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Abstract 

2015 the Paris agreement was signed to tackle the climate change and reduce emissions from 

fossil fuel burning. The industrial and manufacturing sector which alone accounts for 32% of 

global energy use relies heavily on fossil fuels. Solar thermal energy is a renewable energy 

source that has potential of replacing large portions of this energy. The Swedish research and 

development company, Absolicon Solar Collectors AB are manufacturers of solar collectors and 

production lines of dito. Their main product, the Absolicon T160, is a concentrating solar 

collector which can produce heat up to 160C. 

India, and more specifically the state of Gujarat is an interesting market for the solar collectors. 

This study is aiming to give Absolicon a better understanding of the potential of replacing fossil 

fuel with solar thermal energy in Gujarat, so that they can direct their efforts in the right 

direction. It is a qualitative study mainly focused on the dairy and textile processing industry, two 

important sectors in the state that has process demands which can be run on solar thermal 

energy. Since no reliable data regarding the energy consumption in the studied industries where 

found, a method for estimating the energy consumption is presented in the study. 

The results from the study shows that large scale manufacturing is possible from a demand 

point of view, but there are many hindrances for a market penetration. In India large portions of 

the industry segments studied is non-organized, i.e. small scale with low level of modern 

technology. Integration of solar thermal energy in the non-organized sector demands a different 

approach. Based on the results a market analysis with suggestions on how to proceed for the 

different industrial segments studied is presented. 

Despite good solar insolation in the state the solar resource was studied in greater detail as 

aerosols and dust can affect the energy yield from the solar collectors. The results indicates that 

the annual solar irradiation can be both over- and underestimated when using satellite derived 

models. India has monsoon seasons and seasonal winds which affects the levels of aerosols in 

the atmosphere. The level of aerosols and dust has a high impact on the solar resource. 

Ground measurements are therefore a complement that could be used to get a better 

understanding on site. 
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Populärvetenskaplig sammanfattning 

Vi lever i en tid då världens befolkning allt mer ser att vår generations viktigaste fråga är 

klimatfrågan. I Parisavtalet, 2015, enades 175 parter om att vi i den andra halvan av århundradet 

ska nå noll nettoutsläpp av växthusgaser. Åtgärderna som krävs för att nå detta mål är många. 

Ungefär en tredjedel av den energi som används idag står industrin för. Det mesta används som 

värme i olika processer och bränslet är till 90% fossilt. 

Absolicon Solar Collector AB är ett svenskt forsknings- och utvecklingsföretag, vilka tillverkar 

solfångare som koncentrerar solljus till värme. Detta genom att använda sig av en parabolisk 

reflekterande yta, vilken speglar och koncentrerar solljuset längs ett vattenfyllt rör. Detta gör 

att de kan förse industrin med värme upp till 160C. Tidigare undersökningar har visat att deras 

solfångare är den bästa i världen på att omvandla solljus till energi. För att konkurrera med 

fossila bränslen vill Absolicon skapa ett nätverk av fabriker runt om i världen, vilka producerar 

deras solfångare, detta för att genom storskalig drift och minskande fraktkostnader sänka 

kostnader och involvera människor med kunskaper om marknaden på plats. 

Denna studie syftar till att utreda marknaden i staten Gujarat, Indien. Frågor som berörs är vilka 

typer av industrier som finns och hur stor är potentialen är för att ersätta fossila bränslen. Den 

syftar också till att utreda hur solinstrålningen ser ut i Gujarat och hur den kan påverkas av 

smog och damm. Vidare försöker studien svara på hur man kan gå tillväga för att etablera sig i 

Gujarat, och vilka industrier som är lämpade samt kartlägga vilka aktörer som kan vara viktiga 

för en lyckad etablering. 

Tillvägagångssättet har varit en kvalitativ undersökning, baserat på platsbesök på industrier i 

Gujarat, litteraturstudier samt analys av nationell statistik. Den tekniska potentialen har 

uppskattats genom att undersöka vilka industriprocesser som kan använda sig av solvärme och 

mycket energi som går åt i dessa processer. En modell har föreslagits i studien för att uppskatta 

den tekniska potentialen då statistisk information är otillräcklig. En marknadsanalys har gjorts 

för att kunna uppskatta hur stor del av den tekniska potentialen som kan ersätta fossila bränslen 

med solenergi från Absolicon, med förslag för Absolicon kan närma sig marknaden. I detta 

syfte har potentialen i mejeri- och textilbranschen undersökts mer i detalj, medan andra 

industrier studerats mer översiktligt. 

Resultatet av dessa undersökningar visar att solinstrålningen i staten Gujarat är god, men 

påverkas i hög grad av monsunregnen. Vanligtvis använder man sig av satellitdata för att 

uppskatta solinstrålningen, men i Gujarat och andra platser med stora mängder luftföroreningar 

och damm så kan dessa metoder vara inexakta. Kompletterande mätningar lokalt kan ge en 

bättre bild av de lokala förutsättningarna. Solenergi för industrivärme har en stor teknisk 

potential, men samtidigt finns också många hinder för en lyckad marknadsetablering. Indiens 

industrier kan delas in i två segment, där den första utmärks av modernitet och storskalighet 

och den andra av mindre decentraliserade enheter av varierande teknisk modernitet. För det 

första segmentet rekommenderas direkt kundkontakt i kombination med samarbete med 

institutioner för att öka medvetenheten. För det, betydligt större, andra segmentet 

rekommenderas att Absolicon riktar in sig mot institutioner och föreningar för att tillsammans 

försöka försörja industriklusters värmebehov. 
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Excecutive summary 

A method for estimating the potential for solar thermal energy in the state of Gujarat, India, 

was examined. The main purpose was to see if the Absolicon solar collector T160, a 

concentrating solar collector that can produce heat up to 160C, has a large enough market that 

motivate at production line in the state. With the temperature ranges of the T160, industries 

such as food & beverage, drying, cleaning, pharma, textile processing could be suitable for 

integration of solar thermal. In this report dairy industry and textile processing was investigated. 

The method was based on energy requirements in combination with technical constraints. To 

simplify Since concentrating solar technology is reliant on direct solar irradiation, both a solar 

simulation with the software TRNSYS and a literature study was conducted. 

The results from the study shows that large scale manufacturing is possible from a demand 

point of view, but there are many hindrances for a market penetration. New business models 

and a shift from low-level of technology to modern industrial processes could be a way forward. 

The results from the dairy industry shows that the industry alone isn’t enough for large scale 

manufacturing. The energy that can be replaced ranges from around 80 GWh to 584 GWh, with 

a gross potential of around 888 GWh. 

The results from the textile processing sector is potentially much larger, but due to the lack of 

actual production numbers from the sector, the results are uncertain. A scenario based method 

was used, and potential ranges from 156 GWh to 777 GWh in the mill sector, and a staggering 

3 401 GWh to 17 585 GWh in the decentralized sector. 

Despite high levels of solar insolation in the state aerosols and dust can affect the energy yield 

from the solar collectors, as they scatter the light. However, in satellite-derived models long- 

term averages in aerosols are used, which can underestimate the direct irradiation. Ground 

measurements are therefore a complement that could be used to get a better understanding on 

site. The simulations show that E-W tracking mode is superior, as the sun has a high elevation 

through most of the year. 

The profitability is largely dependent on which fuel solar thermal is replacing. Diesel, natural 

gas and furnace oil are fuels that could be replaced with solar thermal energy. Coal and biofuels, 

such as rice husk has lower profitability. 

The main issue with estimating the potential is lack of data and the large number of 

unorganized, small scale production of goods and materials in India. To increase quality of the 

estimations local knowledge is key. 
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1. Introduction 

To tackle the climate change 175 parties have signed the Paris agreement, an agreement which 

states that the increase in global temperature is to remain well below 2 degrees above pre- 

industrial levels (United Nations, 2015). To succeed with this goal the parties should reach 

global peak in greenhouse gases (GHG) emissions as soon as possible. Article 4 in the 

agreement also states that in the second half of this century we need to have net zero emissions 

(United Nations, 2015). This means that the anthropogenic emissions have to be balanced with 

sinks for GHG. 

Today an absolute majority of the energy use is derived from fossil fuels, and the industrial 

segment, which account for 32% of world final energy us, is no exception (Solar Payback, 

2014). The global heat demand in the industry is to 90% met by fossil fuels, of which the largest 

energy carrier is coal (Solar Payback, 2014). Most of the energy usage is not electricity, but 

heat, where 30% of the heat demand is below 150ºC (Solar Payback, 2014). Industrial heat 

below 150ºC is used for a wide range of industrial applications, such as boiling, cleaning, 

drying, pasteurization etc. 

India is facing the same challenges, as the country relies on 75% on its primary energy on fossil 

fuels (OECD/IEA, 2015). This percentage is expected to rise at the same time as the total 

primary energy supply is projected to be more than doubled in year 2040 compared to 2013. 

About one third of the energy is used in the industrial segment (OECD/IEA, 2015). Combustion 

of fossil fuels is not only contribution to GHG emissions; it can also damage public health. 

According to the World Health Organization the 14 most polluted cities are located in India, 

and air pollution is causing 30% of all premature deaths in India (Business Insider, 2018) The 

main sources for air pollution are the many coal burning factories in India, along with heavy 

traffic (Business Insider, 2018). These issues have to be tackled by the whole society, and this 

thesis explores the possibility of replacing fossil fuels with solar thermal process heating in the 

industrial segment in Gujarat, India. 

The study was made in collaboration with the Swedish research and development company, 

Absolicon Solar collectors AB, from now on denominated as Absolicon, who specializes on 

solar energy technology. They are manufacturers as well as developers of concentrating 

parabolic through collectors and production lines of the same, and their vision is to create a 

network of manufacturing units around the world. 

Gujarat is a promising state in India for establishing a production line, as it has high levels of 

solar irradiation (Solargis, 2017), and is an industrialized state. It is described as investment 

friendly and is a key driver in the Indian economy, approx. 7% of Indias GDP (Wikipedia, 

2018). The results are to be used as basis for decisions regarding Absolicons business 

development in India. 

 
 

1.1 Purpose and goal 

The scope for this thesis is to evaluate the potential of replacing the fossil fuels used for process 

heat in selected industries in Gujarat with the technology from Absolicon. Solar thermal energy 
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for process heat has a large potential but in order to compete with fossil fuels large scale 

manufacturing is needed. To ensure that large scale manufacturing is viable in a region the 

demand has to be estimated. A preliminary study of the solar resource in Gujarat is carried out 

to ensure that there is a foundation for a successful implementation of concentrating solar 

thermal energy. The solar resource is investigated through literature studies and simulations. 

The overarching goal of this study is to estimate the technical potential for Absolicons solar 

collectors in Gujarat as well as provide insights in how to approach the market. These parts in 

combination aim to answer the question whether or not the state has potential for large scale 

manufacturing, and can be divided into three questions: 

1. Which industrial sectors are suitable for integration of Absolicons solar 

technology? 

2. What energy requirement do these sectors have and how large is the total 

potential in the state of Gujarat, India? 

3. How profitable is it to switch to heat from a solar collector field in the state of 

Gujarat compared to heat from the presently used energy source? 

1.2 Disposition 

The study begins with a background on the Indian energy system and solar technologies in 

Section 2. To provide assurance regarding the solar resource in India a literature study was 

conducted Section 2. It also functions as an introduction to the selected industries in Gujarat, 

India which were studied in more detail. In Section 3 the methodology is presented, including 

the assumptions made as well as the framework for the study. Results are presented in Section 

4, including the potential for solar thermal integration in the state of Gujarat as well as the 

profitability of a solar collector field. In Section 5 an analysis of the results is presented. The 

analysis also provides some insights regarding data quality and other issues that should be 

taken into consideration when reading the results. In Section 6 and 7 the discussion and 

conclusions are presented. 

