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1. Introduction to the course 

1.1 Introduction 

Upon completion of this course, you should be able to 

• give an overview of the installed capacity of PV systems globally,  

• understand the PV potential in emerging markets. 

With a worldwide installed grid-connected capacity of approximately 390 GWp by the end of 2017, 

photovoltaic (PV) has become an increasingly significant energy supply technology. [1] According to 

forecasts, this growth will continue into the future. [2]  

 

 

New grid-connected PV capacity (top) vs. cumulative grid-connected PV capacity, globally (bottom) 
(Source: IRENA, 2018 [1]) 
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The main reason for this growth trend has been due to the major decline in costs of PV systems and 

growing electricity demand, especially in emerging markets. This has led to improved cost 

competitiveness in comparison with other power generation plants, which in turn has resulted in a 

continuously decreasing dependency on subsidies for PV systems.  

This development, combined with unstable electricity supplies, and the high cost of diesel generators 

and diesel fuel, has also resulted in PV penetration of emerging markets.  

The short times in which larger ground-mounted PV plants can be built (1-2 years in comparison to 4-

5 years for hydro- and fossil-fuel plants) is expected to lead to a continued increase in installed PV 

capacity, especially in rapidly-growing emerging markets experiencing increasing power demand. 

This course covers the most common business models used by the main actors involved along the 

lifecycle of utility-scale PV projects (also called ‘solar farms’ and solar parks’) – within the context of 

enabling emerging economies to build reliable, affordable and sustainable utility-scale PV plants. 

1.2 Main market actors and development stages of PV projects 

Learning objectives: Upon completion of this page, you should be able to 

• identify the main market actors, 

• describe the main development stages of a utility-scale PV project. 

The different stages of a utility-scale PV project lifecycle are realised by several/different market 

actors. The main stakeholders are project developers, investors, EPC (engineering, procurement, and 

construction) contractors and O&M (operations and maintenance) contractors. Additionally, many 

other third parties can also be involved in a PV project. Thus, there are a wide range of business 

opportunities. 

Each project proceeds through several development stages, during which the activities of the four main 

stakeholders/actors can run parallel to each other or sometimes overlap.  

The first step in the planning phase of a utility-scale PV project is to assess the existing market 

opportunities. These are determined by such factors as policy frameworks, regulations, structure of 

the local (PV) power market, site availability, existing energy resources, prevailing power prices, and 

specific financial incentives. When potential sites and investment opportunities have been identified 

and a promising concept developed, a project can proceed to the planning phase.  

Within the next step in the planning phase, the project developer conducts preliminary and detailed 

feasibility studies, and arranges contracts and permits. These feasibility studies include the 

preparation of preliminary system designs (such as PV plant layout, identification of equipment 

required), as well as energy yield analyses, costs and budget planning etc. Parallel to this, project  

financing is activated and ensured by the  investor. 

The construction phase can begin when all relevant permits have been obtained, financing has been 

secured and contracts signed. The EPC contractor is responsible for the development of a final detailed 

PV plant design, civil works (site drainage, access roads, foundations), equipment procurement, 

construction site management and supervision, electrical systems (interconnection to the grid), safety 

and security systems, and commissioning. 
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After commissioning and grid-connection, the operation and maintenance of the PV plant will be 

managed by the O&M contractor. 

Finally, at the end of a PV plant’s life the decommissioning, recycling or recommissioning for further 

operation can take place. 

 

Utility-scale PV plant project lifecycle 
(Source BET, 2018) 

 

1.3 Chapter endnotes 

[1] IRENA, RENEWABLE CAPACITY STATISTICS 2018, International Renewable Energy Agency (Abu 

Dhabi, 2018) http://irena.org/-

/media/Files/IRENA/Agency/Publication/2018/Mar/IRENA_RE_Capacity_Statistics_2018.pdf 

[2] Forecast International’s Energy Portal, Wind & Solar Energy Installation Data: 2000-2016 Actuals + 

2017-2021 Forecast, Forecast International (Newtown, 2018) http://fi-powerweb.com/Renewable-

Energy.html 

 

  

http://irena.org/-/media/Files/IRENA/Agency/Publication/2018/Mar/IRENA_RE_Capacity_Statistics_2018.pdf
http://irena.org/-/media/Files/IRENA/Agency/Publication/2018/Mar/IRENA_RE_Capacity_Statistics_2018.pdf
http://fi-powerweb.com/Renewable-Energy.html
http://fi-powerweb.com/Renewable-Energy.html
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2. Overview of business model design 

2.1 Introduction to business models 

Learning objectives: Upon completion of this page, you should be able to 

• describe the function and the benefits of a business model,  

• name different business model development methodologies. 

The following pages will cover the basic business skills and industry-specific expertise required by the 

main market actors involved in a utility-scale PV project and the business models used by them. 

Each and every business has its specific mode of operation and operates in a specific business 

environment. However, every business also has the following in common: customers, the fact that it 

provides services and/or goods, a business structure and the need for financial viabili ty.  

Every business has its individual business model – even if that business model is not formally defined. 

A business model describes how an organisation or a company creates, delivers and captures value. 

The process of designing a business model should be part of a company´s business strategy. 

There are several established methods which can be used to formally define/design a business model. 

In this course, the focus will be on the established and process-oriented method of the St. Gallen 

Business Model NavigatorTM (BMN). Besides planning, analysing, structuring, visualising, 

communicating and implementing a business model, this method also enables a business to innovate 

and adjust its business model regularly. 

However, there are also many other established methods, such as the Business Model Canvas or the 

OGSM Model (objectives, goals, strategies and measures). These will not be covered in this course.  

A clearly-defined business model helps a business to focus and visualise all key aspects of its activities. 

This includes both the internal and external factors which affect the business and which need to be 

accounted for in its business model. 

The main internal and external factors which a business model has to consider are illustrated in the 

figure below. A clear knowledge of both the internal and external factors which a business has to deal 

with enables a business to clarify its strengths and weaknesses. A business model which accounts for 

these is more able to describe, discuss, and develop and manage business-internal factors (such as 

products and work streams) and external factors (such as competitors or partners).  
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Internal and external factors that affect a business 

(Source BET, 2018) 

 

2.2 Introduction to the Business Model Navigator (BMN) 

Learning objectives: Upon completion of this page, you should be able to 

• list the benefits of using the St. Gallen Business Model Navigator (BMN) to create a focused 

business model, 

• name the four key questions asked when using the BMN. 

The BMN, developed by the University of St. Gallen in Switzerland, is a process-oriented method that 

can be used to develop and innovate business models. By focusing on the key aspects of a business, 

the BMN method enables a business not only to describe but also to question and to develop 

innovations to its business model. 

The advantage of the BMN method is its intuitive approach and user-friendliness. By asking questions 

related to each of the four main dimensions of a business (listed below), the main focus of the 

business becomes visible: 

• Who are the business’s target customers?  

 This dimension defines the target customers. 

• What kind of value proposition does the business offer its customers?  

This dimension (the value proposition) describes what value and benefits a business offers its 

customer when engaging with them. 
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• Why does the business model generate profit?  

This considers the business’s revenue-creation mechanisms and its cost structures. It clarifies 

what it is that makes a business model financially viable and how value for shareholders and 

stakeholders is created.  

• How does the business create value for its customers?  

This dimension covers processes, activities and infrastructure required for the creation of  the 

value proposition, as well as the necessary resources and capabilities for the customers. 

The BMN can be visualised as a ‘magic triangle’ (see diagram below) which makes clear how these four 

questions relate to a business’s value proposition, value chain and revenue model. Due to its use of 

only four dimensions, the BMN is easy to use; but at the same time, it is comprehensive enough to 

provide a clear picture of the business model architecture. 

 

The St Gallen Business Model Navigator (BMN) ‘magic triangle’ 

(Source BET, 2018) 

 

2.3 Chapter endnotes 

[1] A. Osterwalder et al., Business Model Generation: A Handbook for Visionaries, Game Changers, and 

Challengers (New Jersey, 2010), ISBN-13: 978-0470876411 

[2] O. Gassmann et al., The Business Model Navigator: 55 Models That Will Revolutionise Your Business, 

Pearson Education Limited (Harlow, England, 2014), ISBN-13: 978-1292065816 
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3. Suitable business models for a project developer  

3.1 The role of a project developer 

Learning objectives: Upon completion of this page, you should be able to  

• describe the role of a project developer for utility-scale PV projects,  

• describe the main activities of a project developer.  

