries use most of the energy in the generation of low, medium and high-

temperature heat required in the manufacturing processes known as process heat (Farjana et al., 

2018b). This generation of process heat in industries is facilitated by using fossil fuels and 

natural gas, which contribute to the rise of GHG detrimental to a sustainable world (Farjana et 

al., 2018a). With the increasing pressure of reducing emissions, there is growing awareness of 

the importance of renewable energy use in addressing climate change and establishing 

sustainable development among industries (Kassem, Al-Haddad and Komljenovic, 2017). 

Among the various renewables, solar energy has shown promising efficiency in meeting energy 

demands through various technologies based on the needs (Farjana et al., 2018b).  

Amid the various solar technologies, one potential technology is the solar thermal technology 

which involves solar thermal collectors. This technology mainly concentrates on providing 

industrial process heat across a wide range of temperature, and it's classified into the industrial 

segment of Solar Heat for Industrial Process (SHIP) (Hess, 2016; Mousa and Taylor, 2020). 

Solar thermal collectors can play a vital role in heat generation for industrial processes since 

they have a high-efficiency rate of around 70% in converting solar energy into thermal energy, 

far more than when solar energy is converted into electrical energy (Sharma et al., 2017).  

Industries having a heat demand with a temperature range between 50°C-300°C in 

manufacturing processes can use solar thermal heating for meeting their demand (Sharma et 

al., 2017). Though the SHIP technologies involving solar thermal show strong technical 

feasibility, only a few industries employ the use of solar heat in their industrial process, 

replacing fossil fuels (Ribeiro, Haagen and Zahler, 2020). Also, as discussed by (Kurup and 

Turchi, 2016; Ribeiro, Haagen and Zahler, 2020; Schoeneberger et al., 2020), the growth rate 

of the SHIP market is low or decreasing even when it has successful installations and is feasible 

in terms of Internal Rate of Return (IRR). This decreasing adoption indicates a trend of non-

adoption or innovation resistance (Ram, 1987).  

1.3 Purpose  

There is an increasing focus on social acceptance in studies around clean energy as they pave 

the way for gaining a social license for deployment, adoption, and non-adoption of energy 

technologies (Wüstenhagen, Wolsink and Bürer, 2007; E. Moula et al., 2013; Stigka, Paravantis 

and Mihalakakou, 2014; Hai, 2019). Knowing social acceptance begins with understanding the 

needs, and accepting it is the beginning stage of future business development (Taherdoost, 

2018). Given the importance of technological innovations and their adoption across research, 

there is a standard view that it is a solid and well-established field of research (Makkonen and 

Johnston, 2014). However, Makkonen and Johnston's research (2014) highlights many research 

gaps regarding industrial customers adopting innovation. These gaps may be as buying 

organizations differ in various aspects, creating disharmony and fuzziness in multiples of 

direction and disciplines in research (Ibid). Though solar technology is not new globally, it is 

still seen as new and innovative to many people in the local context (Hai, 2019). Also, many 
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research studies on solar thermal technologies have discussed expectations and factors affecting 

adoption from the perspective of an individual consumer (Baharoon, Rahman and Fadhl, 2016; 

Hai, 2019; Karytsas, Polyzou and Karytsas, 2019). But based on the literature review, there is 

a limited number of research focusing on industrial customers. A study by Dincbas, Ergeneli 

and Yigitbasioglu (2021) does focus on determining the adopting factors of clean technology 

focusing on industrial customers, but it does not discuss a specific clean technology or solar 

thermal technology in particular. Therefore, adding to the limited work, this research 

concentrates on the adoption of the technology of solar thermal across two industries, food and 

chemical.  

1.4 Research Questions 

The industrial sector involves many industries where solar thermal technology can be adopted 

(Kumar, Hasanuzzaman and Rahim, 2019). However, this research concentrates on only two 

industries, the food and chemical industry. Both the industries are process-intensive industries 

with high energy requirement (Lauterbach et al., 2012; Wang, 2014). Research by Rašković, 

Guzović and Sedić (2020) and Jia et al. (2018) also mention that there is a great potential for 

solar thermal technology in the food and chemical industry when studied together. Despite the 

recognized potential of solar thermal technologies, there is still low growth and a case of 

decreasing adoption (Ribeiro, Haagen and Zahler, 2020). Thus, with an aim to understand the 

issue of decreasing adoption, the following research question is formulated to gain insights into 

factors affecting the adoption of solar thermal technology in the food and chemical industry. 

• What and how are the factors affecting the adoption of solar thermal technology within 

the food and chemical industry? 

The research conducted in answering the research question is confined to the Middle East and 

North Africa (MENA) region. This is mainly motivated by the works of  Aghahosseini, 

Bogdanov and Breyer (2020) and Pitz-Paal et al. (2012), discussing that this region has a high 

capability of solar energy, and the use of solar energy can satisfy the rising energy demand in 

the region. The MENA region is one of the highest solar radiation regions, and using solar 

thermal technology in this region is more favourable to have high efficiency and gain maximum 

economic benefits (Pitz-Paal et al., 2012; Absi Halabi, Al-Qattan and Al-Otaibi, 2015; Kong et 

al., 2020). Adding, studies of Olawuyi (2020) and Alharthi, Dogan and Taskin (2021) also 

mention that countries in the MENA region are increasingly investing in renewable 

technologies to reduce GHG emissions, further supporting the choice of this region. 

1.5 Company background 

This work is performed in collaboration with an external partner related to the supply side of 

solar thermal technologies. The external partner Absolicon AB is a Swedish company that 

started in 2007 and provided its technology with a solar trough collector T160 and its integrated 

assembly line. The company has 20 installations, and it is expanded over three continents. 

Absolicon's central vision is to manufacture and sell solar systems that generate renewable 

energy in various forms to reduce fossil fuel usage.  
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1.6 Delimitations  

In this study, some delimitations are considered to help in narrowing down the research. Firstly, 

the study focuses on the aspect of the solar thermal market for its adoption across the industrial 

customers belonging to two prime sectors, i.e. chemical and food industry. There are several 

solar applications in the industries, but this study strictly focuses on meeting the process heat 

requirements rather than conventional power generation. The research is conducted in the 

Middle East and North Africa (MENA) region. In terms of identifying the factors of  adoption 

and having a structured analysis, the theoretical framework of Technology, Organizational and 

Environmental (TOE) by Tornatzky and Fleischer (1990) is used.  

1.7 Structure of the Research 

The structure of the research will be covering both the theoretical and practical results related 

to the topic. In section 2, the literature review is done on the Solar Thermal Technology's 

suitable theories and theoretical framework related to the research. Section 3 consists of the 

methodology adopted to answer the research question and aim of the research by gaining data 

using the appropriate methods. In section 4, the data collected from the sources are analysed, 

and the data findings are discussed. Section 5 presents the discussion of the research. In the 

final section 6, the conclusion to the research is presented, and the future scope of research is 

discussed.     
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2. Literature Review 

 

This chapter divided into five subsections reviews the literature supporting the research. In the 

first two subsections, the studies related to solar thermal technology and its adoption are 

reviewed. An overview of energy demand in the food and chemical industries is discussed in 

the next two subsections. In the final subsection, the theoretical framework that is used in this 

research is explained.  

 

2.1 Solar Thermal Technology 

Solar thermal technology has promising applicability in industrial heat and commercial 

processes (Schnitzer, Brunner and Gwehenberger, 2007). Process heating is considered one of 

the most potential solar heating and cooling applications (Jia et al., 2018). Solar for industrial 

process heat is achieved by producing heat using solar thermal collectors, and the selection of 

these collectors has to be appropriate based on meeting the industry process heat demand  

(Sharma et al., 2017). The selection of the collectors, in general, depends on four main factors: 

operating temperatures, solar collector efficiency, annual energy yield, and finally, cost 

(Sharma et al., 2017). 

2.1.1 Solar Thermal Collectors 

Solar collectors absorb incoming solar radiation and transform it into heat energy by passing a 

Heat Transfer Fluid through the absorber section (Kalogirou, 2004). As mentioned earlier in 

the background section, solar collectors are of 2 types Non-concentrating and Concentrating 

type collectors.  

Non-Concentrating Collectors 

In Non-Concentrating collectors, the absorber area and collector areas coincide with each other, 

which in turn generates low (<100°C) and medium temperatures (between 100°C to 400°C) 

(Barone et al., 2019). In Non-concentrating, there are FPC, ETC and CPC type of collectors are 

present. 

Flat Plate Collector (FPC)  

In FPC, the solar radiation passes through a transparent surface and hits on a high absorptivity 

blackened surface plate to absorb energy, which is transferred from the plate to the fluid tubes 

for storage or to use  (Kalogirou, 2004). FPC is fixed permanently at a position, and there are 

no devices for tracking sunlight in it (Ibid). At present, FPC is the highly installed type of 

collector for commercial use and mostly installed for low-temperature applications up to 

100°C(Ibid). The temperature range of FPC is mentioned in Table 1. 

Evacuated Tube Collector (ETC) 

ETC has multiple parallel transparent glass tubes, with each glass tube having an absorber plate 

(Ravi Kumar, Krishna Chaitanya and Sendhil Kumar, 2021). The absorber plate collects the 

solar radiation and transfers it to the heat transfer tube, where a heat transfer liquid is passed by 
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and is connected to the mainstream fluid in manifold (Ibid). ETC cannot track the sunlight, and 

its operation is entirely different from the other collectors' types (Kalogirou, 2004). ETC is 

economical and has a better performance rate than FPC (Ravi Kumar, Krishna Chaitanya and 

Sendhil Kumar, 2021). The temperature range of ETC is between 50°C-200°C and mentioned 

in detail in Table 1(Kalogirou, 2004). 

Compound Parabolic Concentrator (CPC) 

In CPC, the main parts are the concentrator and absorber, where the concentrator reflects the 

solar radiation onto the absorber surface (Ravi Kumar, Krishna Chaitanya and Sendhil Kumar, 

2021). The main difference in CPC with other collectors is that the incident solar radiation 

before reaching the absorber area is reflected multiple times on the concentrator (Ibid). CPC is 

highly suitable for temperature ranges between 100°C-250°C, without any fitting of tracking 

devices (Ibid). When needed to provide high-temperature heat, CPC can be fitted with the 

sunlight tracking system to enable continuous solar radiation (Barone et al., 2019).  

Concentrating Collector 

In concentrating solar collectors, there are two types of tracking systems to focus on solar 

radiation and are classified based on the movement of the axis, which are single-axis tracking 

system and dual-axis system (Kumar, Hasanuzzaman and Rahim, 2019). In the single-axis, the 

sunlight tracking is from East-West and in dual-axis systems, the sunlight is tracked in both 

directions, i.e. from East to West and North to South (Ibid). The availability of a sun tracking 

system helps to generate both medium temperatures (between 100°C to 400°C) and high 

Temperatures (>400°C) (Barone et al., 2019).     

Linear Fresnel Reflector (LFR) 

LFR is one of the concentrating solar collectors, mainly consists of long parallel/curved/flat 

mirrors/ reflectors arranged in an order and has a focal cavity receiver area (Ravi Kumar, 

Krishna Chaitanya and Sendhil Kumar, 2021). LFR collectors are fitted with a single-axis 

tracking system, where the reflector area rotates from East to West to absorb maximum solar 

radiation and be sent to the receiver area (Ibid). LFR are highly feasible for industrial heat 

applications and can generate temperatures between 100°C-300°C (Barone et al., 2019; Ravi 

Kumar, Krishna Chaitanya and Sendhil Kumar, 2021).  

Parabolic Trough Collector (PTC) 

PTC is one of the most proven technologies for industrial process heating and power generation  

(Ravi Kumar, Krishna Chaitanya and Sendhil Kumar, 2021). The structure of a typical 

parabolic trough collector consists of three main parts; an absorber (working fluid chamber), a 

concentric transparent cover (made of glass) and a parabolic reflector plate (Jebasingh and 

Herbert, 2016). An absorber is fixed by position permanently at the focus of the concentrator. 

The parabolic concentrator is fixed to a rigid structure that tracks the solar radiations with the 

help of the tracking mechanism (Jebasingh and Herbert, 2016).  PTC can operate between low 

and medium temperature ranges from 65°C to 400°C with a good efficiency rate (Valan Arasu 

and Sornakumar, 2007; Marrakchi et al., 2018). PTC has mainly two applications, one is to 
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provide power at Concentrated Solar Power (CSP) plants, and the other is to provide Industrial 

Process Heat (IPH) (Fernández-García et al., 2010).  

Parabolic Dish Reflector (PDR) 

PDR is a solar collector with a double-axis tracking system that generates high temperatures 

for industrial heat applications. PDR is dish-shaped with a point-focus collector, which tracks 

the sun in both axes from North-South and East-West and concentrates the solar energy on the 

dish's central focal point (Kalogirou, 2004). The absorbed radiant solar energy from the receiver 

is converted into thermal energy in a Heat Transfer Fluid (HTF) used for industrial heating 

applications (Ibid). The temperature range of PDR is up to 1500°C and is the most efficient 

solar collectors among the other concentrating collectors (Barone et al., 2019). 

The temperature ranges, absorber types, type of motion and the concentration ratios of all the 

above-mentioned solar collectors are below in Table 1. 

Collector Type Motion  Absorber type Concentration 

Ratio 

Temperature 

Range (°C) 

Flat Plate 

Collector (FPC) 

Stationary  Flat 1 30-80 

Evacuated Tube 

Collector (ETC) 

Stationary Flat 1 50-200 

Compound 

Parabolic 

Collector (CPC) 

Stationary  Tubular 1-5 60-240 

Linear Fresnel 

Reflector (LFR) 

Single-axis 

tracking 

Tubular 10-40 60-250 

Parabolic Trough 

Collector (PTC) 

Single-axis 

tracking 

Tubular 15-45 60-300 

Parabolic Dish 

Reflector (PDR) 

Dual-axis 

tracking 

Point 100-1000 500-1200 

Table 1: Temperature ranges, absorber type and concentration ratio of solar collectors 
(adopted from Kalogirou, 2004; Ravi Kumar, Krishna Chaitanya and Sendhil Kumar, 2021) 

2.1.2 Industrial Applicability of Solar Thermal Technology   

In general, there are various applications involving solar for the generation of electricity, heat 

and cooling. Among these, 99% of solar heating and cooling provide warm water or space 

heating in residential homes (Jia et al., 2018). This study mainly concentrates on the industrial 

application in process heat, these systems though similar to those used for residential purposes, 

differ with them in three important ways (Jia et al., 2018) –  

1. The amount of heat or cooling required is comparatively large.  

2. As with continuous industrial activities, solar energy is also continuously requiring 

complex control units.  

3. The range of temperatures required is usually large. 

Industries involve a wide range of temperature requirement. These industrial temperatures can 

be categorized into three categories, namely low, medium, and high. The low temperatures 
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mainly involve temperatures ranges below 100°C, and medium temperatures involve 

temperatures between 100 °C<T< 250 °C, and high temperatures involves temperatures greater 

than 250 °C (Jia et al., 2018; Kumar, Hasanuzzaman and Rahim, 2019). Usually, the low and 

medium temperature processes heat demands are seen mainly in the mining, food & beverage, 

tobacco, pulp & paper, machinery and transport equipment manufacturing sectors (Jia et al., 

2018). At the same time, the high-temperature processes heat demands take a significant share 

in industries like the chemical, non-metallic minerals and metals production sectors (Mekhilef, 

Saidur and Safari, 2011; Jia et al., 2018).  

Meeting these industrial demands usually requires installations of large capacity. As shown in 

Figure 2 by Kumar, Hasanuzzaman and Rahim (2019), a typical industrial solar collector plant 

consists of three parts. The first part is the solar field that contains the collectors. The second 

part consists of Heat Transfer Fluids (HTF) that transfer heat to the processes directly or to the 

storage tank (if any). The third part is the power cycle, which includes the various stages of 

process heating (Kassem, Al-Haddad and Komljenovic, 2017).  

 

Figure 2: Solar thermal systems for industrial processes (Kumar, Hasanuzzaman and Rahim, 

2019). 

