
Abstract

Wide-scale deployment of variable renewable energy (wind and solar photovoltaic) is constrained by its

associated requirements for energy storage, the technologies for which are currently too expensive to be

routinely used. Concentrated solar power (CSP), with its inherent storage capacity, offers semi-dispatch-

able electricity at large scale. However, its deployment to date has been restricted by high capital costs

and the limited geographical locations with optimal solar radiation to attain required efficiencies. South

Africa, with its abundant solar resources, has the potential to develop an export-competitive CSP indus-

try by leveraging existing capabilities in innovation, manufacturing and construction, but has yet to

attain this goal. This study applied a qualitative, exploratory approach and the framework of technolog-

ical innovation systems (TIS) to understand the factors that are currently prohibiting the country from

being a global leader in CSP. The assessment has revealed the presence of largely immature TIS, char-

acterised by a heavy reliance on imported technology and market support from the state-supported pro-

curement programme. The advancement of CSP remains contingent on further allocation of CSP pro-

curement targets in this programme and sufficient support to develop entrepreneurial activity. An inte-

grated industrial policy strategy, which can ensure technology transfer and address the high cost of CSP,

is recommended as a means of addressing the barriers to its development as a competitive industry. 
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Highlights

• The sector is highly reliant on the demand-side incentive of the power producers procurement pro-

gramme.

• Industrial policies to stimulate entrepreneurial activity and sector legitimacy are essential for long-

term sustainability.

• The levelised cost of energy from concentrated solar power must be further reduced if it is to compete

against other technologies.
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1. Introduction
Concentrated solar power (CSP) could be an

important contributor to the decarbonisation of

global energy systems, given its minimal carbon

emissions per unit of energy generated (Nelson

et al., 2014). However, studies have shown that

is a non-viable technology at its present level of

performance and cost (Salisu et al., 2019;

Mahlangu et al., 2018; Craig et al., 2017) and its

future prospects appear to be limited to specific

locations characterised by high levels of solar

radiation, cheap land, and low cost of capital

(Soomro et al., 2019). It remains, however, an

active area of research, driven partly by its

inherent advantage over the non-dispatchable

renewable energy technologies of allowing a

degree of energy storage. In this sense, CSP can

be considered as a niche technology that has

been implanted at small scale as a transition

experiment, but is yet to establish itself at the

meso or system level (Geels et al., 2006; Kemp

et al., 1998). 

South Africa has been a significant actor in

such experiments, with the incorporation of

CSP within its renewable energy programme. In

2018, the country ranked third in new CSP

capacity additions and by mid-2019 its total

CSP capacity had reached 500 MW, which is

about 10% of global capacity (REN21, 2019).

Moreover, its abundant solar resources and sig-

nificant manufacturing expertise make the

country an ideal location to develop an interna-

tionally competitive CSP manufacturing sector

(Bischof-Niemz, 2019). Unfortunately, the goal

for the sector of being export-oriented and

internationally competitive has not been

realised; it remains inwardly focussed, with a

heavy dependence on imported technology. 

This study sought to understand the reasons

for the failure of the South African CSP sector

to be a global player, and specifically the factors

responsible for its inability to break through

from the micro to the meso level. In the initial

phase, the level of the sector’s maturity, based

on an analysis of the seven functions of the

technological innovation systems (TIS) frame-

work (Hekkert et al., 2007), was assessed. The

results were then used to identify the interven-

tions that may be required to deepen its devel-

opment as an internationally competitive CSP

sector. The framework of TIS has not previous-

ly been applied to CSP and is particularly useful

in this context since it provides a comprehen-

sive approach to assessing the system con-

straints to the overall process of technological

change.