In this course section, the focus is on the role of the project developer solely as a project developer. In 

some cases, the project developer can also be the investor, EPC and/or O&M contractor. In general, 

the project developer handles all project development activities that need to be carried out before 

the actual construction of the PV plant. The role of the project developer is to evaluate the feasibility 

of the project, plan the project, and to procure all the approvals, contracts and permits necessary to 

ensure the project’s trouble-free realisation.  

The first activities of a project developer are usually to carry out a preliminary assessment of the 

country-specific general market conditions (legal framework, subsidies, potential and competition etc.) 

and to carry out a preliminary feasibility study of potential sites for the PV plant. This preliminary 

feasibility study includes site visits to check environmental conditions, grid-connection possibilities, 

land quality etc., and it is followed by a first draft of a technical plan (preliminary design) an d an 

economic feasibility calculation. If the preliminary feasibility study is positive, the project developer 

begins to arrange and complete all necessary contracts with the landowner, grid operator, and official 

authorities. Good knowledge of local legal/regulatory procedures and good contacts with the relevant 

official authorities is very important in order to conduct negotiations and bring them to a successful 

conclusion. Parallel to this, all the documents required for the official approval process should be 

obtained. When the most important contracts have been signed, a more detailed feasibility study will 

be prepared based on the proposed technical concept for the PV plant. And also parallel to this, the 

project financing is activated and ensured by the investor. Finally, when the project developer has 

secured all required official approvals, contracts and permits for the project, the construction phase 

can begin. The construction phase will be carried out by an EPC contractor.  

 

Factors which influence the development of a utility-scale PV plant project 
(Source: BET, 2018) 
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3.2 Application of the BMN to a project developer 

Learning objectives: Upon completion of this page, you should be able to  

• describe how to apply the BMN to a project developer’s business activities, 

• describe the main factors which influence project development.  

The main activities and services provided by a typical project developer take place before the actual 

building of a PV plant. For a project developer, the key BMN questions would be answered as follows: 

• Who are a project developer’s target customers?  

A project developer’s main target customers are potential investors for the PV plant. 

• What kind of value proposition does the project developer offer to its customers?  

Usually, the project developer offers the investor a feasible project that will be delivered 

´shovel-ready´ or ´ready-to-build´. Depending on the investor’s needs, the project developer 

can also offer additional EPC contracts, (pre-)agreements for debt financing, and project 

management through to commissioning and completion (provide a so-called ‘owner’s 

engineer’ service). 

• Why does the project developer’ business model generate profit?  

Project developers can generate profits from revenues either from: 

• a one-time margin for design, development and sale of the project rights (to an 

investor), or 

• from ‘milestone’ payments (paid by an investor) when agreed project stages have 

been completed, and from payments on project completion. 

The costs of the project and associated risks will depend on the target market and the project 

developer’s knowledge of this market. Depending on the risk tolerance and the financial 

reserves of the project developer, an ‘early marriage’ with an investor can sometimes be the 

safer choice. On the other hand, the rule ’the greater the risk the higher the reward‘ is also 

valid. 

• How does the project developer create value?  

The value of the project increases step by step with increasing security, feasibility and 

probability of realisation. Every signed contract, approval, survey, calculation and planning will 

raise the value of the project. Nevertheless, a project can even fail at the very end of the 

development process and might become valueless.  
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The BMN ‘magic triangle’ applied to a project developer’s activities 
(Source: RENAC, 2018) 

 

3.3 Main business models suitable for a project developer 

Learning objectives: Upon completion of this page, you should be able to  

• describe different business models suitable for a project developer. 

Generally, the three following business models are common for project developers:  

• Developing a greenfield site to shovel-ready  

• Development of turnkey projects 

• Development of partly developed projects. 

´Shovel-ready´ means that all required activities prior to actual construction of the PV plant have been 

completed. In this business model, the project developer completes all the activi ties required for a 

project to reach ´shovel-ready´ status. The project developer is solely responsible for delivering the 

project until ́ shovel-ready´ status is reached. The degree to which the developer provides all individual 

business services required for this varies from project to project; but in all cases, the developer is 

responsible for the quality of the work and the end result. The aim is to bring the project to ´shovel-

ready´ status and to resell the project with a high financial gain.  

With a ´turnkey project´, the developer delivers a project which is ready to operate (‘turn the key and 

the plant is operating’). This means that, in addition to carrying out all the tasks necessary to realise 

‘shovel-ready’ status, the project developer also constructs and commissions the PV plant.  
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The project developer offers the investor all the necessary services required to reach turnkey status, 

including EPC services. With a turnkey project, in general, the financing of the PV plant construction 

needs to be arranged by the project developer. The ´turnkey project´ model is in general more 

profitable for the project developer, but it also entails higher risks. 

A third model is the ´partly developed´ model. ´Partly developed´ means that a PV project is sold (in 

total) to an investor before it is completed. The investor then ensures the continuation, finalisation 

and financing of the project until ´shovel-ready´ or ´turnkey” status is reached. However, the project 

developer can also be sub-contracted by the investor to bring the project to shovel-ready status or 

turnkey status. The project developer does not incur any financial risks beyond those directly 

associated with the services subcontracted for. The advantage of this model for a project developer is 

that it minimises the financial risk. However, in general, the revenues accrued will be lower. 

Different types of project developer business models and their location on the timeline of a PV project; 

accuracy ranges in predicting costs and risks at the different stages of project are also indicated 

 

(Source: RENAC, 2018) 
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4. Suitable business models for an investor 

4.1 The role of an investor  

Learning objectives: Upon completion of this page, you should be able to  

• describe the role of an investor in utility-scale PV projects, 

• explain the main activities of an investor.  

An ‘investor’, for the purposes of this course, is considered to be the ultimate owner of the PV project. 

This means that the investor has previously made a (direct or indirect) contribution of equity f inance 

to the project, or purchased equity in the PV asset or in the project company that owns the asset 

(labelled ‘plant operator’ in the figure below).   

Investors assume active roles as initiators and enablers in the projects they support. Without their  

upfront contribution of risk capital (equity), knowledge and work contribution, projects would in most 

cases never be realised. However, investors will only engage in projects that have a certain likelihood 

of being successful (economically viable). The l ikelihood that a project will be successful is most 

commonly indicated by initial due diligence and feasibility study results. 

During the project acquisition process, the investor usually appoints several advisors (inhouse or 

external) to perform various due diligence exercises in order to evaluate the risks associated with the 

project. The project’s technical characteristics and its technical feasibility are assessed by a technical 

advisor. Legal advisors review, in form of a legal due diligence, the compl eteness and validity of the 

necessary authorizations/permits and the most important contracts. During the acquisition phase, 

the investor also assesses the financial viability of the project via financial modelling calculations. On 

basis of the financial model, the investor can make appropriate choices regarding leverage and the 

sources of funding for the project. 

Once the project is operational, the investor aims to optimise the energy yield of the PV plant as far 

as possible and reduce any risks to the expected financial yield. Activities associated with this are 

continuous control/monitoring of plant performance and supervision of the O&M contractor, as well 

as regular reporting to the board. This also includes, most importantly, comparing the actual financial 

yield with the target financial yield (as calculated in in the project’s financial model’s base case 

scenario). 
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Investor activities in relation to project acquisition and operation 
(Source: RENAC, 2018) 

 

4.2 Application of the BMN to an investor  

Learning objectives: Upon completion of this page, you should be able to  

• describe how to apply the BMN to an investor’s business activities. 

The investor, as the ultimate owner of the PV project, always has a financial motive, but can have 

additional strategic motives related to the PV plant.  For an investor, the key BMN questions would be 

answered as follows: 

• Who are the investor’s target customers?  

Who an investor’s target customers are will depend on the business model pursued by the 

investor. For purely financial investors such as insurance companies or investment funds, their 

customers are their investors (individuals or entities that have provided funds to them and 

directed them to invest on their behalf). In the case of strategic investors such as uti lities or IPPs 

(independent power producers), their clients are electricity off-takers such as residential and 

commercial energy consumers that have entered into energy supply contracts with them. The 

consumers will purchase the electricity generated by the PV plant, but also from intermediaries, 

such as grid operators or resellers on the wholesale electricity market, who sell electricity on to 

final consumers. Furthermore, any party that has provided equity capital to a financial or strategic 

investor (such as a shareholder) can also be considered a customer of an investor.  
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• What kind of value proposition is the investor offering them? 

