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ABSTRACT 

This project is part of a complete solar-opportunity screening, also called pre-feasibility 

analysis. The analysis is the first step in entering the solar market with an effective strategy, by 

identifying the most attractive business opportunities (strategic options) for a client in solar 

manufacturing and solar-based power generation. 

The project enables the client to make a go/no-go decision on strategic options and thus 

provides the groundwork for further refinement of solar strategy development (e.g., feasibility 

study, business plan). This ensures the client will achieve the best possible entry combination 

based on existing strategy, capabilities and resources. 

The pre-feasibility analysis was carried out in two phases. First, the value chains for each 

technology were analyzed, and opportunities were identified and evaluated. This phase 

considered all upstream and downstream products and services, including several end-use 

applications. Second, a potential business case was presented from the most attractive 

opportunities. 

This master thesis report is structured in two sections and presents two components of the pre-

feasibility study: the Concentrated Solar Power (CSP) technology and solar/diesel hybrid 

powered commercial irrigation. 

Section one of this report illustrates the value chain analysis and opportunity identification and 

evaluation process applied to CSP technology. Section two offers an example of a potential 

business case in hybrid-powered commercial irrigation.  
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1. INTRODUCTION  

The term solar technology covers a broad array of applications, technologies and end-uses. For 

solar based-power generation, there are two main ways to harness the energy from the sun: 

capturing the light and directly transforming it to electricity through a physical process, called 

photovoltaics (PV), or by converting the captured light into thermal energy and then 

transforming it to electrical power, defined as Concentrated Solar Power (CSP). 

Solar technology has become a multi-billion dollar industry. The emergence of this market has 

been rapid, astonishing and has exceeded expectations; owing its momentum to a worldwide 

combination of political incentives, macroeconomic trends, technological advancements and 

market forces.  

Currently, numerous players comprise the solar industry, each one with different capabilities 

and strategies. The recent wave of acquisitions, bankruptcies and new companies entering the 

scene offer a glimpse of how volatile and fast-paced this market has evolved. New players must 

understand the current industry dynamics in order to swiftly tackle the hurdles of a recovering 

global economy and achieve a sustainable growth.   

Now, a company from Saudi Arabia wishes to expand its business into solar energy, particularly 

within the country and the Middle East and Northern Africa region (MENA). This company (the 

client) is active in the water management and commercial irrigation sectors and has businesses 

units for whole-sale trading and pump manufacturing.  

The client has hired Apricum to advise them in deciding which business opportunities from the 

solar value chain fit best with their current strategy, resources and capabilities while looking at 

the market trends and future outlook for the solar business. This is the first step in establishing 

a solar strategy for the company, which will then become the framework that will guide them in 

this ever-changing industry.  
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2. COMPANY PROFILE 

Apricum is a global management consultancy and transaction advisory firm specialized in clean 

technology with a strong focus on the solar energy industry. The majority of the company’s 

business endeavors are undertaken within the PV industry, since it comprises the largest and 

most dynamic share of the solar market. Apricum was founded in 2004 in Germany. 

 Through its services, they advise companies on their most pressing issues: corporate strategy, 

go-to-market plans, vertical integration, technology road maps, investors search and 

transactions. The company is based in Berlin and has representative offices around the world. 

Figure 1 Company’s logo 

 

The organizational structure is similar to other boutique consultancies: flat, dynamic and 

project-based. The company is composed of a core team of 14 people including partners, 

principals, senior consultants, consultants, and a team assistant. Its activity is supported by a 

wide industrial network   and more than 20 senior advisors with experience and vast knowledge 

of the clean-tech industry. Their clients are mainly companies, investors and public institutions 

interested in entering the market or with businesses already within the solar industry.  

Figure 2 Apricum’s service portfolio 

Strategy Consulting  Transaction Advisory                
       

Portfolio/value chain  Marketing & sales  Buy-side search  Sell-side search 
 Corporate portfolio 

strategy  
 Feasibility analysis  
 Business plan design  
 Value chain screening 

  Customer preferences 
and requirements analysis 

 Product positioning  
 Value modeling and 

pricing strategy  
 Business development 

support 

  Investors 
 Acquirers 
 License takers 

  Target 
 Identification 
 Technology 

scouting 

R&D  Go-to-market  Due diligence   

 Technology and materials 
assessment 

 R&D roadmap 
development 

  Market analysis and 
selection  

 Localized business model 
design 

  Market/commercial 
 Technical 

 

Among all the services provided, go-to-market (also called market entry) strategy consulting 

and R&D strategy consulting are the strongest focuses of the company. It has successfully 

advised clients to enter emerging solar markets such as Brazil, Japan, India, Saudi Arabia and 

Turkey. Regarding R&D strategy consulting, it has conducted several projects for various new 

technologies, e.g., PV module back-sheet material, new generation PV technologies and anti-

reflective coating technology, among others.   
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3. INTERNSHIP CONTENT 

Throughout the internship, the student participated in a series of projects and carried out 

multiple tasks. The responsibilities were mainly assisting consultants’ needs in market research, 

quantitative and qualitative data, assessment, analysis, and slide preparation. The topics were 

related to solar technology, mainly CSP and PV, and including aspects of both, upstream and 

downstream activities. The following table summarizes the tasks carried out by the student 

according to different topics. 

Table 1 Representative topics and tasks performed during the internship 

Topic  Sub-Topic Task 

Photovoltaic 
(PV) 

Off-grid applications Potential business model for EPC and IPP off-grid 
applications 

Business cases for commercial and small scale solar 
irrigation 

Materials  Screening world-wide chemical companies for PV-
related materials 

Concentrated 
solar power 
(CSP) 

Storage  Analyze the benefits and limitations of CSP in current 
power markets 

Market opportunities Value chain opportunity screening 

Go-to-market Indonesia Preparation of Indonesia market analysis 

Thailand Preparation of a long list for potential clients  

China Assessment of Chinese renewable energy plan 

Other  Slide preparation, company profiles 

 

The student had the opportunity to take part in a solar pre-feasibility study that covered all 

major topics, including PV, CSP and off-grid applications for a company. The project allowed an 

in-depth study of solar technologies and their market potential.  

Due to high travel expenses, the student’s work was limited to the analytical part of the project 

and did not participate in the direct exchanges with the client, which was instead carried out by 

the consultant and the project manager. The student’s tasks were related to data acquisition, 

opportunity analysis and market assessment within the topics of CSP and off-grid PV 

applications. All deliverables were supervised by the consultant.  This work is the basis for this 

report. 
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4. METHODOLOGY 

The pre-feasibility analysis is the first part of a broader solar strategy plan for companies to 

effectively enter the solar market. Essentially, this empowers the client to decide which 

strategic options to pursue and thus provide the groundwork for further refinement of solar 

strategy development as seen in the following figure: 

Figure 3 Four-part approach for solar strategy development 

 

Source: Apricum, 2013 
 

In this part, a first step requires an in-depth analysis of each technology´s value chain. This 

allows opportunities to be identified and assessed by considering all upstream and downstream 

products and services of the value chain including several end-use applications. These 

opportunities were evaluated based on pre-selected criteria (previously agreed with the client), 

ranked, and further discussed. This phase is illustrated in section one of this report, in where, 

relevant opportunities related to the CSP industry were evaluated. A further explanation of the 

methodology for this phase is given in section 5.3 of this report.  

The following phase in this pre-feasibility study is to present potential business cases based on 

the opportunities jointly selected with the client. These cases explain the business environment 

and the necessary requirements while offering a glimpse of a future implementation option for 

the client. This phase is illustrated in section 2 of this report, with the business case for hybrid 

solar/diesel powered commercial irrigation. An explanation of the methodology used for this 

phase is presented in section 6.3.   
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5. PHASE 1: OPPORTUNITY SCREENING WITHIN CSP VALUE CHAIN 

5.1. BACKGROUND 

CSP plants concentrate solar radiation by using mirrors into a linear or a focal point. The 

concentrated radiation is transformed into thermal energy and then used to power a 

conventional steam cycle 1 . CSP makes it possible to shift the output power to more 

economically attractive hours by using thermal heat storage. This feature will become more 

attractive as generation units between 200 and 400 MWel are installed [1]. Apart from 

producing electricity, the heat generated by CSP may be used for refrigeration and air condition 

(through adsorption/absorption-based cycles) or directly as process heat for industrial 

applications, including water desalination and hydrogen production.  