1.3 Delimitations and Limitations 

Previous studies have shown that there is a wide range of industries that are suitable for solar 

thermal integration. The implementations are mainly limited by the temperature range of the 

industrial processes which the solar collector can match. Industries that are of interest is mainly 

food & beverages, fabric processing, drying applications and other processes that operates 

below 160C Only two of those is studied in more detail in this study, dairy industry and fabric 

processing. Other promising sectors are described and discussed briefly. Integration 

constraints are only investigated briefly, as the main purpose is to estimate the potential for 

solar thermal energy. 

The study also has some delimitations, one of the most apparent is the lack of contacts and 

forehand knowledge of the state. Much effort is needed to build an understanding of the 

industrial segment of the state of Gujarat. Another delimitation is the lack of reliable data, 

especially in the fabric processing sector. 
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2. Background 

This section provides a background of the energy system in India (Section 2.1) as well an 

understanding of concentrating solar technology (2.2) and the industries that are suitable for 

integration of solar technology (2.4). It is also presenting research regarding the solar resource 

(2.3), since dust and aerosols could impact the amount of energy delivered from the solar 

collectors. 

2.1 Energy system development in India 

India’s economy is projected to continue grow at a fast pace, 6.5% increase in gross domestic 

product (GDP) annually until 2040 (OECD/IEA, 2015). The contribution to GDP by the 

industrial segment is growing and is expected to have a share of 34% by 2040 as compared to 

today when the industry contributes with 32% (OECD/IEA, 2015). It may seem like a modest 

increase, but at the same time the GDP is estimated to be nearly five times larger in 2040 than 

in 2013 (OECD/IEA, 2015). The energy intensity in the industry is declining in India 

(OECD/IEA, 2018). Despite this, the intensity is still higher than in China (Pappas & 

Chalvatzis, 2017). As the government of India has an aim to increase foreign investment and 

increase manufacturing by the program Make it India this is of great importance (Make it in 

India, 2018). 

The share of renewable energy in India is decreasing due to a rapid growth in energy demand, 

where coal is the dominating energy source (see Figure 1). India is projected to become 

increasingly dependent on imports of fossil fuels, reaching 40% import dependency in 2040 

(OECD/IEA, 2015). When only considering oil, the import dependency is projected to reach 

90%. The increased demand of coal and gas is partly met by an increase in domestic production 

of coal. 

 
 

 

Figure 1. Past and projected primary energy use in India based on datasets from (OECD/IEA, 2015). 
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2.2 Concentrating solar technology 

A commonly considered key component in the transition to a sustainable energy system is solar 

photovoltaic (PV), due to the rapid decline in cost and long-distance energy transport capability 

of the electrical grid. When instead using the sun directly for heating purposes the efficiency is 

in general several times higher and the heat can be stored with simple and known technology 

such as hot water accumulator tanks. The industries need hot water at higher temperatures for 

their processes, which concentrating solar collectors can produce. 

Parabolic solar through collectors are highly dependent on the direct irradiation as the 

concentrating through focuses the sunlight on the receiver pipe. Absolicons T160 (see Figure 

2), has an aperture area of 5.5 m2 and focuses light onto a stainless-steel receiver. 
 

Figure 2. Absolicon T160 solar collector seen from the side, reprinted by permission from Absolicon,(2017). 

 

The tracking system is relying on the geographical angle of the axis of the solar collector field 

(Seppällä, 2018). The angle is usually found by using a plummet at solar noon. Three main 

types of configurations can be used for parabolic through collectors, North-South (N-S) 

tracking, East-West (E-W) tracking and polar axis (Aden B. Meinel, 1976). Only the N-S and 

E-W tracking is investigated further as the polar axis requires a different mounting which 

induces mechanical stress in the mounting equipment (Seppällä, 2018), as well as increased 

shadowing from multiple collectors (Kalogirou, 2004). 

When comparing different solar technologies as in Figure 3, it can be seen that Absolicons 

T160 parabolic solar through has a higher efficiency than its competitors. However, it has 

larger heat losses than NEP polythrough, which makes the advantage smaller when the 

operating temperature increases. 
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Figure 3. Comparison of three different solar collector technologies at different operating temperatures., based on data from 

(Byström, 2018), (ICC-SRCC, 2018) and (SPF, 2018). 

 

In Table 1 the parameters for calculating and comparing the three solar collector technologies 

are found. These parameters are used to calculate the efficiency of the solar collector as; 

 

 

𝜂 = 𝜂 — 
c1(Top-Ta) 

− 
c2(Top-Ta)

, 
(1) 

optical I I 

 

where 𝜂optical is the optical loss, 𝑐l and 𝑐2 are heat loss coefficients, Ta and 𝑇op are the ambient 

and operating temperature, respectively and I is the solar irradiance. All the collectors are 

parabolic through collectors with a line focus. With a line focus the receiver pipe has heat losses 

along the receiver pipe, described by the heat loss coefficients. A small receiver means small 

losses and large concentration ratio but has a smaller angle of acceptance (Kalogirou, 2004). 

The angle of acceptance is determined by how long the collector is working at full efficiency 

when the tracking system is deviating from the optimum angle. 

Table 1. Comparison between three concentrating solar collectors and their efficiency parameters. 

 

Type of collector 𝜂optical c1 c2 Ta=20C, I=600W 

Absolicon T160 0.766 0.3677 0.003224 (Byström, 2018) 

Rackam parabolic 0.699 0.01 0.0055 (ICC-SRCC, 2018) 

through 
NEP polythrough 

 
0.689 

 
0.36 

 
0.0011 

 
(SPF, 2018) 
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For different latitudes the maximum annual energy yield can be obtained with different 

configuration of the solar collector field. For latitudes of 30˚, E-W tracking gives a higher 

maximum annual yield, while for 45˚, N-S tracking gives a higher maximum annual yield 

(Aden B. Meinel, 1976). The Absolicon T160 collector has E-W tracking which means that it 

follows the daily movement of the sun. In Table 2 a comparison between E-W and N-S tracking 

and a fully tracking collector is made. 

Table 2. Comparison of energy absorbed in the receiver for different tracking modes (Kalogirou, 2004). 

 

Tracking mode      Solar energy (kWh/m2) %-yield of full tracking 
 E SS WS E SS WS 

Full tracking 8.43 10.60 5.70 100.0 100.0 100.0 

E-W tracking 7.51 10.36 4.47 89.1 97.7 60.9 

N-S tracking 6.22 7.85 4.91 73.8 74.0 86.2 
Note: E – equinoxes, SS – summer solstice, WS – winter solstice 

The tracking mode yield is affecting both the annual energy output and the energy output 

throughout the seasons. In Section 3.3, this is discussed further. 

2.3 The solar resource in Gujarat 

The state of Gujarat lies in the mid-west of India, close to the border of Pakistan. It is an 

industrialized state and has both deserts and a long coastline to the Arabian sea (Soni, et al.,  

2016). The solar resource varies; the direct normal irradiation ranges from around 700 kWh/m2 

to 2500 kWh/m2 on an average year. In Gujarat the annual solar irradiation is above 1700 

kWh/m2 (Solargis, 2017). Before the solar irradiance hits earth’s surface it passes through the 

atmosphere, where the light is scattered by Rayleigh scattering, dust and aerosols. The sunlight 

is therefore divided into Global Horizontal Irradiation (GHI), Diffuse Horizontal Irradiation 

(DHI), and Direct Normal Irradiation (DNI). GHI is the total irradiation that reaches a 

horizontal surface on earth, DHI is the scattered solar flux and DNI is the normal component 

of the non-scattered solar flux (Meinel & Meinel, 1976). In Figure 4 the annual DNI in India is 

shown. 
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Figure 4. Annual direct normal irradiation, DNI, in India, state of Gujarat. Map based on solar irradiation data from 

SolarGis, 2017. 

 

The climate in India is diverse, and the seasonal variations are dominated by the monsoonal 

rains from June to September. The four seasons are winter, pre-monsoon, monsoon and post- 

monsoon. The winter typically has clear skies, while pre-monsoon has dusty winds over the 

northwestern parts of the country (Soni, et al., 2016). The monsoon season in the northwestern 

parts is characterized by high temperatures and overcast skies mixed with rainy days while the 

post-monsoon is dominated by northeasterly winds (Soni, et al., 2016). The solar resource in 

India varies across the country and in order to estimate the potential for a solar energy 

investment it is important to have accurate solar data when calculating the profit of a solar 

project (Muller, et al., 2017). During the monsoon season, Ahmedabad receives 5.5 bright 



8  

sunshine hours daily while during all other seasons Ahmedabad receives over 9 bright sunshine 

hours daily (Soni, et al., 2016). 

2.3.1 Long term changes in irradiation 

In order to verify the future energy transformation from the solar collectors a literature study 

was carried out, focusing on the long-term changes in irradiation and dust prevalence, which 

can lower the available solar energy. Between the years 1960 to 1990 the sunlight over land 

surfaces decrease with a few watts per m2 (Wild, et al., 2005). In China a change from dimming 

to brightening happened around 1990, but the reason behind this is unclear (Tang, et al., 2017). 

While the cloud cover over China decreased, the aerosol emissions increased. The dimming 

was previously believed to depend on aerosol emissions, but studies show that only parts of the 

changes can be derived to changes in aerosol emissions (Tang, et al., 2017). Measurements 

done with pyranometers from the Indian meteorological department shows that since the 1970’s 

the GHI is decreasing annually with 0.6 W/m2. In recent year the trend is changing, since 2001 

both the sunhours and the GHI has increased (V.K. Soni, 2016). 

Solar dimming may also be local, as highly populated sites has a steeper decline in solar 

radiation than sites that are sparsely populated (V.K. Soni, 2016). Overall the trend in 

Ahmedabad is an increase in GHI and a decrease in dusty winds during the pre-monsoon, 

although aerosols are still increasing (V.K. Soni, 2016). 

Dimming and brightening of the sky capture changes in the incoming irradiation on a larger 

scale, but for a specific site the impacts of dust and aerosols can be larger. Both deposited 

particle matter (PM) and ambient PM affects the energy yield from solar technology. Studies 

made on PV panels show that deposited PM accounts for significant reductions in energy yield. 

Especially aerosols, such as organic carbon and ions, reduce the transmittance on the glass 

surface even though aerosols only accounts for a small fraction of the PM mass (Mike H. 

Bergin, 2017). The situation can be more severe for concentrating solar technologies as they 

also require that the solar flux is not scattered when passing the deposited PM. Cleaning the 

glass surfaces may be insufficient according to Bergin et al (2017). They showed thatenergy 

yields for PV panels could decrease with 15% in North-western India. The decrease in energy 

yield was found to be roughly the same size as the deposited PM. It is important to note that the 

study was conducted on non-tracking PV-panels, without nano-coating designed to protect 

glass from soiling. 

The DNI can also be underestimated, as much as 10% in areas with high potential for 

concentrating solar power, Gujarat included (Ruiz-Arias et al., 2016). This is the case where 

the calculation methods are based upon long term averages of Aerosol Optical Depth (AOD). 

If instead daily values are used the DNI and yearly energy yield increases. Ruiz-Arias et al. 