Two crucial factors define the efficiency of such a system: firstly, the solar collectors' optical 

efficiency, that refers to the maximum amount of heat the collector can absorb (Tian and Zhao, 

2013). Adding the second factor depends on the thermal storage subsystems, which play an 

important role in the industrial application of solar heat (Tian and Zhao, 2013).  

Industrial solar energy applications have always been associated with thermal storage systems 

as the availability of solar energy is limited and does not coincide with the energy demand  

(Cabeza et al., 2012). Usually, peak energy consumption occurs after sunset, and storage 

systems can help deliver the stored energy when there is no sun (Cabeza et al., 2012). Regarding 

thermal storage solutions, several technologies are available in the segment that helps solve the 

demand problem. According to the works of Nallusamy, Sampath and Velraj (2007) and Cabeza 

et al. (2012), the available storage solutions can be categorized into three broad types based on 

heat which include the Sensible Heat Storages (SHS), Latent Heat Storages (LHS) and 

Chemical Heat Storages (CHS). These storages are required to have high thermal storage 
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density (small volume and low construction cost), excellent heat transfer rate (absorb and 

release heat the required heat) and good long-term durability (Tian and Zhao, 2013). 

2.1.3 Market of solar thermal technology 

Renewable energy projects are location-dependent as their feasibility depends on weather and 

energy market characteristics (Kassem, Al-Haddad and Komljenovic, 2017). Installations of 

800 solar process heat systems, totalling 1 million m2 collector area (700 MWth), were in 

operation at the end of 2019 (Weiss and Spörk-Dür, 2020). As per Fortune Business Insights 

(2020), the global solar thermal market will increase from 496.15 GW in 2018 and reach 767.73 

GW by 2026, with a Compound Annual Growth Rate (CAGR) of 5.6%.  

In terms of existing installations, Jia et al. (2018) mentioned that Chile commissioned the solar 

process heat plant in 2013 with a thermal peak capacity of 27.5MW, totally employed at an area 

of 39,300m2 by flat plate collector to cover 85% of the demand to ref ine copper. Focusing 

particularly in the MENA region, the biggest solar thermal installation commissioned to date is 

at Miraah in Oman, with an installed capacity of 300 MWth used to produce steam for enhanced 

oil recovery (Weiss and Spörk-Dür, 2020). Israel has an installed capacity of 121MW for power 

generation through parabolic trough collectors, making it the largest renewable energy plant in 

the country (REN21, 2020). As part of the growing market in MENA, Kuwait, on the other 

hand, has 15 CSP plant installations accounting for nearly 1.8 GW (Ibid). Additionally, in UAE, 

three 200 MW parabolic through plants have been installed totalling the capacity to 700MW of 

installed CSP capacity in the region (Ibid).  

2.2 Adoption factors of solar thermal technology in industries 

It is seen that over the years, solar thermal technology was mainly used for domestic 

applications, and its industrial application was limited (Mathias B. Michael, 2016). However, 

the use of solar energy in industries for processes heat had started way back in the 1970s  

(Kempener, 2015). In terms of understanding solar thermal application in industries, many 

researchers have studied its potential over the years, mainly focused on its techno-economic 

feasibility. In this view, we have chronologically analysed various literature discussing different 

aspects of solar thermal technology application in industrial processes.  

To begin with, in a study conducted by Carwile and Hewett (1995), they analysed and identified 

the barriers that led to cancelling 15 highly promising solar thermal projects. In their work, the 

authors identified three key barriers to the solar system: high capital cost, cheap and more 

availability of natural gas, and industry demand for short payback periods  (Carwile and Hewett, 

1995). Besides these, other non-adoption factors included the riskiness in adopting solar 

thermal as there was no or significantly fewer similar projects in industries (Ibid). A study 

conducted by Schnitzer, Brunner and Gwehenberger (2007) proposed that before introducing 

solar thermal technology in industries, the production processes and production-specific 

barriers must be identified. The existing energy supply must be identified and compared with 

the solar thermal energy supply to determine the supply guarantee, sustainability and ecological 

impacts (Ibid).  

Research by Seyboth et al. (2008) identified the factors of deployment for technologies like 

solar thermal technology. These factors included high up-front costs of installation, a lack of 
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investor awareness, existing infrastructure constraints, landlord/tenant incentive splits, 

difficulties obtaining planning consents and the common use of simplistic cost accounting 

methods (Seyboth et al., 2008). In a research conducted by Fernandez (2010) on PTC and their 

applications, they raised some drawback factors in solar thermal technology. The drawbacks 

are: lack of land space for installing solar collectors, existing rooftops of industries are not 

suitable for solar collectors installation, solar collectors cannot act as a constant energy source, 

and payback period considered by the industries is less than five years (Fernández-García et 

al., 2010). A case study conducted on integrating solar thermal system in a dairy process by  

Quijera, Alriols and Labidi (2011) highlighted that the adopting factor mainly depended on the 

installed collector area to produce a constant energy source. The authors discussed that 

considering the company's economic, environmental, and existing aspects, allotting an ample 

space for installation will be a decision-making point of installation for solar thermal 

technology (Ibid). In the study conducted about the promotion of concentrated solar thermal 

technology in china, Liu et al. (2012) found Concentrated Solar Thermal (CST) as an adequate 

energy supply system to industries. The main factors affecting the adoption are the production 

cost to implement solar collectors and fluctuating solar energy output due to the collector's 

performance (Ibid).  

An analytical study conducted about the economic feasibility of solar thermal plants for IPH in 

Tunisia by Calderoni et al. (2012) focusing on the textile industry found that smaller 

government subsidies made industrial customers not adopt solar thermal systems. Moreover, 

with the government-aided low price of fossil fuels, it was harder to motivate to invest in solar 

thermal plants (Ibid). Another research conducted by Frein, Calderoni and Motta (2014) in 

integrating solar thermal energy use in the industrial facility mentioned that designing a system 

not affecting the existing process and minimal maintenance and effort are the main aspects that 

would drive the adoption. Research conducted by Absi Halabi, Al-Qattan and Al-Otaibi (2015) 

indicated that industries could adopt solar thermal technology when the energy source is reliable 

and constant throughout the day by providing high, medium and low temperatures to the 

processes. The researchers highlighted that the availability and the possibility of using the by-

products from industries for process heat application is also an important factor affecting the 

adoption of solar thermal in industries (Ibid). Absi Halabi, Al-Qattan and Al-Otaibi (2015) also 

stated that there would be a loss in efficiency of solar technologies in regions like MENA due 

to dust depositions.  

Adding in a research conducted by Schmitt (2016) identified that the slow adoption of solar 

thermal was due to fewer studies performing the feasibility assessment concerning that industry. 

The feasibility studies can help identify the integration points of solar heat with the existing 

process and helps to reduce the overall costs of the project while promoting its adoption (Ibid). 

In a case study at a brewery company conducted by Eiholzer et al. (2017), the authors 

highlighted the importance of government schemes in promoting the adoption of solar thermal 

technology. The research also stressed that government schemes play a significant role in 

adoption, especially in regions where there is not much sun available (Ibid). Adding the aspects 

of business risk, access to capital and lack of information about the optimization measures 

prevented firms from considering such technologies (Ibid). A detailed study conducted by 
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Kumar, Hasanuzzaman and Rahim (2019) stated that using solar energy is a motivational factor 

contributed by the fluctuating fossil fuels rates in different countries. The advantage of localized 

energy production with the possibility of using excess energy in other process is making the 

economic aspects of solar highly attractive (Ibid). However, though the capital cost decreases, 

aspects like lack of proper design, integration and optimization techniques, no proper policy 

and regulatory framework, less awareness, and minimal hands-on experience negatively affect 

its adoption (Kumar, Hasanuzzaman and Rahim, 2019). The recent works by Schoeneberger et 

al.(2020) stated that the slow adoption of solar thermal systems for industrial process heat is 

due to high investment cost, low fuel prices in specific regions and risk of adoption. The 

research also stated that specific economic barriers in the industrial sector also hinder deploying 

new technologies (Ibid).  

2.3 Energy demand in the Food industry 

The food industry sector consumes globally around 200 Exa Joule(EJ) of energy per year, out 

of which 45% of energy is used for food production and distribution activities (Ladha-Sabur et 

al., 2019). The main reason for this energy consumption is to satisfy the food demand fo r the 

growing global population (Ibid). 59 % of total energy is consumed in the food industry for 

meeting the process heat (Wang, 2014). The process heat operational temperature requirements 

are between 60°C to 180°C, and this temperature range falls between low and medium 

temperature applications (Kalogirou, 2004). In this temperature range, the most important 

processes in food industries are sterilizing (up to 120°C), pasteurizing (80°C), drying (120°C-

180°C), cooking (100°C), washing (80°C), and cleaning (80°C-100°C) (Ibid). The main 

sources of energy used for most of the processes in the food industry are petroleum, natural gas, 

coal and renewable energy (Wang, 2014).  

In food industries, the heat and steam for all the processes are produced by boilers (Wang, 

2014). They consume around one-third of total energy usage and consume around 57% of the 

fuel used in the food industry (Ibid). The costs related to energy-intensive activities such as 

thermal energy to processes and electricity to the factory cost around 20% to 50% for the food  

industry (Wang, 2014). In the boilers, to reduce the usage of conventional fossil fuels, novel 

thermodynamic cycles involving renewable energy sources are to be introduced, which mainly 

help improve energy efficiency and reduce environmental pollution in food industries (Wang, 

2014; Tuncer et al., 2019). The strong market competition between food industries makes it 

hard to implement energy-efficient technologies (Wang, 2014).  

2.4 Energy demand in the Chemical industry 

The chemical industry contributes to more than 1% of the world's GDP and is the largest energy 

consumer accounting for 30% of total industrial energy use (Energy Agency, 2020). An 

important aspect that makes this industry more attractive for solar thermal technology is the 

heat requirement involved in several processes. The chemical industry is a process-intensive 

industry, and within the sector, they are very demanding about the energy required and the 

resources consumed (Lauterbach et al., 2012). The heat demand plays an important role in this 

energy demand, with a maximum of operations performed at high temperatures (Lauterbach et 

al., 2012; Renewable Energy Agency, 2015).  
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Based on a global assessment mentioned in the Renewable Energy Agency (2015), the process 

heating requirements are estimated to reach a total potential of 15 EJ out of the 160 EJ total 

process energy demand by 2030. In the 15EJ of process heat requirement, almost half of energy 

is seen to be met by the chemical industry alone (Ibid). The main reason for the heat energy 

consumption is because almost two-thirds of the existing systems within the chemical industry 

will reach the end of life before 2030 (Renewable Energy Agency, 2015). This excessive 

consumption creates an opportunity for solar thermal technology providers to promote 

technology integration in their new systems.  

The potential application of solar thermal in the chemical and process industry is seen in 

biochemical processes with temperature levels of about 37 °C as well as preheating and 

polymerization processes, as mentioned by Lauterbach et al. (2012). Adding the works of 

Kalogirou (2003) and Kumar, Hasanuzzaman and Rahim (2019) mention the potential 

application in the process like Chemical Soaps 200–260°C, Synthetic rubber 150–200°C, 

Processing heat 120–180°C, & Pre-heating water 60–90°C. Whereas Jia et al. (2018) describe 

the potential application processes like Boiling 95–105°C, Distillation 110–300°C, and Other 

chemical processes 120–180°C.  

2.5 Theoretical framework for technology adoption 

The adoption process can be described as a decision-making process that uses the innovation 

to use it now or in the future (Makkonen and Johnston, 2014). However, it is also equally 

important to understand that introducing a new product does not always mean that there would 

be successful adoption and replace the existing technology, especially among industrial 

customers (Woodside, 1996). It is usually challenging for organizations to learn about new 

technological innovations in the industrial environment and transform existing technology into 

superior technology both financially and socially (Woodside, 1996). Usually, a long time is 

required for a technology to be adopted and can reach a state of being diffused when it has 

replaced half of the existing product (Ibid). Diffusion as a process is described to be more 

focused upon information and communication channels and the way they are used to pass the 

information about the innovation across the social system (Makkonen and Johnston, 2014). In 

short, both innovation adoption and diffusion research are part of general technological 

evolution theories that explain the social construction of innovation (Toufaily, Zalan and 

Dhaou, 2021).  

Arifin and Frmanzah (2015) determine that technology adoption can be classified into two 

broad categories: Information Technology (IT) or the Information and Communication 

Technology (ICT) adoption, and Non- IT adoption. IT innovations may include general 

technologies used across users in organisations like the internet, computers, GPS, etc. On the 

other hand, non-IT technologies are typically only used for addressing a specific problem or 

need within the organizations and include solutions like computer numeric control, 3D scanner 

etc. and system-specific solutions like artificial intelligence and solar thermal (Arifin and 

Frmanzah, 2015). Given the focus is on the system-specific solution of solar thermal technology 

and its adoption across the food and chemical industry, a theoretical model is searched to 

identify the factors affecting the organizational adoption of technologies.  
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Across studies, the most common frameworks for adoption of technologies are seen to be the 

Technology Acceptance Model (TAM) framework, Technology-Organizational-Environment 

(TOE) framework, Diffusion of Innovation (DOI), and Unified Theory of Acceptance and Use 

of Technologies (UTAUT) (Kumar and Krishnamoorthy, 2020; Ergado, Desta and Mehta, 

2021; Toufaily, Zalan and Dhaou, 2021).  

• Technology Acceptance Model (TAM) developed by Davis (1989) focuses on the 

acceptance of technology into the organization. The aspects of perceived usefulness and 

the ease of use together contribute to determining the actual system's behavioural 

intentions (Luhamya, Bakkabulindi and Muyinda, 2017; Ergado, Desta and Mehta, 

2021).  

• DOI described by Rogers (1983), is about spreading and using technologies across the 

user organization. DOI concentrates on the attitudes of buyers towards technological 

changes (individual factors); centralization, complexity, formalization, 

interconnectedness, organization size and slack (organizational factors); relative 

education and information technologies advantage, complexity, compatibility, 

trialability, and observability (technological factor); and system openness (Rogers, 

1983; Ergado, Desta and Mehta, 2021).  

• The UTAUT by Venkatesh, Morris, Davis and Davis  (2003) has User Behaviour (UB) 

as the main determining variable, which is a function of Behavioural Intention (BI) and 

Facilitating Condition (FC). As Venkatesh, Morris, Davis and Davis  (2003) defined, 

UB is the degree to which a person accepts and uses the new technology. BI is the 

measure of the one intention to react in specific behaviour, and FC is the degree to which 

one believes that the infrastructure required both in terms of technical and 

organizational for supporting the technology exists (Luhamya, Bakkabulindi and 

Muyinda, 2017).  

• TOE, developed by Tornatzky and Fleischer (1990), focused on discussing the decision 

making in adopting technologies and their acceptance into organizations. It describes 

that decision-making in technology adoption is influenced by three factors or elements: 

technology, organizational, and environment (Ibid).  

Among the significant models mentioned, the adoption theories that concentrate on adoption at 

the individual level are the TAM and UTAUT (Toufaily, Zalan and Dhaou, 2021). The models 

of TOE and DOI are more significant for understanding technology adoption when the unit of 

analysis is an organization (Kumar and Krishnamoorthy, 2020; Toufaily, Zalan and Dhaou, 

2021). Moreover, as this study understands the factors of adopting solar thermal technology 

within the organizations of the food and chemical industry, the two frameworks of TOE and 

DOI were further evaluated.   

Firstly, the TOE is more generic than DOI (Baker, 2012; Ergado, Desta and Mehta, 2021). 

Adding, the DOI constructs are similar to those of TOE´s technological and organizational 

elements, making it consistent with roger´s theory of diffusion (Low, Chen and Wu, 2011; Awa, 

Ukoha and Emecheta, 2016). However, TOE additionally integrates the elements of the 

environment, allowing it to provide a deeper theoretical analysis than DOI in technology 

adoption (Low, Chen and Wu, 2011; Sulaiman and Magaireah, 2015; Awa, Ukoha and 
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Emecheta, 2016; Toufaily, Zalan and Dhaou, 2021). The framework also considers both human 

and non-human aspects, which is not considered by many other techno-centric frameworks like 

TAM and UTAUT (Awa, Ukoha and Emecheta, 2016).  