2. Background
2.1  Concentrated solar power capacity: Global

and South Africa

Planned CSP projects are tracked by the

International Energy Agency through the Solar-

PACES programme, which aims to promote

collaborative development, testing and market-

ing of CSP plants (SolarPACES, 2019). Project

developers supply information that is reviewed

by the SolarPACES experts. Projects are then

indexed according to a number of parameters,

including the type of technology and the oper-

ational phase of the project. There are four

main forms of CSP technologies, namely

parabolic trough collectors (PTCs), solar tower

technology (STT), linear Fresnel collectors

(LFCs), and parabolic dish reflectors, with the

installed ratios of total capacity being about

82%, 13%, 4% and 1% respectively (Islam et al.,

2018; Zhang et al., 2013). The SolarPACES

database shows that the majority of operational

CSP projects utilise PTC technology (Figure 1).

It is, however, anticipated that the focus will
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Figure 1. Installed capacity for the four concentrated solar power technologies 
(SolarPACES, 2019).



shift towards the more efficient STT as more

projects come on line (Behar et al., 2013).

As of 2017, the global installed capacity of

CSP was 4 951 MW, an increase of more than

4.4 GW since 2008 (Figure 2). Despite these sig-

nificant strides in CSP installation over the

years, when compared to PV with a global

installed capacity of about 385 GW, CSP is con-

sidered a niche market (Lilliestam et al., 2018).

Spain accounts for more than half of the

installed capacity (2 300 MW), followed by the

USA (1 758 MW) and South Africa (500 MW),

which explains the major role that Spanish

companies played in the development of CSP

facilities, both within Spain and abroad. The

Spanish dominance of installed CSP capacity

was attributed largely to the use of a renewable

energy feed-in tariff (REFIT) policy instrument

to stimulate CSP development. The REFIT is an

incentive whereby governments pay private

electricity producers for renewable energy elec-

tricity at a predetermined price (NERSA, 2009).

Between 2004 and 2007, the Spanish govern-

ment introduced two separate remuneration

models, which together created favourable eco-

nomic conditions for CSP development and

construction. The REFIT tariffs were initially

very generous (300% of the reference tariff), but

were adjusted downwards from 2007 to 2012

and then stopped in 2013 for all new applicants.

This was replaced by a mechanism referred to

as a ‘complementary payment’, which added a

premium of 7.5% to the purchase price of elec-

tricity (SolarPACES, 2019). 

Spain’s success as a CSP manufacturer is

evident in the summary of South Africa’s

installed CSP capacity, as shown in Table 1. All

the engineering, procurement and construction

(EPC) was undertaken by Spanish companies,

all of the technology was sourced from Spain,

and only two of the six developers have South

African partners. South Africa’s CSP capacity

was driven by the country’s renewable energy

programme, which was implemented in 2011 as

a means of stimulating the adoption of renew-

able energy technologies and diversifying its

energy sector from an almost exclusive depen-

dence on coal (Mahlangu and Thopil, 2018;
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Figure 2. Global installed concentrated solar power capacity by end 2018 (REN21, 2019).

Table 1: Main developers and engineering, procurement and construction firms for the South African
concentrated solar power projects (Energyblog, 2019; REN21, 2019; Relancio et al., 2016).

Project name Main developer(s) Engineering, procurement Location Status Capacity 

(country of origin) and construction (MW)

(country of origin)

Bokpoort Karoshoek Consortium Acciona (Spain) Groblershoop Fully operational 50

(Saudi Arabia) SENER (Spain)

Ilanga ACS Cobra (Spain) ACS Cobra (Spain) Kimberley Fully operational 100

Emvelo (South Africa)

Kathu Solar Engie (France) Acciona (Spain) Kuruman Partially operational 100

Park Public Investment SENER (Spain)

Corporation (South Africa)

KaXu Solar 1 Abengoa (Spain) Abeinsa (Spain) Pofadder Fully operational 100

Khi Solar 1 Abengoa (Spain) Abeinsa (Spain) Upington Fully operational 50

Xina Abengoa (Spain) Abeinsa (Spain) Pofadder Fully operational 100



Walwyn et al., 2014). Referred to as the

Renewable Energy Independent Power

Producers Procurement Programme (REI4P),

the initiative led to the installation of 6.4 GW of

renewable energy capacity.