(2016) stresses the need for daily AOD values instead of long term average in regions with high 

levels of AOD, such as northern Africa, Middle East and Asia-Pacific. 

2.4 Sectors suitable for solar thermal integration 

In this study two industry sectors have been investigated further for the usage of solar 

collectors for heating; the textile processing (finishing) sector (Section 2.4.2) and the dairy 

sector (Section 2.4.1). The processes used in these two sectors are within the temperature 



9  

range that the Absolicon T160 can deliver, and Gujarat is known for their dairy products and 

denim fabrics. Other sectors that are interesting to study further is the food & beverage sector 

and the pharmaceutical sector but has not been included in this study. 

2.4.1 Dairy sector 

The state of Gujarat is described as a center for food and dairy industry in India and the state 

processes 12.7 % of India’s food (ABPS Infra, 2011). India is one of the largest milk producers 

in the world, with an annual production of 165.4 million tons 2016 (NDDB, 2017). Around 

12.8 million tons (7.7%) is produced in Gujarat. In India only a portion, 13-20%, of the milk is 

produced in the organized sector, characterized by as larger units with modern technical 

equipment (Sharma, et al., 2017), the rest is consumed or sold at farm level or processed in the 

unorganized sector, characterized as small units with varying degrees of processing and 

technological equipment (ABPS Infra, 2011). The organized sector is projected to continuously 

grow fast and have around 25% of the total market in 2018 (Mandavia, 2015). The growth rate 

for the organized dairy segment was at 22% yearly as of 2015 (Mandavia, 2015). As an 

industrialized state, Gujarat has a larger organized dairy sector than the rest of the country. The 

total milk processed in the organized sector is estimated to 3.81 million tons per year (Sharma, 

et al., 2017). 

There is also a seasonal variation in milk production, with a so called flush season from 

November to April and lean season from May to October, where the increase from lean season 

is around 60% (Gupta & Sharma, 2010). A site visit at Umang Dairies in India also revealed 

the same pattern with an increase of fuel consumption with 70% from lean to flush season. Milk 

consumption is relatively stable, which creates surpluses on the market during flush season 

(Gupta & Sharma, 2010). Many dairies rely on producing milk from powder during the lean 

season as the fresh milk is less available (CII, 2013). 

In the dairy sector different biofuels, furnace oil, natural gas and diesel are the most common 

energy sources for thermal energy usage (CII, 2013). There are some dairies that use coal as 

energy, but because food processing has high sanitation standards it is less common in the food 

processing industry. The temperature range that is required for the different processes in a dairy 

is 40-120C. 

2.4.2 Textile sector 

The state of Gujarat has been a textile hub in India since the 19th century. It is the largest cotton 

producing state and 75% of India’s subsidies in the textile Revised Restructure Technology 

Upgrade Fund Scheme, active 2013-2017, were granted to Guajarati entrepreneurs (Financial 

express, 2016). The textile industry contributes with 4% of the GDP in India and 14% to the 

industrial production (Sharma, et al., 2017). It is one of the most important sectors in India, 

both in terms of employment and export earnings (ABPS Infra, 2011). 

The textile sector can be divided into two segments, the spinning and weaving segment and 

chemical processing. In the spinning and weaving the thermal energy use is limited - electricity 

is the dominating energy carrier (ABPS Infra, 2011). In chemical processing most of the energy 

used is thermal, making it a suitable sector for solar collectors (ABPS Infra, 2011). The share 

of power processed cloth (mechanically processed) has increased from 30% to 68%, leaving 
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22% of cloth being hand processed and 10% sold unprocessed (ABPS Infra, 2011). Most fabrics 

processed in India are made in the decentralized sector, as much as 96% (Ministry of textiles, 

2017). India is one of the largest exporters of textile on the globe and have a market share of 

over 5% (Government of Gujarat, 2017). In the organized sector the fabric processing is made 

in composite mills and in the decentralized sector the processing is made in textile processing 

houses (ABPS Infra, 2011). The total annual production of cotton mill cloth in India 2015 was 

1 504 million m2, where 30% were processed in Gujarat (Ministry of textiles, 2017). 

The temperature range needed for chemical processing of fabrics is 40-150C (Gupta, 1989). 

Despite that the temperatures needed for chemical processing are below 150C many composite 

mills operate at temperatures around 180C and 10 bars (Sharma, et al., 2017). 

The state of Gujarat has the highest number of large and medium sized fabric processing units, 

around 600 units (The Textile Magazine, 2017). It processes 30% of the country’s woven fabric 

and the spindling capacity rose by one million units since 2012 (The Textile Magazine, 2017; 

Ministry of Textiles, 2017). Since only 4% of the cloth processing is taking place in the 

organized mill sector (Ministry of textiles, 2017), there is a lack of data regarding where the 

fabrics are processed, and the fuels used for processing. According to a study carried out by 

APBS infra in 2011, roughly 37% of the energy use came from coal, 16% electricity and 47% 

biofuels. According to the same study, where 10 textile processing units where studied, 80% of 

the energy demand where met by furnace oil. An increase in demand for petrochemicals has 

also been reported for the textile sector (OECD/IEA, 2015).The textile processing association 

in Gujarat also claims that the textile processing units has invested 500Cr (62 million €) in 

switching to natural gas (Textile excellence, 2012). The largest composite mill in Gujarat, 

Arvind Ltd, are using 17 million m2 of natural gas annually (CDP, 2017). The textile processing 

units in Gujarat are formed into clusters located near the cities Ahmedabad, Jetpur and Surat. 
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3. Method 

The method for estimating the potential for solar energy in the industry are followed by the 

solar resource simulations and the methods chosen to describe the economic impact in 

switching to solar energy. In 3.1 the method for finding specific energy requirements for the 

dairy industry and textile processing industry is presented. In section 3.2, where both the 

method for estimating the integrational constraints as well as the estimations for total energy 

use in dairy and textile processing is presented. In section 3.3 the method for calculating the 

solar energy production is described. Finally in section 3.4 the financial calculations is 

presented, to calculate the profitability of solar thermal energy when replacing some common 

fuels in India. 

3.1 Specific energy use 

In this section the methodology for estimating the energy used in industries in Gujarat is 

presented. Industries that are suitable for integration with the solar collectors were investigated 

further and are presented in section 2.4. The preliminary study was made through literature 

studies, seminars, interviews and a visit in India. 

To provide a framework of how much land that is available google maps was used to evaluate 

the size of the plants and available nearby land. For this, the plants belonging to the Cooperative 

Milk Producers Union, Amul, were chosen for the dairy industry and for the textile industry the 

designated consumers of the textile sector in Gujarat. The results were compared to values 

found in literature studies for validation. 

3.1.1 Dairy – specific assumptions 

The facilities were run on 70% utilization rate when the size of the collector field was 

determined, which is the mean utilization rate for an Indian dairy (CII, 2013). The plant was 

assumed to run between 07.00-18.00, 365 days per year. 

The specific energy requirement was set to the median of the values collected from previous 

studies, see Table 3. 

Table 3. Energy required to process 1 kg of dairy product. 

 

Product Region studied MJ/kg (thermal) Source 

Liquid milk India 0.06 (CII, 2013) 

Liquid milk  0.25 (CII, 2013) 

Liquid milk  0.89 (CII, 2013) 

Liquid milk  0.19 (Suresh & Rao, 2017) 

Mixed products  0.19 (ComSolar, 2011) 

Liquid milk  0.18 (Sharma, et al., 2017) 

Mixed products  0.28 (Sharma, et al., 2017) 

Liquid milk Global 1.10 (Ramirez, et al., 2006) 

Liquid milk Across regions 0.8 (Xu & Flapper, 2009) 

Liquid milk  1.5 (Xu & Flapper, 2009) 
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3.1.2 Textile – specific assumptions 

Since most textiles in India are being processed, no concern was taken to product mixes. For 

textiles processed in the decentralized sector there were a lack of data on state level. Three 

different scenarios were made for estimating the potential which can be seen in Table 4. 

Table 4. Assumptions made regarding the share of Indian textile processed in Gujarat, along with a short motivation. 

 

Scenario   Share    Short description 

1 6% Share of garments exports from Gujarat. 

2 11% Share of designated consumers located in Gujarat in the textile industry. 

3 30% Share of cotton fabric being processed in Gujarat in Mill sector. 

 

Mills are in general operating at a temperature of 180C and 10 bars and co-generation is 

common. The process requirements are in general 40-110C but can for some applications be 

higher, 150C (Sharma, et al., 2017). This study is only considering the process requirements. 

The calculations made for estimating the total potential were carried out by using the annual 

production of cotton cloth, since cotton cloth has 70% of the market share (Sharma, et al., 2017). 

No calculations were made regarding the integration constraints of the textile processing units, 

due to lack of data and the heterogeneity of the sector. 

The specific energy requirement was set to the median of the values collected from previous 

studies, see Table 5. 

Table 5. Energy required to process one m2 of product. 

 

Product Region studied MJ/kg (thermal) Source 

Cotton cloth India 6.0 (Hasanbeigi, 2010) 

Cotton cloth  6.0 (Sharma, et al., 2017) 

Cotton cloth  5.85 (IPCC, 2007) 

Cotton cloth  5.42 (UNIDO, 2009) 

Cloth  6.01 (ComSolar, 2011) 
 
 

3.2 Solar thermal integration 

The size of the solar collector field that can be integrated into heat processes in industries relies 

heavily on the available storage capacity. Different storage solutions have been chosen to 

estimate the potential. The integration can be done either at the supply level or the process level. 

The supply level integration can be done as a parallel integration, such as heating of make-up 

water (replacement water), feed-water or return flow (Muster, et al., 2014). At the process level 

the solar collectors can provide low pressure steam or be connected to a heat exchanger to heat 

the process medium, baths, tanks, intermediate hot water circuits or input streams (Muster, et 

al., 2014). In the basics on solar heat integration is explained. 
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Table 6. Basic aspects of solar process heat integration, on process and supply level (Muster, et al., 2014). 

 

Criteria Process level Supply level 

Detailed process data Required Not needed 

Preliminary process 

integration analysis 

Essential for appropriate solar 

system design 

Generally recommended 

 

Flexibility to adapt to later 

changes in processes 

Low High 

 

Collector efficiency Potentially higher Usually lower 

Solar heat contribution 

potential 

Restricted Usually higher 

Heat storage necessity Depends on the profile of selected 

process stream(s) with respect to 

solar availability, and sizing of 

solar contribution 

Not necessary if not 

exceeding base load of the 

utility 

 

For integration on the process level and/or at the supply level with a higher solar fraction than 

the minimum load of a facility, a storage unit is needed. Since implementation of a storage unit 

in combination with a solar collector field requires detailed knowledge of the facility and its 

needs, the capacity of storage units was not investigated further in this study. It would require 

a number of assumptions regarding the heat load and induce significant uncertainties. 

3.2.1 Three penetration levels for solar thermal integration 

For all facilities the annual energy delivered by the solar collectors was based on calculations 

at an operating temperature of 100 C. The key performance indicators were used for estimating 

the energy use. In this section the methodology for calculating the solar thermal integration 

potential for three penetration levels are described, where Case A is an integration with no heat 

storage unit, Case B is an integration with daily storage capacity and Case C is an integration 

with a seasonal storage unit. 

Case A – Supply level with no storage 

When solar thermal collectors are implemented into an existing plant it is in general easiest to 

integrate the collectors into the supply level. This integration concept is not exceeding the 

baseload of the facility, and no storage is required. The existing heat provider are kept, and the 

main advantage is that it is possible to integrate the solar collector field in parallel. The 

assumption for Case A was that the maximum solar energy yield does not exceed the baseload 

of the facility. 