As an aspect of TOE limitation, Wang et al. (2010) and Low et al. (2011) discuss that having 

unclear constructs and the possibility of varying variables based on research is a major 

limitation to this framework. On the contrary, Pudjianto and Hangjung (2009) state that this 

would allow accepting more factors and categories to understand technological adoption and 

allow to modify the aspects of the framework based on the research. Thus, considering the 

generic nature of TOE, the possibility of deeper theoretical analysis and the possibility of 

varying variables based on research, the theoretical framework of the TOE is considered more 

suitable and is used in this research.  

2.5.1 TOE Framework  

The theoretical framework of Technological– Organizational – Environmental was described 

by Tornatzky and Fleischer (1990). TOE framework mainly discusses the influencing factors 

that affect the adoption decision of innovation in organizations. The authors propose three 

generic contexts, as shown in Figure 3, that affect the decision of adoption, and these are 

technological context, organizational context, and environmental context. 

Technological Context– The technological context discusses understanding the availability 

and characteristics of all the technologies relevant to the firm, present in the firm and those 

present in the market but not considered to be adopted (Baker, 2012). These characteristics may 

include compatibility of the technology with the values and needs of the organization (Rogers, 

1983), awareness about the technology, techno-economic attractiveness, accessibility to the 

technology, the complexity of technology to understand and use (Rogers, 1983), testability, 

visibility, ways of use, and many other aspects of the technology (Dincbas, Ergeneli and 

Yigitbasioglu, 2021).  

Organizational Context – The organizational context responds to the firm's nature and 

resources, such as the organizational structure, communication processes, firm size, and the 

number of slack resources available with the organization (Ergado, Desta and Mehta, 2021). 

Other aspects may include top management support, human resource capability, corporate 

environmental issues, and openness to new ideas (Dincbas, Ergeneli and Yigitbasioglu, 2021). 

Environmental Context – The environmental context is conceptualized as the external 

environment of an organization with which the organization constantly interacts during its 

activities (Dincbas, Ergeneli and Yigitbasioglu, 2021). The environmental context includes the 

industry structure, market scope, competitive pressure, technology support providers and the 

regulatory environment (Luhamya, Bakkabulindi and Muyinda, 2017).  
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Figure 3- TOE framework (adopted from Tornatzky and Fleischer, 1990) 

To summarize, the TOE framework identifies the adoption factors by considering the 

technology, the organization in which the technology is being used, and the environmental 

context where it will be implemented (Arifin and Frmanzah, 2015).   

2.5.2 TOE framework across research  

The TOE model has broad applicability and possesses explanatory power across a number of 

technological, industrial, and national or cultural contexts (Baker, 2012). With no available 

work using TOE in understanding the technological adoption of solar thermal. We began 

understanding the use of TOE in other technology adoption studies in various context to further 

support its relevance to this study. Discussing various articles that have used the TOE 

framework to understand various technological adoption aspects using qualitative methods.   

Ergado, Desta and Mehta (2021) used the TOE framework to determine the barriers affecting 

ICT implementation in Ethiopian higher learning institutions. The study employed a case study 

research method by using a qualitative research approach by conducting semi-structured 

interviews. The findings were explained based on the TOE framework and indicated the 

identified technological barriers are Insufficient ICT infrastructure, Inaccessibility, 

Underutilization of ICT, ICT skill of students and educators; the organizational barriers are 

Lack of support from management, Lack of change management, Lack of cooperative work, 

Shortage of skilled human resources, monitoring and evaluation;  and, the environmental 

barriers are Lack of ICT policy for education, Weak culture of ICT use Practice, Exposure to 

ICT resources, Unsuitable environment for ICT resources establishment.  

Kumar and Krishnamoorthy (2020) used TOE theoretical framework to investigate the factors 

influencing Business Analytics (BA) adoption in organizations, and the study involved 21-semi 

structured interviews. The study identified customer orientation as a new factor and factors of 

data quality and human resource competency with BA as specific challenges for organizations 

in India. Factors identified in the organizational context are top management support, 

organization data environment, data-driven organizational culture, and perceived cost. In the 
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technological context are technology assets and compatibility. Finally, in the environmental 

context are competitive pressure, industry type, and customer orientation pressure.  

Toufaily, Zalan and Dhaou (2021) investigated the challenges and implications of blockchain 

adoption in the private and public sectors and from the entrepreneur's perspective using the 

TOE framework. The work conducted with 46 semi-structured interviews categorized the 

challenges into three aspects as technological challenges (immature technology, security, data 

privacy, cost of the technology, scalability and performance, interoperability, complexity, 

relation to cryptocurrencies), organizational challenges (governance and leadership readiness, 

business model alignment and organizational readiness), and environmental challenges 

(regulatory uncertainty, network effects and inter-organizational connectedness, and ecosystem 

readiness).  

Al-Hujran et al. (2018) used the TOE framework in identifying the main challenges facing the 

utilization of cloud computing in a developing country Jordan. The research involved six semi-

structured interviews with ICT officials and experts in the domain of cloud computing. The 

challenges of cloud computing adoption that emerged in this study are classified into 

technological (security, privacy concerns, trust, and compatibility), organizational (culture, top 

management support, and characteristics of CEOs), and environmental factors (regulatory 

framework and SLAs contractual agreements). 

The identified TOE factors are summarized below in Table 2, divided by authors, the area of 

study, and the three technological, organizational, and environmental factors. 
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S 

No 

Authors and 

year 

Study Area Technological 

Factors (T) 

Organizational 

Factors (O) 

Environmental 

Factors (E) 

1  Ergado, Desta 

and Mehta 

(2021) 

Determining 

the barriers 

affecting the 

implementation 

of ICT in 

Ethiopian 

higher learning 

institutions 

Insufficient ICT 

infrastructure, 

Inaccessibility, 

Underutilization 

of ICT, ICT skill 

of students and 

educators 

Lack of support 

from 

management, 

Lack of change 

management, 

Lack cooperative 

work, Shortage 

of skilled human 

resources, 

monitoring and 

evaluation 

Lack of ICT 

policy for 

education, Weak 

culture of ICT 

use Practice, 

Exposure to ICT 

resources, 

Unsuitable 

environment for 

ICT resources 

establishment 

2 Kumar and 

Krishnamoorthy  

(2020) 

Factors 

influencing 

Business 

Analytics (BA) 

adoption in 

organizations 

Technology 

assets and 

compatibility 

Top 

management 

support, 

organization data 

environment, 

data-driven 

organizational 

culture, and 

perceived cost 

Competitive 

pressure, 

industry type, 

and customer 

orientation 

pressure 

3 Toufaily,Zalan 

and Dhaou 

(2021) 

Blockchain 

adoption in the 

private and 

public sector 

and from the 

entrepreneur's 

perspective 

Immature 

technology, 

security, data 

privacy, cost of 

the technology, 

scalability and 

performance, 

interoperability, 

complexity, 

relation to 

cryptocurrencies 

Governance and 

leadership 

readiness, 

business model 

alignment and 

organizational 

readiness 

Regulatory 

uncertainty, 

network effects 

and inter-

organizational 

connectedness, 

and ecosystem 

readiness 

4 Al-Hujran et al. 

(2018) 

Main challenges 

facing the 

utilization of 

cloud 

computing in a 

developing 

country, Jordan 

Security, privacy 

concerns, trust, 

and compatibility 

Culture, top 

management 

support, and 

characteristics of 

CEOs 

Regulatory 

framework and 

SLAs contractual 

agreements 

Table 2: TOE factors of previous research 
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Additionally, this framework has also been used for studying various other technology adoption 

like for ICT adoption (Leung et al., 2015; Eze et al., 2019), for cloud computing adoption  

(Borgman et al., 2013; Makena and Kenyatta, 2013; Sulaiman and Magaireah, 2015), for e-

business adoption (Oliveira and Martins, 2010), for broadband mobile application adoption 

(Chiu, Chen and Chen, 2017), for open data innovation (Temiz, 2019), and for AI-powered 

industrial robots adoption (Pillai et al., 2021). In terms of its use in understanding renewable 

technology adoption, Dincbas, Ergeneli and Yigitbasioglu (2021) used the TOE framework to 

understand clean technology adoption in the mineral product industry in the region of Turkey. 

Thus, based on its proven usage across technology adoption studies, this research also uses the 

TOE framework for understanding the adoption of solar thermal technology.
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3. Methodology 

 

In this chapter, the methodology of the research is discussed across five subsections. It starts 

by discussing the research design, followed by data collection and data analysis. In the final 

two sections, the research quality and ethical considerations of this study are explained.  

 

3.1 Research Design 

In this research, the method of qualitative approach is used. As the research aims to understand 

the factors affecting adoption, using a qualitative approach facilitated understanding beliefs 

towards the technology adoption (Hammarberg, Kirkman and De Lacey, 2016). In management 

research, qualitative studies accommodate flexibility during the research (Bryman, 1984). The 

flexibility in qualitative studies allows determining new or undiscovered aspects of adopting 

solar thermal technology in food and chemical industries. The collected data was constantly re-

explored based on emerging topics to develop a theoretical understanding of the findings of 

inductive research. In inductive, the collected data is condensed into a brief format to establish 

a link between research and findings from the collected data (Thomas, 2006). In order to have 

a broader view on the topic of research, the research design considered for this study is a 

multiple case study (Mills, Durepos and Wiebe, 2013) with the cases as food industry and 

chemical industry. Having a multiple case study allowed to examine the outcomes of the food 

industry and chemical industry by identifying the conditions and environments that commonly 

or individually affect the cases (Bryman and Bell, 2015).   

3.2 Data Collection 

The data collected involves both the primary data and the secondary data. The primary data is 

collected from the interviews with 13 participants, where 7 participants are from 5 food 

companies and 6 participants are from 4 chemical companies within the MENA region. The 

secondary data is collected from the latest sustainability reports of the participants’ companies 

and official government press releases about renewable energy in the MENA region. 

3.2.1 Sampling  

The method of sampling used for this research is purposive sampling. The samples considered 

are purposively selected based on the knowledge or experience related to the research (Etikan, 

2016). Thus, the participants selected for this research are working professionals of higher 

management in food and chemical companies involved in roles like sustainable managers, 

procurement managers, operational heads and energy managers. These participants are selected 

because they are the key decision-makers in adopting technology in an organization (Makkonen 

and Johnston, 2014). Contacting these participants was done by sending emails to professionals 

and through digital networking services like LinkedIn. 

With the sampling being purposive in this research, the sample size was continued until the data 

saturation was reached (Guest, Bunce and Johnson, 1995). Data saturation in this research was 
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seen when the authors saw a decreasing input and nothing new was being added to the data 

(Marshall et al., 2013). In the food industry, saturation was observed at seven interviews and 

for the chemical industry at six interviews. As the participants were selected purposively, 

participants' similarities to the research area are considered to have brought saturation (Guest, 

Bunce and Johnson, 1995). 

3.2.2 Interview Data  

The primary data required for this research is collected by conducting semi-structured 

interviews  (Hammarberg, Kirkman and De Lacey, 2016). The semi-structured interviews are 

conducted to know about the participants' thoughts and beliefs on the topic (Bryman and Bell, 

2015). The collected data from the interviews are structured to have cross-case comparability 

(Bryman and Bell, 2015). The list of 13 interviews is found in Table 3, where the company's 

locations, participant number, participant's designation within the company, and each 

interview's time is mentioned. All the interviews were conducted between a period of 35 

minutes to 67 minutes. The participants from the chemical industry are coded as C (Interview 

number) and for the food industry as F (Interview number). Further, the 13 interviews were 

conducted through virtual video meetings and were recorded after seeking permission from the 

participants. The recordings are done to ensure not to miss out on any essential points. The 

recordings are transcribed after the interview using an online software tool, Otter. The 

transcribed recording was re-verified by going across the transcribed data simultaneously while 

hearing the recording. The interview questions were selected from the interview guide 

formulated before the interview (can be found in Appendix-1). The questions are a set of open-

ended questions that would help the interviewer guide through the interview, followed by 

follow-up questions based on their responses (Bryman and Bell, 2015). The interview guide is 

divided into three key sections, and the first section covers the questions about the basic 

introduction about the participant and the company's operations. The second section is about 

the renewable processes in the company, and the final section is regarding solar thermal 

technology adoption.  
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List of Interviews  

Interview Company Participant 
Number 

Participant's 
Designation 

Interview time 
(Min) 

1 A chemical 
company, United 

Arab Emirates 
(CC1) 

C1 Head of Process 
Engineer 

54:03 

2 A chemical 
company, Egypt 

(CC2) 

C2 Director of 
Sustainability 

35:47 

3 A chemical 
company, Egypt 

(CC2) 

C3 Plant Director 38:12 

4 A chemical 
company, Saudi 
Arabia (CC3) 

C4 Energy specialist 
(Sustainable 

technologies) 

39:13 

5 A chemical 
company, Saudi 
Arabia (CC3) 

C5 Sr. Manager industrial 
sustainability 

36:33 

6 A chemical 
company, United 

Arab Emirates 
(CC4) 

C6 Energy Manager 37:36 

7 A Food Company, 
United Arab 

Emirates,  (FC1) 

F1 Project Engineer 35:46 

8 A food production 
company, Saudi 
Arabia (FC2) 

F2 Plant Operations 
Manager 

38:45 

9 A food processing, 
Saudi Arabia (FC2) 

F3 Energy and automation 
manager 

36:00 

10 A food company, 
United Arab 

Emirates, Oman, 
Yemen (FC3) 

F4 Vice president, Group 
Technology 

67:35 

11 A food company, 
United Arab 

Emirates, Saudi 
Arabia (FC4) 

F5 Project Manager 40:12 

12 A food company, 
Saudi Arabia, (FC5) 

F6 Director of operations 46:13 

13 A food company, 
United Arab 

Emirates, Oman, 
Yemen (FC3) 

F7 Technology officer 58:37 

Table 3 : List of Interviews 
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3.3 Data Analysis 

The analysis method used for this study is thematic analysis as it enables flexible and 

informative analysis of data obtained from multiple interviews (Bryman and Bell, 2015). The 

data obtained from interviews is thematically analysed to find the exact relationship between 

the concepts in the literature review and the researchers' opinions (Ibrahim, 2012). The analysis 

is done by following the five steps of thematic analysis described by Castleberry and Nolan 

(2018): Compiling, Disassembling, Reassembling, Interpreting, and Concluding. 

Considering the five steps of thematic analysis (Castleberry and Nolen, 2018), data analysis 

from 13 participants in the food and chemical industry began by reading the transcribed 

interviews and coding them. The data from the transcribed interviews are coded by reading all 

essential and meaningful lines. The coding process was done separately for the food and 

chemical industry interviews with each author taking each industry. In the first iteration, the 

data from each interview was analysed separately, and the initial set of codes were generated. 

This set of codes were reiterated for each industry. After the reiteration, 182 codes from food 

industry data and 170 codes from the chemical industry were identified. After coding 

separately, the authors met together and then cross-referenced and combined the codes of both 

industries by performing reiterations to identify the similar and different codes. Based on 

reiteration, the codes were combined, and most of the codes were seen overlapping with each 

other. All the overlapped codes were combined, which resulted in the generation of 35 basic 

codes. After this, the formed codes were segregated and organized into nine categories. These 

nine categories were arranged to three predefined themes of technological, organizational and 

environmental factors based on the theoretical framework of TOE by Tornatzky and Fleischer 

(1990) in our research. In the technological factor, four categories are identified. In the theme 

of organizational factor, two categories are identified, and in environmental factor, three 

categories have been identified. The analysed data will help discuss the research by answering 

our research question and concluding this study (Vaismoradi, Turunen and Bondas, 2013).  

3.4 Research Quality 

In qualitative research, reliability and validity are the two factors that are considered important 

while establishing and judging the quality of the study (Patton, 2002). Bryman and Bell (2015) 

mentioned that four factors are needed to be considered in qualitative research to evaluate 

reliability and validity. They are credibility, transferability, dependability, and confirmability 

(Bryman and Bell, 2015). 