Spain’s success in South Africa’s CSP pro-

curement can be explained by the support from

the Spanish government for the CSP sector, but

it belies the geographic advantage that South

African companies could utilise in their own

strategies. South Africa receives an annual

average direct normal irradiation (DNI) of 2 816

kWh/m2/year in the Northern Cape region,

which makes it an ideal location for CSP. This

is higher than the average for both Spain (2 100

kWh/m2/year) and the USA (2 700

kWh/m2/year) (Knorr et al., 2016), yet it lags

behind these countries in terms of installed

capacity.

2.2 Overview of concentrated solar power

The CSP technology uses mirrors or lenses (col-

lectively termed ‘solar collectors’) to concentrate

sunlight onto a small receiver area containing a

heat transfer fluid (HTF). The objective is to

heat the fluid to produce steam, which drives a

turbine to generate electricity; the technology

on the back end of the plant is essentially the

same as a conventional fossil fuel plant. The

HTF also functions as thermal storage, whereby

the fluid can be stored for a period and subse-

quently mobilised to heat water when electricity

is needed. The first CSP plant was installed in

California, USA in the mid-1980s, and is consid-

ered to embody ‘young’ technology compared

with other energy technologies (Fuqiang et al.,

2017). The technology is still progressing down

its learning curve and there is still significant

potential for large cost reduction in technology

development (Lilliestam and Pitz-Paal, 2018). As

described above, the four main forms of CSP

technologies are PTCs, STT, LFCs and parabol-

ic dish reflectors, with the installed ratios of

total capacity of respectively about 82%, 13%,

4% and 1% (Islam et al., 2018; Zhang et al.,

2013). The technologies are classified according

to the way the solar collectors concentrate the

sun’s rays. The PTC and LFC are classified as

line-focusing systems as they concentrate the

rays along a focal line, whereas the parabolic

dish reflector and STT are point-focusing sys-

tems, as they concentrate the rays towards a

single focal point (Reddy et al., 2013). The dom-

inant design at present is STT, where the

receiver is in a high tower at the centre of a

field of mirrors laid out in concentric circles. The

mirrors, referred to as ‘heliostats’, are individual-

ly controlled by a computer and track the sun

along two axes to constantly focus the maxi-

mum amount of direct solar irradiation onto the

receiver. The HTF, typically a molten salt, is

pumped up to the receiver, heated to tempera-

tures in excess of 600 °C and then returned to

the storage area, where it is used to produce

steam immediately or stored for later use (Behar

et al., 2013). Tower technology can achieve

higher temperatures and therefore higher effi-

ciencies than PTC and LFC, and it is therefore

anticipated that it will remain the dominant

technology (Fuqiang et al., 2017). Concentrating

solar power is still a minor and expensive tech-

nology (IRENA, 2019). Its ability to store heat

and flexibly dispatch electricity, even when

there is no solar radiation, nonetheless renders

CSP a semi-dispatchable form of renewable

energy and provides it with a competitive

advantage over PV and wind (Zhang et al.,

2013). Currently, CSP can be used as a source of

peak power – i.e., power needed when the

demand is highest, typically in the early

evenings – and plants that provide this form of

service are called ‘peaking plants’. It is envis-

aged that, with further technological advance-

ment, CSP could provide base-load electricity,

i.e., the power required to supply continuous

demand. As a result, CSP was described as a

renewable energy technology that has signifi-

cant potential to meet future energy demand

(Teske et al., 2016). Despite the advantage of

storage, CSP is not without its disadvantages. In

order to reach the efficiencies that make CSP

economical, high levels of solar irradiance are

required. Using the metric of DNI, it has been

estimated that CSP systems are only economic

in regions with a minimum DNI of 1 800–2 000

kWh/m2/year, thereby restricting their use

(Behar et al., 2013; Trieb et al., 2009).