The maximum solar fraction was found when the maximum solar power was delivered, setting 

it equal to the power requirement in the dairy as calculated by the key performance indicators. 

The maximum power was calculated as; 



14  

 

𝐸 ,   a    = 𝑃   t ∙ ℎ ∙ 𝜂opt cal, (2) 

 
where Pext is the extraterrestrial solar power hitting the earth’s atmosphere and optical is the 

optical efficiency of the solar collector. The size of the solar collector field (SCF) required in 

Gujarat to meet the dimensioning maximum energy over an hour was calculated as; 
 

 

𝑆𝐶𝐹 = 
   ,p  o   𝑁 , (3) 

A 
,max 

prod 

 

where Eh,prod is the mean power required to process one unit of product and Nprod is the number 

of units that are being processed during one hour of operation, see section 3.1.1 for a more 

detailed description regarding the uptime of a dairy. 

Case B – Process level with daily storage 

The assumption for Case B was that the daily energy requirement was met. The solar fraction 

was found when the daily energy usage was equal to the maximum daily energy delivery from 

the solar collector field. The area of the field for case B was calculated as; 

 

 

𝑆𝐶𝐹 = 
 %   p   o   ∙ 𝑁𝐹 , (4) 

B 
max 

prod 

 

where U% is the utilization rate and Eprod is the energy required to process one unit of product 

Emax is the daily energy delivered by the collectors on a sunny day and Nprod is the daily flow of 

products being processed. 

Case C – Process level with seasonal storage 

A large share of the energy demand is met with solar thermal. Different types of storage, new 

process heat system design along with additional heat sources is needed in the facilities. The 

assumption for Case C was that the monthly energy yield from the SCF was equal to the energy 

use. 

The mean monthly energy yield in the pre-monsoon season was the dimensioning factor when 

the size of the SCF was determined. For case C the area of the SCF was thus calculated as; 

 

 

 

𝑆𝐶𝐹C = 
𝑈%𝐸prod 

 
 

𝐸  an 

 

∙ 𝑁prod 

(5) 

 

where Emean is the mean energy yield from the SCF in the pre-monsoon season and Nprod is the 

monthly flow of products being processed. 

3.2.2 Estimations of the energy use in the region 

The industrial energy use in India was weighted and allocated to the state of Gujarat as; 
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𝐸 = 
 op     a a  𝐸 , (6) 

Gujarat  opln ia 
Ind a 

 

and  
𝐸 = 

G           a a  𝐸 
 

, (7) 
Gujarat G    ln  ia 

Ind a 

 

where the energy was assumed to be based on population and GDP, e.g., PopGujarat and 

GDPGujarat respectively. 

The annual energy yield from the solar collector field could then be calculated as; 

 

 
𝐸 olar = 𝑆𝐶𝐹 ∙ 𝐸at, (8) 

 
where SCFx is the solar collector field area for case X and Ea is the annual energy yield from 

one m2. The solar energy use was then calculated as; 

 

𝐸  = 𝑆𝐸𝐶% ∙ 𝐸Gujarat, (9) 

 
where SEC% is the solar energy usage of the sector in %. 

3.3 Solar calculations 

The solar resource in Gujarat was investigated by using solar simulations made in TRNSYS, a 

transient simulation tool that uses solar data from METEONORM. The simulation tool contains 

data on the Absolicon solar collector and takes internal shading into account. The energy 

production on different time scales could therefore be investigated. Seasonal and daily 

variations were examined. Gujarat has two measurement stations; one in Ahmedabad and the 

other in Bhaunagar (METEOTEST, 2017). The satellite derived model used for estimating the 

solar resource is based on data from measurement stations all over the world. In Section 2.3.1 

the accuracy of satellite derived models was discussed. With an assumption that the energy was 

altered with the same percentage as the DNI, the annual energy yield was calculated as; 

 
 

𝐸 = 𝐸O ∙ 𝑑%, (10) 

 
where E0 is the annual energy yield based on current DNI estimations and d% is the deviation 

from current DNI estimations in %. 

3.4 Financial calculations 

There are many methods for calculating the profitability and financial viability of a solar 

project. A few common methods were used and evaluated; Pay-back time, Net Present Value, 
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Equivalent Annual Cost and Levelized Cost of Energy. An assumption for all financial 

calculations was that the solar collector field was fully utilized, since storage was used for fields 

larger than the minimum load. This is a simplification of reality and needs to be examined in 

greater detail. This is especially true for fields that is going to be integrated at the process level 

and for fields integrated at supply level that is delivering more than the minimum load. When 

the fuel costs are compared to the cost of energy from solar, it should be noted that no 

assumptions were made regarding future fuel prices or maintenance costs. 

The calculations were made for a solar collector field replacing common fuels used in the 

industrial sector in India. The fuel prices and their calorific values can be seen in Appendix 1. 

Basic assumptions In India the cost of equity and financial risks are moderately high (EY, 

2017). For methods using discount rates the rates according to Table 7Table 5 were used in the 

calculations. 

Table 7. Discount rates used for financial calculations, based on a recent survey made in India (EY, 2017). 

 

% Short description 
 

5 Terminal (long term) growth rate for companies in India, similar to the inflation 

8 Risk free investment rate in India, about the same rate as buying a 10-year 

government bond 

12 The cost of equity in in India, as stated by the industry. Real values are used to 

avoid inflation adjustments. 
 

 

For simplifications and lack of data no concern has been taken to maintenance cost for the fuel 

that the solar collector replaces. The investment cost for a solar collector field is stated in Table 

8. 

Table 8. Price range used for financial calculations. 

 

€/m2 Short description 

140 Large solar collector field mass produced in India, with 30% subsidies from the 

Ministry of Renewable Energy. 

200 Large solar collector field mass produced in India, without subsidies. 

245 Small solar collector field shipped to India, with 30% subsidies from the 

Ministry of Renewable Energy. 
 

 

Other costs and performance details linked to the solar collector T160 are stated in Table 9. 

Table 9. Cost & performance details of Absolicons T160, source: (Byström, 2018). 

 

Detail Short description 
 

< 1% in 25 years (0.04% annually) Degradation 

1-2% of initial investment Maintenance and operation costs (MO) 

0% if not specified Escalation in MO costs 
20 years if not specified Financial lifetime 

100C if not specified Operating temperature of solar collector 
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t=l 

3.4.1 Pay-back time 

The pay-back time is a widely used method for calculating the profitability of an investment. It 

is a simple method that does not take taxes, interest and residual values into account 

(Andersson, et al., 2008). These simplifications allow the investor to get an indication whether 

or not the investment should be made. The Pay-back time in years, T, was calculated from the 

equation; 

 

 

𝐶O = ∑T 𝑆t, (11) 
 

where C0 is the cost when purchasing the investment and St is annual saving of year t due to 

avoided fuel purchases. 

The pay-back was calculated by using the lower bounds regarding the cost of different fuels. It 

was based on present prices and was not adjusted to inflation or predicted price changes. The 

investment cost was varied, as stated in Table 8, as it has a large impact on the investment size 

(Byström, 2018). 

3.4.2 Net Present Value 

In order to ensure the profitability for an investment the future savings has to be larger than the 

investment cost. The Net Present Value (NPV) method is using the discount rate and the savings 

are discounted during a time span, T, in this case 20 years which is somewhat lower than the 

expected lifetime of Absolicon solar collector. When the NPV equals zero the return is equal 

to the discount rate (Andersson, et al., 2008). The NPV was calculated as; 

 

 

𝑁𝑃𝑉 = −𝐶  + ∑T S   , (12) 
O t=l (l+r)  

 

where r is the discount rate. The NPV does take the return for the whole lifetime into account. 

The method can include taxes, risks, rest values and inflation (Andersson, et al., 2008). The 

calculations were made without including taxes and rest values. The discount rate is set by the 

company and is dependent on several parameters such as taxes, required returns and risks. The 

discount rates used is described in Table 7. 

3.4.3 Equivalent Annual Cost 

A way to calculate the cost of energy is by using the Equivalent Annual Cost (EAC). Since the 

solar resource is free of charge but have a large investment cost compared to fossil and biofuels, 

the EAC is a measure of the annual cost of solar energy used for energy, was calculated as; 

 
 

 
𝐶 = 𝐶 𝑟 

. (13) 
 

 q O 1 − (1 + 𝑟)-T 
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With this method annual fuel costs could be compared. Like the NPV method, described in 

Section 3.4.2, the EAC takes the financial risks with an investment into account. 

3.4.4 Levelized cost of energy 

The measured Levelized Cost of Energy (LCOE) is a commonly used method for comparing 

the cost of different photovoltaic systems with the grid price. The same method can be used for 

evaluating solar thermal systems. The method takes into account the maintenance costs as well 

as degradation of the solar collectors. The LCOE can contain many factors, such as 

depreciation, loan repayments and loan interests. None of these factors have been taken into 

consideration in this study, since a more complex model also has more uncertainties (Darling, 

et al., 2011). A simplified version for utility scale was chosen to calculate the LCOE as; 

 

 

CF +∑T M0(1+eM0) 
-
 RV  

𝐿𝐶𝑂𝐸T = 
0 =1 

 

∑T 

(1+  )  
E (1- )  

(1+  )  
,
 

 =1 (1+  )  (14) 
 

 

 

 

where MO are maintenance and operation costs, eMO is an annual escalation factor for the 

maintenance and operation costs, RV is the residual value of the investment, Et is the energy 

that is being replaced by the solar collector field annually d is the material degradation factor. 

The degradation constant was assumed to be 0,04% annually based on test results on the Solar 

collectors, where the degradation is expected to be maximum 1% during its lifetime of 25 years 

(Byström, 2018). The maintenance and operation costs were assumed to be between 1-2% of 

the initial investment cost (Byström, 2018). 
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4. Results 

The results from the study is presented in this section. The key performance indicators for dairy 

products and cotton cloth are presented in 4.1 and 4.2, followed by the estimated gross potential 

for Absolicons solar collectors in section 4.1.1 and 4.2.1. For the Dairy sector the potential is 

also presented using production yields and integration constraints, see Case A, Case B and Case 

C. In section 3.3 the results from the simulations and calculations regarding the solar resource. 

The last section, 3.4, presents the profitability of the solar collector field when replacing some 

common fuels used in the industrial segment in India. 

4.1 Energy use in the dairy industry 

The potential of solar thermal aperture area was estimated to be 80 000-169 000 m2 depending 

on the penetration level of solar thermal energy. This could be limited further, up to 50%, due 

to space requirements and high land costs, as many dairies are located in the cities/suburban 

areas. The sector has a large potential for growth, as most dairy products consumed are not 

processed in the organized sector. India is well below world average both in terms of processing 

and consumption of milk. The dairy sector is growing by 3.6% annually (CII, 2013). These 

findings indicate a large potential for solar thermal energy in the dairy sector, even if the sector 

alone is not large enough to motivate a production line of solar collectors. 

The median energy demand for producing one kg of dairy product based on previous studies is 

found to be 0.25-0.29 MJ. The energy demand is set to 0.25 MJ/kg product when the potential 

is estimated. The energy demand varies significantly between dairies and can for other product 

mixes and countries be much higher. The energy required for producing one unit of dairy is 

significantly lower in India, a possible reason for this is the size of Indian dairy plants which 

often processes over 200 tons per day (CII, 2013). 