The investor in a PV project promises to provide (i) an adequate financial yield in line with pre-

agreed terms and conditions, and common market standards, and (ii) long-term access to 

renewable energy generated by the PV power plant. Also, generating ‘green-labelled’ energy can 

be considered a (non-financial) added-value, as it can enhance a company’s image and thus 

supports marketing initiatives.  

• Why does the investor’s business model generate profit?  

Financial investors can generate profits by receiving dividend payments from the project and/or 

by reselling the project to another investor after a certain holding period.   

• How does the investor create value?  

Financial investors create value if they can generate an overall financial yield from the PV plant 

which is higher than or at least equal to the pre-defined minimum hurdle rate of return. A hurdle 

rate is the target yield (explicitly or implicitly) agreed upon with their investors. It equals at least 

the risk-free return which can be obtained from investing in government bonds, plus an adequate 

risk premium.  

 
 

The BMN ‘magic triangle’ applied to an investor’s activities  
(Source: RENAC, 2018) 
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4.3 Main business models suitable for an investor  

Learning objectives: Upon completion of this page, you should be able to  

• describe the main business models suitable for an investor.  

When making equity investments in PV projects, investors generally pursue one of two overriding 

financial objectives, or a combination of the two. These are: (i) ensuring a stable level of current income 

(yield) and/or (ii) ensuring the greatest possible return on their invested equity. Thus, a distinction  can 

be made between primarily yield-driven and IRR-driven investors (IRR = internal rate of return). 

Yield-driven investors: These include both financial investors, such as insurance companies, private 

and corporate pension funds, sovereign wealth funds, or retail investors in closed-end funds, and long-

term strategic investors such as IPPs (independent power producers) or utilities. Yield-driven investors 

typically have a long-term (buy-and-hold) investment horizon with no short- or medium-term intention 

to sell the asset, and are potentially able to hold assets for 20+ years. They rely solely on annual income 

(the current yield) in the form of dividends and interest on shareholder loans etc., and are therefore 

also referred to as ‘yield investors’. 

IRR-driven investors: IRR investors have a short- to medium-term investment horizon of approximately 

2-7 years. IRR investors include the resale value of the asset (upon exit from the investment) in their 

overall return calculations, and are – mostly – prepared to forego early and/or current cash flows while 

holding the asset. An example of this type of investor is one who invests in the development of 

greenfield sites. This category of investor includes strategic investors (who can also be project 

developers), construction companies (such as EPC contractors), but also includes opportunistic 

investment funds managed by professional investment managers, as well as other institutional 

investors with a similar short-term investment focus. 

 

 

 

 

 

 

 

 

 

 

 

An investor’s contractual relations with other entities 

(Source: RENAC, 2018) 
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4.4 Main sources of funds for investors (only as further reading) 

Learning objectives: Upon completion of this page, you should be able to  

• name different sources of funds for investors, 

• describe a few advantages and disadvantages of different finance sources. 

Generally, there are three different options for raising money to finance long-term PV projects:  

• Equity financing 

• Debt financing 

• Alternative financing options  

The appropriate funding source will depend on the type of investor and their objectives, as well as on 

their financial capacity and commercial needs. Also, market opportunities, project specifics and 

available incentives can impact the choice.  

Equity financing  

The investor procures the funds needed to acquire the project by raising equity finance. Depending on 

the type of investor, the source of this equity finance can vary considerably. If the investor is a private 

individual, they will usually use self-owned funds. Insurance companies, pension funds and sovereign 

wealth funds will typically use the funds that third parties have deposited with them. ‘Closed-end 

funds’ will use funds raised through the retail sale of investment products to private individuals. Finally, 

long-term strategic investors, such as IPPs (independent power producers) or utilities, will usually 

employ equity that has been generated through the profits of previous business activities. The 

disadvantage of all-equity financing is the high cost of capital associated with equity funds. 

Debt financing 

An investor can alternatively borrow the money needed for acquiring a project. The most common 

source of funds for debt financing are banks. Bank loans involve strict commercial conditions, the 

payment of interest at specified dates and at pre-agreed interest rates, and the repayment of principal. 

An advantage of debt financing is that the cost of debt-financed capital is usually much lower than the 

return requirements of equity funds. The investor is able to profit from this differential via the so-

called “leverage effect”, thus increasing their own equity return by replacing a part of their equity with 

cheaper bank debt capital. Often, an investor may refinance an initially equity-financed project with 

cheaper debt capital – after a certain time, for example when the bank’s disbursement requirements 

have been met. Usually, this is done when the project presents a comparatively reduced risk profile, 

for example, due to the completion of a project’s construction phase. 

Alternative financing options 

Besides the above two common financing methods, other alternative options may be available. For 

example, crowdfunding or state funding (credits). Crowdfunding is the practice of raising large 

amounts of money from numerous people, each of whom makes only a comparatively small 

investment in a project. Typically, crowdfunding takes place over the internet, where crowdfunding 

platforms help bring project initiators and individual investors together.  
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Crowdfunding gives individual small investors the opportunity to invest relatively small amounts in 

relatively high-yielding ‘green assets’. The project initiator profits from this comparatively easy access 

to capital and from the usually fairly flexible commercial conditions as compared to those attached to 

bank loans. 

5. Suitable business models for an EPC contractor 

5.1 The role of an EPC contractor (1/2)  

Learning objectives: Upon completion of this page, you should be able to  

• describe the role of an EPC contractor in utility-scale PV projects, 

• describe the main engineering design activities of an EPC contractor (focus on engineering 

aspects). 

As already stated, EPC stands for engineering (E), procurement (P) and construction (C). An EPC 

contractor delivers the final technical design, specifies the type and quantity of PV modules, specifies 

the balance of system (BOS) components, selects suitable suppliers, manages quotations, purchase 

orders and equipment deliveries. He also constructs the PV plant and carries out the final 

commissioning works. The EPC contractor assumes the responsibility for carrying out the scope of work 

(SOW) they have contracted to perform in accordance within a pre-agreed timeframe, a pre-agreed 

budget and to pre-agreed quality standards. 

The design of utility-scale PV plant involves a wide range of technical planning and engineering 

activities. These can be classified as relating to civil works, mechanical and electrical design:  

1. Typical civil works include drainage, ground levelling, soil preparation, access roads, perimeter 

fencing, equipment foundations, cable handling and site infrastructure buildings. 

2. Mechanical design tasks mainly include the selection/design of module mounting structures, 

wind load analysis, and installation methods for PV modules.  

3. Electrical design tasks include specifying PV modules and inverters, PV module strings, DC and 

AC cabling, switchgear and protection relay selection, lightning protection, 

earthing/grounding, plant performance monitoring and ‘grid protection’.  

The EPC contractor can provide a guarantee for the PV plant’s performance for a certain period of time 

(typically 2-5 years); this is often dependent on additional O&M arrangements. The performance of 

the PV plant depends on the quality of the components used, the plant’s design, the quality of the 

installation work, and on continuous plant maintenance. When specifying the PV plant’s components 

in detail and the technical layout of the PV plant, the EPC contractor aims at optimising costs versus 

performance. This can include, for example, optimising the layout of the PV arrays where there is a 

conflict between the ground area available and losses which might be caused by possible shading of 

PV modules. Another important point to consider is the most favourable grid-connection and metering 

point. 
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General scope of work (SOW) of an EPC contractor 
(Source: RENAC, 2018) 

 

 

5.2 The role of an EPC contractor (2/2) 

Learning objectives: Upon completion of this page, you should be able to  

• describe the main procurement and construction activities of an EPC contractor. 