Additionally, CSP requires large quantities of

water for cooling steam, cleaning mirrors, and

other process requirements (about 3 500 litres/

MWh, compared with less than 5 litres/MWh in

PV or wind energy). This is a severe drawback

for CSP plants attempting to operate in water-

stressed regions and raises environmental

impact concerns (Macknick et al., 2012). Finally,

the levelised cost of energy (LCOE) for CSP is

still significantly higher than for PV and wind

renewable energy, and consequently the global

share of CSP is much lower than these two

more conventional renewable energy sources.

This is discussed in more detail in Section 4.2.

2.3 Analytical framework of technological

innovation systems 

It is apparent from the previous section that

CSP can be considered as a niche technology

with the potential, far from realised, to decar-

bonise energy systems. In this sense, its further
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development, and particularly the likelihood

that it will become a widely-adopted solution to

the carbon emissions crisis, can be suitably anal-

ysed using the framework of TIS. This

approach, which is based broadly on theories of

socio-technical transitions, encompasses all the

elements required to institutionalise a new tech-

nology and is a comprehensive method for

identifying the barriers and weaknesses in an

immature transition such as the adoption of

CSP (Nelson et al., 2018; Hekkert et al., 2011;

Bergek et al., 2008a; Hekkert et al., 2007). In the

last two decades the socio-technical TIS frame-

work gained prominence in literature, as a valu-

able conceptual building block of sustainability

transitions research (Hekkert et al., 2011;

Truffer, 2015). The framework concentrates on

identifying the conditions required to develop

and diffuse emerging technologies. As such, it is

highly relevant for studying renewable energy

technology (RET) diffusion, which is known to

be an essential component in the sustainability

transition towards a decarbonised energy sector

(United Nations, 2015). To manage, facilitate

and steer this transformation process requires

an in-depth understanding of the factors that

contribute to the generation and diffusion of

these technological innovations, as well as the

dynamics between them; i.e., it requires a sys-

tems approach (Markard et al., 2008b). As stated

by Jacobsson et al. (2000: 629): ‘It is the charac-

ter of this system that we need to comprehend

if we are to understand how an energy system

is transformed’. The TIS framework is part of

the innovation systems theoretical school.