Since the total milk production in Gujarat is known, both for the organized sector and the total, 

the organized sector was calculated to process 35% of the total production, resulting in a yearly 

production of 3700 tons. 

Table 10. Key performance indicators - thermal energy requirement for producing 1 kg of dairy product in India and 

specifying the cost of fuel and carbon dioxide emissions for the f.u. Boiler efficiency of 85% were assumed. 

 

Key performance indicators – 1 kg dairy product as f.u. 

Thermal energy 
requirement 

0.25 MJ 18* g CO2 0.09* INR 

 7 ml Fuel oil 22 g CO2 0.14 INR 
 8 ml Diesel 18 g CO2 0.47 INR 
 8 dm3 Natural gas 17 g CO2 0.25 INR 
 16 g Coal 23 g CO2 0.08 INR 
 23 g Rice husk 0 g CO2 0.12 INR 
 16 g Wood 0 g CO2 0.08 INR 

  
21 g 

briquettes 
Wood 

 
0 

 
g CO2 

 
0.05 

 
INR 

 69 Wh Electricity 34.5** g CO2 0.49 INR 
*Emissions and cost based on industrial fuel mix; 60% coal, 3% natural gas, 17% oil and 20% wood (OECD/IEA, 2018). 

**Emissions based on power sector fuel mix, excluding emissions from thermal power generation from renewable sources; 60% 

coal, 8% natural gas and 3% oil. Assuming thermal power plant efficiency of 35% (OECD/IEA, 2015). 
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4.1.1 Estimation of solar thermal energy potential in dairy 

To estimate the energy use in the dairy sector in Gujarat the national values where weighted 

based on GDP and population, see Eqs. (6) and (7). 

Energy use in Gujarat is estimated to be between 9.75 and 14.2 MTOE for 2015. The results 

are presented in Table 11. The total energy use in the industrial sector is larger when the energy 

is weighted with a GDP base compared to population base (see Eqs. (6) and (7)). Since the state 

of Gujarat is industrialized, it is more likely that the estimation of the total energy use in the 

industry is in the higher regime, i.e., 14.2 MTOE annually. The organized dairy sector is 

consuming only a fraction of the total energy in the state, around 0.2% or 220 GWh when 70% 

utilization of plant is assumed. Today around 0.5% of the industrial energy in India is used in 

milk processing, when using the specific energy use for producing 1 kg of dairy product. This 

has been the case since 2002, with annual variations of 0.43-0.57%, based on statistics from 

(OECD/IEA, 2018), (NDDB, 2017). GDP weighted energy use for the state of Gujarat together 

with the assumption of 0.5% of the industrial energy use give a fairly accurate description of 

the gross potential of the thermal energy demand in the state. 

Table 11. Estimated energy use in the dairy industry in Gujarat weighted on population and GDP. The energy use in the 

organized and total dairy sector is presented as a share of total industrial energy use based on national averages. 

 

Weighting factor Population GDP 

Energy use in industry 9.75 MTOE 14.2 MTOE 

Share organized dairy sector 0.30% 0.30% 

Organized dairy sector energy use 170 GWh 248 GWh 

Share total dairy sector 0.50% 0.50% 

Total dairy sector energy use 567 GWh 826 GWh 
 

When the estimated energy use from Table 11 is compared to the calculated values based on 

actual output of dairy product in Gujarat, presented in Table 12, it is clear that a GDP weighted 

estimation is closer to the actual potential. Since Gujarat has a higher GDP per capita than other 

states, and also a higher consumption and production of dairy products per capita the results 

were expected. 

Table 12. Annual thermal energy use in the dairy sector of Gujarat. Two utilization rates for the organized dairy sector 

where considered. 

 

Utilization of installed capacity 70% 100% 

Organized dairy sector 257 367 GWh 

Organized dairy gross solar 257 000 367 000 m2 

potential   

Total thermal energy use in dairies 888 888 GWh 

Gross solar potential 888 000 888 000 m2 
 

World average milk consumption per day is 590 g (CII, 2013), while the Indian average milk 

consumption is 355 g (NDDB, 2017). The Indian dairy industry has a large potential to grow. 

The product that is growing fastest in dairy are ice-cream and yogurts (CII, 2013). This is 

explained by the hot climate in India, as many people eat chilled products to cool down. If the 
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product mix for the Indian dairy segment changes towards products that need more processing, 

the specific energy requirement per kg is likely to increase. As can be seen the products of the 

organized dairy sector is only part of the total dairy products being consumed in Gujarat. In 

India the organized sector processes around 35% of the total dairy products consumed, which 

can be compared with the corresponding figure of 66% internationally. The annual growth rate 

for dairy products has been around 3.6% for the total sector (CII, 2013). Overall the potential 

in dairy is large, especially so in Gujarat since the organized sector is slightly larger than in 

other states, and the sizes of the plants are larger. The mean daily production from plants in 

Gujarat is 440 tons per day in comparison to 113 tons per day for India. The largest plant is 

owned by 16 cooperatives in Gujarat with an average of 823 tons per day. 

To evaluate the available land space that is needed to build a solar collector field the dairy plants 

that belong to the largest cooperation, Amul dairies where chosen. 12 plants where listed and 

the size of plant and nearby land was estimated by using google maps. The results can be seen 

in Table 13. The dairies located in the city had no available land except for rooftops. Dairies 

located in the suburbs or in the city with nearby land had all empty areas of land about the same 

size as the dairy or more nearby. Rural dairies had all large areas of land nearby. 

Table 13. Plant size of dairy plants part of the Amul cooperation in Gujarat. 

 

Classification of 

plant 

City Suburb/city with 

nearby land 

Rural with nearby 

land 

No. of plants 2 6 4 

Plant size (mean) 13 500 65 900 84 438 m2 

Share of total plant 
size area 

 
4% 

 
52% 

 
44% 

 
 

For the Amul cooperation, who owns a large number of plants in Gujarat the space requirement 

is to some extent a limiting factor. Land in the cities and suburban area are more expensive, 

which potentially could limit the profitability of a solar collector field. A plant located in the 

city or suburban area could also be more area efficient than rural plants due to a higher cost of 

land. The average daily output for a dairy plant in Gujarat is 823 tons per day. This corresponds 

to an annual thermal energy use of 14 600 MWh annually and 14 600 m2 of solar collectors. 

Since the solar collectors also needs to be installed at a distance from each other the maximum 

available space required is roughly three times larger than the solar collector are. When 

comparing the space required, around 50 000 m2, to the space available, over 65 900 m2, the 

space limitations is more a question of land cost than actual space availability. A proper 

evaluation of land cost and energy loss when installing the solar collectors more densely for 

specific sites should be made to get a better understanding of the issue. In Figure 5 the 

Dudhsagar dairy plant located in the Mehsana district is shown. The plant is classified as a city 

dairy with nearby land. 
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Figure 5. Dudhsagar dairy in Mehsana district, a dairy located in the city but with potentially available land nearby the plant 

(Google, 2021). 

 

If the dairies, owned by the Amul dairy cooperation, are representative for all dairies located in 

the state of Gujarat, available land areas are potentially limiting for at least 56% of the dairies 

studied. Due to lack of data a larger study of available land could not be conducted. A previous 

study for the whole country estimated that around 50% of the theoretical potential is limited by 

space requirements in the dairy industry (ABPS Infra, 2011). 

Below follow more specific results for the three cases; A, B and C, that were defined in Section 

3.2.1. 

Case A 

For solar collector fields without any heat storage capacity the production is limited to the 

hourly heat demand of the dairy plants. The potential for Absolicon solar collectors in the 

Gujarati dairy sector was calculated, and the results can be seen in Table 14. The results show 

that the solar fraction calculated is in line with previous studies investigating implementation 

in the dairy sector in India. The solar fraction has previously been estimated to 18-32% of the 

total thermal energy requirement (Sharma, et al., 2017). 
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Table 14. Total potential in the dairy sector in Gujarat for solar collector fields implemented at supply level with no heat 

storage capacity. 

 

Total potential – No 

space constraints 

Energy 

replaced 

 Collector % replaced 

area 

Organized sector 80 GWh 80 000 m2 31% 

Organized sector (full 80 GWh 80 000 m2 31% 

utilization) 
Total sector 

 
277 

 
GWh 

 
277 000 m2 31% 

 
 

Case B 

For collector fields with daily storage the potential is larger. The results can be seen in Table 

15. 

Table 15. Total potential in the dairy sector in Gujarat for solar collector fields with daily storage capacity. 

 

Total potential – No 

space constraints 

Energy 

replaced 

 Collector % replaced 

area 

Organized sector 128 GWh 128 000 m2 50% 

Organized sector (full 183 GWh 183 000 m2 50% 

utilization) 
Total sector 

 
442 

 
GWh 

 
442 000 m2 50% 

 
 

If the utilization rate of the dairies in Gujarat increases from 70% to full utilization the potential 

increases. It is however unlikely as the dairy sector has lean season during summer as the cows 

& buffaloes ability to produce milk decreases during the hot summer months (Gupta & Sharma, 

2010). 

Case C 

The potential was estimated for Absolicons solar collectors when seasonal heat storage is 

used. The results can be seen in Table 16. 

Table 16. Total potential in the dairy sector in Gujarat for solar collector fields with seasonal storage capacity. 

 

Total potential – No 

space constraints 

Energy 

replaced 

 Collector % replaced 

area 

Organized sector 169 GWh 169 000 m2 66% 

Organized sector (full 241 GWh 241 000 m2 66% 

utilization) 
Total sector 

 

584 
 

GWh 
 

584 000 m2 66% 
 
 

The difference between Case B and Case C was not as large as expected. The reason for this is 

that the dimensioning of the solar collector field was both based on the energy produced during 

the pre-monsoon season (see section Solar calculations for more information regarding seasonal 

variations). Seasonal storage requires larger heat storage capabilities, for a better comparison 

between seasonal storage and daily storage a more detailed study should be conducted. This 

should be done for a more correct estimation of the field sizes and to be able to investigate 

whether or not a larger heat storage capability is more suitable than a boiler run on electricity 

or fossil fuels/biofuels. 
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4.2 Energy use in the textile industry 

The potential for solar thermal energy was estimated, with high uncertainties, ranging from 

around 200 000 m2 to 4-5 million m2, aperture area. Despite the lack of data and previous 

studies we know that the energy required for textile processing is huge. However, the lack of 

data and previous studies also makes it hard to determine how much of that energy that actually 

can be replaced by solar thermal energy. 

Results from previous studies, see 3.1.2, shows that the energy required for textile processing 

are relatively similar. In reality the specific energy for processing varies, as not all fabrics 

undergoes the same treatments. All studies have performed multiple case studies and/or 

calculated the energy required based on process demands energy content. The thermal energy 

demand was set to 6 MJ/m2 cloth when the potential is estimated, median value. 

The specific energy use for processing 1 m2 of cloth is shown in Table 17. Even though a 

significant amount of cloth is processed in the decentralized sector, the fabric still undergoes 

processing, see section 2.4.2. As only 10% of the cloth are sold as grey fabric, the thermal 

energy demand in this study was considered constant. 

Table 17. Key performance indicators - thermal energy requirement for producing 1 m2 of cloth in India and specifying the 

cost of fuel and carbon dioxide emissions for the f.u. 

 

Key performance indicators – 1 m2 cloth as f.u. 