Credibility: It involves ensuring that research is done by good practice and the research 

findings are related to the field of the study (Bryman and Bell, 2015). According to Bryman 

and Bell (2015), credibility parallels the internal validity of the research.  In this research, the 

credibility of the data collected is ensured and verified by comparing it with the latest 

sustainable reports and official government websites, allowing us to attain data triangulation.  

Transferability: It refers to how the research findings can be transferred or used in another 

research on similar studies (Guba and Lincoln, 1982), and transferability is considered as 

paralleling external validity (Bryman and Bell, 2015). The transferability of this research study 

can be ensured as the researchers have mentioned a "thick description" of the methods used 
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(Guba and Lincoln, 1982). The description is presented through findings from data analysis of 

semi-structured interviews. The researchers also tabulated the total number of interviews 

conducted while also mentioning the participant's role in the company.  

Dependability: The dependability of the research, also referred to as paralleling reliability by 

Bryman and Bell (2015), is based on the stability of data collected and the trustworthiness of 

the research method (Guba, 1981). The precise description of how the data is collected and 

explaining the process of analysis allowed us to keep the research transparent, increasing its 

dependability. Also, as the data collected is from professionals only related to research 

representing the food and chemical industry, it is stable and reliable, further increasing the 

dependability of this research. 

Confirmability: Confirmability of the research, also referred to as paralleling objectivity, is 

seen to ensure that the data collected and the findings of a research are not manipulated by the  

researcher's own personal values and maintained objectivity (Bryman and Bell, 2015). The data 

collected from the participants are confirmed using data triangulation, where the interview data 

is cross-checked with the latest sustainability reports of the companies and official government 

press releases.  

3.5 Ethical Considerations 

The study is developed by a qualitative research method where the data is collected from the 

participants by having verbal discussions. To have a safe and feasible study, the researchers 

have maintained ethical principles. Based on the works of Bryman and Bell (2015), the 

researchers have maintained four ethical principles while having interview discussions with the 

participants. The principles held were:    

Harm to participants: In research, when the data is collected from various participants, 

confidentiality and anonymity arises, which involves legal issues and ethical considerations that 

might cause harm to participants (Bryman and Bell, 2015). In this research, the authors have 

maintained the confidentiality of the participant´s information by maintaining the anonymity of 

the participants' names and their company names. 

Lack of informed consent: The second ethical consideration is the principle of informed 

consent (Bryman and Bell, 2015). As all the interviews were carried out digitally, the 

researchers took permission from the participants to record the interview for only transcription 

purposes. The consent was taken before starting the interviews.   

Invasion of privacy: The third ethical consideration in research is maintaining the 

confidentiality of research participants (Bryman and Bell, 2015). While conducting interviews, 

the researchers informed the participants that their privacy would be kept and provided the 

freedom to avoid answering questions that were either causing discomfort or invading their 

privacy.    

Preventing deception: The fourth ethical consideration is preventing deception involvement 

by mentioning the true objective of the research to participants (Bryman and Bell, 2015). The 

authors have conveyed the true objective of this research while reaching out to participants 

requesting an interview and at the beginning of the interview to avoid deception. Adding, the 
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researchers also specified to the participants that the collected data would be solely used for 

academic research.   

3.6 Methodological Limitations 

The methodological approach in this research, though suitable, was observed to be affected by 

few limitations. Firstly, the participants being purposively selected made the process of 

identifying the right participant difficult. It also made the process of reaching the potential 

participants challenging with limited contacting channels (LinkedIn and email). Further, with 

the participants belonging to the higher management of companies, their busy schedules 

sometimes resulted in re-scheduling the meeting, increasing the difficulty due to the limited 

time available.  

With the lack of physical accessibility to the region of study, all the interviews were conducted 

online. However, few incidents of network instabilities and some participants not being native 

English speakers, the responses were not clear, requiring them to ask for further clarification 

on their responses. Adding the large amount of data collected through semi-structured 

interviews made the analysis hard and eventually required a longer time than expected. The 

interview data collected also involved technical aspects which required a critical understanding 

of the context before presenting the findings. 
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4. Empirical Analysis 

 

This section describes the analysis of the data that is collected from the interviews and the 

secondary data sources. The data analysed using thematic analysis, and key themes/categories 

related to the research are analysed. In the second sub-section, a detailed analysis of all 

categories with respect to factors of the TOE are presented. 

4.1 Data Coding 

In this part of the report, the empirical data obtained from the semi-structured interview has 

been presented. The gathered data has been analysed following the steps of thematic analysis 

defined by Castleberry and Nolen (2018). The analysed data has been presented in a set of 

tables illustrating the generation of codes from the quotes. Table 4, Table 5, Table 6 mentioned 

here are a small exemplary part of the complete coding. The entire cod ing is found in 

Appendix- 2. 

Technological Factors 

Category 1: Reliability 

Interview Quotes Codes 

F6 "Yes, Solar thermal can satisfy our energy needs, but 

to a certain limit, not completely as it cannot give 

continuous energy and our plants run 24X7."  

No continuous production 

C4 "The other thing where Solar thermal systems need to 

play a big role is also in the energy storage space." 

Lack of storage solution 

F5 "I want to choose it when I know the feasibility of 

working, and I need to have proof of 

technology……….. That's always important." 

Feasibility of product 

F7 "As a harsh environment…… the abrasive effect will 

come into the picture on the solar panels or reflective 

sheets." 

Climate conditions 

 

Category 2: Flexibility 

Interview Quotes Codes 

C1 "We see solar thermal systems can be suitable only 

for low temperatures and low-pressure areas." 

Suitable processes 

C2 "In our plant, we have a high-temperature 

requirement, at around 300-degree centigrade, it is 

hard to reach such temperature with solar systems in 

chemical."  

Not suitable at high 

temperatures in chemical 

industries 

F1 "It means integrating the plant means installation to 

the line, piping, routings, maintenance, and I need to 

have all the necessary controls to the whole plant." 

Complexity in integration 

C1 "We need the possibility of switching quickly and with 

not more efforts and risks." 

Operational switching 
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F2 "Controlling operations of a boiler with solar thermal 

is challenging task and an additional burden." 

Operational issues in food 

companies 

 

Category 3: Financial Attractiveness 

Interview Quotes Codes 

C4 "It needs to become cheaper, but the more you install 

it, the cheaper it will become." 

High cost 

F3 "If I invest 50 million to build a battery bank to make 

the storage and then three to four years, I have to 

reinvest 50 million, you know." 

Cost of a thermal storage 

battery 

C1 "The payback comes six years to five years for solar 

panels as of now. You could consider a similar pay-

back time." 

Payback period 

F7 "What if you then bought a new operation and 

maintenance costs? It was costing more to ship." 

Additional costs due to 

operational issues in food 

companies 

F3 "For these energy projects, especially for the PV's or 

Solar systems, we have a grace period to that, and we 

increase that up to 15 years." 

Different payback for energy 

projects in food companies 

C2 "So you build a solar thermal, and you get it running, 

then you have to spend all the money on the backup 

system." 

The cost associated with 

backup setting in chemical 

companies 

 

Category 4: Competitive Alternatives 

Interview Quotes Codes 

F4 “Electricity and petrol/diesel are so cheap, and I can 

use them for heating or power supply." 

High availability of fossil fuels 

and electricity for food 

companies 

C3 "One fuel that we are currently using is mostly natural 

gas, though it's not sustainable, it's still less on 

emissions and its easily available, also less expensive." 

Use of natural gas in chemical 

industries 

C4 "As a best practice, we recover some of our fuel from 

the plants, and we use them to fire our boilers. This will 

help us, you know, reduce our waste." 

Availability of by-products in 

chemical industries 

F2 "So, the point here is the solar panels, the technology 

is becoming even cheaper, and we simply install, and 

we can connect them with a grid." 

High availability of solar PV 

C1 "Cracking water into hydrogen and oxygen then you 

burn the hydrogen to create the energy that I think it'd 

be the key to widespread adoption of hydrogen." 

Use of hydrogen as a fuel in 

chemical industries 

Table 4: Categories in Technology factors 
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Organizational Factors 

Category 1: Management Support 

Interview Quotes Codes 

C5 "Our stakeholders are more concerned about 

emissions now, and they want to reduce the emissions 

and also have many preferences." 

Support from stakeholders 

F2 "We wanted to lead with proven technologies. We 

didn't want to make a fool of ourselves. So, we don't 

want the business of taking a risk. So, you know, that 

is a fine balance." 

Risk-taking factor 

C5 "All systems don't give you the same energy savings, 

and we want to go for a good option, they will give 

me high energy savings at a reasonable costs." 

Energy savings in the chemical 

company 

F3 “We have 2025 targets where we have to reduce our 

energy footprint or energy efficiency in other terms by 

20%.” 

Achieving sustainability targets 

 

Category 2: Organizational Resources 

Interview Quotes Codes 

C3 “These big panels usually need lots of space, and to 

meet the demand we need to install in large scale, we 

don’t have that much space here.” 

Available space for installation 

F6 “But another challenge that we have to addresses is 

sometimes the roofs are not resistant for the weight 

of collectors. So, we have to reinforce the roots and 

that’s very expensive.” 

Less possible application at the 

rooftop 

F2 “Yeah. So, it means two teams are required. One will 

maintain the boilers and other team they will 

maintain this plus integration.” 

Maintaining multiple teams at 

food company 

C5 “The lack of people in the company who know the 

technology, who have worked on it and know what to 

do when it’s not working.” 

Requirement of skilled labour 

Table 5: Categories of Organizational factors 

 

 

 

 

 

 

 

 



29 

 

Environmental Factors 

Category 1: Regulatory Environment 

Interview Quotes Codes 

F7 “Bring in the government grant, the budget, the green 

incentive schemes those all helps us in reduction of 

energy costs.” 

Incentives from government 

C4 “And we're also committed to the United Nations, 

and also the Kingdom of Saudi Arabia, by working 

with some of the Energy Efficiency Program.” 

Pre-set regulations by 

governments 

 

Category 2: Technology support providers 

Interview Quotes Codes 

F5 “So it is still very high, then maybe buying the heat will 

be much more beneficial compared to buying the 

system itself.” 

External energy suppliers 

C3 “Already our parties, who do the investment and sell 

the power to us, we made such agreements, we buy 

that power from them, provided at lower than the 

grid price.” 

Heat Purchase Agreements 

(HPA) 

F4 “If you're looking for international funding, the 

environmental and renewable is high on their agenda, 

they will get you extra cash.” 

External funders for food 

companies 

 

Category 3: Competitive Pressure 

Interview Quotes Codes 

F5 “In food industries, we have great competition among 

us, so to stay in the market, we need to have green 

energy with very less risk factors.” 

Renewable technologies to 

attain competitive advantage 

C5 “We export a lot, and climate ambitions of other 

countries will impact our materials exported to them.” 

Impact on sales  

Table 6: Categories of Environmental factors 

The coding structure, framing of categories and arranging them based on the theoretical 

framework TOE used in the research. Based on this data structuring, we have presented our 

data analysis in the next subsection. 

4.2 Analysis  

In this section, an analysis of the collected data will be explained thoroughly. The analysis 

consists of detailed descriptions of the data's outcomes by mentioning the key points of each 

factor. In describing the factors, the respective categories are explained in detail in the following 

section.  
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4.2.1 Technological Factors 

As per the obtained data, a total of 4 categories have been identified in the technological factors. 

These four categories are reliability, flexibility, financial attractiveness and competitive 

alternatives. These categories were analysed in detail and are presented in the following steps. 

Reliability: 

The first category that is analysed is reliability. Among all the participants interviewed from 

both the food and chemical industry, when asked about the main factor of consideration for 

adopting solar thermal technology, all the participants mentioned reliability. One of the main 

points that all the participants mentioned is about no continuous production from solar thermal 

systems, and the lack of solar energy available during the night makes it very unreliable.  

“Yes, Solar thermal can satisfy our energy needs, but to a certain limit not completely as it 

cannot give continuous energy and our plants run 24X7”-F6   

“I'm using let's suppose 10 Giga joule of energy and throughout a continuous time period of 

the production run and solar thermal systems can generate the energy only during daytime 

sunlight”-F3 

“It is that as it's designed today, it provides energy when the sun's out, and then when the sun 

sets, then the energy, there's no more energy. That's the problem” – C2 

“As you know, you can only generate energy from solar, the real half of the day, during the 

night or when there is cloud, you lose energy, and for us manufacturing is important. continuity 

is very important” – C6 

The participants here from both industries stress that solar energy is limited to only at day times. 

The participants in both industries mentioned that they have a continuous process in their 

operations and consume huge amounts of energy. These operations can’t be stopped as the 

operations run all time, and if any problem comes, it will bring up huge losses. The problem of 

stopping operations is a significant risk factor that participants consider affecting their 

continuity, making solar thermal systems highly non-reliable for both industries.  

The other main point mentioned by all the food and chemical industry participants is the need 

for a thermal storage solution.  

“I can only consume only when solar radiation is available, so which means, I have to buffer 

hot water off or Steam buffering, which means I need more storage tanks”- F1 

“So, another big obstacle is to store the solar energy from the day light to in order to consume 

that in the during the nighttime”-F5 

“The other thing where Solar thermal systems need to play a big role is also in the energy 

storage space”-C2 

“I think that the key to widespread adoption of solar thermal is going to be the ability to store 

the energy somehow to make it, you know, for the 12 hours that the sun isn't shining”– C4.  
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As mentioned by all the participants, the limited availability of the sun makes them lookout for 

possible solutions for storing this heat. However, participants at the current state mentioned that 

there are no proper solutions for storage in the current market that can hold or store that huge 

amount of energy for a longer time. Also, they mentioned that storing such a vast amount of 

energy requires significant space, which is hard to be available, eventually decreasing their 

reliability.  

The other main point mentioned by most of the participants is about the feasibility of the 

technology. One of the participants, F5 from food and one participant C1 from chemical, 

particularly mentioned that if they get proof of technology working on practical conditions, 

they could know the feasibility of the technology, thus increasing their reliability on the 

product.  

“I want to choose it when I know the feasibility of working , and I need to have proof of 

technology in the real-life not in the researchers proposed, not also one project in the country. 

It's really about the proof of the technology. That's always important.” -F5 

“I don’t know how it works over the long run, whether it will run well for next 25 years or even 

15 years. That's the key point for a feasibility study of this technology”- C1 

The participants mentioned that they wanted to know the feasibility during its operations, 

particularly during its long run. The participants mentioned that solar thermal systems could 

satisfy their temperature needs, but they are not sure about the feasibility of the systems, which 

is making them not rely on them. The participants feel that the product’s feasibility is known 

when it has been tested or can be tested to understand the technology. The participant (C4) 

particularly said that pilot studies help increase the reliability if the product is new but only if 

installing it wouldn’t bring any problems to their production.  

The other point of reliability mentioned by the participants from food and chemical was 

concerning the climate conditions in the MENA region. 

“As a harsh environment. Saudi Arabia is slightly sorer because of the extreme dryness. You 

know, the abrasive effect will come into the picture on the solar panels or reflective sheets, but 

in UAE the effect is less as it is more humid and less sore you don't really have a problem with 

the technology”-F7 

“Sandstorms will affect the solar collector particularly the top surface where lots of particles, 

especially sand will be accumulated and that is needed to be cleaned, which is an extra effort 

to us again”- C4 

The participants here try to mention that the reliability of this technology, particularly in the 

MENA region, can also be affected by the harsh weather. In the region, particularly the United 

Arab Emirates (UAE) and Saudi Arabia, participants mentioned that there would be frequent 

sandstorms and the weather is very dry, decreasing solar thermal systems efficiency. This harsh 

weather eventually affects the participants thinking on how reliable we can be on this. Adding 

to this, one of the chemical (C5) participants also said that the exhaust coming out of the cooling 
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towers in the chemical industry could also affect solar thermal technology by blocking them 

and decreasing their efficiency.  