There are four CSP technologies: parabolic trough concentrator (PTC), power tower, compact 

linear Fresnel reflector (CLFR) and dish-Stirling systems. Currently, parabolic trough system is 

the most mature and economic solar thermal power generation technology, with a market 

share of 80 percent. However, future potential cost reductions and higher operating 

temperatures make power tower technology a promising option that will reach a significant 

share by 2020 [2]. 

In a parabolic trough plant, curved, trough-shaped reflectors concentrate solar radiation onto a 

receiver pipe running along the inside of the curved surface as shown in figure 4. A heat 

transfer fluid (HTF) runs through the receivers and is heated up. This HTF works as a medium 

that transfers the heat to a power block where it is used to generate electricity in a 

conventional steam generator. The plant peak efficiency, is from 14 to 20 percent [3]. 

Figure 4 Schematic of parabolic trough CSP power plant with thermal storage 

 

Source: Andasol 3 power plant, 2010 

 

                                                      
1
 CSP can also help improve the efficiency of conventional gas turbines through hybridization applications, or 

power a Stirling engine to produce electricity directly.  
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5.1.1. THE CSP MARKET OUTLOOK 

Currently, the market developments for CSP heavily rely on governmental subsidies, support 

and regulations. The average levelized cost of energy (LCOE2) for CSP is currently higher than 

other renewables; particularly comparing with the main competing solar energy: PV. For 

example, estimates of LCOE for CSP are around 0.20 to 0.36 USD/kWh3 [2–4] depending on 

storage capacity, location and discount rate; while solar PV is currently at 0.13 USD/kWh4.   

However, the future potential for cost reductions [2], the value of storing energy through 

storage [5] and the ability to generate job opportunities through localization [1] still sustain CSP 

as a viable technology with high potential. As shown in the figure below, Apricum expects 

global annual deployment with growth rates of 17 percent (low scenario) to 24 percent (high 

scenario) per year; reaching a total accumulated installed capacity of 35 GW by 2020.  

Figure 5 Projected global CSP installations per year [GW] 

 

Source: Apricum analysis, 2013 

  

Currently, there is a shift in CSP installations from western countries with high solar resources 

and still recovering from the financial crisis (e.g., Spain and USA), towards emerging economies, 

motivated by a growing energy demand and urgency to diversify their energy matrix. These 

countries are and will continue to be at the spotlight of CSP deployment due to incentives and 

abundant irradiation [6]. The most promising of these emerging countries is Saudi Arabia.      

5.1.2. THE SOLAR MARKET IN SAUDI ARABIA 

The Kingdom of Saudi Arabia (KSA) is one of world’s largest energy producers. Approximately 

9.8 million barrels of crude oil are extracted each day to supply both local consumption and 10 

percent of the global demand [7]. It also has the world’s largest share of oil reserves, 

accounting for 18 percent of the global proven reserves. These operations are dominated by 

the state-owned Saudi Aramco, the largest oil petroleum company; a company with estimated 

revenue of 311 Billion USD and which accounts for 75 percent of the government’s revenue. 

                                                      
2
 LCOE (levelized cost of energy) is a widely-used metric to compare the cost of electricity produced by a system. It 

is calculated by accounting for all expected lifetime costs (e.g., construction, financing, fuel, O&M). These are then 
discounted and divided by the expected energy output of the plant 
3 

For a parabolic trough plant, values from different sources (2011) 
4
 Calculated with a discount rate of 6%, degradation of 8% p.a., a lifetime of 25 years and a capacity factor of 20%  
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Up to 65 percent of the oil produced is exported. However, local consumption has escalated 

rapidly over the last 10 years mainly due to increasing demand in transportation and fuels for 

power generation. Electricity is produced primarily through fuel-oil, diesel and gas-based power 

plants.  This has promoted a high internal consumption of primary energy of almost 3 million 

barrels per day.  

Local abundance of oil resources coupled with high international prices, has allowed KSA to 

become a welfare state with generous subsidies for fuels and electricity. For example, average 

price for pumped diesel in KSA is around 0.13 USD/liter (2012); less than a tenth of the average 

price across Europe (1.8 USD/liter in 2012). A similar case occurs for power generation, in 

where Saudi Aramco must provide the fuel necessary to run each power plant.  

The lost opportunity-cost of not exporting the subsidized oil to the international market, along 

with a rising demand for electrical energy (5 percent p.a.) has motivated KSA to look towards 

renewable and nuclear energy to offset their future electricity needs. The King Abdullah City for 

Atomic and Renewable Energy (K.A-CARE), a governmental body with a status of a ministry, was 

established in 2010 to oversee the development of 54 GW of renewable energy by 2032. Solar 

is expected to accounting for 41 GW of the total, representing an investment of more than 100 

Billion USD. Apricum’s projection up to 2020 is shown in the following figure.  

Figure 6 Forecast installed solar capacity in Saudi Arabia [cumulative, GW] 

 

Source: Apricum market model, 2013 

 

With this program, Saudi Arabia not only proposes to save oil and become more sustainable; 

but also expects to increase jobs for the local population and further diversify its industry. With 

one of the highest local-content programs proposed world-wide, KSA intends to become an 

important player in the renewable energy industry.  

5.2. OBJECTIVES FOR PHASE 1 

The goal of this section is to assess the CSP market entry opportunities, in terms of downstream 

and upstream products and services within the value chain.  
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The pre-feasibility analysis provides the required industry insights to enable the client to decide 

whether the identified business opportunities shall be evaluated in the subsequent phases. 

In this report, the scope for this phase covers opportunities directly related to CSP. These 

opportunities can be any of the four technologies; however, a strong focus on parabolic trough 

is placed due to its higher market share. The geographical scope was limited to business 

opportunities to be realized in Saudi Arabia. 

5.3. METHODOLOGY FOR OPPORTUNITY SCREENING 

This first phase consists of four main steps: 1. Identify business opportunities within the value 

chain, 2. Filter opportunities using knock-out criteria, 3. Evaluate business opportunities based 

on soft-criteria and 4. Rank the most attractive options for the client. 

First, the analysis of the CSP value chain explores all the upstream and downstream activities, 

services and products that are potential business opportunities for the client. These 

opportunities are characterized in terms of technological complexity, market trends and 

industry insights. Estimations of investment size and entry barriers are also taken into account. 

Based on the requirements of each opportunity, a first filter is applied to discard those strategic 

options that are not relevant for the client, based on a mutually defined “knock-out criteria”.  

The remaining opportunities are then further analyzed based on set of criteria which include 

market dynamics (i.e., competitors, suppliers, and market outlook), internal capabilities and 

future requirements (i.e., technology, personnel and finances). Additionally, possible 

partnerships complete the analysis. Information for each opportunity is gathered through 

research of company reports, news releases, industry analysis and through Apricum’s market 

intelligence. To represent a more accurate market outlook, market sizes for each opportunity 

were estimated and shown to the client.  

Finally, each option is evaluated and ranked on a qualitative and quantitate model, based on 

Apricum’s market knowledge. A diagram of the methodology is shown in Figure 7. 

Figure 7 Selection methodology for business opportunities in phase 1 

 

Source: Apricum, 2013  
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5.4. RESULTS AND ANALYSIS  

5.4.1. CSP VALUE CHAIN 

The CSP value chain is a complex structure that enables raw materials to be converted into 

specialized components, which are procured, installed and operated in a CSP plant to produce 

either process heat or electrical energy. The value chain is composed of upstream and 

downstream processes as seen in Figure 8.  

Figure 8 Value chain of Concentrated Solar Power (CSP) 

  

 

A CSP plant can be divided into four subsystems: solar field, storage, power block and the heat 

transfer system. The solar field concentrates solar energy to generate thermal energy. The heat 

transfer system transports this thermal energy into the power block, in where a steam cycle is 

used to generate electricity. If the system accounts for thermal energy storage (TES), the 

additional energy produced by the solar field can feed the TES to dispatch it during the night or 

hours with low irradiation [3]. For each system, the main components are grouped and 

summarized in Table 2 .  