Procurement encompasses all activities related to sourcing equipment at the right price at the right 

time and of the right quality. The EPC contractor purchases components from appropriate local and 

global manufacturers. Procurement activities include the management of specifications, quotations 

and purchase orders, as well as dealing with such issues as taxes, duties and logistics. The EPC 

contractor has to evaluate the advantages or disadvantages of deciding whether to ’make or buy‘. Also, 

different sourcing possibilities need to be considered; for example, whether to use local versus 

international component providers. Important criteria to be considered include, for example, delivery 

times, ‘landed costs’ of products, and the strategic relevance of particular components to the 

workflow. Furthermore, component sourcing also depends on the EPC’s own sourcing strategy (such 

as single-party sourcing vs. multiparty sourcing). 

During the construction phase, the EPC contractor coordinates and supervises all activities on site, and 

is fully responsible for the totality of the works, including for subcontracted-out tasks. This includes 

assuming general liability and responsibility for construction-site workforce health and safety, in 

compliance to relevant standards and local building/construction regulations.  
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Through comprehensive planning and proactive coordination, the EPC contractor makes sure that all 

works are executed within the allocated timeframes; otherwise, financial penalties may be incurred 

(as per contract). Once the PV plant has reached the completion stage, various performance 

inspections/tests need to be carried out; such as work completion inspection/tests, commissioning 

tests and preliminary acceptance tests (in this order). These include a site visit inspection by the PV 

plant owner and his/her advisor(s), and a complete set of ‘as -built’ drawings and project 

documentation need to be handed over. Typically, a preliminary acceptance certificate  (PAC) is issued 

once the plant is operational. However, its validity will still be subject to subsequent performance 

monitoring, typically over a period of 7-30 days, during which energy yield data is collected in order to 

ascertain if the plant complies with the contractually agreed performance guarantee. Depending on 

the time period covered by the EPC contractor’s performance guarantee, sometimes additional 

performance tests might be required during the first and second year of plant operation; these can be 

considered as intermediate and final acceptance tests respectively.  

 
Main activities of an EPC contractor along a project timeline 

(Source: Frank Polhaus, 2018) 

 

5.3 Application of the BMN to an EPC contractor 

Learning objectives: Upon completion of this page, you should be able to 

• apply the BMN to an EPC contractor’s activities in general. 

The BMN for an EPC contractor would answer the key questions as follows: 

• Who are an EPC contractor’s target customers?  

The main target customer of an EPC contractor is the future owner of the PV plant. The 

future owner is usually a special purpose vehicle (SPV) project company owned by the 

project developer and/or an investor. 
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• What kind of value proposition does an EPC contractor offer?  

The EPC contractor is fully responsible for the final engineering, procurement and construction 

of the PV plant, and handing it over to the final owner as a ‘turn-key project’. The details of 

this are set out in the terms of the EPC contract; these will include a fixed price, a completion 

date/period and a quality guarantee. After the commissioning and provisional acceptance of 

the PV Plant, an EPC contractor usually has to provide a performance guarantee/warranty 

(typically for a period of two years); this ensures that the quality requirements specified in the 

EPC contract are met and that the plant’s technical performance complies with what has been 

contractually agreed. 

 

• Why does the business model of the EPC-provider generate profit?  

An EPC contractor can generate profit from payments from their customer; these are usually 

due when contractually agreed milestones are reached.  

 

• How does an EPC contractor create value?  

An EPC contractor aims to optimise costs versus performance. Internal value is created by 

realising profit margins on the services provided. These services can be delivered either by the 

EPC contractor directly or via any subcontractors it employs. To what extent an EPC uses 

external expertise/resources depends on the EPC’s own internal expertise/resources and 

infrastructure.  

 

The BMN ‘magic triangle’ applied to an EPC contractor’s activities 
(Source: RENAC, 2018) 
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5.4 Main business models suitable for an EPC contractor / Services subcontracted out by an EPC 

contractor 

Learning objectives: Upon completion of this page, you should be able to  

• describe the main business models used by an EPC-contractor, 

• understand the role of subcontracted-out services within that business model.   

 

The core business model of an EPC contractor is the provision of engineering, procurement and 

construction services. However, how this is done in practice varies. One typical variation is a business 

model called EPCM (engineering, procurement and construction-management). In this model, the 

project owner purchases expensive key components such as PV modules and inverters directly from 

manufacturers (as opposed to purchasing these components via EPC contractor). This means that the 

EPC contactor’s cash-flow requirements are reduced; because the owner covers financially the period 

when the components are not yet generating revenue (the period from purchase of the products until 

commissioning of the PV plant). Because PV modules and inverters are a large part of the overall 

investment and are standardised components, EPCM can be an attractive business model variation for 

smaller and more technically specialised EPC contractors; it reduces their cash flow requirements, and 

can thus increase the number of projects they can be involved in simultaneously. It also improves the 

EPC contractor’s financial performance and bankability.  

Another frequently found business model variation relates to the extent to which component 

procurement and tasks are subcontracted out to other firms. Typically, EPC contractors differ regarding 

the extent to which they use inhouse personnel for mechanical or electrical i nstallation works and/or 

external partners/subcontractors for the same activity. 

Finally, some EPC’s see strategic interest in representing only one particular PV module brand. 

Examples are PV module manufacturers that have exclusive EPC (and project development) partners 

or even own their own EPC business subsidiaries under the roof of an integrated solar company. 

Further examples are EPC contractors who manufacture their own module mounting structures rather 

than source them elsewhere. 

 
Two EPC project managers meeting subcontractors who have been engaged to carry out installation 

work at a construction site 

(Source: Frank Polhaus, 2018) 
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5.5 Application of the BMN to an EPC subcontractor  

Learning objectives: Upon completion of this page, you should be able to 

• apply the BMN to a subcontractor who has been engaged to install PV modules. 

As discussed previously, the installation services contained in the main EPC contract for a PV plant 

might be subcontracted out to local specialised installers. 

Here we will look at how the BMN can be applied to a possible business model for a subcontracted 

service using a provider of the mechanical installation of mounting structures and PV modules as an 

example. The EPC contractor has chosen to subcontract this work because the  company to which it 

has been subcontracted out to (the subcontractor) is more familiar with the local standards for carrying 

out this type of work (such as health and safety requirements) and with the use of the equipment 

required for the task. 

• Who are such a subcontractor’s target customers? 

EPC contractors, who do not have sufficient (local) manpower, or for some other reason cannot 

do the work. 

• What kind of value proposition is offered? 

The subcontractor offers the required numbers of installation teams, experienced supervisors, 

and continuous liaison with the EPC contractor’s project management team. The workforce is 

insured and registered in compliance with all social as well as health and safety regulations. If 

required, the subcontractor can also provide special tools, lifting devices, mobile electricity 

supply, sanitary and health services, catering facilities, workers amenities and accommodation.  

• Why does the business model of a provider of installation services generate profit?  

An installer can generate profits from payments for services delivered to the customer.  

• How is value created? 

By providing manual labour, using tools and equipment to erect (metallic) module mounting 

structures and by fixing PV modules to mounting structures. The required material is transported 

from a warehouse to the construction site and the mounting structures are assembled, while 

ensuring all quality requirements are met (component quality control, good workmanship). 
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The BMN applied to a subcontractor carrying out mechanical installation work for an EPC contractor 

(Source: RENAC, 2018) 

6. Suitable business models for an O&M contractor’s activities 

6.1 The role of an O&M contractor 

Learning objectives: Upon completion of this page, you should be able to  

• explain the role of an O&M contractor for utility-scale PV plants, 

• describe the main activities of such an O&M contractor.  

The main role of an O&M (operation and maintenance) contractor is to keep the PV plant functioning 

at least at the minimum guaranteed performance level and to achieve this at optimized costs. This 

performance guarantee can be provided either in form of a minimum availability or ‘uptime’ 

guarantee or in form of a minimum performance ratio (PR) guarantee, where: 

- The availability is defined as the percentage of time that a system must be fully able to 

produce electricity 

- The PR is defined as the ratio of actual energy produced to the theoretically possible energy 

produced.  

Because the latter depends not only on actual plant maintenance but also on the plant design, most 

O&M contractors who have not been involved in the plant design would rather guarantee the plant 

operating time (typically between 97% and 99% annually). 
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A full O&M contract covers a large range of services; these include periodic preventative maintenance 

services, such as visual inspection, ground maintenance, module cleaning and component 

maintenance at certain intervals, and corrective maintenance works. Corrective maintenance includes 

any works related to incident detection through to analysis of root faults and incident resolution. Any 

fault detected should be addressed as quickly as possible within a defined response-time period. 