There are a number of such approaches, defined

at different levels: the National Innovation

System (Lundvall, 2010; Godin, 2009), Sectorial

Innovation Systems (Malerba, 2002), Regional

Innovation Systems (Kaihua et al., 2014; Chung,

2002), and TIS (Hekkert et al., 2007). Innovation

systems theory claims that innovation and tech-

nology change occur through actors interacting

with the system in which the technology is

embedded (Hekkert et al., 2007). The perfor-

mance of an innovation system depends on the

interaction, as well as the flow and utilisation of

knowledge, between the components and not

their individual successes (Godin, 2009), i.e., it

considers the ‘business ecosystem’ (Planko et al.,

2017). The TIS can be conceptualised as a social

network, comprising actors (organisations that

contribute to a technology, e.g., knowledge insti-

tutes, industry, government) and institutions

(these constitute ‘the rules of the game’ such as

polices, technology standards and legislation

that formally regulate, control and shape human

interaction), centred around a specific technolo-

gy (Markard et al., 2008a). It is noted that the

innovation systems literature collectively refers

to actors, institutions, networks and technology

as the structural components of the TIS, which

provide insight into who is active in the system

(Suurs et al., 2009). It was more formally defined

by Carlsson et al. (1991: 111) as ‘a set of net-

works of actors and institutions that jointly

interact in a specific technology field and con-

tribute to the generation, diffusion and utilisa-

tion of variants of a new technology and/or

new product’; and more recently as ‘the set of

actors and rules that influence the speed and

direction of technological change in a specific

technological area’ (Hekkert et al., 2011: 3). One

of the important advantages of the TIS frame-

work is that it can be used to identify and map

the diverse range of interlinked actors and

activities that are required to transform an

innovation from an idea to a marketable prod-

uct or service (Planko et al., 2017). The TIS anal-

ysis is, therefore, often used to determine which

of these actors and activities are developed to

the point where they are advancing the tech-

nology and which are underdeveloped, requiring

further policy intervention. This maturity map-

ping is undertaken through applying the TIS

‘functions of innovation systems’ approach

(Hekkert et al., 2007), as shown diagrammatical-

ly in Figure 3. Step 1 involves categorising the

activities or processes in the IS according to

seven different functions, details of which are

depicted in Figure 3 and Table 2. In Step 2, the

level of maturity of that function is then deter-

mined by posing diagnostic questions to experts

or key stakeholders; a function is deemed

mature if the level of activity is sufficient to

develop that particular technology. A functions

level of maturity is then scored on a 5-point

Likert scale (where 1 = very weak and 5 = very

strong) and the results can be plotted to high-

light areas for improvement. Once the level of

maturity is established, Step 3 involves devising

measures to enhance supporting factors and

counteract those that block progress (Kebede et

al., 2017; Markard and Truffer, 2008b; Hekkert

et al., 2007). The results of Step 3 can then be

used by policy makers to develop instruments

which will enable a technology to realise its full

potential within a specific environment (Bergek

et al., 2015). 

The functions used in Step 1 (and applied in

this study) are based on the original set of func-

tions as published by Hekkert et al. (2007) and

shown in Table 2. 

2.4 Technological innovation systems and

renewable energy technologies 

The TIS framework has been widely used to

investigate the adoption or development of
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RETs in different geographic regions, including

photovoltaics (Kebede and Mitsufuji, 2017;

Walwyn, 2016; Dewald et al., 2011), biopower

(Wirth et al., 2011; Jacobsson, 2008), wind ener-

gy (Edsand, 2017; Reichardt et al., 2017; Bento et

al., 2015), fuel cells (Musiolik et al., 2011; Markard

and Truffer, 2008a) and tidal kite energy

(Andersson et al., 2018). Despite differences in

context and technology, several generic princi-

ples can be extracted from these published TIS

studies. For all countries, sufficient attention to

F4 (guidance of the search) is critical (Wieczorek

et al. 2013; Jacobsson et al. 2013). Indeed, recent

studies argue that the two fundamental condi-

tions for successful energy transitions are a high

degree of (international) policy coordination

(Wieczorek et al., 2013) and the development of

a comprehensive policy mix (Reichardt et al.,
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Entrepreneurs convert inputs (new knowledge, networks and markets) into

outputs in the form of new business opportunities (Miremadi et al., 2018) and

are essential actors in a TIS; without their capacity to absorb and mitigate the

risk associated with testing new technologies and undertake commercial

experiments, the uncertainties associated with the development and diffusion

of a technology would not be resolved (Suurs and Hekkert, 2009). 

This function refers to how technical and other forms of knowledge are

developed and combined in the innovation system (Bergek et al., 2008b).

Increase in knowledge development effort is signalled by an increase in

research and development activity (e.g. increasing number of academic

publications, PhD studies on the topic, emergence of research centres

investigating the technology, university and business collaborations), number of

patents filed and investments in R&D. 

This function involves the exchange and diffusion of information between

actors within the network through knowledge-sharing interactions or through

the formation of partnerships, and reflects the extent of learning (Lundvall et

al., 2002).

In a resource-constrained environment with multiple options available, choices

must be made as to which technologies to pursue and where to focus

activities. Focus is important, because without it, resources could become

diluted to the point where no options will flourish. In line with this, the

guidance of the search function refers to activities, incentives and mechanisms

that create visibility of needs and goals of technology users to aid in clearly

directing the allocation of resources along a specific path (Miremadi et al.,

2018; Hekkert et al., 2007). 