Downstream activities start with project development. Afterwards the plant must be designed 

and deployed, which corresponds to the engineering, procurement and construction (EPC) step. 

After the plant is step-up, the project is operated by an independent power producer (IPP) 

which will sell the electricity to recover the investment of the plant while generating profit. 

Finally, the plant is maintained and operated by one or several OMR (operation, maintenance 

and repair) entities. 

Materials for CSP plant components include a wide array of both raw and transformed 

materials. In quantitative terms, the most utilized are steel for mounting structures, chemicals 

for heat transfer fluid, glass for mirrors and concrete for civil works.  
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For example, an estimation of the CSP plant in Andasol I, a parabolic trough plant of 50 MW 

with 7.5 hrs of TES in Spain, required 10,000 tons of concrete, 25,000 tons of motel salts, used 

10,000–15,000 tons of steel and 6,000 tons of glass. [8]  

Table 2 Main components for CSP 

Solar Field  Heat transfer system Power block Storage 
Mirrors 
Receivers  
Mounting structure 
Body pylons 
Trackers/hydraulic 
drives 

Thermal oil (HTF)  
Expansion tank  
Receivers (linear or 
tower)  
Heat exchangers 
Pumps 

Turbines 
Generators 
Heat exchangers 
Pumps  
Grid connection 
Cooling systems 
Back-up power 
 

Molten Salt 
Storage tanks 
Foundations 
Heat exchangers 
Pumps 

Through-out the whole CSP plant 
Instrumentation and control, field wiring, piping, insulating material, valves, balance of system, 

foundations and buildings 

 

Depending on the size of the local market and the procurement possibilities for the plant, the 

majority of parts and components are globally procured; unless transportation costs are high 

enough to justify installing a manufacturing plant. Meanwhile, the assembly, construction, site 

preparation and steel structures are carried out by using a high degree of local content.  

Currently, mainly due to the reduced size of the market (around 1/30 of the PV market) and the 

inherent complexity of the system, vertical integration within the industry is common. For 

example, companies such as Abengoa and Skyfuel provide components and EPC services 

through their own subsidiaries and partners. This makes cost structures and technical 

information difficultly accessible while promoting high entry barriers for new companies. 

5.4.2. LIST OF OPPORTUNITIES 

By analyzing the CSP technologies, the CSP value chain, the current market trends and future 

outlook, a list of 15 opportunities were identified.  

Together with the client, criteria were defined to filter the identified business opportunities. On 

a first step, a first filter of “knockout criteria” was applied to determine which opportunities will 

be fully analyzed and which ones discarded. The knock-out criteria were defined as followed:  

 Business not feasible in KSA (unless doable without significant efforts) 

 Very high investment size 

 Early phase investments  

 Not feasible as stand-alone business, i.e., products would need to be sold to other 

industries 

 Very high-tech business with strong R&D/scientific know-how needed and high barriers 

of entry 
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The 15 opportunities were first filtered, and of 8 opportunities were further analyzed.  

Table 3 shows the full list and which opportunities were knocked-out (K.O). 

Table 3 List of opportunities within CSP for the client in KSA 

 CSP upstream K.O 
1 CSP mounting structure  

2 Reflectors   

3 Swivel joints  

4 Linear receivers  

5 Tower receiver X 

6 Pumps for CSP  

7 Stirling engines X 

8 Power block X 

9 Thermal storage medium X 

10 Heat transfer fluid X 

11 Thermal storage tanks X 

   

 CSP Downstream K.O 

12 Supply and distribution of 
parts 

X 

13 EPC CSP  

14 CSP collector assembly  

15 IPP CSP (incl. O&M)  

   

   
   

   

   

   

   

Opportunities were discarded for different reasons. A high financial investment and years of 

necessary know-how, even with a partner, are required to produce the necessary 

components for the power block. Stirling engines are still an innovative technology with only 

a few megawatts deployed world-wide [9].  

Thermal storage medium and heat transfer fluids are associated with chemical industries 

that would require a high investment and are not feasible as a stand-alone business. Finally, 

TES tanks are installed by companies that provide general construction services to other 

industries.   

For each of the remaining opportunities, an opportunity profile is shown, explaining the 

technological assessments, key market drivers and industry trends, and critical success 

factors.  

5.4.2.1. CSP MOUNTING STRUCTURE 

The mounting structure supports the reflectors and receivers to concentrate solar energy, 

while enabling the drive to rotate the structure towards the sun throughout the day. It must 

withstand high wind loads due to its size while maintaining a high stiffness since any 

deviation from the ideal position will cause an unnecessary optical efficiency loss [10].   

The mounting structure depends on the CSP technology, and each manufacturer has their 

own patented design. However, the production process for all CSP collectors is generally 

similar. A diagram from the Spanish company SENER is shown in the following figure.  
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Figure 9 Production Process for CSP mounting structure 

 

Source: Ernest & Young and Fraunhofer Institute, 2011 [8] 

 

Industry Trends and market drivers  

Currently, the trend is to reduce weight of the collector while maintaining stiffness, which 

allows the usage of weaker foundations and tracking mechanisms. Also, in order to improve 

the optical efficiency, the aperture width of the collector has increased during the last CSP 

projects. [10] 

Local and international CSP suppliers offer metal support structures for projects around the 

world, often hiring or partnering with local companies. This opportunity is highly attractive 

for structural steel companies that already have the necessary know-how, workforce 

capacity and raw materials procurement channels. Key players and potential partners 

include Abengoa Solar, Acciona, Areva, Flagsol and Grupo Sener. 

Assessment  

Critical success factors for this opportunity include a competitive pricing, mass production 

capabilities (e.g., through automation), securing a partnership with project developer/EPC 

and a high accuracy in the manufacturing process. Finally, due to the high localization 

required for these structures, internationalization of the business is limited. Therefore, there 

is a high dependency on the local market.  

5.4.2.2. REFLECTORS FOR CSP (PTC, CLFR, HELIOSTATS, DISHES) 

Reflectors or mirrors for the CSP industry can either be bent (used in Stirling and PTC) or flat 

(installed for CLFR and power tower). The main raw material for these reflectors is a low-

iron-content float glass. Bending, silvering and coating are applied to the glass for a high 

precision mirror. A diagram of the manufacturing process from a French glass manufacturer, 

Saint Gobain, is shown in Figure 10.  

Figure 10 Construction of solar reflectors 

 

Source: Saint Gobain, 2013 [11] 
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Industry Trends and market drivers 

When the size of CSP market in a country is large enough, the high costs of transportation 

end up justifying the installation of mirror production plants. However, these plants are 

considered a high investment and with an equally high know-how requirement for the 

coating and stability of the glass. Typical investment for a flat and parabolic mirror 

production plant are around 27-31 million USD, with an average output of 1 million mirrors, 

roughly translating into 200 to 400 MW of CSP capacity [8] 

The competitive environment is dominated by glass converting companies that diversify into 

solar applications (PV and CSP) with the major players being: 3M, Asahi, Flabeg, Guardian, 

Pilkington, Rio Glass, Saint-Gobain and Schott.  

Assessment  

In order to be successful, a company must be able to guarantee stability of mirror coatings 

with high reflectance parameters, sufficient capabilities for bending and a competitive cost 

structure. Access to locally produced high-quality low-iron glass products is also a must.  

5.4.2.3. CONNECTING EQUIPMENT: SWIVEL JOINTS AND FLEXIBLE METAL HOSES.  

Swivel joints are components in charge of buffering thermal expansion and rotational 

movements across the solar field through the HTF system. Increasing sizes of the collector 

assemblies and receivers are requiring more and more flexibility to accommodate sun-

tracking movement and expansion/contraction caused by the HTF at 400°C.  