Thermal energy 
requirement 

6 MJ 440* g CO2 2.2* INR 

 170 ml Fuel oil 520 g CO2 3.4 INR 
 190 ml Diesel 430 g CO2 11.4 INR 
 0.2 m3 Natural gas 420 g CO2 5.9 INR 
 370 g Coal 560 g CO2 1.9 INR 
 560 g Rice husk 0 g CO2 2.8 INR 
 370 g Wood 0 g CO2 1.9 INR 

  
500 g 

briquettes 
Wood 

 
0 

 
g CO2 

 
1.5 

 
INR 

 1.7 kWh Electricity 170** g CO2 11.7 INR 
*Emissions and cost based on industrial fuel mix; 60% coal, 3% natural gas, 17% oil and 20% wood (OECD/IEA, 2018). 

**Emissions based on power sector fuel mix, excluding emissions from thermal power generation from renewable sources; 60% 

coal, 8% natural gas and 3% oil. Assuming thermal power plant efficiency of 35% (OECD/IEA, 2015). 

 

 

4.2.1 Estimations of solar energy potential in textile processing 

Estimations regarding cloth production in Gujarat has been calculated for three different 

scenarios, as described in section 3.1.2. When the gross potential for thermal energy that can 

be replaced by solar were estimated it is clear the results from the two methods used for 

calculating the gross potential differ. 

The differences in results from the estimations based on GDP/Population and calculations based 

on production quantities are due to the large uncertainties regarding where the textile processing 

facilities are located. There are many indications that textile processing is larger in Gujarat than 

in other states, it is the largest cotton producing state and houses the highest number of large 

and medium sized textile processing houses. The estimations in Table 18 regarding the Mill 
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sector are 3-6 times smaller than the actual textile processed in Mills in Gujarat. This points to 

two possible explanations, either the decentralized textile sector is much smaller in Gujarat than 

in other regions and are dominated by fewer but larger players, or that the textile industry is 

contributing to a larger share per capita/GDP than in other states in the country. 

Table 18. Estimated thermal energy needed in the textile processing industry in Gujarat, when weighting the energy use in 

Gujarat and applying national shares of energy use in the textile processing industry. 

 

Weighting factor Population GDP 

Weighted energy use in industry 9.75 MTOE 14.2 MTOE 

Share processed in Mills (of total textile) 4.6% 4.6% 

Mill sector energy use 156 GWh 228 GWh 

Share total textile sector (of industrial energy 3% 3% 

use)   

Total textile sector energy use 3 401 GWh 4 954 GWh 
 
 

The gross solar potential is likely to be around 4-5 million m2, as indicated by Table 18 and 

Table 19. The state has a large potential for growth, as it is the largest cotton producing state in 

India. 

Table 19. Calculated thermal energy demand for textile processing in Gujarat, for the three different scenarios regarding the 

decentralized sector. 

 

 6% 11% 30%  

Mill sector 
Mill solar potential 

777 
777 000 

777 
777 000 

777 
777 000 

GWh 
m2 

 
Decentralized sector 

 
3 570 

 
6 546 

 
17 852 

 
GWh 

Total energy use 4 347 7 333 18 629 GWh 

Gross solar potential        4 347 000         7 333 000          18 629 000        m2 
 

 

When the available land where investigated nine out of ten facilities could be found. For the 

case of Arvind Mills, one of the designated consumers, who have reported an annual fuel 

consumption of 280 GWh (CDP, 2017), and needs an area that are only a quarter of the total 

area of the plant. If this is the case for other textile processing facilities the rooftops would 

suffice for covering the energy use. The space requirements were found to be a limiting factor 

for 52% at maximum for the facilities studied. Previous studies have similar results, the space 

requirement is limiting 45% of gross potential (ABPS Infra, 2011). 

Table 20. Plant size of textile facilities marked as designated consumers and take part in the PAT-scheme in Gujarat. 

 

Classification of 

plant 

City Suburb/city with 

nearby land 

Rural with nearby 

land 

No. plants 1 5 (11)* 3 

Plant size (mean) 200 000 368 000 
(167 000)* 

622 000 m2 

Share of total plant   m2 

size area 5% 47% 48% 
*No. plants when calculating the individual facilities in the textile parks. 
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When the facilities classified as suburban/city with nearby land were investigated further it can 

be seen in both Figure 6 and Figure 7 the space constraints are only limiting to some extent. 

There is land space nearby, and for these facilities a smaller field could still be possible. The 

solar collectors could also be installed on top of parking spaces or flat roofs, making the 

available area larger. 
 

Figure 6. Textile mill classified as suburban/city with nearby land (Google, 2021). 

 

The clustering of parks could be visible also from this small investigation, in Figure 7 a textile 

cluster in Piplaj, outside the city of Ahmedabad. There is available space, but the placement of 

the field is important as there are heat losses when the heat is transported to the facilities. 
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Figure 7. Textile cluster of Piplaj, classified as suburban/city with nearby land (Google, 2021). 

 

4.3 Solar calculations 

The results from the calculations when the annual DNI was altered is shown in Table 21. 

Table 21. Annual energy production for three different operating temperatures when the DNI is altered. 

 

Change in energy production + 10% 0% -10% -20%  

Operating temperature     

50C 1.3 1.2 1.0 0.9 MWh 

100C 1.1 1.0 0.9 0.8 MWh 

160C 0.9 0.8 0.8 0.7 MWh 

 
 

In Figure 8 the monthly energy production for Absolicons solar collector was simulated. The 

difference in solar hours becomes evident when the monsoon season is compared to the other 

seasons. The lower energy production in winter and post-monsoon is mainly explained by a 

lower solar elevation angle which means that the solar beams hit the aperture area at an angle. 
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Figure 8. Simulated monthly energy production in Ahmedabad, Gujarat. E-W tracking is used [MJ/m2]. 

 

Different types of tracking modes were simulated for both Arlanda, Sweden and Ahmedabad, 

India. For Ahmedabad, latitude 23, the load profile for N-S tracking is smoothed out through 

the year, with only a small advantage in the winter months. The total energy gain when E-W 

tracking is used is an increase of roughly 20%. For Arlanda, latitude 60, where the difference 

in yearly energy yield is roughly 5% the choice of tracking makes a smaller impact, and it can 

be applicable to choose tracking depending on the load profile. The E-W tracking is superior 

for all locations investigated in the summer months when the incident solar irradiation has a 

higher elevation. For latitudes closer to the equator, such as Ahmedabad, where the sun has a 

high elevation throughout the year E-W tracking has advantages for almost the entire year. 

4.4 Measures for calculating the economics in solar thermal 

There are many ways to calculate the economic feasibility for a solar collector field. The main 

findings when investigating the financial profitability for a solar collector field is that with a 

large investment cost and long product lifetime there is a need to use other methods than the 

pay-back time. 

4.4.1 Pay-back time 

The pay-back time for a solar collector field is heavily dependent on the cost of the fuel 

replaced. The solar collector field have a price range from 140-245€/m2, where 140€/m2 

represents a larger field with the 30% subsidy from MNRE, 200€/m2 is a large field without 

subsidies and 245€/m2 is a rough estimation of the price for a small pilot field with subsidies. 

From Figure 9 it is evident that the pay-back time is over 4 years for the majority of the fuels 

investigated. In India a pay-back time of more than 4 years is considered as too long (Naik, 
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2018). This method for calculating the financial viability of a solar collector field implies that 

it is only for facilities using diesel and natural gas in their processes that will consider replacing 

their present energy supply with Absolicons solar collectors. 
 

 
Figure 9. Pay-back time for a few selected fuels used in the Indian industry. Three different costs for the collector field where 

considered. The calculations were made by assuming 85% boiler efficiency and constant fuel prices. 

 

Since the method is very dependent on fuel price it is vital that the cost of fuel is correct. For 

fuels that has fluctuating prices, such as oil and gas, the method can be misleading. A country 

like India that is projected to become 90% dependent on imported oil in the year 2040 makes it 

sensitive to such fluctuations in the global spot market (OECD/IEA, 2015). Since the pay-back 

method does not take the risks of an investment into account (Andersson, et al., 2008), it also 

fails to capture the risk of using fuels with fluctuating prices as oppose to solar energy, that is 

intermittent on a short time scale, but relatively stable on a longer time scale as mentioned in 

section 2.3.1. 

4.4.2 NPV 

When the NPV was calculated for the case where the solar collector field replaced furnace oil, 

a few conclusions could be made. The discount rate has a large impact on the profitability of 

the solar collector field. When the discount rate is high, 12%, the return is negative. This can 

be seen in Figure 10. The profitability for replacing furnace oil is therefore dependent on 

whether or not the company regards an investment in solar collectors a high-risk project or not. 
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Figure 10. NPV when a solar collector field is replacing fuel oil with discount rates ranging from 5%-12%. The boiler 

efficiency is set to 85% and the investment cost is 200€/m2. 

 

When the discount rate was set constant at 8% while varying the investment cost per m2 it can 

be seen that a change in investment cost has an impact on the number of years before the 

investment in is yielding a return, see Figure 11. When comparing Figure 11 and Figure 10 it 

is evident that a solar collector field with an discount rate of 5% and an investment cost of 

200€/m2 has a larger return than a field with a discount rate of 8% and an investment cost of 

140€/m2. This stresses the need for a company like Absolicon to prove to the investing 

companies that the solar resource, maintenance costs and life-time of the product is as promised. 

If the above is proven a company may consider the project as low risk and using the lower 

discount rate of 5%, as described in Table 7. 
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Figure 11. NPV for a solar collector field replacing fuel oil, with a price per m2 ranging between 140-245€. Assuming boiler 

efficiency of 85% and discount rate of 8%. 

 

When comparing the results from 3.4.1 and Figure 12 it is clear that an investment in a solar 

collector field is profitable not only when replacing diesel but also when replacing natural gas 

and furnace oil. 
 

 
Figure 12. NPV for Diesel (DI), Natural gas (NG) and Fuel oil (FO). The calculations were made by assuming 85% boiler 

efficiency, a discount rate of 8% and a cost of 200€/m2 for the solar collector field. 
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When the NPV was calculated for a solar collector field replacing coal the profit was lower as 

the cost of fuel is very low, as seen in Figure 13. A positive return could be seen only if the 

government subsidies of 30% were used in combination with a lower boiler efficiency of 80%. 
 

 
Figure 13. NPV with a discount rate of 8%, when the solar collector field is replacing coal. Boiler efficiencies ranges from 

80%-100% and the investment cost for the collector field is with solar subsidies (140€/m2). 

 

The NPV method captures some aspects that the pay-back method fails to capture. But the 

method cannot replace strategic investment planning and decisions that could lead to greater 

returns (Andersson, et al., 2008). This could be the case if fuel prices increase more than 

anticipated or if public demand starts shifting towards more environmentally friendly products. 

4.4.3 Equivalent annual cost 

The equivalent annual cost is calculated for a range of discount rates. In Table 22 both the 

discount rate and the initial capital investments of the solar collector field is varied. The initial 

investment does have a large impact on the resulting equivalent annual cost, and is expected to 

vary depending on the size and other technical aspects of the solar collector field. 

Table 22. The equivalent annual cost when the discount rate and investment costs were varied 

 

 
Initial investment 

Discount 

rate 

5% 8% 12% Unit 

140 €/m2
  11 14 19 €/MWh 

200 €/m2
  16 20 27 €/MWh 

245 €/m2
  20 25 33 €/MWh 

 
 

Since there are some uncertainties regarding the solar resource it is also important to take those 

consideration into consideration when the equivalent annual cost is calculated. The calculated 

results can be seen in Table 23. Even with a lower annual production, as could be the case if 
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the DNI is overestimated, solar thermal energy is within the same price range as furnace oil and 

to some extent, rice husk. 