This function covers to the extent to which new technologies have been able

to establish a market presence. It is often the case that specific interventions

are required to foster markets and demand for a new technology, which is

achieved by creating an artificial or niche market. In doing so, actors are able

to acquire knowledge about the technology (F2 and F3) and create

expectation (F4), thereby facilitating the growth of that technology (Suurs and

Hekkert, 2009). 

This function refers to the allocation of financial and human capital as an

input towards knowledge development (F2) and capital investment more

broadly, including activities such as funds for long term R&D projects, piloting

of technologies in niche markets (link to F1), and training personnel (Hekkert

et al., 2007). This function is important because without financial means and

the presence of actors with the requisite skills an emerging technology will not

be supported. 

Legitimacy is a form of social acceptance and is required for resources to

be mobilised (Bergek et al., 2008b; Jacobsson, 2008). This function

therefore refers to activities related to the active advocacy of a new

technology that are required to counter resistance by members of an

incumbent regimewho may be opposed to the advancement of the new

technology (Suurs and Hekkert, 2009). Examples of advocacy activities

include political lobbying for resources and favourable tax regimes by

advocacy coalitions (collections of actors with a shared goal of shaping the

institutions towards favourable adoption of the technology). 

F1: Entrepreneurial,

experimentation and

production

F2: Knowledge

development 

F3: Knowledge 

diffusion 

F4: Guidance of the

search 

F5: Market formation 

F6: Resource

mobilisation 

F7: Counteract 

resistance to change/

legitimation

Table 2: Functions of a technological innovation system (Hekkert et al., 2007).
Function Description



2016; Rogge et al., 2016). The latter mix should

cover a judicious combination of demand-sup-

ply or push-pull instruments, such as market

support, through feed-in tariffs with policies to

support research and development (R&D) or

training. The issue of balance between policy

mixes is clearly important at all stages of the

development of a renewable energy TIS.

Moreover, it is not a static mix with a fixed

combination of instruments, which is required;

different stages need different mixes. For

instance, a study of the Chinese wind industry

showed that initial growth was high and well-

supported by readily available financial re-

sources, but this growth was subsequently

unsustainable because of insufficient attention

to the TIS functions of entrepreneurial experi-

mentation (F1) and knowledge development

(F2), both of which act on the pull or supply side

of the TIS (Karltorp et al., 2017). The issue of

sufficient attention to F4 is common to all the

studies. There is a distinction, however, between

the results of TIS studies undertaken in devel-

oped versus developing countries, to the extent

that Edsand (2017) argued for changes to the

TIS framework when it is used to analyse devel-

oping countries. The proposed modifications

include a new sub-function covering the devel-

opment of adaptive (absorptive) capacity, the

separation of resource mobilisation into interna-

tional and government funding, and the addi-

tion of six landscape or exogenous factors

including economic growth and climate change.

The latter factors are drawn from the literature

on multi-level perspective, which identifies

shocks in the socio-technical landscape or

macro level as being highly important in transi-

tion theory (Geels, 2002). It is useful to acknowl-

edge the differences between the TIS results for

the developed versus developing country cases

despite the changes proposed by Edsand (2017)

having not been widely adopted and, as such,

not being applied in this study. These studies on

developing countries highlight the weakest

functions as being F1 (characterised by a weak

environment for entrepreneurs and small firms

in particular), F2 (very limited local R&D) and

F6 (since developing countries are by definition

resource-constrained, weak resource mobilisa-

tion is unsurprising) (Walwyn et al., 2018;

Kebede and Mitsufuji, 2017; Walwyn, 2016).

Addressing these weaknesses is critical to the

maturation of RET innovation systems in devel-

oping countries. On the other hand, innovation

systems in developed countries are generally

stronger on the supply side (R&D and resource

mobilisation), but severely constrained by path-

way dependence, lock-in and resistance to

change, which are all aspects of F7 (Miremadi et

al., 2018; Reichardt et al., 2017; Negro et al.,

2012). For instance, Negro et al. (2012) found

that the weak institutional environment in

developed countries tended to block RET devel-

opment or strengthen the current fossil fuel

lock-in. These observations are important to

sustainability transitions, since governments

need to be proactive in stimulating and steering

RET socio-technical systems as part of their

broader strategies for sustainability transitions.