Comprehensive spare parts management will also be a key part of the contract. The lack of a spare 

component can result in days or weeks of waiting for delivery, leading to a lack of availability of the PV 

plant (or part of it) and, consequently, loss of performance. 

The full scope of an O&M contract covers a wide range of responsibilities and services. A fundamental 

component of PV plant operational management is to monitor the plant performance on a daily basis 

via a remote SCADA (supervisory control and data acquisition) system. The latter is used in order to 

detect possible issues which may arise and to be able to take the necessary remedial actions in a timely 

manner. Apart from performance control, the plant operator is often also responsible for supervising 

site security. Furthermore, the status of the plant performance and its maintenance ne ed to be 

reported periodically to the plant owners or their representatives. Quality communication is a crucial 

aspect of the delivery of a quality O&M service; transparency decreases the yield risk for the plant 

owner. Third party maintenance providers can be subcontracted by the main O&M contractor in order 

to carry out services covered in the O&M contract.  

 

 

General scope of work (SOW) of an O&M contractor 
(Source: RENAC, 2018) 
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6.2 Application of the BMN to an O&M contractor 

Learning objectives: Upon completion of this page, you should be able to 

• describe how to apply the BMN to the main O&M-contractor’s business activities. 

The BMN for an O&M contractor would answer the key questions as follows: 

• Who are an O&M contractor’s target customers?  

The key customer of an O&M contractor is the owner of the PV plant.  

• What kind of value proposition does an O&M contractor offer?  

An O&M contractor offers a full range of O&M services, and guarantees to keep the performance 

of the plant at least as high as contractually agreed. This performance guarantee is expressed 

either in in terms of a minimum availability guarantee minimum or a performance ratio (PR) 

guarantee. 

•      Why does an O&M contractor’s business model generate profit?  

An O&M contractor can generate profit because it receives revenues from delivering the services 

it has contracted to provide and according to an agreed payment structure (for example, on a 

monthly or quarterly basis). Usually, the performance guarantee is subject to compensation 

payments in case of non-compliance with the contractual agreed targets.  

O&M services are required throughout the whole operating lifetime of the PV plant 

(approximately 25 years); however, O&M contracts can be either long-term or short-term 

(annual). 

 
• How does an O&M contractor create value?  

 
The O&M contractor creates value by 

• providing effective performance control and analysing system performance 

• managing maintenance requirements (including maintenance logs, enabling predictive 

maintenance which reduce corrective maintenance works, and providing skilled personnel to 

carry out maintenance tasks). 

All of these services contribute to achieving the performance guarantee. 

A local available group of technicians ensures quick response times.  
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The BMN applied to the activities of an O&M contractor 

(Source: RENAC, 2018) 
 

6.3 Main business models suitable for an O&M-contractor / Types of related subcontracted 

services  

Learning objectives: Upon completion of this page, you should be able to  

• describe the main business models suitable for an O&M contractor, 

• understand the role of third-party maintenance service providers.  

 

Essentially, there is one general business model for the main O&M contractor of a large-scale PV plant: 

the O&M-contractor assumes the full responsibility for the contracted range of O&M services and 

guarantees a minimum performance level for the PV plant. However, depending on the contract, the 

range of services may vary; and the type of performance guarantee which can be given can be in form 

of a minimum performance ratio (PR) guarantee or a minimum availability guarantee. Both long-term 

and short-term contracts are possible. 

As discussed previously, an O&M contract covers a wide range of activities and responsibilities. The 

core services can be divided into operational management and maintenance activities.  Usually, third-

party maintenance providers are subcontracted by the main O&M contractor to carry out some of 

the services covered under the O&M contract, especially with regard to different maintenance 

activities. Third-party maintenance providers can be specialised local firms who offer specific 

preventive-maintenance services, such as ground-keeping, module cleaning, and carrying out 

functional tests/monitoring (different electrical tests, thermal imaging etc.).  
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Manual thermographic imaging being performed as part of a preventive maintenance 

(Source: Bernd Wollwerth-Carl) 
 

6.4 Applying the BMN to an O&M subcontractor’s activities 

Learning objectives: Upon completion of this page, you should be able to  

• apply the BMN to the activities of a provider of thermographic site surveys. 

 

As discussed previously, various services related to the operation and maintenance of a PV plant can 

be provided by local firms (third-party maintenance providers). To give an example what the business 

model for such O&M subcontractors might look like, we use as an example a provider of 

thermographic surveys for utility-scale PV plants, and apply the BMN to their activities. The company 

uses drones equipped with infrared (IR) cameras to carry out surveys and provides the owner of the 

PV plant survey-result evaluations on an interactive online platform.  

• Who are the target customers? 

Either O&M contractors (whose contract obliges them to carry out such surveys) or PV plant 

owners (for example, in a case where such surveys are not part of the general O&M contract). 

• What kind of value proposition is offered? 

Collection of high quality data in a short period of time in order to detect any anomalies in PV 

modules. Using drones, much less time is required than with conventional methods and labour 

costs are reduced. 

Offering valuable deliverables in form of quickly accessible performance data and performance-

data evaluation on an interactive online platform. 

• Why does the business model of a provider of thermographic surveys generate profit?  

A survey provider can generate profit from payments for services delivered to the customer. 

• How is value created? 
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By using appropriate hardware (drone equipped with IR camera) to collect high quality data in a 

short period of time, and developing an IT solution/appropriate software that can provide 

quickly accessible survey results on an interactive online platform. 

 

 

The BMN applied to the activities of a provider of thermographic surveys 
(Source: RENAC, 2018) 
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7. Suitable business models for an independent engineer 

7.1 The role of an independent engineer 

Learning objectives: Upon completion of this page, you should be able to 

• describe the role of the independent engineer for utility-scale PV projects 
• describe the main activities of an independent engineer  

Throughout the PV project’s lifecycle different stakeholders may require engineering services and 

support. Therefore, there is a wide range of roles an independent engineer can fulfil. A project 

developer who does not have in-house expertise for instance, can hire an independent engineer for 

project development support. Depending on the technical needs of the developer, the scope of 

services varies widely from preliminary design, yield assessments and feasibility studies,  to technical 

due diligence and construction supervision (see ‘PV project works list’ for detailed descriptions).  

The project developer can retain ownership of the project or sell it to a new owner. When the 

independent engineer supports the project owner, this role is typically referred to as owner’s engineer. 

Regardless of the level of in-house expertise, the project owner should acquire a full technical due 

diligence service on the project design prior to construction. This will mitigate the project’s technical 

performance risk and improve the project’s “bankability” (lender’s willingness to finance the project).  

Once the plant has reached the construction phase, the role of owner’s engineer is to supervise the 

construction to ensure works are completed on time, on budget and to the required quality. This entails 

ensuring the EPC contractor’s compliance with industry standards and site-specific requirements, 

reporting on progress and budget, as well as witnessing commissioning and testing activities.  [1] The 

cost of engaging an experienced owner’s engineer is easily offset through the savings achieved by 

having a smooth project development phase and a well designed and constructed plant.  

In the case of the project being sold by the project developer to a prospective buyer, the independent 

engineer can perform technical due diligence and provide advisory during the acquisition process in 

the interests of the buyer. 

In the case of debt financing being used for the realisation of the project, lending institutions may also 

specify their preferred independent engineer to carry out the technical due diligence process prior to 

financial close and to continue to get advisory throughout the construction and operation phases. This 

is typically referred to as the lender’s engineer.  

Independent engineers can also be subcontracted by the EPC contractor for consultancy or for 

performing some works related to the detailed design of the project e.g. detailed calculation of 

foundations, soil investigation. 
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Main activities of an independent engineer (all green boxes) (Suntrace GmbH, 2019)  

 

7.2 Application of the BMN to an independent engineer 

Learning objectives: Upon completion of this page, you should be able to 

• describe how to apply the BMN to an independent engineer’s business activities  
• describe the main factors which influence the independent engineer’s activities 

 

For an independent engineer, the key BMN questions would be answered as follows:  

• Who are the independent engineer’s target customers?  