Figure 11 Swivel Joints 

 

Source: DSTI, 2012  
 

Industry Trends and market drivers 

Industry has extended its available solutions for movement and connectivity to include 

flexible metal hoses, swivel joints or a combination of both [12]. Swivel joints represent a 

small percentage of the total cost of the solar field, summing up to 0.7 percent in a 50MW 

reference plant [2]; however, their importance in plant’s operation is extremely high due to 

potential losses if a malfunction occurs; making quality trump cost and localization. The main 

players in this field are specialized companies in piping accessories for petrochemical, 

chemical and other industries, such as Hyspan and DSTI. 
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Assessment 

Due to the critical importance of these components and the possibility of procuring them 

world-wide, any company that enters the market must be able to comply with the necessary 

requirements for thermal growth and expansion while ensuring the three components for 

quality of the connections: maintainability, reliability and lifetime. [12]  

5.4.2.4. LINEAR RECEIVERS 

The linear receiver, also called the heat collection element (HCE), is a stainless steel tube 

with a solar selective absorber surface surrounded by an anti-reflective evacuated glass 

tube. It is the most complex piece of equipment in the solar collector, having a high 

investment to set-up facilities and know-how requirement to manufacture. An illustration of 

the technical requirements of the solar receiver is shown in the following figure.  

Figure 12 Technical requirements for solar receivers  

 

Source: Schott Solar, 2012 [13] 

 
Industry Trends and market drivers 

CSP installers require HCEs to be resistant to loss of vacuum, breakage of the glass envelope, 

deterioration of the selective surface, and bowing of the stainless steel tube [13]. This makes 

HCE production involve high R&D and know-how for the coating, evacuation and glass/metal 

connection. Each receiver can cost from 600 USD to 1000 USD each [8], and in total 

represent up to 7 percent of the total plant CAPEX [3].  

New players in the market, such as Himin, Huiyun and Archimede, together with an 

oversaturated supply of HCEs, have promoted a reduction in the high profit margins 

previously enjoyed by the industry. Traditional players are now radically changing their 

strategies: Siemens recently closed their CSP business and is looking for potential buyers, 

while Schott Solar is searching for partners to enter the Saudi market [14].  

Assessment  

A company that enters the receiver market is expected to ensure a high quality product. This 

involves being able to match the coefficients of thermal expansion of the glass and the 

metal, apply coating that impedes radiation and heat loss, and maintain a highly 

automatized production line. This must be done while providing a competitive cost 

structure, as a result of the intense competitive environment. Entry barriers are considerably 

high due to the high investment cost in R&D and setting-up up the plant.  
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5.4.2.5. PUMPS FOR CSP 

Fluids need to be moved across the solar field and through the power plant to produce 

electricity. Pumps can be categorized according to their application in a CSP power plant: 

specialty pumps exclusively for CSP, and pumps used in traditional steam cycles. The first 

group includes both, pumps that move HTF (i.e., heavy duty pumps); and pumps that 

transport storage medium (molten salts) from one tank to the other (i.e., vertical high-

pressure pumps). The second group includes those pumps used most commonly in thermal 

power plants, such as for condensate extraction, cooling water and boiler feeding.  

This opportunity refers to the supply of specialty pumps that must operate in special 

conditions, such as, extended operation cycles of 6 to 8hrs and temperature ranges from 

200°C and up to 565°C [15].  

Industry Trends and market drivers 

Heavy duty pumps currently represent the majority of pumps used in CSP plants.  However, 

with increase installation of thermal energy storage with molten salts, so will the demand for 

pumps that support these special conditions. 

The main players are large international pump manufacturers that diversify into CSP, by 

capitalizing their know-how in oil & gas, power, heavy industry, mining, and water 

distribution. These include Ensival Moret, Flowserve, GE, Ruhrpumpen, Sulzer and SPX. 

Assessment  

If the company decides to manufacture or distribute these types of pumps, one of the main 

quality considerations is the reliability under cycle operation (e.g., ensuring low leakage 

rates) and high resistance to heat and high pressures (e.g., direct steam generation). It is also 

essential to consider the possibility of offering local services as part of their value 

proposition. 

5.4.2.6. EPC FOR CSP 

The engineering, procurement and construction imply the design and turnkey supply of 

complete CSP projects. This includes subcontracting activities and services such as electrical 

connections, instrumentation and control, connection to grid, civil works and site 

preparation.  

The engineering and design component will involve a high level of experience and human 

capability for project management and technical design of the plant. However, construction 

and procurement, especially those activities that require localization, are an attractive 

option for a company that already has experience as an EPC in other industries and has the 

personnel capabilities and the existing supplier network. Recent experiences suggest that 

once the pipeline is established, over 65 percent of the EPC value can be localized [16]. 
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Industry Trends and market drivers 

The market will be developed by the need for new power generating capacity in KSA and 

MENA. On one hand, the Saudi market development is primarily driven by KA-CARE with 

initial tenders expected to be released within 2013. On the other, in the MENA region, 

market breakthrough will heavily rely on national legislation. 

In recent CSP projects, the EPC contractors have performed the additional functions of 

financier and owner, at least partially, and for the first few years it is also responsible for the 

operation and maintenance (O&M), which binds them to the plant [8].  

Apricum estimates around 20 companies world-wide that have the necessary personnel, 

technical and financial capabilities to successfully function as an EPC for CSP. Usually the EPC 

contractors are subsidiaries of large vertically integrated CSP players such as 

Abener/Abengoa, Bechtel, Ferrostaal Flagsol, Orascom and Pratt Whitney Power Systems. 

Assessment 

Key success factors for this opportunity include experience with EPC business, a deep 

understanding of CSP technologies and drivers, and a reliable supplier network. Capital 

needs are also significant and comprise 10 to 20 percent of project volume as up-front 

performance guarantee and around 5 percent of the project as warranty.  

5.4.2.7. ASSEMBLY OF SOLAR COLLECTORS 

The assembly process includes mounting the metal structure with the reflectors in a jig 

assembly line, then transporting this to the solar field and adding the HCE tubes, swivel 

joints and other components. Usually, collectors are assembled near the field to reduce 

transportation costs. The process, which represents 8 percent of the total cost of the solar 

field [16], is typically carried out by large local companies active in the building and 

infrastructure sector [8]. 

Industry Trends and market drivers 

The main driver will naturally be the deployment of CSP plants in KSA and MENA. The 

process is carried out efficiently and quickly, even with low skill labor. However, inspired by 

cost reduction, Siemens has implemented a robot-based manufacturing and assembly line 

with a high accuracy and low fault production. Other established CSP conglomerates own 

the know-how for the assembly of their collectors, which include Acciona, Abengoa, 

European Trough and Industrial Solar Technology. 

Assessment  

The assembly of collectors has one of the lowest entry barriers among the CSP 

opportunities, and therefore, reflects the high competition that a company might face if it 

decides for this option. Competition will be based on low transportation and assembly costs 

while ensuring a high accuracy of the process. However, this opportunity is not considered a 

“strategic” option since the approach is most likely opportunistic, i.e., contracts are subject 

to being awarded on a project-by-project basis.  
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5.4.2.8. IPP CSP: INDEPENDENT POWER (AND HEAT) PRODUCER (INCLUDING O&M) 

This opportunity is the sale and production of power and/or heat through a power 

purchasing agreement (PPA) to the Saudi Electricity Company (SEC) or other energy-

intensive companies. This opportunity bundles investment, ownership, O&M of a CSP power 

plant. 

Industry Trends and market drivers  

The main market driver will be policy-driven, with the need for new power generating 

promoted by K.A.CARE in KSA and other MENA countries. However, anticipated margins will 

attract new entrants and established IPPs from the conventional power generation, which 

are expected to become the main competitors. 

Assessment 

To enter this attractive market, a strong experience in leading an IPP and running a power 

plant is required. Excellent reputation and proof of financial soundness will also be an asset.  

5.4.3. MARKET SIZES 

To complement the understanding of each opportunity, market sizes were estimated. As 

previously mentioned, costs and prices for CSP components and plants are difficulty 

available. However, several studies have attempted to shed some light over the cost 

breakdown of a CSP plant [3], [17],[18–20], while others have projected improvements 

based on cost reduction in components and higher plant efficiency [2], [4], [19].  