Table 23. The equivalent annual cost when the discount rate and the annual production were varied. 

 

Annual production Discount 

rate 

5% 8% 12%  

0.8 MWh  20 25 33 €/MWh 

0.9 MWh  18 23 30 €/MWh 

1.0 MWh  16 20 27 €/MWh 
 
 

When the cost of fuel, Table 24, is compared to the annual cost of Absolicons solar collectors, 

Table 22 & Table 23, the a collector field would outcompete diesel, natural gas and electricity 

and is in the same price range as furnace oil and rice husk. Coal is comparable only for a large 

field with a low discount rate. 

Table 24. The annual cost of select commonly used fuels in the Indian industrial sector. Three boiler efficiencies were 

considered, and the annual energy demand is set to 1 MWh for comparisons. 

 

 
Fuel type 

Boiler 

efficiency 

80% 85% 100%  

Diesel  91 85 73 €/MWh 

Natural gas  47 44 37 €/MWh 

Furnace oil  27 26 22 €/MWh 

Rice husk  22 21 18 €/MWh 

Coal  15 14 12 €/MWh 

Electricity  88 88 88 €/MWh 
 
 

4.4.4 Levelized cost of energy 

As described in 3.4.4, the discount rate is the factor that has the largest impact on the cost of  

energy produced (Darling, et al., 2011). MO costs and escalations rates has some effects as 

well, when the MO is changed from 2% to 1% of the investment cost the LCOE decreases with 

around 2€. The MO costs and the escalation factor of dito needs to be investigated further in  

order to provide a more precise LCOE. Even though the method takes into account the MO 

costs the LCOE shows that solar is still within the same price range as furnace oil and rice husk, 

see Table 25 where the discount rates where varied while all other factors remained constant. 

Table 25. Levelized cost of energy for a solar collector field when varying the discount rates. 

 

Discount rate 5% 8% 12%  

Year 20 18.8 22.1 27.5 €/MWh 

Year 25 17.2 21.1 26.6 €/MWh 
 
 

To be able to compare the LCOE, Table 26, with the equivalent annual costs, Table 22, the MO 

costs and the annual degradation were removed. From that we can see that the LCOE method 

is less sensitive to changes in the discount rate than the equivalent annual cost, and the overall 

cost for the solar collector field is smaller. 
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Table 26. Levelized cost of energy for a solar collector field without degradation and MO costs. 

 

Discount rate 5% 8% 12%  

Year 20 14.9 18.5 23.6 €/MWh 

Year 25 13.2 17.1 22.6 €/MWh 
 
 

As expected, the LCOE is significantly lower with decreasing investment costs, see Table 27. 

A large field with a subsidy from MNRE is within the same price range as coal. This stresses 

the need to continuously work on reducing the cost while containing the high efficiency that 

Absolicons solar collectors have. 

Table 27. Levelized cost of energy for a solar collector field when varying the investment cost, with a discount rate of 8%. 

 

Investment cost 140€/m2
 200€/m2

 245€/m2
  

Year 20 15.7 22.1 27.5 €/MWh 

Year 25 14.7 21.1 25.8 €/MWh 
 
 

When the annual production was reduced due to lower DNI than simulated, see Table 28, the 

LCOE is still in the same price range as furnace oil, but slightly higher. An estimation of the 

DNI with high uncertainty does not only affect the annual energy production, it could also be 

connected to the discount rate, as a high discount rate is often used for high risk investments 

(Darling, et al., 2011). The annual production can also decrease if the operating temperature is 

higher, where 0.8 MWh is roughly the annual production when the operating temperature is 

160C and 0.9 MWh is roughly the annual production when the operating temperature is 140C. 

Table 28. Levelized cost of energy for a solar collector field when varying the annual production, with a discount rate of 8%. 

 

Annual production 0.8 MWh 0.9 MWh 1 MWh  

Year 20 28.0 24.9 22.1 €/MWh 

Year 25 26.3 23.4 21.1 €/MWh 
 
 

The main advantage with using the LCOE method oppose to other methods, is that it is a 

widespread method for comparing electricity generating technologies, and the awareness of the 

method is likely to increase with increased solar PV installations. It is also easy to find and 

compare technologies, since they are presented with the same metric. The drawback is that there 

are many ways to calculate an LCOE and the assumptions made has to be clearly stated. 
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5. Analysis 

The analysis is highlighting the main issues and uncertainties of the study and contains 

suggestions in how to move forward when entering the Indian and Gujarati market. It also aims 

to show some areas that requires further studies. 

5.1 The methodology 

India is a diverse country and the states differ from one another. The findings in Gujarat may 

therefore not be directly transferred to other regions as they have different growth speeds and 

will to invest in new technology. The GDP weighting is however a promising way to estimate 

the potential, especially for the dairy segment, the estimated results were very close to the 

calculated values and could be a good method for quickly estimating the potential in other 

regions. The estimations requires less knowledge of a specific market, as oppose to the 

calculations from actual production figures. The estimations regarding the textile processing 

sector are harder to draw conclusions from, due to lack of data to validate the estimations. It 

was clear that both weighting with population and GDP underestimated the Mill sectors energy 

use in Gujarat. To improve the estimations a suggested way forward is to enhance the method 

by adding factors where the different sectors contribution to GDP is included. 

5.2 Is there a market in Gujarat for a production line? 

One of the main challenges for establishing a production line and finding customers is the large 

number of small players in the state. For small players investing in smaller solar collector fields 

the investment cost will increase due to additional costs of the solar central and integration 

equipment needed. In order to reach the small players other solutions should be looked at, for 

textile clusters a joint solar collector field could be an alternative, as well as a separate company 

selling heat to the customers. As discussed in section 5.4, the LCOE is an important metric as 

it gives a basis for the cost of fuel from such an arrangement. If Absolicon want to reach the 

large decentralized customer base, especially in textile processing, arrangements like this 

should be explored. A suggested path forward would be to make contact with unions, 

government organizations and the CII to take the ideas forward with the aim of setting up a 

joint solar collector field for a cluster. The government of India is already working towards 

mega-clusters to boost efficiency, knowledge and logistics. For reaching the decentralized 

textile processing market this is probably the best way for Absolicon to move forward. 

The dairy industry in Gujarat is more organized than in other states which makes it a suitable 

sector to start with. In contrast to the textile processing, where the decentralized sector is 

growing, the organized sector in dairies are also increasing. The organized sector is in general 

operating at a larger scale and has means for investing in new technology. 

5.3 Technical and economic factors limiting solar thermal potential 

Coal is the most used fuel in the industrial sector in India today. When the fuels are investigated 

in more detail it becomes clear that the choice of fuel differs when different sectors are studied 

and varies from plant to plant. Dairy has high hygiene standards and coal is more seldom used, 

instead biofuels are the most used fuel, reaching almost 50%. 30% of the fuel mix where furnace 

oil and diesel. Since biofuels are projected to have a declining share of the energy system in 
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India, it is likely that the share of furnace and diesel will increase. This is true also for other 

sectors such as food & beverages and pharmaceuticals. Especially pharmaceuticals are already 

today using oil and gas for meeting the hot water demand, due to strict hygiene standards. To 

enter the market in Gujarat Absolicon should focus on sectors using oil and gas for fuel, as it is 

an expensive fuel where the solar collector can help reduce costs for the company. 

As mentioned earlier in 2.4 the temperature ranges required by the processes, such as drying, 

dyeing, cleaning and many more are often lower than the actual temperatures achieved in the 

steam systems of the facilities. In order to integrate the solar collector field at the processes and 

have a higher solar penetration level than preheating the feed-water to the boiler, a high level 

of engineering work is required. Absolicon needs to continue developing partnerships with 

engineering companies to be able to offer turnkey installations that can be used directly in the 

processes. Especially for the textile industry, which is growing rapidly and needs to set up new 

developments this is an opportunity to be in the process from start. 

Since solar heat has to be installed within the vicinity of a facility there is a need to have larger 

areas close to the facility where the solar collector fields can be installed. The cost of land is 

estimated to about 2-4 rupees per m2 (NRG, 2018). In order to deal with these problems 

Absolicon needs to see if there is a possibility to install the collectors in a more optimal way 

for the given prices of land. The land constraints are estimated to be in the range of 30-50% of 

the gross potential, but the constraints can be limited further with raised fields above parking 

spaces and on flat rooftops. Industries often have land available for future expansion, and 

rooftops could easily be built flat, adapted for hosting a solar collector field (Byström, 2018). 

5.4 Fuel costs and profitability 

When looking at the pay-back time alone as a financial tool to calculate the profitability for a 

solar collector field, only fuels associated with high prices per unit of energy can outcompete 

solar thermal energy. The pay-back time does not take into account the savings a solar collector 

field yields during its lifetime, which puts solar thermal energy at a disadvantage. Other 

methods used in this study, NPV, Equivalent annual cost and LCOE takes the savings during 

the whole lifetime into consideration and when using these methods solar thermal is a profitable 

choice for replacing a wider range of fuels. Solar thermal can with these methods outperform 

fossil fuels except coal. This was the case even when the investment was considered a high-risk 

project with a high discount rate. Another argument against the pay-back time as a method for 

calculating profitability is the fact that solar energy cannot be compared to energy efficiency 

investments. Solar energy does not only reduce the energy use but are also producing energy 

with no marginal costs. This could be of great advantage for times when there is an energy 

shortage or a sudden price spike. 

Coal can be outcompeted only when the rate of interest is low and at the same time the 

investment cost is reduced, either by subsidies or with further development in cutting material 

costs and labor work in the solar collector production/installation chain. To replace coal as an 

energy source there has to be other forces driving the companies to invest in zero CO2 energy 

sources. In India schemes as the PAT-scheme and the education and information that the energy 

auditors provide can be a part in the transition. Today there is a focus on energy efficiency and 

emission reduction in India, both the PAT-scheme and the energy auditors has this as a prime 
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focus. In order to meet the Paris agreement there is a need to not only reduce the emissions and 

energy usage, there has to be zero net emissions. If not meeting this with different sorts of GHG 

sinks, such as carbon capture or increasing the amount of carbon stored in forests, this has to 

be met by zero net emission energy production. The necessary steps by governments and 

companies has not yet been taken, and new policies will probably be implemented in the years 

to come. A collaboration with the CII and the Indian energy auditory or other trusted institutions 

in India could help raise awareness about the solar collector technology as well as the climate 

change and Paris agreement to help manufacturers prepare for the future. 

5.5 Uncertainties regarding the solar resource 

In order to ensure the profitability there are two main concerns. The discount rate and the solar 

resource. There is a need for more research regarding the DNI in India to ensure that the energy 

production remains high. There are indications of a brightening in the sky since 2001, and days 

with bright skies is also increasing, although at a slow pace (Soni, et al., 2016). But the reason 

behind this is unclear. More actual measurement stations along with continued research on the 

global dimming and brightening phenomena will be of importance to investors in concentrating 

solar technologies, as the discount rate reflects the risk of a project. 