The ‘independent engineer’, for the purpose of this course, is mainly considered to be the owner’s 

engineer. The owner’s engineer’s main target customers are project developers/owners. In some 

cases, the independent engineer can carry out the technical due diligence and construction monitoring 

on behalf of the lending institutions/potential buyers/strategic investors (utilities) by acting as a third-

party engineer who is independent from the project developer. Finally, the independent engineer can 

also provide consultancy directly to the EPC contractor, generally relating to design or equipment 

procurement (e.g. assessment and qualification of manufacturers, pre-shipment inspections). 

• What kind of value proposition does the independent engineer offer to its customers?  

Hiring an owner’s engineer in the early development phase is the safer choice for the owner, who then 

has the assurance that the project will progress smoothly. Although there is no way to eliminate all 

risks from a project, through due diligence and construction supervision, an owner’s engineer can 

reduce the overall risk (e.g. poor design, budget overruns, delay in start-up), ensure the deliverables 

meet the quality standards and contractual requirements and make use of any opportunity to 

improve the project’s profitability and bankability. 
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• Why does the independent engineer’s business model generate profit? 

The independent engineer generates revenues from the payments per service delivered or periodically 

(e.g. per delivery of monthly/annual inspection reports) to the project owner. The basis for the 

calculations can be an hourly rate or a lump sum pay basis (with or without success fees).  The profits 

are what is left after deducting the person-hour costs and other related expenses to deliver the service. 

• How does the independent engineer create value? 

The services offered by the independent engineer will depend on the available internal resources and 

the customer needs. The value proposition is created through the activities and services given in detail 

in the ‘PV project works list’. The required resources to provide these services are expert knowledge 

in technical, meteorological and economic aspects of the PV projects and tools/equipment such as 

simulation software for energy yield prediction, solar resource measurement equipment and financial 

models.  

 

The BMN ‘magic triangle’ applied to an owner’s engineer’s activities (Suntrace GmbH, 2019) 

 

7.3 Main business models suitable for an independent engineer  

Learning objective: Upon completion of this page, you should be able to 

• describe the main business models suitable for an independent engineer 

 

The core business model of an independent engineer is the provision of engineering services and 

consultancy. Depending on the independent engineer’s internal resources (e.g. in-house tools and 

equipment, level of expertise, experience in the sector) the range of offered services, the target 

customers and the design of the business model will vary. The independent engineer could be an 

individual but is more commonly a team of experts.  
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The owner’s engineer can support the project development, carry out the technical due diligence on 

the project design prior to construction and/or supervise the construction works. Furthermore, s/he 

can extend his/her services by verifying the project completion, by supervising the required plant 

commissioning and acceptance tests and analysing the outcomes of the tests. At the end of the EPC 

contractor’s or equipment manufacturer’s warranty period, the owner’s engineer can carry out 

warranty inspections and audits.  

When an owner’s engineer is engaged to cover the required services throughout the stages of a PV 

project’s lifecycle, s/he can be hired for a longer period which would provide regular revenues. To 

widen the range of offered services, the owner’s engineer can decide to work with/without external 

partners or run a company with employees. For example, the technical expertise could be provided in-

house while the preparation of the Environmental and Social Impact Assessment (ESIA) report could 

be outsourced.  

An independent engineer who does not have enough capacity to provide project development support 

can still target the project owners, potential buyers/strategic investors and lending institutions as 

customers through technical due diligence and construction supervision services. S/he can choose to 

work only for one customer full time, or work for different customers in parallel.  

An independent engineer should adapt his/her capabilities quickly enough to keep pace with a 

constantly evolving PV market. Through participating in industry events and gaining experience in 

domestic as well as international markets, an independent engineer can keep track of the technical 

updates and global best practices. The close contact with project stakeholders 

(developers/investors/lending institutions) allows him/her to gain great insight into customer 

expectations and needs which can be used to improve the services. [2] Through building lasting 

relationships with customers and providing high quality service an independent engineer can keep 

current customers, benefit from referrals, and be contracted for further PV projects.  

 

An independent engineer’s services for different stakeholders throughout the stages of a PV project’s 

lifecycle (Suntrace GmbH, 2019) 

7.4 Chapter endnotes 

[1]  International Finance Corporation, „Utility-Scale Solar Photovoltaic Power Plants: A Project 

Developer's Guide“, 2015. 

[2]  University of St. Gallen “The St. Gallen Business Model Navigator Working Paper”, 2014. 
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8. Suitable business models for a specialist for inspection and acceptance tests 

8.1 The role of a specialist for inspection and acceptance tests 

Learning objectives: Upon completion of this page, you should be able to 

• describe the role of the specialist for inspection and acceptance tests for utility-scale PV 
projects 

• describe the main activities of a specialist for inspection and acceptance tests  

At the end of the PV plant’s construction phase, a range of functional tests and visual inspections need 

to be carried out to verify the project completion. Such testing is typically performed by the EPC 

contractor. It is advisable for the project owner to assign an independent specialist to inspect the 

completed project, and to witness the acceptance tests. The role of the specialist is to check 

contractor compliance and report cases of non-compliance, and to witness the commissioning tests 

and plant performance tests. Through these specialist services, the owner can ensure that the plant 

reaches guaranteed performance and meets the quality requirements. 

The first phase of project completion is mechanical completion (see image). The specialist will inspect 

the site and review the documentation to verify that all components of the PV plant have been installed 

and are mechanically and structurally complete in accordance with the project specifications. 

Additionally, the specialist will prepare an initial list of construction defects, known as a “punch list”.  

During commissioning all electrical components, as well as the plant as a whole, are tested. The 

International Electrotechnical Commission provides a useful reference for the commissioning tests in 

IEC standard 62446 for Grid connected photovoltaic systems-minimum requirements for systems 

documentation, commissioning tests and inspection . There might be further tests required under 

national regulations such as the National Electric Code. Thus, the specialist should be familiar with local 

norms. A standard performance ratio (PR) test is generally held for a minimum of five consecutive days 

to verify that the plant will perform in line with the contractually agreed energy output.  

Successful mechanical completion and plant commissioning, and confirmation of a satisfactory 

performance ratio (PR) of the plant will lead to provisional acceptance of the plant. The plant’s 

completion date is usually the date when the Provisional Acceptance Certificate (PAC) is signed by the 

owner, therefore the specialist’s conclusions are critical for provisional acceptance. 

The EPC contractor is commonly required to deliver a warranty period of at least two years following 

the date of provisional acceptance. The specialist can carry out the required intermediate and final 

acceptance test verifications at the end of the first and second years of operation respectively (see 

image). [1]  
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Main stages of project acceptance (Suntrace GmbH, 2019)  

 

8.2 Application of the BMN to a specialist for inspection and acceptance tests 

Learning objectives: Upon completion of this page, you should be able to 

• describe how to apply the BMN to the activities of a specialist for inspection and acceptance 
tests  

• describe the main factors which influence the activities of a specialist for inspection and 
acceptance tests 

For a specialist for inspection and acceptance tests, hereafter referred to as ‘specialist’, the key BMN 

questions would be answered as follows: 

• Who are the specialist’s target customers?  

A specialist’s main target customers are PV plant owners. A plant owner will commonly hire a specialist 

to act on his/her behalf to inspect the completed project and to witness the acceptance tests 

performed by the EPC contractor. In some cases, a specialist can also be subcontracted by an EPC 

contractor to perform the acceptance tests. [1]   

• What kind of value proposition does the specialist offer its customers? 

Through the specialist’s services, the owner can ensure compliance to quality and safety standards in 

the plant installation and fulfilment of the agreed specifications for plant performance  in the EPC 

contract. The independent verification of real plant performance will identify and eliminate any 

deviations from the ideal performance. This is a measure to address and mitigate revenue risks.  
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• Why does the specialist’s business model generate profit? 

The specialist generates profit from payments for services rendered or milestone payments (e.g.  at 

start of commercial operation, at end of the EPC/equipment warranty period). S/he can charge an 

hourly rate or a lump sum payment. The profits are what is left after deducting the person-hour costs 

and other related expenses for delivering the service.  

• How does the specialist create value? 

The value proposition is created through documentation review, plant inspections, and witnessing and 

analysis of the required tests for plant acceptance. The required resources to provide these services 

are expert knowledge in commissioning activities and plant operations, technical, and economic 

aspects of the EPC contracts (e.g. contractual milestones, performance guarantees and penalties). 