To summarize, reliability was seen as an important factor by participants from both food and 

chemical. All the participants mainly mention the lack of continuous supply of energy from 

solar is affecting its reliability. The lack of proper storage solutions and the low proof of 

technology in working conditions for knowing solar thermal technology’s feasibility is also 

considered one of the points affecting the reliability of solar thermal technology in both 

industries. Particularly in terms of the MENA region, participants from both industries also 

mentioned the harsh climatic conditions would also reduce its reliability. 

Flexibility   

The solar thermal technology application's flexibility is among the other main factors that all 

the participants highlighted. Firstly, discussing the flexibility of solar thermal systems, most of 

the participants mentioned the flexible temperature ranges of their process, where solar thermal 

systems can operate:  

“Some of the lower and medium temperature needs can be satisfied by using solar thermal 

technology in my company”- F5 

“We see solar thermal systems can be suitable in only for at low temperatures and low-pressure 

areas” - C1 

Both the food and chemical industry participants mentioned that this technology is more 

feasible and flexible when considering the low temperatures requirements. Especially in the 

food industry, the participants find that this technology is more suitable and can meet their low 

energy demand. On the other hand, particularly the chemical industry participants mentioned 

high-temperature requirements in their operations and considered them hard to meet while 

using solar thermal systems. 

“In our plant, we have a high-temperature requirement, at around 300-degree centigrade, it is 

hard to reach such temperature with solar.” – C2 

“In chemical, mostly all processes are at high temperature, we do have few low temperatures 

like boiler feedwater, but that too very less requirement.”- C6 

The participants here mention that in the chemical industry, the heat required is mostly at high 

temperatures. Though there are low-temperature applications, there is only a limited application 

within the industry. Participants mentioned that meeting high temperatures is tough and using 

solar thermal technology is unsuitable for all processes.    

Another important aspect of flexibility of the technology raised by  most of the food and 

chemical industry participants was the complexity in integrating solar thermal technology into 

their existing operations.  

“It means integrating the plant means installation to the line, piping, routings, maintenance 

and I need to have all the necessary controls to the whole plant.”-F1  
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“Solar collectors installation requires infrastructure requirement, lines, piping, you know, 

layout and then we will convert solar energy into hot water, these you see were all lots of 

installations.”-F7 

“We considered to see the feasibility of integrating solar thermal systems to the steam cracker, 

but it was too risky.”- C1 

“Heat from solar is low in pressure and temperature and integrating it to main systems, and 

any fluctuations can cause huge damage”- C4 

As mentioned above, the participants from both industries saw that solar thermal systems are 

not flexible in terms of integration. The participants from the food industry particularly 

mentioned about cost and effort associated with the integration. The participants mentioned that 

the infrastructure requirement and maintenance issues required to install and integrate the solar 

thermal systems into their existing systems involve much work. One participant (F3) also 

mentioned that if solar thermal systems are available in modular sizes and less complexity, they 

can quickly adapt them to their existing plant by not making any changes. 

On the other hand, the participants from the chemical industry mentioned that the integration is 

even harder due to the variation in temperature and pressure requirements. The high 

temperature and pressure difference between the system and that of the energy from the solar 

thermal technology make integration very hard and risky. However, one of the participants (C6) 

mentioned that a possible solution in the chemical industry is not to integrate directly into the 

system but maybe to some other source, which could be explored.  

The other key point regarding flexibility in technology is operational switching between boilers 

and solar thermal systems. The participants from both food and chemical industries mentioned 

that: 

“So, you're relying on your solar during the day and boilers for the night, and you are in 

control, rather than switching on based on supply during operations, it then becomes very 

complicated, So, you really got to be careful if you're switching between supplies” -F4 

“So, during the daytime, we will switch off the boiler, and during the night-time, we will switch 

on again, it will cause wear and tear to the boilers”-F3  

“So as a compliment, you have these substitute on your own in the day or afternoon, and in the 

evening you should switch to other conventional fuels you have”- C2 

“We need the possibility of switching quickly and with not more efforts and risks”- C1 

The participants responded that switching between supplies is required, but it is risky in terms 

of plant safety. Especially from the participants F3 and F5 mentioned that switching between 

the boiler and solar thermal systems might also result in creating wear and tear of the existing 

boilers, which results in reducing the machine efficiency. Apart from this, all the participants 

mentioned that operational switching causes energy losses, particularly during switching times, 

making switching non-attractive. 
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The other key point mentioned by 5 participants from the food industry is the operational issues 

that might arise after introducing or integrating solar thermal systems into the plant.  

“We have a boiler, sometimes we will ramp down the boiler, then we can accelerate the boiler, 

and we can use that boiler, in a very variable mode can meet our load demands, but in solar 

thermal systems we can’t do that and integrating with boilers is tough”-F6 

“Old factories are not designed to run on solar because they are currently running on old boiler 

systems and controlling operations of a boiler with solar thermal is challenging task and an 

additional burden”-F2 

The participants mentioned that their existing plants in food were running in operations f or a 

long time and with conventional boiler systems. The boiler systems in the plant are old, and 

these systems, when integrated with solar thermal systems, many operational challenges might 

arise, which might burden the functional teams. Then the overall operating efficiency of the 

existing systems will also be affected.  

To summarize, the food and chemical industry participants saw the flexibility of the technology 

as a factor affecting the adoption. Participants from both the industry mention its flexibility for 

only low and medium temperatures applications. The flexibility of the technology in the 

chemical industry mentioned by participants is comparatively less as they see it as hard to 

achieve high temperatures by using solar thermal technology. However, participants from both 

industries mentioned that the complexity in integrations of solar thermal technology affects its 

flexibility. Additionally, the participants from the food industry see flexibility in integration in 

the case of modular solar thermal design. Participants from both the industry also mentioned 

flexibility in switching, but participants from the food industry mentioned low flexibility in 

switching due to various production-specific issues. 

Financial Attractiveness   

Among the data obtained from the participants, one of the most important and the aspect that 

all the participants mentioned was the financial attractiveness of solar thermal technology. All 

the participants said that solar thermal technology is not financially attractive mainly due to its 

high cost.  

“Solar thermal is green energy, but technology is still very expensive. This is another obstacle 

to adopt this technology” -F7 

 “Solar thermal may be the next step or the solution to take, but to apply to market, you need 

to have a saturation you know, and is still to date expensive”-F1 

“Solar thermal is still expensive for us, and it has to be widely adopted to reduce the price”- 

C6 

“It needs to become cheaper, but the more you install it, the cheaper it will become”- C4 

The participants mainly responded that solar thermal systems are still not completely applied 

to market applications in a wide range and the costs were still expensive. They mentioned that 

solar thermal systems must be widely used and be made suitable for various industrial 
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applications. The participants mentioned that the technology would become cheaper in the 

market over the years, enabling them to adapt it to their companies. 

Another aspect mentioned by the participants about the financial attractiveness of the solar 

thermal technology was the cost of thermal storage battery required.  

“That for instance, if I invest 50 million to build a battery bank to make the storage and then 

three to four years, I have to reinvest 50 million you know, So, that is not a very good not very 

attractive thing”-F3 

“And there's a cost to that battery. Right. Yeah. So, I mean, we would run everything off solar 

and wind right now, if we had amazing, inexpensive battery technology.”- C4 

Participants from both the food and chemical companies mentioned that the high cost of the 

battery also makes this financially less attractive. Both industries continuously require energy, 

and to meet the demand, they need to store a lot of energy if they go with solar thermal systems. 

The participants mentioned that there are no proper solar thermal storage solutions, and those 

available are very expensive, making the solar thermal system very high on cost.  

Most of the participants, particularly from the food industry, mentioned additional costs due to 

operational issues. These issues are related to the installation, adaptation, and maintenance of 

solar thermal systems. The participants mainly mentioned that many cost factors are considered 

while buying energy systems for running operational plants. 

“I'm adapting to solar, something adaptation is an expensive program  and all additional 

fittings, operational handlings are expensive”- F1 

“What if you then bought a new operation and maintenance costs, it was costing more to ship”-

F7 

“You need to maintain them you need to you need to clean the panels once a month, check all 

the pipe fittings, integration points all these were, lot of maintenance costs, right?”-F5 

The participants mainly responded that the additional costs during the installation of solar 

thermal systems and adaptation would be expensive. The other point was the maintenance costs 

of the solar thermal systems as the systems were placed at open places, and the other 

maintenance related to operations will act as additional costs. One participant, F3, responded 

that investing, operating, and maintaining a thermal storage battery is highly costlier, making 

solar thermal systems adoption a bit tougher. 

Another important factor affecting solar thermal's financial attractiveness, especially in the 

chemical industry, was the cost of setting up a backup supply.  

“And if they can't do that, then you have to put the capital, you know, so you bu ild a solar 

thermal, and you get it running, then you have to spend all the money on the backup system”- 

C2 



36 

 

“The capital costs of having duplicate systems from wind, solar thermal that isn't available, or 

until we can develop cost-effective, heat storage so that I can make it run 24by7 because that 

is the key we can shut the plant” – C6 

“I would say suppose already established system if they invest in solar for them it maybe 

beneficial, but it is for the first time then you need to put money both solar and back up”- C1 

Because of the non-availability of proper storage solutions, the chemical industry participants 

mentioned that the backup cost would add up. As mentioned by participant C1, the cost 

associated with the backup becomes comparatively less when the solar thermal technology is 

being considered for the already existing plant as they already have the backup. However, the 

participant also mentioned that if solar is installed at a new plant, it becomes high on cost. They 

need to spend both on solar thermal systems and the backup supply, making them not consider 

solar thermal technology.  

Another important aspect mentioned by most participants in both the food and chemical 

industry regarding financial attractiveness was the payback period. The respondents have 

mentioned that fewer payback periods are highly encouraged by companies to adopt any new 

technology or product.  

“If I am investing 1 million dollars for example, and can I get my investment back in less than 

three years or four years? That's an optimal payback period” -F1 

“The average payback period that I expect is between 3-4 years, not more than that. If it is 

more, then I need to rethink about the installation”- F5 

“The payback comes six years to five years for solar panels as of now. You could consider a 

similar payback time”- C1 

As per the above statements, the payback period that companies in food expect for adopting a 

new product is between 3-5 years. One of the respondents from food company F5 also 

mentioned that longer payback periods would become a financial burden for them, affecting 

their other projects. On the other side, all the participants mentioned that payback is an 

important aspect of the chemical industry. Usually, it varies around 5-6 years for solar PV and 

would be considered the same for solar thermal technology. However, adding to this in the food 

industry, two participants F4 and F3, mentioned that they have different payback periods 

considered by their management for energy projects. 

“Depending on finances are at a balance then you start talking 10 years payback or 11 years 

for solar or renewable projects, we have considered the around this for our previous projects.”-

F4 

“For these energy projects, especially for the PV’s or Solar systems , we have a grace period 

to that, and we increase that up to 15 years.”-F3  

Participants F4 and F3 have mentioned that they have set more payback periods for energy-

related projects based on their previous experiences. The respondents also mentioned that the 
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variable payback periods are completely based on the project’s feasibility and the company’s 

financial capacity.   

To summarize, both the food and chemical industry participants consider the financial 

attractiveness of the solar thermal technology low. The participants from both industries see the 

high initial cost and cost of solar battery as mainly affecting the adoption. Apart from this, the 

participants from the food industry particularly mentioned the additional costs for installations. 

While the chemical industry participants mainly mention the cost of running backup as further 

affecting the financial attractiveness. In terms of the payback period, participants from the 

chemical industry consider 5-6 years of payback. However, the participants from the food 

industry mentioned 3-5 years and few participants from the food mentioned 11-15 years as a 

payback period for special projects. 

Competitive alternatives  

Participants from both the industry when asked about the factors that could affect the solar 

thermal systems mentioned the availability or existence of other competitive alternative sources 

in the market as another important factor. The competitive alternatives are different in both the 

food and chemical industry sectors.  

The participants from the food companies mentioned the availability of fossil fuels and 

electricity as an important competitive alternative.  

“It was very clear that, you know, the great technologies are your pocket killing, you couldn't 

afford that, because electricity is so cheap, and I can use it for heating or power supply”-F4 

“if you look at this, you know, Middle East, the GCC countries, energy prices are very less. 

Okay. For instance, if I compare, like, today with our industrial electricity price is 0.04$ per 

unit and petrol or diesel which is around 0.5$ per liter, which is very cheap”-F2 

“on top, for KSA and Oman, we didn't even really look at concentrated solar because again, it 

technology was just too expensive. Or let's put it another way, the cost of electricity  and petrol 

was just too cheap”- F7 

The participants mentioned that the alternative fuel sources are cheaper due to the availability 

of fuel resources in the MENA region. They also mentioned that cheaper electricity rates are 

also factors that affect the adoption of solar thermal systems. As the fuel price rates were 

cheaper, one of the participants from the food  (F6) mentioned that when solar thermal systems' 

energy cost is the same as their existing fossil fuel rates, their company can consider adopting 

the technology. 

In the chemical industry, all 5 participants stated that the current heat requirement is met using 

natural gas and by recovering some of the fuel in the form of a by-product. 

“So, we use natural gas as fuel. Also, as a best practice, we recover some of our fuel from the 

plants, and we use them to fire our boilers. This will help us, you know, reduce our waste, and 

also reduce the impact of natural gas, which is a very valuable resource.” -C4  
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“One fuel that we are currently using is mostly natural gas, though its not sustainable, it’s still 

less on emissions and its easily available, also less expensive”- C3 

“Here, we see calorific values. So, we see availability, price. For example, here we use natural 

gas. natural gas is available at a much lower price”- C5 

The participants mentioned that an important competitive alternative within the chemical 

industry is the availability of natural gas. Natural gas is used to gain high temperatures. Natural 

gas availability at a much lower price makes it very attractive not to consider solar thermal 

systems. Also, specific to the chemical industry, the by-product generated by other processes 

are used to meet the energy demand within the industry. The participants from the chemical 

companies also mentioned that other methods of heat recovery from their existing processes 

together make the requirement of solar thermal less important.  

The other point that was mentioned by all of the participants is the high availability of solar PV 

systems. The participants mainly mentioned that solar PV is a matured system when compared 

to solar thermal systems.  

“So, the point here is the solar panels, the technology is becoming even cheaper and we simply 

install, and we can connect them with a grid”- F2 

“I'm talking PV here, you know, the tier one panels absolutely fine . I mean, they guarantees, 

and can actually operate in this environment and in the current state for 20 years”-F7 

“In comparison the solar thermal is much costly than natural gas. But in electricity we mainly 

concentrate on solar PV as its much less costly and also reduces emissions much more, almost 

close to zero maybe as its from sun”- C4 

“In solar thermal the storage is not reliable, is limited to what, maybe 6 hours or 7 hours to 

max, here is where solar PV comes in, its more commercialized and the battery storage are 

much more efficient”- C2 

Participants here consider, when it comes to using solar technologies for heating, most of them 

see solar PV as the best possible application. It provides the flexibility of connecting to the grid , 

directly reducing the risk. They mentioned that the PVs are highly matured in the market and 

can highly be highly flexible and reliable for longer runs. One of the participants from the food 

industry (F3) also mentioned that PVs are their green energy resources, and they are operating 

around 20 large PV farms, which satisfies their company’s green energy goals and reduces their 

operational costs. As mentioned by the participants, proven storage solutions for solar PV also 

make it much more attractive than solar thermal systems.  

In the chemical industry, in the competitive alternative factor, two participants also mentioned 

that by-product hydrogen could also become an important source in meeting the energy demand 

within the industries in the future.  

“Cracking water into hydrogen and oxygen then you burn the hydrogen to create the energy 

that I think it'd be the key to widespread adoption of hydrogen”- C2 
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“Hydrogen, We are so close to understand whether it will make sense to put, to include it in 

our matrix” – C1 

Participants C2 and C1 consider that hydrogen might become a competitive source in the 

chemical industry as in house steam crackers generate hydrogen. With inhouse generation, 

hydrogen becomes a much cheaper alternative and solar thermal less attractive. As stated in  one 

of the sustainable reports of company CC3, the company is also collaborating with other two 

major chemical companies to considering using electric steam crackers to generate green 

hydrogen from the power generated by solar PV, making the entire process carbon neutral. 