Based on this information and Apricum’s market knowledge, projections of market sizes 

where estimated for each opportunity for MENA, KSA and world-wide, up to 2020. The 

following figures show the estimated size of the market for 6 opportunities in CSP. Market 

sizes for EPC and IPP opportunities were similarly calculated based on reductions in LCOE of 

the CSP plant; however, they are not shown in this report.  

Figure 13 Estimated market sizes for each CSP component opportunity in 20205 

6 

Source: Apricum Analysis, 2013 
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5.4.4.  EVALUATION  

The 8 opportunities were evaluated based on criteria jointly selected with the client. 

Qualitative criteria assessing the potential for all the opportunities identified include the 

following factors: 

 Market: Market size, growth and outlook (globally, MENA, Saudi Arabia) 

 Technology: Level of maturity, cost-reduction potential, applicability in KSA 

 Strategic fit: Fit to the clients existing business and capabilities as well as strategy 

 Supply situation: Availability and price of feedstock and other supplies, market 

concentration on key supply markets; domestic availability of supplies 

 Availability of potential strategic partners for the client 

 Availability of required personnel: Estimation of requirements for labor, required 

qualifications, feasibility of recruiting Saudi nationals 

 Financial requirements: estimation of main financial requirements and capabilities 

for setting-up and running each business opportunity 

 Competition: Competitive intensity, based on analysis of the competitive landscape, 

concentration and regional segmentation 

Together with the client, the qualitative criteria were weighted as shown in the following 

table:  

Table 4 Weights used for attractiveness scoring model 

Category Relative importance (1–5) Resulting category weight (%) 

Market 4 15 

Technology 4 15 

Fit with existing capabilities 5 19 

Supply 3 12 

Partners 2 8 

Personnel 3 12 

Finances 3 12 

Competitive position 2 8 

Source: Apricum, 2013 

 

Since the information available for each opportunity is both numerical (e.g., market sizes) 

and cognitive (e.g., strategic fit) the methodology employs a tool that attempts to give a 

quantitative approach to a qualitative assessment7. Each one of the categories was assessed 

and scored for each business opportunity. Opportunities were then ranked from a scale of 1-

5 according to the previous weights (Table 4); results are shown in the following figure.  

                                                      
7
 The tool and its full assessment for the client are not shown in this report due to confidentiality agreement  

with the company 
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Figure 14 Ranking of business opportunities within CSP from a scale of 1 -5  

 

Source: Apricum, 2013  

 

Based on this model, the three most attractive opportunities are: supply of pumps for CSP, 

CSP mounting structure, and IPP for CSP. However, the results of the model need to be 

treated with caution since the assessment of individual criteria is subjective. Because of this 

limitation, the model was only used as a basis for a differentiated discussion to further 

analyze the most attractive opportunities jointly with the client.  

Nevertheless, the model does reflect the reality of the CSP market: 

 The market is highly dependent on governmental support. Because of the high LCOE 

and investment required, governmental incentives such as tax-breaks, Feed-in-

Tariffs, and attractive PPAs, are still necessary for this technology. With the sinking of 

the Spanish market and the indecisiveness of the USA market, many CSP players have 

flocked towards emerging economies with strong solar irradiation that are promoting 

CSP as a way to offset their oil consummation and growing energy demand 

 Currently, due to the reduced size and geographical limitation of the market, 

component-supply companies must heavily rely on downstream players to open and 

develop new markets. This leaves them in a stalemate position in where they either 

diversify into other businesses or completely withdraw from the business 

 The market is still relatively closed, and players are vertically integrated with 

subsidiaries, partners or joint ventures. For many opportunities, it is crucial to enter 

with an experienced player, either as a partner or through acquisition  

 CSP technology’s deployment will depend on a series of factors, including scalability, 

significant cost reductions, and overcoming development challenges (such as water 

usage and efficiency). Without these necessary improvements, the industry risks 

failure to become a reliable and widespread technology option  

Based on the results of the model and further discussion with the client, the company did 

not continue with any further analysis of CSP options, but instead decided for other 

opportunities. One of these opportunities seeks to capitalize current capabilities and a 

strong market position in irrigation while still benefiting from the advantages of solar 

technology.   
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6. PHASE 2: BUSINESS CASE FOR SOLAR/DIESEL POWERED 

COMMERCIAL IRRIGATION 

6.1. BACKGROUND 

Historically, solar pumps have served communities and small farmers to improve their crops 

and quality of life by replacing hand-pumps and small diesel generator sets (DG) with a PV 

system [21]. International development agencies and local governments have spread the use 

of these systems in most impoverished areas of Africa and Asia, particularly in those where 

electricity access is not available. These solar-powered systems typically supply water for 

farms up to 3 hectares [21]. 

Until now, with the exception of a few showcase plants in the USA and Egypt [22], solar PV  

has not been implement for powering irrigation systems that serve large-scale farms [23].  

Irrigation systems for these types of farms typically require a high reliability of water supply 

through either drip or pivot irrigation systems. They require large flows and heads of water 

using up to 300 HP of mechanical capacity in a single site. This is beyond the capacity of 

many solar-powered irrigation systems.   

However, the rise of international prices for fossil fuels, the increasing need for water 

resources and the fall of PV module prices over the last five years have made this technology 

an attractive option for commercial-scale farmers. The client has decided to capitalize on 

their experience in diesel generation and irrigation business and explore the opportunity of 

adapting the current system to include solar power.  

6.2. OBJECTIVES FOR PHASE 2 

The objective of this phase of the pre-feasibility project is to illustrate possible business 

cases to the client to enable him to further evaluate the potential for a strategic option. The 

business case developed here is concerned with the opportunity for hybrid powered 

commercial irrigation using solar PV and diesel generators. This business case will include a 

comprehensive analysis of the business environment, will identify possible customer 

segments and discuss a potential value proposition, along with necessary requirements that 

must be taken into consideration.  

6.3. METHODOLOGY FOR BUSINESS CASE 

To demonstrate a potential business case, several frameworks and methodologies were 

evaluated in order to explain, in an effective and clear way, the necessary requirements, the 

potential clients and the value proposition for this opportunity. In this sense, the business 

model canvas (BMC) framework was chosen due to its effectiveness in describing elements 

of a business, such as the necessary infrastructure, customers, finances and value 

proposition; and representing the interaction between each one [24]. 
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Before building a potential business case, it is important to understand the technicalities for 

hybridizing these systems, based on the state-of-the-art micro-grids, hybridization and 

irrigation systems. A review of the current technological limitations and features is carried 

out based on supplier manuals, simulations and case studies available.  

Afterwards, the business environment is analyzed. This analysis takes into consideration 

influential forces, industry dynamics, and key trends that will affect the irrigation and solar 

PV business. A review of the most relevant issues and trends in the solar PV and commercial 

irrigation business in the world is carried out.   

Finally, the business model canvas is used to present the results of the analysis, identifying 

possible customer segments, determining a value proposition and understanding the key 

requirements. A brainstorming session with feedback from Apricum consultants was 

performed to characterize out each of the aspects of the business case.  

6.4. RESULT AND ANALYSIS  

6.4.1. DESCRIPTION OF THE TECHNOLOGY 

Commercial irrigation systems must provide water to large extensions of cultivated land 

during the whole growing season. This includes 2-3 weeks a year in where 

evapotranspiration8 rates are highest, forcing pumps to operate continuously for periods of 

up to 24 hrs/day. However, it is not possible to provide the necessary energy from just the 

solar panels throughout the whole day; making storage or other alternatives necessary to 

ensure an adequate water supply. Storage with batteries is currently expensive compared to 

other options. According to Apricum estimates, Levelized Cost of Electricity (LCOE) for 

current batteries in the market range from 0.35 to 0.90 USD/kWh, compared 0.15-0.20 

USD/kWh for solar [25]. Storage of water is a feasible alternative; however, the quantities 

necessary for these large systems require expensive storage tanks/reservoirs and are 

troublesome to handle. 

A technically feasible and economical attractive solution is to combine the reliability of a DG, 

with the fuel-saving advantage of a solar PV system. With this system, the client intends to 

bring a competitive advantage into the commercial irrigation sector. The system is divided in 

three main sub-systems: the solar system (including interconnection), the DG, and the 

pumping/irrigation system, as shown in the following figure.  