The pre-monsoon is the season when the solar energy production is highest, but also the season 

with most dusty winds and aerosols. The dust and aerosols decrease DNI, and the diffuse light 

increases. The particles can also be deposited on the glass which further reduce the energy 

production. Satellite models as the one used in the simulations do take dust and aerosol loading 

into account, but the grid resolution is too large to capture local variations such as roads with 

heavy traffic or emissions from specific factories. In these cases, ground measurements could 

be an option to ensure that the energy production is satisfactory. It is however unclear if and 

how Absolicons T160 will be affected by deposited particles as the glass cover has a nano 

coating layer to protect from dirt and soiling. However, this threat in should also be seen in the 

context that the DNI is potentially underestimated when calculating the yearly energy yield in 

Gujarat. It is hard to determine whether or not the solar resource is increasing or decreasing for 

concentrating solar technologies, as the long-term changes in Gujarat indicates an increase in 

clear skies and GHI. This indication along with the underestimation of the DNI in the satellite 

derived methods points to a potential overall underestimation of the DNI but a potential 

overestimation for specific sites. 

If proper measures are taken to decrease emissions and minimizing the aerosol loading this 

problem would have less impact. Emission reduction is also a public health issue, since airborne 

particles has negative impact on human health (Manabu Shiraiwa, 2017). India has addressed 

this issue and the goal is to reduce the emission intensity of GDP with 20-25% by 2020 (PTI, 

2015). Since India is an emerging economy the aerosol emissions are likely to rise in the years 

to come. Despite these uncertainties in DNI and future radiation the state of Gujarat has large 

potential for concentrating solar applications. 

5.6 Data quality 

The quality of data found is of varying quality. The dairy sector has in general high-quality data 

from government organizations, but when the textile processing sector was studied data was 
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hard to find. The textile processing study is therefore based on different scenarios in order to 

get an idea of the gross potential for solar thermal energy. One reason for this lack in data is 

due to the difference in reporting between for different sectors. For the large decentralized 

textile processing sector, the statistics are presented as national data, and no information is 

found regarding fuel type. This is a limiting factor, since the solar resource varies between 

Indian states, and the current used fuel source is crucial when the profitability is calculated. 
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6. Discussion 

The method used for studying the region in this study is quite time-consuming, and the results 

are not directly transferable to other regions or states. Perhaps a more developed methodology 

would have yielded a result that could be incorporated on a broader spectrum. This would have 

required more validation against other states, or even countries. 

There are other markets that have not been included in this thesis that could prove to be very 

interesting. The pharmaceutical industry together with the food & beverages is an interesting 

segment. The pharmaceuticals since the fuel used today are fossil fuels, but not coal due to their 

hygiene standards. The food & beverage sectors are growing, in whole India as well as in 

Gujarat. Mega food parks are opening up and could be a market for solar collectors. 

One question that would have been interesting to examine further is the impact solar collectors 

would have on the emissions. To be able to conduct such a study a more certainty is needed 

regarding what fuels are used today. Solar collectors are economically comparable against 

diesel, natural gas and oil products. The impacts on the state regarding economic benefits as 

well as emission reduction would have been interesting. The lack of data regarding fuel types 

would mean that such a study would be based on assumptions and was therefore not conducted. 

Another concern is the smog and pollution in India. The first pilot installation in India will be 

important to monitor closely as the pollutions may affect the transmittance of the glass. It may 

also affect the irradiation, both in the long and short term. Hopefully this trend of increased 

pollution is changing as the air quality today is several times worse than the WHO:s guidelines. 

The profitability is very linked to the annual production, which means that a decrease in annual 

DNI would mean that solar is a less competitive choice. The results also showed that a 20% 

decrease has the roughly same effect as calculating with a higher discount rate. This stresses 

the need to focus on reducing the perceived risk with a solar investment in India. One way to 

reduce the perceived risk could be to build pilots that are fully functioning and delivers as 

promised. 

In India coal is still the solution to growing energy demand. This while India’s railways are 

crowded, India’s roads are somewhat crowded. More space is needed in the ports etc. If solar 

is used instead, maybe some of the logistics and transportation costs can be reduced. These 

kinds of questions are often missed when renewable energy is discussed. 
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7. Conclusions 

The method of calculating the potential with the specific energy use for one unit of product is 

a common method and can be validated against other sources. It does require access to data and 

statistics, and therefore an attempt was made to estimate the potential by using weighting factors 

based on GDP and population in combination with a few key performance indicators. The 

results were fairly accurate when this was made for the dairy industry in Gujarat, India. The 

method used needs to be more tuned to be able to use in a more general scale. 

There is potential for establishing large scale manufacturing in Gujarat, India, but there are 

some obstacles that has to be overcome before this step can be made. The current use of solar 

thermal collectors for process heating is still relatively small in the state, and to raise awareness 

Absolicon has to develop partnership with market actors. A few important ones are the CII, 

who also perform energy audits and have done extensive research of the industries in India and 

government organizations, as they influence how the large decentralized sector are progressing. 

Contact with government organizations is especially of importance if Absolicon wants to enter 

the decentralized textile processing market. Private investors who are willing to own and 

operate solar hot water heating plants to deliver hot water to industrial clusters could also be a 

way forward. 

For the textile Mill sector and the organized dairy segment direct customer contacts could prove 

more fruitful. The Mill and organized dairy segment operates at a larger scale and have more 

means and knowledge to own and operate a solar collector field. As previously mentioned, 

hygiene standards are pushing food & beverage industries towards more expensive fuels, such 

as biofuels and oil & gas. This contributes to a potentially more profitable switch to solar 

thermal energy. 

To determine the profitability of a solar collector field the simple pay-back method commonly 

used in India does not take into account the lifecycle savings of a solar collector field. Instead 

the NPV method and LCOE should be used since they take both the perceived risk of an 

investment as well as lifetime savings into account. The LCOE can also be used for comparing 

different fuels and technologies and serve as decision basis for investors looking for selling heat 

to customers. The financial calculations also showed that a solar collector field is a profitable 

choice when replacing diesel, natural gas and furnace oil. It can outcompete coal only when 

receiving subsidies and using poor quality coal and boiler equipment’s. 

The solar resource in the state is good, with an annual DNI of 1700kWh/m2. There are some 

uncertainties regarding the simulations, since they can both overestimate the annual DNI as 

well as underestimate it. For sites that has measurements stations, long term measurement 

should be conducted to verify the solar resource for specific sites. 
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9. Appendix 1. Basic assumptions 

Basic assumptions used in the report. 

Table 29. Fuel prices in Indian rupees (INR) and euros (€) in Gujarat for selected fuel types. 

 

Fuel type Unit Cost*
  INR to € Cost  

Fuel oil 1 L 20 INR 0.0125 0.25 € 

Diesel 1 L 60 INR  0.75 € 

Natural gas 1 m3 30 INR  0.38 € 

Coal 1 kg 5 INR  0.063 € 

Wood 1 kg 3 INR  0.038 € 

Wood briquettes 1 kg 5 INR  0.063 € 

Rice husk 1 kg 5 INR  0.063 € 

Electricity 1 kWh 7 INR  0.088 € 
* The cost of fuel is based on current Indian prices, where lower bound was chosen (Naik, 2018). 

Table 30. Net calorific values for selected fuel types. 

 

Fuel type Calorific 

value 

Unit Source Conversion 

factors 

Unit Source 

Fuel oil 10 000 kcal/kg (ComSolar, 
2011) 

0.98 kg/l (Engineering 
Toolbox, 2003) 

Diesel 

Natural 

10 500 

 
8 600 

kcal/kg 

 
kcal/m3 

(ComSolar, 

2011) 
(FAO, 2015) 

0.864 

 
0.77 

kg/l 

 
kg/m3 

(Engineering 

Toolbox, 2003) 

(Engineering 

gas      Toolbox, 2003) 

Coal 4 500 kcal/kg (ComSolar, 
2011) 

 

Wood 4 500 kcal/kg (FAO, 2015) 

Wood 4 500 kcal/kg (CII, 2013) 

briquettes    

Rice husk 3 000 kcal/kg (ComSolar, 
2011) 

Electricity 860 kcal/kWh (ComSolar, 
2011) 

 

Table 31. Carbon dioxide emissions from combustion of selected fuel types 

 

Fuel type CO2 emission Unit Source 

Fuel oil 3.11 kgCO2/kg fuel (EngineeringToolbox, 2009) 

Diesel 3.15 kgCO2/kg fuel (EngineeringToolbox, 2009) 

Natural gas 2.75 kgCO2/kg fuel (EngineeringToolbox, 2009) 

Coal 0.093 kgCO2/MJ (ComSolar, 2011) 

Wood 1.83* kgCO2/kg fuel (EngineeringToolbox, 2009) 

Wood briquettes 1.83* kgCO2/kg fuel (EngineeringToolbox, 2009) 

Rice husk 1.83* kgCO2/kg fuel (Engineering Toolbox, 2003) 
*Considered renewable and has no net emissions. 

Table 32. Boiler efficiencies for hot water/steam generation, used in financial calculations 

 

Boiler efficiencies 
 

80% 85% 100% 
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Table 33. Fuel types used in select Indian industrial sectors. Boiler efficiencies are noted for different fuels types as well as 

the weighted cost for the fuel mix. Based on a study made in 2011 (ABPS Infra, 2011). 

 

Type Unit Efficiency Dairy Textile Pharmaceutical 

Electricity kWh 95% 14.1% 15.5% 39.0% 

Indian coal kg 75% 0.4% 9.6%  

Imported coal kg 75%  27.9%  

HSD/LDO L 80% 1.4% 0.6% 47% 

Wood kg 70% 21.1% 36.9%  

Coconut waste kg 72%  9.6%  

Rice husk kg 72% 0.3%   

Bagasse kg 70% 34.0%   

NG m3 82%    

FO L 78% 28.5%  

LPG kg 80% 0.1% 14.0% 

Cost of energy per million kcal of useful energy 

(INR) 2742 1973 5619 

Table 34. Product mix in the Indian dairy sector by production and global benchmark values for energy demand (CII, 2013). 

 

Product Percentage share Energy requirement [MJ/kg] 

Liquid milk 46.0 1.0 

Ghee 27.5 2.0 

Curd/yogurt 7.0 - 

Butter 6.5 2.0 

Khoa 6.5 - 

Milk powder and dairy whiteners 3.5 10.1 
Paneer and Chenna 2.0 3.9 

Others, Cream, Ice Cream 1.0 - 

 


	Abstract
	Teknisk-naturvetenskapliga fakulteten Uppsala universitet, Utgivningsort Uppsala/Visby
	Populärvetenskaplig sammanfattning
	Excecutive summary
	Acknowledgements
	Abbreviations
	1.1 Purpose and goal
	1.2 Disposition

	2. Background
	2.1 Energy system development in India
	2.2 Concentrating solar technology
	Tracking mode      Solar energy (kWh/m2) %-yield of full tracking

	2.3 The solar resource in Gujarat
	2.4 Sectors suitable for solar thermal integration

	3. Method
	3.1 Specific energy use
	Scenario   Share    Short description

	3.2 Solar thermal integration
	Criteria Process level Supply level

	3.3 Solar calculations
	3.4 Financial calculations
	% Short description
	€/m2 Short description
	Detail Short description


	4. Results
	4.1 Energy use in the dairy industry
	Key performance indicators – 1 kg dairy product as f.u.

	4.2 Energy use in the textile industry
	Key performance indicators – 1 m2 cloth as f.u.

	4.3 Solar calculations
	4.4 Measures for calculating the economics in solar thermal

	5. Analysis
	5.1 The methodology
	5.2 Is there a market in Gujarat for a production line?
	5.3 Technical and economic factors limiting solar thermal potential
	5.4 Fuel costs and profitability
	5.5 Uncertainties regarding the solar resource
	5.6 Data quality

	6. Discussion
	7. Conclusions
	8. References
	9. Appendix 1. Basic assumptions
	Boiler efficiencies