However, one of the participants, C4, wasn’t confident about this mentioning the reasons being 

various safety constraints.   

To summarize the competitive alternatives, the participants from the food industry mentioned 

the cheaper fossil fuel rates and cheaper electricity. However, in the chemical industry, the 

competitive alternatives are natural gas and by-products from other products. Particularly, 

participants from the chemical industry see the availability of by-products such as hydrogen 

mainly affecting the adoption of solar thermal technology. Also, in terms of competitive 

renewable alternatives, both the food and chemical industry participants mention solar PV is 

cheap and mature compared to solar thermal technology.  

4.2.2 Organizational Factors 

As per the obtained data, a total of 2 categories have been identified in the organizational 

factors. These two categories are management support and organizational resources. These 

categories were analysed in detail and were presented in the following steps. The first section 

that was analysed is management support. 

Management Support  

Regarding the organizational factors affecting the adoption, many food and chemical industries 

participants discussed management support in adopting solar thermal technology. The 

participants mentioned that a significant aspect of management support comes from the 

stakeholders. They act as one of the main reasons to adopt renewable technologies in their 

companies.  

“Our stakeholders are more concerned about emissions now, and they want to reduce the 

emissions and also have many preferences” -C5  

“Stakeholders will say, they want to see the company looking at other aspects such as 

renewable energies that align with the current global policies”-F7 

The participants mentioned that the stakeholders in both industries mainly concentrate on 

reducing the company's emissions and becoming sustainable in operations. However, 

discussing the view of shareholders and stakeholders, one of the participants  (F4) mentioned 

that:   

“The stake holders and shareholders have a different say, shareholders will say if we get less 

value because of renewable we will pull off, we take the money and put it somewhere else. Yes. 
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So it's all fine. On the other hand, that stakeholders will say, Well, if you're not looking at 

renewable technologies, we can take the money and we're going to go somewhere else”-F4 

The participant here shares that while considering the support from stakeholders, sometimes 

there might be a different view of shareholders and stakeholders in adopting renewable energy 

technologies that make the management not supportive.  

The other main point raised while talking about management support by most participants is 

the risk-taking factor in adopting unknown technologies. Most participants mentioned that their 

companies have less knowledge about solar thermal technology, and their management is not 

interested in adopting unknown technologies or non-popular technologies. In this 2 of the 

participants mentioned that   

“We are not much interested in pilot projects, and especially we try to select the most suitable 

technology the most widely available, a commercialized product.”- C4 

“We wanted to lead with proven technologies. We didn't want to make a fool of ourselves. So, 

we don’t want the business of taking risk. So, you know, that is a fine balance.”-F2 

Expanding the above response, the participants from both food and chemical share that the 

management is more supportive when selecting a generally commercially available and popular 

product in the market. The participants also mentioned that managements are also much 

interested in technology when they see it as already proven. The other main point mentioned 

by 2 participants C4 and C5, is that their management supports the adoption of technology like 

solar thermal when they see the energy savings to the company.  

“We also consider what savings we could get; all systems don’t give you the same energy 

savings, we want to go for a good option, they will give me high energy savings at a reasonable 

costs.”- C5  

Another important point discussed by all the participants from both the food and chemical 

industries is that achieving the sustainability targets also increases the management support to 

adopt renewable energy sources.  

“We have 2025 targets where we have to reduce our energy footprint or energy efficiency in 

other terms by 20%.”-F3  

“The company is currently concentrating on reducing the scope 2 emissions and the company 

has set new targets to install 4GW of renewable energy by 2025 and 12GW by 2030.” – C4  

The participants mentioned that the companies have specific sustainable goals, and the 

management is more supportive of adopting renewable energy source for achieving sustainable 

goals. One of the participants from food company FC2 mentioned that their company wants to 

achieve 20% of energy from clean energy sources by 2025, and it was also mentioned in their 

sustainability report 2020. Similarly, another participant from the chemical company C4 from 

CC3 also mentioned that they have certain sustainable goals, and they want to reduce their 

scope two emissions which are also mentioned in the sustainable report 2019. As per the 

participants' responses and sustainability reports, the food and chemical companies are more 
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motivated in adopting renewable energies to achieve sustainability and reduce carbon 

emissions. 

To summarize, participants from both industries mention the stakeholders being one of the main 

drivers for management support. The food and chemical industry participants also mentioned 

the management's considerations towards less/unknown technologies. The participant’s from 

both industries also mentioned that the existing sustainable goals are also promoting 

management support. However, participants from the chemical industry also mention that 

energy-saving also provides management support for technologies like solar thermal in the 

chemical industry.  

Organizational Resources: 

When the interviews were coded and codes being categorized, it was observed that most of the 

participants had stressed mainly the factor of organizational resources that would affect the 

adoption of solar thermal technology. A major organizational resource that all the participants 

mentioned is the available space for installation. In both industries, participants mentioned that 

the availability of land was one of the issues to install solar thermal systems. The lack of land 

availability was mentioned by 6 participants from the chemical industry and 4 participants from 

the food industry. The participant's responses regarding land availability involve:  

“I have a plan in that 10 hectare of land, and then I need 50 hectares only for the panel or the 

collectors or everything, then it is not really feasible, right?.”- F5 

“like I said that it need to be very close to that specific facility and there are often constraints 

in that sense because usually when you have one petrochemical site, there are other complexes 

around it, and its challenging to find space.” - C5 

“These big panels usually need lots of space and to  meet the demand we need to install in large 

scale, we don’t have that much space here.”- C3 

Based on the participants' above responses, allocating the land for installing the solar thermal 

systems was seen as a big issue. The participants also mentioned that the solar thermal systems 

are needed to be close to the plant, which added further constraints regarding the available land. 

Expanding on this, one of the participants (C5) mentioned that the requirement of solar thermal 

systems being close to the source is due to the inefficiency in the transportation of steam over 

a long distance. It would result in many losses, eventually making it not feasible.  

On the other hand, two of the participants from the chemical industry C4 and C5 and one from 

food industry F6 have mentioned the less possible application at the rooftop in the plants. 

“But another challenge that we have to addresses is sometimes the roofs are not resistant for 

the weight of collectors. So we have to reinforce the roots and that's very expensive.”- F6 

“Solar, for instance, rooftop, you need to place the panels or collectors of the roof, the roof 

needs to be stable.”- C4 

The participants mentioned that it is practically impossible as both the cost and effort for rooftop 

installation are much higher, making it less attractive. They also mentioned the stability of their 
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plant roofs, which could not handle solar thermal systems. Especially in the chemical industry, 

the participant mentioned that it is practically impossible to place solar thermal systems on the 

roof due to fewer roof spaces.  

In the category of resources, 4 participants from food and 3 participants from the chemical 

industry have mentioned that skilled labour for operating solar thermal systems is also  an 

important resource. The participants' responses from both industries are  

“We people are experienced over steam and boilers over hundreds or hundreds of years and 

are comfortable, but coming to solar thermal we need training for operating.”-F1 

“Another important aspect is, the lack of people in the company who know the technology, who 

have worked on it and know what to do when it’s not working?  (that’s….), I might also need to 

spend some cost in getting those.”- C5    

The participants from the chemical company here mentioned that the lack of skilled labour 

regarding the technology makes the company consider additional cost and effort to train its 

human resources about the technology and its operations. The food industry participants also 

mentioned that skilled labour available in their companies could maintain their existing energy 

source systems over the years. Still, when it comes to maintaining and operating solar thermal 

systems, they expect a new team or even training for their existing teams.   

The participants from the food industry also mentioned maintaining multiple teams for 

operating solar thermal systems.  

“So, boilers are normally installed in our existing utility buildings and solar systems at outside 

plants. Yeah. So it means two teams are required. One will maintain the boilers and other team 

they will maintain this plus integration.”-F2 

“Who will maintain these systems, definitely not my teams, I need another set of people for this 

to run, maintain, it’s all additional.”-F5  

The participant mentioned that in terms of handling the solar thermal systems and the additional 

integration, the maintenance of multiple teams acts as a burden to the companies. The 

participant mentions that their existing plant operational teams are unable to operate for solar 

thermal systems and need to hire additional teams. 

To summarize, participants from both the food and chemical industry mention lack of available 

land, lack of proper rooftop spaces and the requirement to be close to the facility to avoid 

transportation losses, mainly affecting the adoption. Also, the participants mentioned the lack 

of skilled labour in both the industries and the possibility of requiring additional teams, 

specifically in the food industry, raising the requirement for resources for adopting solar 

thermal technology. 

4.2.3 Environment Factors 

As per the obtained data, a total of 3 categories have been identified in the environmental factor. 

These three categories are regulatory environment, technology support providers and 
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competitive pressure. These categories were analysed in detail and are presented next. The first 

section that was analysed is the regulatory environment. 

Regulatory environment 

When the participants were asked about the external factors affecting the adoption of solar 

thermal systems, all the participants responded with the regulatory environment issues. In this 

factor, getting incentives from the government is one of the main points mentioned by most 

participants from the food and chemical industries. The responses regarding incentives are:   

“For example, the government giving incentive, and then the top and the top leader saying, 

well, this is nice and beneficial for us and then lets do it”- F5 

“Bring in the government grant, the budget, the green incentive schemes those all helps us in 

reduction of energy costs”-F7 

“Another motivating factor is government incentives. So, basically governments are 

encouraging companies, if we do this for example, you get tax exemption or if you do this you 

get this and so many things”- C4 

The participants mainly mentioned that incentives from the government would help them more 

in adopting renewable energy systems. One of the points mentioned by a participant from 

chemical C4 said that the government incentives in the form of tax reduction would help the 

companies reduce their costs. However, one of the participants (C3) mentioned that the 

government incentives in Egypt are presently for solar PV systems, and they have no idea 

regarding the incentive schemes to solar thermal systems. Also, when cross-checking the data, 

the ministry of electricity and renewable energy showed that the government of Egypt was more 

interested in renewable electricity and had various incentives promoting its adoption but not 

much on solar thermal.  

The other regulatory environment point mentioned by the participants is having pre-set 

regulations at different countries in the MENA region. Most of the food and chemical industries 

participants mentioned that their governments have some pre-set regulations in their region. 

“The UAE, they were ahead of the game, they had the legislation, the standards, the guidelines 

are really clear in terms of benefits to renewables”-F4  

“And we're also committed to the United Nations, and also the Kingdom of Saudi Arabia, by 

working with some of the Energy Efficiency Program, which is responsible for benchmarking 

and checking every manufacturer compliance to global energy usage”-C4 

The participants mentioned that there were set guidelines and targets for adopting renewable 

energy sources in countries like UAE and Saudi Arabia. The companies in those regions were 

trying to achieve those goals. While cross-checking the data, in International Trade 

Administration website mentioned that UAE had announced a target of achieving 44% of 

renewable energy production by 2050 (International Trade Administration, 2020). The target 

goals set by Saudi Arabia is to achieve 30% of energy generation from renewable sources by 

2030 in their country (IRENA, 2019). 
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To summarize, participants from both the industry mention that incentives from governments 

can positively promote the adoption of solar thermal technology. Both the participants from the 

food and chemical industry highlight the presence of incentives for solar PV but not for solar 

thermal. Also, pre-set rules by various governments mentioned by participants are also 

increasing the interest in solar thermal technology. 

Technology support providers 

The other most important category that the participants discussed in environmental factors are 

technology support providers. In this factor, most of the food and chemical industries' 

participants have mentioned the factor of purchasing energy from external energy suppliers.     

“We mostly go for energy purchase rather than investing, biggest companies, usually go for 

not involving capex, going for heat purchase agreement”- C3 

“So it is still very high, then maybe the buying the heat will be much more beneficial compared 

to buying the system itself”- F5 

The participants mainly mentioned that purchasing energy from external sources is better than 

purchasing the entire solar thermal system for the company. The presence of technology support 

providers for energy purchase could help them reduce the capital investment on solar thermal 

systems, and this purchase of energy from the external parties is known as Heat Purchase 

Agreement (HPA).  

The other point concerning technology support providers mentioned by the chemical industry 

participants concerns the risk associated with Heat Purchase Agreement.  

“Already our parties, who do the investment and sell the power to us, we made such 

agreements, we buy that power from them, provided at lower than the grid price.”- C3 

“When we go for contracts, we do have risk as the price becomes low on the long run, hence 

the price has to be very much less, at least at the start”- C6 

The participants mentioned that while considering buying the energy, it is important to consider 

the risk associated with the price. With purchase agreements being long, the price of that energy 

might become low than that of the price being bought after few years. Indicating that, while 

buying energy, it is important that the energy cost is far less than the market price, and only 

then chemical companies would be interested in buying such energy.   

Two participants F3 and F4 from the food industry particularly mentioned the presence of 

external funders to purchase renewable energy systems. One participant (F4) mentioned that 

external funding support from international organizations, particularly for buying renewable 

energy solutions, is high. This external funding could help them buy solar thermal systems or 

new renewable energy systems (F4).  

“If you're looking for international funding, the environmental and renewable is high on their 

agenda, they will get you extra cash.”-F4 
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“This is a in our roadmap, we are working with some of the companies and who are actually, 

you know, giving us this solar thermal technology and pay like as pilot project 

implementation.”-F3 

Participant F3 mentioned that external funding for solar thermal technology is currently in their 

company’s plan. The company was planning to start a pilot project for some of its small 

operational units.  

To summarize, the food and chemical industry participants mention that technology support 

providers could increase the adoption of solar thermal technology. Participants from both 

industries mention that buying the energy is much feasible as it reduces their risk. However, 

participants from the chemical industry particularly mention that it is required that the energy 

price is less than the market price. Similarly, the participants from the food industry particularly 

mention the presence of external funders that share the initial investment cost could help adopt 

solar thermal technology. 

Competitive pressure 

In the environmental context, when the participants were asked about using renewable 

technologies, most participants mentioned competitive pressure. This was also seen as an 

important aspect driving their choice of adopting solar thermal technology  in both food and 

chemical industries. The participants mentioned that: 

“In food industries, we have great competition among us, so to stay in the market, we need to 

have green energy but with very less risk factors”- F5  

“Especially in the Fast Moving Consumer Goods (FMCG) side, in the foresight, we want to 

have green energy to be competitive but not at a risk of buying an unknown technology”-F3 

“You see a lot of focus and a lot of push towards science-based targets, climate neutrality, 

kinds of approaches. And that is also something that is impacting our industry, those are 

questions that are coming from our customers, our peers acting on that, also our investors”- 

C4 

The participants here mention that competition in the industry is also causing them to consider 

renewable technologies like solar thermal systems. Though they may see that using renewable 

technology as a competitive advantage, they would refrain from buying an unknown technology 

as it might risk their business. The participants also mentioned that being a global company not 

acting on emission reductions tarnishes their image. Thus, requiring companies to adopt 

renewables also to be competitive.  

Adding to this, when asked about competitive pressure from other companies specific to the 

region of MENA, one participant from food and one participant from chemical mentioned that:  

“In this region, I don’t think there is much competition for reducing emissions, it can be 

advantage to increase sales but not sure by how much”- F7 
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“We're the fourth largest petrochemical company globally but Kingdom of Saudi Arabia is not 

our biggest market. We export a lot, and climate ambitions of other countries will impact our 

materials exported to them”- C5 

The participants here mentioned that in terms of the region they operate, the competition is 

comparatively low. Still, global companies not adapting to renewable technologies will affect 

their sales in other parts of the world where this is more prominent. The participants mainly 

responded that as they are MNC’s and operating in multiple nations, their competitors in other 

nations are producing green products. To compete, they must also do something similar, 

considering adopting renewable technologies like solar thermal technology. 

To summarize, competitive pressure, as mentioned by participants, is also driving the interest 

in solar thermal technology. Participants from both industries mention using solar thermal 

technology could prove a competitive advantage. Also, the global competition promotes the use 

of renewable technologies like solar thermal but only if it is safe to use. 