                                                      
8
 Evapotranspiration (ET) is the evaporation and plant transpiration from the surface to the atmosphere. It is a 

measure used to estimate the amount of water a crop needs during a certain period  
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Figure 15 Connection schematic example for solar/diesel irrigation 

 
The solar system: the solar PV system produces electricity through an array of PV modules. 

For commercial irrigation, loads require alternative current, making necessary the use of an 

inverter. The system can sometimes also include a battery for short-periods (usually 30 min) 

for added stability and reduced fuel consumption. Important considerations include the PV 

technology, the installation of trackers and sizing of the system [26].  

A key parameter is the PV penetration rate, which is defined as the installed capacity of PV 

(in kW) to the rated capacity of the diesel generator (in kW). This ratio is vital to design the 

system. Under low PV penetration (0 to 50%) the system only requires an inverter to 

properly operate. For medium penetrations (50% to 100%) a fuel saver controller is required 

to add stability to the system and optimize the operation from the DG. Finally, if the system 

is intended to rely mainly on solar (100% to 400%), a very robust design and load 

management is necessary.  

For this particular case, the proposed hybrid system ranges from 40%-60% of solar 

penetration. This value is based on literature review of current hybrid mini-grid projects 

powered by diesel and PV [27–29]. However the final solution must be designed, tested and 

evaluated in accordance with the current irrigation system offered. 

The diesel generator: The DG will be able to supply all existing loads when there is not 

enough energy from the solar PV. The selection and sizing of the diesel generator are crucial, 

since it will determine the size of the PV array and the interconnection, the minimum load, 

efficiency curves and consumption per kWh [30].  

The irrigation loads are typically motors that power pumps (either deep well or surface),9 

and drives/motors that move the irrigation machines.  The pumps can represent from 80 to 

90 percent of the total power required by the system, followed by the movement drives, and 

finally the auxiliaries, representing around 3 to 5 percent.  

 

                                                      
9
 Pumps can also be mechanically coupled with the diesel generator, bringing other technical considerations to 

hybridize de system  
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6.4.2. BUSINESS ENVIRONMENT 

Business models are executed and designed in specific environments. The initial step for 

planning a business case is to understand the context of the business opportunity. This step 

analyzes: 1. Macro-economic forces, 2: Industry forces, 3. Market analysis, and 4. Key trends 

[24].  

6.4.2.1. MACRO-ECONOMIC FORCES 

Many macroeconomic forces have propelled the use of renewable energy over the last years 

from a global point of view; among these: awareness of global warming, environmental 

protection, diversification of the energy matrix, availability of fuel resources and energy 

security. However, the most pressing financial motivation for developing and deploying 

renewables is the worldwide increase in oil prices.  

International diesel prices have more than tripled over the last 20 years, with an average 

annual increase of 6.5% (see Figure 16). Prices are expected to continue increasing as oil 

resources become scarcer and world energy demand continues to grow. This will impact the 

cost of fuels for off-grid systems.  

Figure 16 Evolution of worldwide diesel prices 

 

Source: Energy Information Agency, 2013 [31] 

 

In terms of the irrigation sector, the most pressing issue worldwide is the rapid increase in 

food demand and food security. The FAO estimates that the world population will reach 8 

Billion by 2030. Most of this growth will come from developing countries, in where crop 

production is expected to be 67 percent higher than 1999. This increase will come from 

higher yields and higher crop intensities, but also further arable land expansion through 

irrigation practices [32]. 

Food security has had its role in also promoting intra-governmental business development 

and cooperation. One of these examples includes the purchase of large extensions of land 

from Chinese and MENA government-sponsored companies in West and East Africa. These 

players have secured large amounts of irrigable lands for crop harvesting and export, in 

exchange for technology transfer, financial incentives and other donations. 
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6.4.2.2. INDUSTRY FORCES 

The analysis of the industry forces is based on Michael Porter’s five forces model that shape 

industry competition [33]. Awareness of the five forces can support a company when 

understanding the structure of its industry and prepare a position that is more profitable and 

less vulnerable to market or profit losses. The five forces are: 1. Rivalry among existing 

competitors, 2. Threat of new entrants, 3. Threat of substitution of products and services, 4. 

Bargaining power of suppliers, and 5. Bargaining power of customers. 

Figure 17 Five forces that shape industry competition 

 

Source: Porter, 2008 
 

Rivalry among existing competitors: Currently, the company is one the top manufacturers 

and sellers of commercial irrigation systems in the world. The market is segmented 

geographically and by irrigation application (center pivot, drip, lateral move). Competitors 

offer traditional irrigation systems and two of them have diversified their activities into 

selling renewable energy systems; however, the integrated solution: PV/diesel for irrigation 

is yet not offered for large scale farming. 

Threat of new entrants: The main threat will come from integrated service providers and 

irrigation companies that can leverage on existing commercial and technical capabilities by 

offering a similar product or service. However, to enter the industry (entry barriers) 

prospective companies must be able to provide an integrated solution (diesel, PV, irrigation) 

with an attractive cost structure. In addition, the incumbency advantage of companies with 

capabilities in irrigation, including the necessary know-how and sale channels, might deter 

other type of companies in entering the market.  

Threat of substitution of products and services: The product aims to substitute a non-hybrid 

option in which customers opt to pay a lower CAPEX (only DG) while distributing the life 

cycle costs overtime (higher operation costs). On the other hand, additional hybrid systems 

are also possible, including other renewable energy sources. Examples include micro-hydro, 

attractive when pumping requires a booster from running surface waters; wind turbines, 

which promise excellent results when coupling with solar [34]; and biomass, which can be 

burned from the by-product of farming and harvest (e.g., sugar cane). These sources can 

similarly be hybridized with fossil fuels (for added reliability), grid connection (when 

available) and small battery storage (added stability). However, these technologies increase 
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the cost of the system and are much more site-constrained than solar PV, making these 

options a direct threat only on a project-by-project basis.  

Bargaining power of suppliers: The PV solar industry is highly fragmented and diversified. 

Products are not largely differentiated, and there are no significant switching costs in 

changing supplier. This result is a rather low bargaining power of suppliers, with the client 

ultimately being able to procure modules, inverters, cables, mounting structures and control 

and monitoring systems from around the world.  

Bargaining power of buyers: In general terms, buyers have a significant negotiation level 

due to a low number of new commercial irrigation plants per year, and price sensitivity due 

to the high investment that these systems represent. 

In summary, the competitive forces determine the profitability of the industry by affecting 

the prices to clients, costs from suppliers and the investment required to compete. From this 

analysis, the three main forces are competition, bargaining power of customers and threat 

of substitution. First of all, competition from existing irrigation companies offering a similar 

product is feasible. Therefore, the company must quickly position its value proposition for 

PV/hybrid powered systems and if possible raise entry barriers for other companies (e.g., 

patent technology).   

The second and third forces must be tackled by understanding the customer segment and 

offering an attractive value proposition that matches their needs and wants. However, it is 

important to point out that industries are dynamic and forces that affect it tend to evolve 

and change overtime. 

6.4.2.3. KEY TRENDS 

Several trends are currently affecting and shaping the commercial irrigation and solar 

market. An analysis of the main technological, societal and regulatory trend is presented.  

Key technological trend: The fall of PV systems pricing over the last 5 years have made solar 

photovoltaic plants not only attractive for utility scale, but has allowed also smaller 

commercial and residential users to take advantage of this technology. Prices of PV have 

decreased more than five times over the last 20 years, with current prices reaching levels 

under 1.8 USD/Wp (per watt installed). 

However, the market is currently reaching a consolidation phase in where price reductions 

will not be fuelled by aggressive competition, increase in module capacity and generous 

feed-in-tariffs (FiTs); but instead by progressive technological improvements such as an 

increase in module efficiency, and cost reductions in downstream activities such as 

installation and financing.  
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Lower CAPEX prices, higher reliability and durability of inverters and inherently low O&M 

costs have propelled LCOE of photovoltaic to reach levels of grid and fuel parityin many 

areas of the world. 10 

Key societal trend: Over the last decade, the growing acceptance and deployment of 

renewable energy in the national grid, along with stronger quality standards, awareness for 

climate change and environmental issues, have favored the public opinion towards 

renewable sources. However, financing and access to capital are still a mayor burden for the 

deployment of these systems. Bureaucratic obstacles and high interest rates are common. 