Depending on the scope of services and staff expertise, the specialist can use applicable equipment for 

instance for IR thermography, IV curve measurements, and electroluminescence tests. 

 

The BMN ‘magic triangle’ applied to a specialist’s activities (Suntrace GmbH, 2019) 

8.3 Main business models suitable for a specialist for inspection and acceptance tests  

Learning objective: Upon completion of this page, you should be able to 

• describe the main business models suitable for a specialist for inspection and acceptance tests 

 

The core business model of a specialist is to verify project completion, to witness the required tests 

such as pre-commissioning tests, commissioning tests and plant performance tests, and to analyse the 

outcomes. The level of required tests will depend on local regulations, customer requirements, and 

quality commitments.  

Depending on the specialist’s level of qualification and experience, the range of offered services will 

vary (see the activities listed in the ‘PV project works list’). The most basic work is the inspection of the 

mounting frame and modules, which requires some basic mechanical knowledge and a thorough 

comparison between the manufacturer’s installation instructions and the actual installation.  
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A higher qualification level is however required for handling the electrical installation. A specialist with 

an intermediate level of knowledge (i.e. specialised training and some experience) could perform 

services such as general system tests, PV module power measurements (IV curve measurements), 

verification of measurement sensors, and IR thermography tests. Nevertheless, the final assessment 

should be done by an expert with an advanced level of knowledge. He/she is also qualified for the 

provisional and final acceptance tests and is able to conduct sophisticated tests such as 

electroluminescence tests as well as medium and high voltage tests in electrical substations.  

The specialist can decide to work with external partners or run a company with a team of in-house 

experts to provide these services. This decision is strongly dependent on the number of projects and 

customers, the required services in the market, and the perspective of future business development in 

the impact radius of the specialist. Depending on the regional and content related business focus, a 

specialist could also extend his/her services into related fields to increase his/her competitive 

advantage. He/she could do this, for instance, through strategic cooperation with national or even 

international specialised companies. One example is the use of sophisticated equipment for tests, 

such as drones or mobile labs. Another example could be cooperating with independent testing 

institutes, setting up an own testing lab and conducting local performance tests and quality control 

testing for modules.  

Through participating in industry gatherings and gaining experience in domestic as well as international 

markets, a specialist can keep track of technical updates and global best practices. Through building 

lasting relationships with customers and providing high quality service, a specialist can keep current 

customers and benefit from referrals. 

 

  

Commissioning tests: evaluation of a 5 MW PV plant (Suntrace GmbH, 2019)  

8.4 Chapter endnotes 

[1]  International Finance Corporation, „Utility-Scale Solar Photovoltaic Power Plants: A Project 

Developer's Guide“, 2015. 
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9. Suitable business models for a mechanical installer of PV plants 

9.1 The role of a mechanical installer of PV plants 

Learning objectives: Upon completion of this page, you should be able to 

• describe the role of a mechanical installer for utility-scale PV projects 

• describe the main activities of a provider for mechanical installation 
 

The EPC contractor will often subcontract the installation of the PV mounting frame and modules to a 

local mechanical installation company. The mounting frame is typically provided by an international 

supplier who will either ship the complete structure to the country or will have it manufactured locally 

in accordance with its specifications. The option chosen depends on factors such as local availability 

and cost of materials, customs procedures and costs, and requirements for local content in the 

electricity feed-in agreement.  

The local installer is required to erect the mounting frame in accordance with the supp lier’s 

specifications. The EPC contractor will supervise and train the local installer. In some cases, the 

equipment supplier may also offer training for the local staff. The basic mechanical installation steps 

are: preparing the foundation, erecting and installing the mounting frame, clamping the modules onto 

the structure, and interconnecting the PV modules. The foundation type will be specified in the EPC’s 

detailed design and will depend on the ground conditions, on the loadings that the foundation has to 

withstand (from the weight of the modules, the wind and/or snow), and on the availability of required 

equipment, e.g. a hydraulic pile-driver to drive the foundation profiles into the ground. 

The following table summarises common pitfalls that the mechanical installer should consider, why 

they arise, and how they may be avoided.  

Common pitfall Why it arises How to avoid 

Damage to the corrosion 

layer of the mounting 

frame 

Inappropriate storage; improper 

handling  

Respecting the installation manual; 
training of personnel on how to handle 
and install the mounting frame 

beforehand 

PV cells of the modules 

crack 

Wrong handling of modules 

(putting weight on modules) 

during storage or mounting 

Not respecting given tolerances 

(over-tightening module clamps) 

Respecting the installation manual; 

training of personnel on module handling 

and installation beforehand. 

Use of a torque wrench set to the 

specified torque for tightening clamps  

PV modules come loose 

from frame  

Not respecting given tolerances 

(under-tightening module 

clamps) 

Respecting the installation manual;  

Use of a torque wrench set to the 

specified torque for tightening clamps  

Untidy alignment of 

modules 

Not sufficiently respecting ground 

conditions during assembly of 

mounting frame 

Proper planning of assembly process with 

consideration for uneven ground 

conditions  

Wrong interconnection of 

modules 

Wrong interpretation of detailed 

design; careless connection 

Careful reading the electrical design; 

careful planning of installation process; 

comprehensive instruction of installers; 

clear responsibilities at the construction 

site 
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PV module installation (Suntrace GmbH, 2019) 

9.2 Application of the Business Model Navigator (BMN) to a mechanical installer of PV plants  

Learning objectives: Upon completion of this page, you should be able to 

• describe how to apply the BMN to a mechanical installer’s business activities 
• describe the main factors which influence the mechanical installer’s activities 

 

For a mechanical installer of PV plants, the key BMN questions would be answered as follows: 

• Who are the mechanical installer’s target customers?  

The mechanical installer’s main target customers are EPC contractors. If an EPC contractor is not 

assigned to the PV project and related activities are contracted to different companies, the mechanical 

installer can be hired by the project owner.  

• What kind of value proposition does the mechanical installer offer to its customers?  

The mechanical installer offers an experienced local work force. By respecting the installation manuals, 

and the EPC contractor’s instructions, the mechanical installer can offer careful handling and 

installation of the equipment. In some cases, parts of the equipment may be provided by the 

mechanical installer. 

• Why does the mechanical installer’s business model generate profit? 

The mechanical installer generates profit from the payments per service delivered. The basis for the 

calculations can be an hourly rate or a lump sum pay basis. The profits are what is left after deducting 

the person-hour costs and other related expenses to deliver the service.  

• How does the mechanical installer create  value? 

The value proposition is created through installing the mounting frame foundations, mounting frames 

and PV modules. The required resources to provide these  services are an experienced work force 

providing quality service and, when required, equipment.  
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The BMN ‘magic triangle’ applied to a mechanical installer’s activities (Suntrace GmbH, 2019) 

 

9.3 Main business models suitable for a mechanical installer of PV plants 

Learning objectives: Upon completion of this page, you should be able to 

• describe the main business models suitable for a mechanical installer of PV plants 

 

The mechanical installation forms 20-30% of the EPC contractor’s work. The core business model of a 

mechanical installer is provision of installation services for mounting frames and PV modules, under 

the EPC contractor’s supervision, either based on a lump sum agreement or paid at an hourly rate.  

The foundation works and installation of the PV modules are performed by the staff who have 

advanced qualifications, while installation of the mounting frame can be performed by the staff with 

basic qualifications. The required skills for these services are the ability to lay suitable foundations and 

use the necessary equipment for this (e.g. pile drivers), the ability to work with mechanical tools and 

metal structures, and the ability to perform basic electrical works. It would be an asset if the mechanical 

installer has a background in the construction industry, in particular working with different foundation 

types, and has experience in the civil works of building storehouses and erecting fences. If this is the 

case, the mechanical installer can also undertake activities related to these construction works and 

thereby increase its revenues. 

Depending on its capacity and current workload, a mechanical installation company can choose to work 

only for one customer (e.g. as a subcontractor to one EPC), or work for different customers in parallel. 

Depending on the number of projects and customers, as well as the required services in the market 

and expected market growth, a mechanical installation company can decide to extend its range of 

services by employing various experts or working with external partners. 
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Considering a mechanical installation company with an adequate capacity to employ/subcontract 

experts, a possible upgrade to the offered services is to provide installation and connection services for 

the combiner boxes, inverters and monitoring systems (e.g. datalogger and cabling) with focus on 

mechanical rather than electrical tasks.  