3. Research methodology
The study was exploratory and adopted a

mixed methods approach, using an initial semi-

quantitative method to establish the extent of

maturity of the TIS, followed by an inductive,

qualitative approach, using a semi-structured

questionnaire, as a means of identifying the key

interventions (Sovacool et al., 2018). A non-

probability sampling technique was used, which

included both purposive sampling and snowball

sampling. Purposive sampling was used to select

the initial sample; further respondents were
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Figure 3. Process for the analysis of a technological innovation system (Hekkert et al., 2011).



then approached based on their recommenda-

tions and suggestions (Saunders et al., 2016).

Altogether 13 individuals with CSP expertise in

a range of areas including research and devel-

opment, journalism, private sector renewable

energy development, development and deploy-

ment of renewable energy at Eskom, industrial

incentive creation, as well as officials from the

REI4P office were interviewed; further informa-

tion is provided in Table 3. 

Table 3. Description of the interviewees from
the sample.

Description of sector* No. of inter-
viewees

Academia 3

Industry experts (consultants and other) 2

Green financing sector (mainstream 2

and development)

Public utility (generation) 2

Private sector (R&D), product develop- 2

ment for electricity generation)

Public sector (trade, industry and 1

innovation promotion)

Journalism and publishing 1

* All respondents connected to concentrated solar power)

In qualitative research, the size of the

required sample is determined when saturation

is reached. Saturation is defined as the point

where additional data no longer provides any

(or very limited) new insights (Zikmund et al.,

2013) and is affected by aspects such as how

heterogeneous the population is and how nar-

row or wide the focus of the research question

is. That is, saturation will likely be reached if the

sample is taken from a homogenous population

and/or the research question is narrow and

focused (Saunders et al., 2016). Saturation anal-

ysis of the responses, based on the number of

new codes created per respondent, showed that

no new codes were added for respondents 12

and 13. It was therefore conceded that satura-

tion was reached in the sample. Questions and

main themes were sent to the interviewees

prior to discussion, to allow them an opportuni-

ty to think about their responses so that not too

much time was wasted explaining the core con-

cepts. Preference was given to face-to-face

interviews, however. Where this was not possi-

ble because of diary incompatibility, or the

respondent was not located in the same geo-

graphic area as the interviewer, telephonic

interviews were conducted. All questions and

responses were recorded (audio) and transcribed

after the interview for data analysis. The

researcher also noted on paper any interesting

observations, e.g., when a respondent seemed to

be hesitant to answer a question during the con-

versation. In accordance with the exploratory

nature of the study, respondents were encour-

aged to answer questions openly and freely,

drawing from their personal experiences

throughout the interview process. The text was

coded using the Atlas.ti software package the-

matically, which involved interrogating the text

line-by-line and assigning a short phrase to rep-

resent the salient features of a key section of

text (Zikmund et al., 2013). This code was then

assigned to text with similar meaning, but not

necessarily the same wording, across the inter-

views, e.g., varying negative responses received

to the question ‘Do you think that the policy

environment is supportive to entrepreneurs?’

were coded as ‘supportive environment_no’.

The code themes, grouped by the categories of

TIS function (one), key interventions (two) and

future opportunities (three), are shown in Table

4.

4. Results
4.1 Profile and characterisation of the

technological innovation system

An overview of the respondents’ views on the

South African CSP TIS is given in Figure 4.

Across all the dimensions, it was apparent that

the sector is considered to be immature, with

the weakest aspects being F1 (entrepreneurial

activity), F4 (guidance of the search) and F7

(legitimation), as compared with the results of a

similar study undertaken on the South African

PV TIS (van Niekerk, 2017). Each function was

then discussed in more detail. 