4.2.4 Summary of TOE Factors 

To summarize all the three factors of TOE, the following Table 7 has been formulated. In this 

table, the aspects commonly affecting both the food and chemical industry, the aspects affecting 

the food industry and the aspects affecting only the chemical industry among the nine identified 

factors are tabulated.  
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TOE Factors  
Common in both food and 

chemical industry 

Only food 

industry  

Only 

chemical 

industry  

Technological 

Factors  

Reliability  

No continuous production of 

energy  

None  None  

Lack of proper thermal 

storage solutions  

Lack of proper feasibility of 

product  

Affect due to climatic 

conditions  

Flexibility  

Possibility at low and medium 

temperature ranges  

Lack of flexibility 

due to more 

production-specific 

barriers   

   

 Low 

possibility for 

high-

temperature 

ranges  

Complexity in integration 

points   

Affect of risk in switching 

between solar thermal 

systems and backup systems  

 High possibility in 

case of modular 

design  

Financial 

Attractiveness  

Highly cost technology  

More additional 

costs within 

operational plant  

Cost of 

maintaining of 

backup 

supply  

High cost of thermal battery  

   

3-5 years of 

expected payback 

period  
5-6 years of 

expected 

payback 

period  

   

11-15 years of 

expected payback 

periods for energy 

projects  

Competitive 

Alternatives  

Solar PV is highly available 

renewable alternative  

More and cheaper 

availability of fossil 

fuels and 

electricity  

High 

availability of 

natural gas 

and by-

product fuels  
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TOE Factors  
Common in both food and 

chemical industry 

Only food 

industry  

Only 

chemical 

industry  

 

Organizational 

Factors  

Management 

Support  

Support from stakeholders for 

renewable technologies  

None 

Additional 

support in 

case of 

energy 

savings  

 Lack of support for unknown 

technologies  

 Support due to Sustainable 

targets of companies  

Organizational 

Resources  

Lack of land resources  

Requirement of 

additional teams for 

operations  

None 
 Lack of proper rooftop 

resources  

 Requirement of skilled labour   

Environmental 

Factors  

Regulatory 

Environment  

Requirement of high incentive 

schemes  

None None 
 Pre-set government 

regulations  

 More incentives to solar PV  

Technology 

Support 

Providers  

External energy suppliers in 

the form of HPA's   

External funders 

for green energy 

projects  

None 

Competitive 

Pressure  

Using renewable technologies 

to gain a competitive 

advantage  None None 
 Lack of renewable 

technologies 
could affect global sales  

Table 7: Summary of TOE factors 
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5. Discussion  

 

This section focuses on discussing the identified factors affecting the adoption of solar thermal 

technology. In this section, the analysed data is discussed in relation to the previously studied 

literature, and the overall findings of the study are explained in detail.  

 

In this section, the factors affecting the solar thermal technology identified using the TOE 

theoretical framework have been discussed to answer our research question while referring to 

findings from both data analysis and literature review. The data analysed using the theoretical 

framework of TOE by Tornatzky and Fleischer (1990) has identified nine factors that 

commonly affect the technological adoption of solar thermal technology shown in Figure 4.  

 

Figure 4: TOE Factors affecting adoption of solar thermal technology in the food and 
chemical industries 

5.1 Technological factors  

The technological factors identified include all characteristics of the technology already present 

in the organization and that of technology being adopted (Baker, 2012). From the analysed data, 

four technological factors were seen commonly affecting the adoption of solar thermal 

technology in the food and chemical industry. These factors include reliability, flexibility, 

financial attractiveness, and competitive alternative.   
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The first and most important technological factor affecting the adoption of solar thermal 

technology in the food and chemical industry is the reliability of the technology. This is similar 

to the arguments by Liu et al. (2012) and Cabeza et al. (2012), where the aspect of reliability 

was seen as a factor affecting solar thermal technology. Absi Halabi, Al-Qattan and Al-Otaibi 

(2015) stated that solar thermal technology could be reliable only when the energy from it is 

continuous and can provide required temperatures to the processes. Similarly, both the food and 

chemical industries need to have continuous heat requirements without any possible 

fluctuations. As solar thermal technology was seen not to meet the required demand in both the 

industries due to its fluctuating output, it made the technology not reliable and an important 

factor affecting its adoption. In terms of achieving continuous energy supply, the works of 

Nallusamy, Sampath and Velraj (2007)  and Tian and Zhao (2013) mentioned that various types 

of solar thermal storage technologies are available, which are feasible and essential for 

industrial applications. The analysis from both the food and chemical industries argued that the 

available thermal storage solutions are not efficient in meeting their huge and continuous 

demand, further discussing that proper storage solution can promote solar thermal technology 

adoption. Also, in terms of the feasibility of solar thermal technology in both food and chemical 

industries, the lack of proper knowledge and less practical application in the market was seen 

affecting the reliability of solar thermal technology. This aspect of lack of knowledge was 

similar to the findings of Schmitt (2016) and Kumar, Hasanuzzaman and Rahim (2019), which 

also discussed the lack of feasibility studies and minimum hands-on experience studies 

affecting the adoption of solar thermal technology into industries. The harsh climatic conditions 

like sandstorms in few MENA regions are similar to the points in the works of Absi Halabi, Al-

Qattan and Al-Otaibi  (2015), which also affect the reliability of operating the solar thermal 

technology. 

The second technological factor affecting the adoption of solar thermal technology in the food 

and chemical industry is the flexibility of the technology. As Kalogirou (2004) and Kumar, 

Hasanuzzaman and Rahim (2019) mentioned, solar thermal technology is seen to be flexible 

for low and medium temperature range applications in industries. This was true for both the 

food and chemical industry. However, the flexibility of solar thermal technology for high 

temperatures is seen to be very low in the chemical industry. The differences in pressure and 

temperatures of the energy supplied by solar thermal systems, especially in the chemical 

industry's high-temperature requirement processes, affected its flexibility. The other issue in 

the flexibility of adoption is the complexity in the integration of technology in both the food 

and chemical industry. This is similar to Seyboth et al. (2008) and Kumar, Hasanuzzaman and 

Rahim (2019) findings that existing infrastructure constraints and no proper integration 

optimization techniques affect the adoption of technology. However, in contrast to the chemical 

industry, the flexibility in the food industry is comparatively high if the solar thermal systems 

are designed modularly without requiring any major integration changes and important 

infrastructure changes. This aspect of modular design supports Frein, Calderoni and Motta 

(2014) findings, where they argued that solar thermal systems could be integrated with a 

flexible design and with minimal maintenance effort in industries. Also, solar thermal 

technology is seen to be low on flexibility in both the food and chemical industry in switching 

to backup. The lack of switching to back up without efforts in the chemical industry and the 
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possibility of damaging the boiler in the food industry made solar thermal technology less 

flexible in those industries. The study by Schnitzer, Brunner and Gwehenberger (2007) 

proposed that when introducing solar thermal systems into an industry, the production-specific 

barriers must be identified. Similarly, the possibility of damaging the boilers while switching 

acts as a production-specific barrier, especially in the food industry, making it less feasible and 

affecting its flexibility.  

The financial attractiveness of solar thermal technology is the third technological factor 

affecting its adoption in the food and chemical industries. Among all the factors affecting solar 

thermal technology adoption, financial attractiveness is the most important factor from a 

business perspective. Regarding financial attractiveness, the solar thermal systems are seen as 

financially less attractive due to the high cost considered in both the food and chemical industry. 

As per the findings, it was found that the technology involves high initial capital investment 

and requires widespread adoption to decrease the cost in both the food and chemical industry. 

As Carwile and Hewett (1995) and Seyboth et al. (2008) argued, the high investment costs 

mainly affect its adoption in industries. Adding, the high cost of thermal battery and the 

associated costs of installation make solar thermal technology further less financially attractive 

in both the food and chemical industry. The cost of having other backup technology in the 

chemical industry and the additional cost of adaptations in the food industry mentioned further 

increased the cost. Though solar energy is free energy, the findings from both industries show 

that the high initial cost and the other associated costs made it less effective in promoting the 

adoption of solar thermal technology. Regarding the expected payback period on investment, 

the food industry has a range of 3-5 years, and in chemical industries, it is 5-6 years. The 

payback period discussed was similar to the works of  Schnitzer, Brunner and Gwehenberger 

(2007), Fernandez (2010), and Eiholzer et al. (2017), mentioning that an industrial payback 

between 3-5 years is financially attractive. However, findings from the food industry show that 

payback of 11-15 years is also considered financially attractive for renewable energy projects 

in special cases. 

The fourth technological factor affecting solar thermal adoption is the factor of competitive 

alternatives. The presence of competitive alternatives as other energy fuels and other renewable 

technologies, which are also highly affecting the adoption of solar thermal technology. 

Schoeneberger et al. (2020) stated that low fuel rates in various regions affect the adoption of 

solar thermal technology in industries. As the present research conducted in the region of 

MENA, the cheap availability of fossil fuels and electricity to the food industry and cheap 

natural gas to the chemical industry are seen to be highly affecting the adoption of solar thermal 

technology. In terms of competitive alternative renewable technologies, the proven technical 

potential of solar PV, its proven storage technologies, and its low cost made it widely popular. 

The maturity of solar PV technology decreases the interest in solar thermal adoption among 

both industries making it a direct competitor, decreasing the adoption. Absi Halabi, Al-Qattan 

and Al-Otaibi (2015) mentioned that by-products used as fuels are among the main reasons 

affecting the adoption of solar thermal technology in industries. In the chemical industry, the 

possibility of using the by-product as fuel for meeting heat demand is reducing the requirement 

of adopting solar thermal technology. Additionally, the future use of by-product such as green 



52 

 

hydrogen, especially by chemical industries, in meeting their energy demand can further reduce 

the adoption of solar thermal technology. 

5.2 Organizational factors  

As Tornatzky and Fleischer (1990) mentioned, organizational factors relate to variables that 

determine the characteristics and resources of the firm that affect the adoption of technology. 

In this view, the two essential organizational factors affecting the adoption in the food and 

chemical industry identified in this research are management support and resources.  

Management support has been an important organizational factor affecting the adoption of solar 

thermal technology. The lack of management support decreases the chances of an organization 

adopting solar thermal technology. In the food and chemical industry, the management support 

is mainly driven by pressure from both the stakeholders and the companies’ sustainable targets. 

The stakeholders' pressure regarding sustainability is causing the management to consider the 

adoption of renewable technologies like solar thermal technology. Also, particularly in the 

chemical industry, considering the amount of energy savings that technology could bring is 

seen driving the support from management. In this aspect, as solar is the free energy providing 

high energy savings, management has positive support to consider adopting technologies like 

solar thermal technology. However, for solar thermal technology, the support from 

management is comparatively low in both industries as they consider commercially proven and 

popular technologies, and it is similar to the arguments of Kumar, Hasanuzzaman and Rahim 

(2019). As from the research, the food and chemical industries considered this technology as a 

less proven technology. They consider being associated with less proven technology like solar 

thermal technology as a risk for the companies and can create financial losses.  

Another important and primary organizational factor affecting the adoption of solar thermal 

technology is organizational resources. The resources here refer to considering all the aspects 

required or already present in the organizations to adopt solar thermal technology. In terms of 

resources, lack of space or land for installation, skilled labour and requirement of multiple 

teams were seen highly affecting the adoption of solar thermal technology into chemical and 

food industries.  Seyboth et al. (2008) and Quijera, Alriolss and Labidi (2011) argued that the 

availability of land for solar thermal collectors installation is an important decision factor in 

industries. Similarly, the lack of availability of land in both the industries of food and chemical 

was mainly causing the non-adoption of solar thermal technology. The lack of availability of 

land is mainly due to the requirement of land to be close to the facility as transporting steam 

over long distances has high energy losses. The non- possibility for rooftop applications due to 

weak structure and lack of required roof area in food and chemical industries further contributed 

to the lack of resources in adopting solar thermal technology. The non-possibility of rooftop 

applications was similar to the findings of Fernández-García et al.(2010), where it was stated 

that existing rooftops of industries could not support the load of collectors. The other resource 

aspect affecting the adoption is the skilled labour requirements for operating solar thermal 

systems and multiple operations teams' requirements. It is found that both food and chemical 

industries have skilled labour having knowledge about the existing technologies in the 

company, but their lack of knowledge regarding solar thermal technology brings in the 
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requirement of additional skilled labour. Similarly, there is a requirement for additional teams 

to operate solar thermal systems efficiently in the food industry. Thus, the requirement of 

additional human resources is also one of the issues affecting the adoption of solar thermal 

technology in food industry.   

5.3 Environmental Factors  

The environmental factors refer to all those factors that affect the companies' decision to adapt 

to the environment in which it operates (Tornatzky and Fleischer, 1990). The environmental 

factors that are identified affecting the adoption of solar thermal technology among the food 

and chemical industry are the regulatory environment, technology support providers, and 

competitive pressure.    

The first and important environmental factors affecting the adoption of solar thermal 

technology is the regulatory environment. The presence of a regulatory environment that 

supports and promotes renewable technologies like solar thermal technology would highly 

affect its adoption. A study conducted by Eiholzer et al. (2017) stressed that government 

incentives to renewable technologies help in promoting adoption in industries. Similarly, the 

availability of incentives by the government for solar thermal technology would increase its 

adoption in both the food and chemical industry. Kumar, Hasanuzzaman and Rahim (2019) 

argued that the lack of incentives for adopting solar thermal technology by the government 

negatively affects the adoption. As per the research, there are only a few incentive schemes for 

solar thermal technology in the MENA region (Absi Halabi, Al-Qattan and Al-Otaibi, 2015), 

particularly in countries like Egypt, the incentives mainly focus on promoting the installation 

of solar PV. Apart from government incentives, organizations also follow certain preset 

government environmental targets that motivate them to use renewable technologies. However, 

in the research, organizations in both the food and chemical industry mostly consider meeting 

those targets or maintaining those regulations by focusing on using other renewable 

technologies like solar PV, indicating low interest in solar thermal technologies.  

The second environmental factor affecting the adoption of solar thermal technology in the food 

and chemical industry is technology support providers. In this research, it is understood that 

technology support providers aid organizations in adopting technology in terms of financials, 

technology installations, and maintenance. In both the food and chemical industry, 

organizations prefer purchasing heat for an external supplier in the form of Heat Purchasing 

Agreements (HPA) rather than completely running the system by themselves. This purchasing 

of heat by industries avoids the risk of both the cost and buying an unknown technology. These 

agreements are seen as attractive to companies and could increase the adoption of solar thermal 

technology. However, in understanding the risk of heat purchasing, the companies would only 

buy the energy if the energy cost were much less than that of other energy, especially in the 

chemical industry. However, apart from buying the energy, the organizations are also interested 

in adopting solar thermal technology when they have external funders for green energy projects 

that share the required initial investment, especially in the food industry. 

The third environmental factor affecting the adoption of solar thermal technology in the food 

and chemical industry is competitive pressure. The presence of competitive pressure between 
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companies in being sustainable by using renewable sources is an important factor that could 

promote solar thermal technology adoption. With the increasing requirements among the 

customers for a greener product and the competition to meet those demands, both the food and 

chemical industries are interested in adopting technologies like solar thermal technology to gain 

a competitive advantage. Adding, though the lack of much consideration for greener products 

in the MENA region, multinational and global competitions among companies in both the food 

and chemical industry are making them consider adopting technology like solar thermal.  
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6. Conclusion 

 

This section of the report summarizes the research by answering the research question of the 

study. It also briefs about the limitations of the research and the areas of future work.  

 

The main objective of this study is to understand the reason for the decreasing adoption of solar 

thermal technology among industries. To achieve the objective of our study, we formulated the 

following research question.  

• What and how are the factors affecting the adoption of solar thermal technology in the 

food and chemical industry?  

The research started by reviewing the literature on solar thermal technology, the energy 

demands of the food and chemical industry, and the factors affecting solar thermal technology. 

In terms of the theoretical framework, the study used the theoretical framework of TOE by 

Tornatzky and Fleischer (1990) in identifying the factors of adoption through the data collected 

from 13 semi-structured interviews (six from the chemical industry and seven from the food 

industry) involving participants from higher management across organizations in the MENA 

region. 