[35]. 

In addition, the initial uses of solar-powered pumps in some regions were characterized by 

poor quality [35] and expensive [36] systems with unreliable after-sale services that brought 

down the popularity of these systems among farmers, micro-credit institutions and banks.  

Regulatory trends: Two main regulatory trends will affect the deployment of renewable 

energy systems in off-grid applications: governmental subsidies for diesel and other fuels; 

and in less degree, the support and promotion mechanism for renewable energy.  

Several studies have explored the topic of diesel parity by correlating PV CAPEX, irradiation 

and diesel prices for different countries [37]. When irradiation and diesel prices are high, it is 

economically attractive to install these systems. The following figure shows the generation 

costs for pure diesel grid systems around the world [38].  

Figure 18 Electricity generation costs of pure diesel grids 

 

Source: Breyer,2012 [38] 

 

The countries in where high subsidies exist are shown in red and orange color. These are 

usually oil exporters that maintain generous subsidies for the population, under extremely 

high costs for the government.  This will ultimately hinder the use of alternative energies in 

these countries and will delay the possibility of deployment of the proposed system. 

                                                      
10

 Parity occurs when a solar PV system can generate electricity at a levelized cost of electricity (LCOE) that is 
less than or equal to the price of the electricity grid (grid parity) or a fuel based system, such as diesel 
generators (fuel parity). 
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However, in the rest of the world, the low prices for PV and high cost of diesel fuels create 

an attractive case for installing these systems.  

As a result, countries with high fuel prices and high irradiation levels will be key markets to 

exploit the value proposition of the system. An illustration of the correlation between these 

two aspects is shown in the following figure. The orange line shows the level in where fuel-

parity is achieved.  

Figure 19 Fuel parity for hybrid irrigation based on irradiation and prices of diesel11 

 

6.4.2.4. MARKET FORCES 

Market forces refer to those issues that drive the market from a supply and demand 

perspective; this includes the customer segments, their need and demands.  

Irrigation is expected to play an increasingly important role in the agriculture of developing 

countries. At present, it contributes nearly 40 percent of total crop production, and this will 

increase to 47 percent by 2030. The projections take into account that an additional 40 

million hectares would come under irrigated use, out of a total of 200 million hectares in 

2010 [32]. 

The rise in demand for water and food has propelled government and private companies to 

promote more efficient farming practices. These practices range from implementing water 

efficient irrigation, taking advantage of economies of scale and promoting more effective 

ways of crop-production in rural areas (e.g., community farming). 

6.4.3. POTENTIAL BUSINESS CASE 

Taking into consideration the business environment and the product offered, a potential 

business case was designed based in the business model canvas methodology. This takes 

into consideration nine building blocks: key activities (KA), key partners (KP), key resources 

(KR), cost structure (C$), customer relations (CR), customer segments (CS), value proposition 

(VP), channels (CH) and revenue streams (R$) [24]. The model was selected because the 

                                                      
11

  System calculated based on the cost of PV, O&M and interconnection for an 80%-solar penetration system. 
The degradation rate is 0.5%, output factor and system derater are both 90%, discount rate is 10% for a system 
with a lifetime of 20 years   
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individual elements allow a broader examination of a business’ full scope while the layout 

visually explains how the pieces fit together.  

Figure 20 Business model canvas 

 

Source: Osterwarldr & Pigneur, 2010 [24] 

 

The business canvas is divided between the left side (supply) and the right side (demand). 

The value proposition is the link that connects each side based on the products and services 

the company offers and the customers’ needs and wants. Consequently, the model prepares 

companies in knowing their client and understanding their main motivations.  

Customers: The customer segments define the different groups of people or organizations 

the company aims to reach and serve. The present case considers customers those farmers 

with certain characteristics; some of which are desirable, and some are a must. The 

following table summarizes the customer criteria:  

Table 5 Characterization of potential customers for solar/diesel powered irrigation 

Required Desirable 

Large extensions of land for commercial farming Difficult access to the grid 

High energy requirements for solar irrigation Unstable energy supply 

Located in countries with high costs of fuels or 
electricity 

Aware of environmental conservation 

Access to financing options  Awareness of renewable energy 

Medium-to-high solar irradiation Located in an agricultural region/country 

 

The customers will require a reliable system that provides water when needed. If this 

business opportunity is decided to be pursued, the customer segment will require further 

refinement. This is done through interviews with current irrigation customers, market 

segmentation by countries and regions and segmentation based on size and application.  

Based on the analysis of the business environment and the customer segmentation, a first 

approach to define the needs and wants of the customers is carried out. First, the customer 

requires a flexible and reliable system that supplies water when needed. Second, the system 

should offer an attractive investment (low payback period) and proven technology that will 
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motivate the customer to change from the traditional non-hybrid solution and make it easier 

for them to access available financing options. Additionally, the system should have low 

technical requirements and a consistent after-sale service. 

Therefore, customers are offered a “product” that creates value for them. This bundle of 

services and products is called a value proposition. In this case, it is a hybrid PV/solar 

irrigation system that enables cost reductions throughout the lifetime of the plant, high 

reliability and an integrated “all at one point” solution.  

The value proposition: Many authors have proven the economic value of installing solar-

based irrigation systems [23], [39], [40], and several studies have demonstrated the cost 

reduction potential of installing a solar system as a fuel-saver to diesel power generation 

[27], [30]. An example following a similar methodology as [23] is illustrated. 

The reference example is a farmer in Kenya. Diesel prices in this country are one of the 

highest in the African continent, around 1.21 USD/liter [41]. Kenya is an agricultural-based 

country, producing a wide variety of cash crops, including tea, coffee, fruits, vegetables and 

flowers. It has a remarkably low access to electricity (16%) and low access to potable water 

(52%) [42]. Only 16% of the land has a high to medium agricultural potential, making the rest 

highly dependable on efficient farming practices and irrigation. Two different systems are 

proposed: one with 80% and one with 50%-solar penetration.  

Figure 21 Cumulative costs of running three different irrigation systems12 

 

The figure shows at what point in time the farmer would recover the extra investment made 

for the additional solar system. For the 50%-solar system the recovery is in 2 years, while for 

the 80%-system, the payback period is 3 years.  

Considering that the average life time of PV plant is 20 years, the NPV13 (including CAPEX and 

OPEX) for the diesel-only system is USD 450 000; USD 240 000 for the 80%-system and USD 

365 800 for the 50%-system.  

                                                      
12

 Calculated with a 15 kW DG set running 7hrs a day, for a growing season of 200 days, ET rate is 8mm/day, 
GHI is 7 kWh/m²/day, rise in fuel prices 4% annually. All O&M costs are distributed over the lifetime of the 
plant 
13

 Net Present Value, calculated at a discount rate of 4% + internal bank lending rate of in Kenya (8.5%, 2012) 
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These values are preliminary and assume a linear avoidance of diesel consumption and PV 

installation. However, this is not always the case [28]. The main constrains that will 

determine if the fuel savings are higher or lower than the previous example are associated 

with the system design and can only be calculated on a project-by-project basis. For 

example, the load curve can be optimized to take advantage of daylight hours; the required 

spinning reserves from the DG will affect the running costs of the systems; and the control 

unit can optimize the integration of both systems.  

Never the less, as shown above, there is an inherent advantage of installing an irrigation 

plant with a hybrid-powered solution. The company must ensure a technically high-quality 

system, with an “all at one point” integrated solution: diesel, PV, irrigation. This will be the 

value proposition for the customer. 

Revenue stream and cost structure: Revenue streams will come from the sales or leasing of 

each hybrid irrigation system. Profit margins and pricing structure must be further assessed 

based on the subsequent phases of market research and technology development.  