Another possible upgrade could be being subcontracted by the O&M contractor to provide equipment 

maintenance or offering O&M services to the project owners. In this case, the revenues would not be 

limited to mechanical installation during the construction phase and would continue over the years of 

a plant’s operation.  

  

Trenching (Suntrace GmbH, 2019) 
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10 Suitable business models for a SME for service and repair 

10.1 The role of a SME for service and repair 

Learning objectives: Upon completion of this page, you should be able to 

• describe the role of a SME for service and repair for utility-scale PV projects 
• describe the main activities of a SME for service and repair  

Typically, a project owner will assign an operation and maintenance (O&M) contractor to operate the 

PV plant and maintain all the equipment. Within the O&M contractors’ scope of work, there are 

significant opportunities for small and medium enterprises (SMEs) as subcontractors, especially for the 

works that require local competence or specialised services, with the O&M contractor remaining 

responsible for the quality standards and timely completion of the works. Besides close coordination 

with the subcontractors, the O&M contractor must still monitor the plant remotely on a daily basis, 

and must prepare an annual maintenance plan according to the operating manuals and 

recommendations issued by the Original Equipment Manufacturers (OEMs). [2]  

The subcontracted services are usually summarised under the general term “service and repair” and 

include preventive maintenance such as PV module cleaning and equipment servicing (these are 

described in more detail below) as well as corrective maintenance which covers the maintenance 

team’s activities to correct identified faults or unforseen failures detected during regular inspections.  

Other services include ground keeping and vegetation management, onsite measurements (e.g. string 

measurements, detecting hot spots through thermography), as well as site security services. [2]  

Regular PV module cleaning is crucial in particular in dry and dusty regions and to prevent overheating 

of the module cells due to shading objects such as bird excrement and leaves. [1] The SME must 

perform the cleaning (e.g. manual, robotic or mechanical) fully in line with the module manufacturer’s 

warranty and must have the required health and safety accreditation and training.  [2] 

Equipment servicing with a special focus on inverters should include visual inspections, cleaning or 

replacing fan filters, dust removal and tightening connections. In the event of equipment failure 

resulting in plant downtime, the repair service should be done within the response time as agreed in 

the O&M contract (depending on the type of fault, this may be within 48 hours). If this limit is exceeded, 

the O&M contractor will be responsible for paying Liquidated Damages (LDs) to the project owner. [1] 
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Main activities of the SME for service and repair (Suntrace GmbH, 2019) 

 

10.2 Application of the BMN to a SME for service and repair 

Learning objectives: Upon completion of this page, you should be able to 

• describe how to apply the BMN to the activities of a SME for service and repair  
• describe the main factors which influence the activities of a SME for service and repair 

 

For a SME for service and repair, the key BMN questions would be answered as follows: 

• Who are the SME for service and repair’s target customers?  

The main target customers of SMEs for service and repair are either O&M contractors who subcontract 

the SME for the provision of maintenance activities under the principle O&M contract, or PV plant 

owners who subcontract the SME for the additional maintenance services that are not included in the 

principle O&M contract [2]. 

• What kind of value proposition does the SME for service and repair offer to its customers?  

The SME can reduce the time and labour cost required for the services. For instance, cleaning PV 

modules with robotics will save time compared to manual cleaning. Additionally, the SME can bring the 

value of local competence for services which must comply with local requirements. With the right skills, 

experience and, when applicable, training from the equipment suppliers, the SME can provide proper 

plant maintenance and other specialised services (see previous screen page). With its local knowledge 

the SME can utilise a local expert pool more effectively than the customers. Together with a well-

designed PV system and a high-quality installation, the timely and proper maintenance provided by the 

SME can reduce the length and frequency of unscheduled shutdowns and related costs, and extend 

the life of the plant.  

• Why does the business model of a SME for service and repair generate profit? 
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SMEs generate revenues from the payments per service request (e.g. fixed price pre-agreed in contract 

or applying hourly rates depending on the qualif ication level of the staff) or periodic payments (e.g. 

monthly or quarterly fees for a partial/full scope of maintenance activities).  The profits are what is left 

after deducting the person-hour costs and other related expenses to deliver the service. 

• How does the SME for service and repair create value? 

The services offered by the SME for service and repair will depend on the available internal resources 

and the customer’s needs. The value proposition can be created through the combination of the 

activities and services given in detail in the ‘PV project works list’. The required resources to provide 

these services are experienced and qualified staff (e.g. through health and safety certification, training 

from equipment suppliers, PV maintenance training and certification [3]) as well as tools and 

equipment such as robots for module cleaning or drones equipped with IR cameras for thermographic 

surveys. 

 

Figure 8: The BMN ‘magic triangle’ applied to the activities of a SME for service and repair (Suntrace 

GmbH, 2019) 

10.3 Main business models suitable for a SME for service and repair 

Learning objectives: Upon completion of this page, you should be able to 

• describe the main business models suitable for a SME for service and repair  

 

The core business model of a local service and repair provider is the provision of plant maintenance 

and other specialised services as subcontractor of the main O&M contractor. Depending on the service 

provider’s resources (e.g. in-house tools and equipment, experienced/qualified staff) the range of 

offered services will vary.  

A local service provider, whose capacity is sufficient to employ/subcontract various experts and special 

equipment (e.g. PV module specialists, structural engineers, mechanics, electricians) can be 

subcontracted as a third-party maintenance provider by the main O&M contractor. In this case, the 

local company undertakes the plant’s maintenance and the O&M contractor can focus solely on the 

operation activities. However, the O&M contractor still has to prepare an annual maintenance plan and 

coordinate the maintenance activities. [2]  
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A local service provider with limited capacity can also be subcontracted by the O&M contractor to 

perform a partial scope of the maintenance (e.g. ground keeping). Depending on its capacity and 

current workload, a local service provider can choose to work only for one customer full time, or work 

for different customers in parallel. To widen the range of its offered services, a service provider can 

decide to work with external partners. 

There are several additional maintenance services that are generally not included in the scope of the 

O&M contract. For instance, general site maintenance such as building maintenance, road 

management, perimeter fence repair, pest control, and also snow or sand removal from the PV site. 

These can either be taken up in the main O&M contract (depending on the agreement between the 

plant owner and the O&M contractor), or the plant owner could directly subcontract the SME for 

service and repair. In either case, a binding price list for the delivery of these additional services can be 

contractually agreed upon in advance. [2]  

 

Guardhouse (Source: Suntrace, 2019) 

 

Dust on PV modules (Source: Suntrace, 2019) 

10.4 Chapter endnotes 

[1]  International Finance Corporation, „Utility-Scale Solar Photovoltaic Power Plants: A Project 

Developer's Guide“, 2015. 

[2]  SolarPower Europe, „O&M Best Practices Guidelines, version 3.0“, 2018.  

[3] NREL “Best Practices in Photovoltaic System Operations and Maintenance: 2nd Edition”, 2016 
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11 Summary  

7.1 Summary 

The PV Industry has been growing continuously over the last 25 years. Beginning with small and quite 

expensive roof-top and/or off-grid applications in a few countries, the market has evolved into a world-

wide business installing large-scale grid-connected PV plants which can deliver a significant share of 

electricity supply in many countries. Also, a growing number of countries with emerging markets have 

been implementing the necessary policy frameworks required to enable them to increase the share of 

renewable energy technologies in their power supply networks. This has led lead to a continuous 

growth of PV business opportunities and of employment within all the sectors of the PV industry.  

When starting a new business or innovating an existing business, it is important to define/describe 

what its specific business model should/can be. One approach to describing business models is to apply 

the four dimensions of Who/What/Why/How laid out in the St. Gallen Business Model Navigator 

(BMN). Developing a successful business model involves analysing a business’s possible strengths and 

weaknesses with regard to internal and external factors.  

For newcomers to the market, it is important to realise that PV markets are still volatile and that the 

ability of company managers to be flexible is indispensable. Business models are not carved in stone; 

they need to be revaluated and revised continuously. Fast-changing market conditions require quick 

decision-making in order to adapt to those conditions, as well as flexible and adaptable business 

models. If these factors are taken into account, PV markets offer very good conditions for strong 

growth and good financial returns. 
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