The study identified nine factors across three aspects affecting the adoption of solar thermal 

technology in both the food and chemical industry. The identified technological factors are 

reliability, flexibility, financial attractiveness, and competitive alternatives. The identified 

organizational factors are management support and resources. At the same time, the identified 

environmental factors affecting the adoption of solar thermal technology are the regulatory 

environment, technical support providers and competitive pressure.  

Though the factors identified affecting both industries are common, they vary in terms of how 

they affect the adoption.  

• Regarding technological factors, reliability and financial attractiveness factors mainly 

affected the adoption of solar thermal technology in both the food and chemical 

industries. The lack of continuous energy supply, limited availability of proven projects 

and lack of reliable storage solutions have decreased the product's reliability. The high 

initial investment costs, the cost of storage, and other associated costs for installations 

have also made solar thermal technology financially less attractive. However, with 

available longer paybacks the technology was more financially attractive in the food 

industry. Other factors like flexibility and competitive alternative also affect the 

adoption of solar thermal technology in both industries. But, they affect more negatively 

in the chemical industry due to lack of flexibility at higher temperatures and easy 

availability of competitive alternatives such as by-products.   

• In terms of organizational factors, the lack of resources, particularly in the form of 

available land in both the food and chemical industry, negatively affects the adoption of 

solar thermal technology. In addition, with the solar thermal technology not highly 
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commercialized and popular, the management support is comparatively low. However, 

the pressure from stakeholders and the sustainable goals of companies affect 

management's consideration to support its adoption positively . Additionally, the 

management support is comparatively more positive in the chemical industry due to the 

aspect of consideration for energy savings.  

• In terms of environmental factors, the regulatory environment to promote the adoption 

of solar thermal technology in both industries is low due to the less availability of 

government incentives in the MENA region. However, the presence of technology 

support providers for the possibility of buying energy to avoid capital investments in 

both industries is seen as a positive way of increasing the adoption of solar thermal 

technology. Particularly, with the additional support from external investors, the 

possibility of adoption is even high in the food industry. On the other hand, competitive 

pressure could also positively affect its adoption, but due to other factors from 

technological and environmental aspects, its affect is less as companies in both the food 

and chemical industry consider the technology a risk.  

To conclude, the main reasons identified for decreasing adoption of solar thermal technology 

are lack of reliability, low financial attractiveness, lack of resources and low government 

incentives. In addition, the aspect of cheap competitive alternatives such as natural gas, fossil 

fuels and solar PV is also affecting the decrease in adoption within the food and chemical 

industry in the MENA region.  

6.1 Contributions 

This work primarily contributes to understanding the adoption of solar thermal technology 

within the context of two industries (food and chemical) in the MENA region. Theoretically, it 

contributes to the literature of using the TOE framework, showing its feasibility for 

understanding the adoption of non-IT technologies like solar thermal. As part of the practical 

contribution, the identified factors for both the food and chemical industry could act as a model 

of consideration for solar thermal manufacturers to strategically plan their production and 

marketing activities within the MENA region. More specifically, the findings also provide an 

insight to the solar thermal manufacturers in identifying the reason for decreasing adoption 

among industrial customers and further strategize their R&D activities. With findings indicating 

the relevance of government incentives in the adoption of solar thermal technology, the findings 

could also support the policymakers in the MENA region to focus on developing promotional 

policies for green technologies like solar thermal to promote its adoption within industries.  

6.2 Limitations 

In discussing the limitations, the lack of availability of some previous literature regarding the 

adoption of solar thermal technology is seen as one of the limitations. Also, the limited 

availability and access to data, especially about the market of MENA, is a limitation observed 

in this study. In terms of generalizability of the findings, the factors identified in this study are 

limited only to the industries of food and chemical in the MENA region and cannot be 

generalized to the same industries in other regions. With this study not being longitudinal, the 

relevance of findings could vary in the future with the changing conditions in the market.  
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6.3 Future Research 

Considering the aspects for future research, with this study focusing on the MENA region, 

future research could explore factors affecting adoption in other regions and can involve 

different industrial sectors to bring greater insights. Adding, as the study identified the presence 

of competitive alternatives (fossil fuels, natural gas, Solar PV) as an influencing factor, this 

could be further deeply explored to possibly understand the intensity of their influences and the 

most prominent affecting competitive alternatives among them. Though not explored due to 

limited time, an interesting direction of future research may also be in including the solar 

thermal manufacturers view towards these identified factors, which might also generate more 

interesting insights. 

From a methodological perspective, the sample group considered for this study are found to be 

appropriate and can be considered to conduct similar studies in the future. However, with the 

discussed methodological limitations of purposive sampling, given the possibility, future 

research may consider using convenience sampling or snowball sampling for smooth data 

collection. The study employed the use of qualitative data for identifying the factors, and thus, 

future research may involve work complementing it by using quantitative data to understand 

the influences of the identified factors further deeply. Additionally, future studies may also 

explore the possibility of having mixed methods and incorporating the use of multiple 

theoretical models, which may provide deeper data and findings.   
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Appendix  

Appendix-1 

Interview Guide 

The interview guide is divided into three sub-sections: introductory, Knowledge about 

renewable energy solutions, and opinion about solar thermal technology. As it is a semi-

structured interview, the follow-up questions are based upon the participant’s response. 

Introduction: 

1. What is the participant’s role and responsibilities in the company? 

2. What are the current operations and processes that are carried out in the company? 

3. What are the currently used fuels for thermal processes? 

Knowledge about renewable energy solutions: 

4. What renewable energy solutions are you familiar with? 

5. At present in your organization, are you using any renewable energy solutions in the 

operations or at any other point in the company? 

6. If you are using the renewable energy solution, what is the main reason behind adopting 

such technology?  

Opinions about solar thermal technology 

7. What do you think about solar thermal technology for thermal processes? 

8. Do you think Solar thermal technology can replace or satisfy your existing fuel used for 

thermal processes? If not why? 

9. What are the main expectations from you or from your company in purchasing / 

adopting to a solar thermal technology? 

Would you like to add anything else? 
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Appendix- 2 

Detailed data Coding 

In this appendix part, the additional coding of all the themes was presented here. 

Technological factors:  

Category: Reliability 

Interview Quotes Codes 

F3 “I'm using let's suppose 10 Giga joule of energy and 

throughout the time period throughout the production 

run and solar thermal can generate this energy during 

daytime sunlight” 

No continuous production 

C2 “it is that as it's designed today, it provides energy when 

the sun's out, and then when the sun sets, then the 

energy, there's no more energy. That's the problem” 

F1 “I can only consume only when solar radiation is 

available, so which means, I have to buffer hot water 

off or Steam buffering, which means I need more 

storage tanks” 

Lack of proper thermal storage 

solution 

C4 “The other thing where Solar thermal systems need to 

play a big role is also in the energy storage space” 

F5 “I want to choose it when I know the feasibility of 

working and I need to have a proof of 

technology……….. That's always important” 

Feasibility of product 

C1 “I don’t know how it works over the long run, whether 

it will run good for next 25 years or even 15 years 

That's the key point for a feasibility study of this 

technology” 

F7 “As a harsh environment…… the abrasive effect will 

come into picture on the solar panels or reflective 

sheets” 

Climate conditions 

C4 “Sandstorms will affect the solar collector particularly 

the top surface……… especially sand will be 

accumulated” 

 

Category: Flexibility 

Interview Quotes Codes 

F5 “Some of the lower and medium temperature needs 

can be satisfied by using solar thermal technology in my 

company” 

Suitable processes 

C1 “we see solar thermal systems can be suitable in only 

for at low temperatures and low-pressure areas” 

C2 “In our plant, we have high temperature requirement, 

at around 300 degree centigrade, it is hard to reach 

such temperature with solar” 

Not suitable ate high 

temperatures in chemical 

industries 
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C6 “in chemical, mostly all processes are at high 

temperature, we do have few low temperatures like 

boiler feedwater, but that too very less requirement” 

F1 “It means integrating the plant means installation to 

the line, piping, routings, maintenance and I need to 

have all the necessary controls to the whole plant.” 

Complexity in integration 

C4 “Heat from solar is low in pressure and temperature 

and integrating it to main systems, and any fluctuations 

can cause huge loss” 

F3 “So, during the daytime, we will switch off the boiler 

and during the night-time we will switch on again, it will 

cause wear and tear to the boilers” 

Operational switching 

C1 “We need the possibility of switching quickly and with 

not more efforts and risks” 

F2 “old factories are not designed to run on solar because 

they are currently running on old boiler systems and 

controlling operations of boiler with solar thermal is 

challenging task and an additional burden” 

Operational issues in food 

companies 

 

Category: Financial attractiveness 

Interview Quotes Codes 

F7 “Solar thermal is a green energy, but technology is still 

very expensive. This is another obstacle to adopt this 

technology” 

High costs 

C4 “It needs to become cheaper, but the more you install 

it, the cheaper it will become” 

F3 “If I invest 50 million to build a battery bank to make 

the storage and then three to four years, I have to 

reinvest 50 million you know” 

Cost of thermal storage battery 

C4 “And there's a cost to that battery. Right. Yeah. So, I 

mean, we would run everything off of solar and wind 

right. Now, if we had amazing, inexpensive battery 

technology” 

F7 “What if you then bought a new operation and 

maintenance costs, it was costing more to ship” 

Additional costs due to 

operational issues in food 

industry F5 “You need to maintain them you need to you need to 

clean the panels once a month, check all the pipe 

fittings, integration points all these were, lot of 

maintenance costs, right?” 

 

C2 “So you build a solar thermal, and you get it running, 

then you have to spend all the money on the backup 

system” 

Cost associated with the setting 

up backup in chemical 

industries 

C6 “The capital costs of having duplicate systems from 

wind, solar thermal that isn't available, or until we can 
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develop cost effective, heat storage, so that I can make 

it run 24 seven, because that is the key we can shut 

the plant” 

C1 “I would say suppose already established system if they 

invest in solar for them it maybe beneficial, but it is for 

the first time then you need to put money both solar 

and back up” 

F5 “The average payback period that I expect is between 

3-4 years, not more than that. If, it is more then I need 

to rethink about the installation” 

Payback period 

C1 “The payback comes six years to five years for solar 

panels as of now. You could consider a similar pay- 

back time” 

F3 “For these energy projects, especially for the PV’s or 

Solar systems we have a grace period to that, and we 

increase that up to 15 years” 

Different payback periods for 

energy projects in food 

companies 

 

Category: Competitive alternative resources 

Interview Quotes Codes 

F4 “Because electricity is so cheap, and I can use it for 

heating or power supply” 

High availability of fossil fuel and 

electricity for food companies 

F2 “If you look at this, you know, Middle East, the GCC 

countries, energy prices are very less. Okay. For 

instance, if I compare, like, today with our industrial 

electricity price is 0.04$ per unit and petrol or diesel 

which is around 0.5$ per liter, which is very cheap” 

F7 “On top, for KSA and Oman, we didn't even really look 

at concentrated solar because again, it technology was 

just too expensive. Or let's put it another way, the cost 

of electricity and petrol was just too cheap” 

C3 “One fuel that we are currently using is mostly natural 

gas, though its not sustainable, its still less on emissions 

and its easily available, also less expensive” 

Use of natural gas and chemical 

industries 

C4 “As a best practice, we recover some of our fuel from 

the plants, and we use them to fire our boilers. This will 

help us, you know, reduce our waste” 

Fuel in the form of by-product 

in chemical industries 

F2 “So the point here is the solar panels, the technology is 

becoming even cheaper and we simply install, and we 

can connect them with a grid” 

High availability of solar PV 

C2 “Where solar PV comes in, its more commercialized 

and the battery storage are much more efficient” 
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C1 “Cracking water into hydrogen and oxygen then you 

burn the hydrogen to create the energy that I think it'd 

be the key to widespread adoption of hydrogen” 

Use of hydrogen in chemical 

industries 

 

 

Organizational factors: 

Category: Management support 

Interview Quotes Codes 

C5 “Our stakeholders are more concerned about 

emissions now, they want to reduce the emissions and 

also have many preferences” 

Support from stakeholders 

F7 “Stakeholders will say, they want to see the company 

looking at other aspects such as renewable energies 

that align with the current global policies” 

C4 “We are not much interested in pilot projects, 

especially we try to select the most suitable technology 

the most widely available, a commercialized product” 

Risk taking factor 

F2 “We wanted to lead with proven technologies. We 

didn't want to make a fool of ourselves. So, we don’t 

want the business of taking risk. So, you know, that is 

a fine balance” 

C5 “All systems don’t give you the same energy savings, we 

want to go for a good option, they will give me high 

energy savings at a reasonable costs” 

Energy savings in the chemical 

company 

F3 “We have 2025 targets where we have to reduce our 

energy footprint or energy efficiency in other terms by 

20%” 

Achieving sustainability targets 

C4 “The company is currently concentrating on reducing 

the scope 2 emissions and the company has set new 

targets to install 4GW of renewable energy by 2025 

and 12GW by 2030” 

 

Category: Organizational resources 

Interview Quotes Codes 

F5 “I have a plan in that 10 hectare of land, and then I 

need 50 hectares only for the panel or the collectors or 

everything, then it is not really feasible, right?” 

Available space for installation 

C3 “These big panels usually need lots of space and to 

meet the demand we need to install in large scale, we 

don’t have that much space here” 

F1 “I mean, it's a lot more costly to put rooftop solar 

thermal than the ground mounted solar at least on 

large scales” 

Less possible application at 

rooftop 
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C4 “Solar, for instance, rooftop, you need to place the 

panels or collectors of the roof, the roof needs to be 

stable” 

F2 “Yeah. So it means two teams are required. One will 

maintain the boilers and other team they will maintain 

this plus integration” 

Requirement of additional 

teams  

F5  “Who will maintain these systems, definitely not my 

teams, I need another set of people for this to run, 

maintain, it’s all additional”-F5  

 

F1 “We people are experienced over steam and boilers 

over hundreds or hundreds of years and are 

comfortable, but coming to solar thermal we need 

training for operating” 

Requirement of skilled labour 

C5 “The lack of people in the company who know the 

technology, who have worked on it and know what to 

do when it’s not working” 

 

Environmental factors: 

Category: Regulatory environment: 

Interview Quotes Codes 

F7 “Bring in the government grant, the budget, the green 

incentive schemes those all helps us in reduction of 

energy costs” 

Incentives from government 

C4 “Another motivating factor is government incentives. 

So, basically governments are encouraging companies,” 

F4 “The UAE, they were ahead of the game, they had the 

legislation, the standards, the guidelines are really clear 

in terms of benefits to renewables” 

Preset regulations of different 

governments 

C4 “And we're also committed to the United Nations, and 

also the Kingdom of Saudi Arabia, by working with 

some of the Energy Efficiency Program” 

 

Category: Technology support providers 

Interview Quotes Codes 

C3 “We mostly go for energy purchase rather than 

investing, biggest companies, usually go for not involving 

capex, going for heat purchase agreement” 

External energy suppliers 

F5 “So it is still very high, then maybe the buying the heat 

will be much more beneficial compared to buying the 

system itself” 

C3 “Already our parties, who do the investment and sell 

the power to us, we made such agreements, we buy 

Heat purchase agreements 
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that power from them, provided at lower than the grid 

price” 

F4 “If you're looking for international funding, the 

environmental and renewable is high on their agenda, 

they will get you extra cash” 

External funders for food 

companies 

 

Category: Competitive pressure 

Interview Quotes Codes 

F5 “In food industries, we have great competition among 

us, so to stay in the market, we need to have green 

energy with very less risk factors” 

Renewable technology as a 

competitive advantage 

C4 “You see a lot of focus and a lot of push towards 

science-based targets, climate neutrality, kinds of 

approaches. And that is also something that is 

impacting our industry and our peers acting on that, 

also our investors” 

C5 “We export a lot, and climate ambitions of other 

countries will impact our materials exported to them” 

Impact on sales at global level 

 