The pricing is a key factor for this opportunity since it is essentially cost-driven: the potential 

is to reduce the overall costs of running the system. From the customer side, the O&M costs 

avoided through a hybrid solution should offset the additional price of installing the PV 

system. From the company side, the price of the system should cover all the incurred costs, 

plus a profit margin. Incurred costs include the material, components and worker-hours, 

logistics and overhead; additionally set-up costs such as the development of the technology, 

the demonstration plant and training and hiring of new personnel must also be considered.  

Customer channels and relationships: To reach out to the target customers the company 

must use their technical sales team to offer the promised value proposition. In this case, the 

company has an established network of dealers, subsidiaries and sales personnel around the 

world. By training these people and adapting their portfolio of products to include hybrid 

powered solutions, customers can benefit from personalized assistance and strong technical 

information when purchasing their hybrid irrigation system. Important steps will include 

awareness of the product and advantages, evaluation, purchase, delivery and after sale 

services.  

In addition, a potential leverage exists by tapping the established relations with existing 

customers from the irrigation business. These relations can help the company start selling 

the systems and demonstrate their viability.  

Infrastructure: There are 3 necessary building blocks required to carry out the value 

proposition: key activities, key resources and key partners. Key activities include all those 

undertakings that the company must do to make the business model work. On a day-to-day 

basis, these activities include sales, design of the systems; procurement and logistics of all 

parts and components; installation, testing and commissioning. 

Key resources are those assets that enable a business to function. The company will need to 

strengthen their financial and technical (solar technology) capabilities.  
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However, many of the necessary key resources will come from the existing business units of 

irrigation and diesel generation, including engineering and sales team, distribution networks 

and steel working facility, among others.   

Finally, key partnerships include those suppliers and partners that facilitate the business 

model. Although no joint venture is strictly necessary, the company must consider screening 

for suppliers of components based on the technology. Moreover, country representatives 

and dealers must have either in-house or outsourced the capable personnel to provide the 

necessary O&M and after-sale service offered to the client.  

6.4.4. THE BUSINESS MODEL CANVAS 

Solar and diesel powered irrigation, even at large scale, can become a profitable opportunity 

for the client and farmers. Through this technical solution, reliability of the irrigation system 

is not compromised; yet, an attractive cost reduction is achieved through the lifetime of the 

system by reducing fuel consumption in countries where diesel prices are high. Even though 

further refinement of the market and the technical integration are needed, the business 

case clearly exists. The potential business case was proven by using the business model 

canvas. A summary of the model is shown in the following page.  
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Figure 22 Business model canvas for solar/diesel hybrid commercial irrigation 
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6.4.5. CRITICAL SUCCESS FACTORS AND NEXT STEPS 

Under certain assumptions and generalizations, the business case has been proven. There is 

a potential customer segment; the value proposition is attractive, and the company can 

capitalize on existing resources while building the necessary ones. 

However, there is still much work to be done now in ensuring that the technology works, 

and the clients are willing to invest in it. Therefore, a series of critical success factors are 

mentioned that the company must keep in mind for any future business model related to 

this opportunity to be truly successful. The specific critical success factors are:  

 Integrated design and supply of PV, irrigation & diesel systems  

 Optimization of system design in order to reduce supply costs (installation and 

lifetime fuel) while ensuring required energy supply 

 Ensure a high quality of PV modules, balance of systems and interconnection 

 Establish an international supply chain for all solar components  

 Access to farmers and companies with needs in off-grid powered irrigation  

A list of necessary resources and a timeline were generated for the client. A series of 

sequential steps must be carried out by the client if they further decide to pursue this 

opportunity. Among the next steps recommended in this case study are: 

 Assign management responsibilities to develop the business  

 Market entry strategy: Prioritization of addressable markets 

 Set-up demonstration/ showcase plant  

 Research into best suited PV components 

 Supplier screening based on pre-defined criteria 

 Build capabilities in solar technology and engineering through hiring and training of 

personnel 

 Establish a potential collaboration with control-system/inverter suppliers, because of 

the necessary adaptions required for these systems 
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7. CONCLUSIONS  

The pre-feasibility project explored the value chain and market outlook for different solar 

technologies. By doing so, it allowed a broad overview of the industry and exhaustive 

identification of business opportunities. The client gained the necessary knowledge to assess 

the current state and future potentials for different solar technologies. This first phase was 

illustrated in this report by the CSP opportunity screening section.  

Currently, the CSP market, significantly smaller than the PV market, is steadily growing 

through government support and incentives. One of the most promising markets in the near 

future is Saudi Arabia with 41 GW of solar deployed expected by 2032.  To take advantage of 

the CSP market, the model ranked the most attractive opportunities for CSP for the 

company; the top three being: Supply of pumps for CSP, CSP mounting structure and IPP for 

CSP. However, the client decided to further analyze other opportunities related to 

downstream activities of PV.  

However, there are still high barriers of entry for many opportunities due to industry’s 

vertical integration and the initial set-up cost. If the technology can overcome its many 

development challenges it can become, in the future, a reliable and widespread option, 

making it a more attractive business opportunity. The client decided to not continue further 

analysis for any CSP option.  

In the second phase of this pre-feasibility project, business cases were prepared for the 

client that would illustrate and explain the business environment, the necessary 

requirements and allow a glimpse of a future implementation options for the selected 

business opportunities. This phase was illustrated in this report by developing the business 

case for hybrid powered commercial irrigation.  

High prices of fossil fuels along with plumbing costs of PV systems have made solar PV 

achieve fuel parity in many parts of the world. This opens the opportunity to hybridize a 

diesel powered irrigation system with a fuel saver alternative through a medium to high 

penetration of solar PV. The system offers technical and economic advantages for farmers in 

countries where diesel prices are high, no access to electricity and solar radiation is 

abundant.   

 Overall, the solar industry presents a wide array of opportunities ranging from upstream 

products to downstream services. The capabilities and prospects for profits vary with each 

company and each opportunity, while competition in most areas of the value chain is fierce. 

The solar industry is still growing, however, currently experiencing a consolidation phase 

that makes it necessary for companies to have an in-depth knowledge of the market and to 

adapt to successfully achieve their objectives.  
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8. SKILLS APPLIED, DIFFICULTIES ENCOUNTERED AND LESSONS 

LEARNED  

Skills applied during the tasks performed 

The work experience in a management consultancy like Apricum has provided a valuable 

practice to utilize the skills and knowledge the ME3 program has provided; as the consulting 

work is a combination of both, technical and business analysis. 

From a management point of view, knowledge of corporate strategy, finances and project 

management were helpful when undertaking the strategy and business aspects of these 

tasks. For example, by analyzing cases based on different models, such as the business 

model canvas, Porter’s five forces and value chain analysis, the intern had the opportunity to 

apply the theoretical knowledge into concrete cases. From a technical side, the knowledge 

of renewable energy technology and power generation formed the necessary framework to 

further expand the student’s knowledge into PV and CSP technology. 

A series of soft skills that were developed through-out the ME3 program became particularly 

useful during this internship; these include flexibility, cultural awareness and ability to learn. 

Difficulties encountered in the project 

As explained during the first section of this report, information about CSP cost structure is 

difficult to find from a reliable and neutral source. Meaning that the intern had to sharpen 

his research skills and make sure that the information provided was the most sensibly 

accurate based on the information publicly available.  

One of the tasks the student performed was carried out without keeping in mind the client, 

its needs and importance. Through constructive feedback, the student was encouraged in 

seeing things from a clients’ perspective. This includes identifying clients’ needs and 

matching them to appropriate solutions; monitor ongoing development in projects and meet 

timeline for delivery of products or services to the client. 

Lessons learned throughout the internship 

A useful lesson learned was the ability to carry out first starter approximations and top level 

assessment. Whether it is a qualitative (e.g. macro-economic trends) or quantitative (market 

sizes) approach. The skill relies on isolating the main factors that influence the subject. By 

being able to see the whole “forest rather” than the “trees”, relevant information can be 

discovered that will aid strategic decisions.  

However, the student recognizes that he had merely an introduction and some first-hand 

experiences with these skills. As with any other worth-while skill, it will take years of 

experience to truly develop. However, 3 abilities: top-level assessment, client perspective 

and first-time-right, are skills the student will keep in mind in the future and will make sure 

to develop throughout his professional life.   
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