F1: The responses corroborated the data of

Table 1, which showed that all of the South

African CSP projects have used Spanish tech-

nology and EPC contractors, with little involve-

ment of local companies and a limited extent of

technology transfer from the Spanish compa-

nies to the local industry. Some local companies

were contracted to provide site utilities and

non-proprietary or generic services, as a means

of meeting the conditions of the REI4P tender,

but the core aspects of each project were pro-

vided by the international contractors. The

importance of technology transfer and local

procurement was recognised in the REI4P and

local content formed a significant component of

the programme’s objectives (Department of

Energy, 2018). However, the implementation of

these requirements was constrained by a num-

ber of factors, including clear loopholes in the

regulations, lack of clarity over the rules, incon-

sistent support for the REI4P, and conflict

between different government department on

the objectives of the programme (Baker, 2016).
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As a result, the potential impact of the pro-

gramme on the local manufacturing sector was

transient and weak. In the case of CSP, the

main reason for the limited development of

local entrepreneurs was issues related to capital

risk. The CSP plants are highly capital-inten-

sive, the cost of a commercial 100 MW CSP

plant being close to USD 1 billion (IRENA

Secretariat, 2012). As a result, financiers are

averse to supporting projects that may involve

untested technology or inexperienced entre-

preneurs. The CSP remains an expensive tech-

nology to develop and commercialise, an aspect

which prevents the entry of new competitors.
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Table 4. Code themes emerging from analysis of data. 
Category Theme

One F1: Entrepreneurial Presence and types of South African firms

activity Lost opportunity to develop entrepreneurial activity

Sentiments related to a supportive entrepreneurial environment

Challenges and barriers to entrepreneurial activity

F2: Knowledge Concentrated solar power research activities in South Africa

development Challenges and barriers to knowledge development

Level of knowledge development as it pertains to developing a 

competitive concentrated solar power industry in South Africa

F3: Knowledge Knowledge transfer between academic institutions

diffusion Knowledge transfer between academia and industry

Knowledge transfer between Eskom and industry

Knowledge transfer from international companies to South African

academic institutes and companies

Level of knowledge diffusion as it pertains to developing a competitive 

concentrated solar power industry in South Africa

F4: Guidance of Presence or absence of goals towards the development of concentrated 

the search solar power in South Africa

Presence or absence of supporting policy

Current role of the Department of Science and Technology and 

Department of Trade and Industry 

Future role of the Department of Science and Technology and

Department of Trade and Industry

F5: Market Description and definition of the concentrated solar power market in 

formation South Africa

Role and impact of the REI4P* on market formation

F6: Resource Role of the REI4P* in creating sufficient financial incentive to develop

mobilisation the South African concentrated solar power market

Funding availability

Skilled human resources

F7: Counteract Advocacy groups and their actions

resistance to Counter lobby actions

change/legitimacy Negative perception that has been created about CSP

creation Barrier formation through bureaucracy

Two Solutions to improving entrepreneurial experimentation

Solutions to increasing knowledge development

Solutions to improving knowledge diffusion

Solutions to improving guidance of the search

Solutions to increase resource mobilisation

Solutions to improving legitimacy creation

Three General disadvantages of concentrated solar power over other renewable

energy technologies

Challenges for concentrated solar power in the South African context

Potential for concentrated solar power in the South African context

* REI4P = Renewable Energy Independent Power Producers Procurement Programme



Moreover, only companies that are certified by

the International Electrotechnical Commission

are permitted to participate in the REI4P

(Baker, 2016). This requirement particularly

affects the potential benefits to entrepreneurs

who are not able to obtain such certification.

Concerns about the future of the REI4P, initially

as a result of the strong nuclear lobby and, more

recently, arising from the weak financial posi-

tion of Eskom (which procures the power from

the independent power producers), was also

considered to be a limiting factor for the devel-

opment of CSP entrepreneurs. Consistent

demand-side support is essential for creating

sufficient risk mitigation factors for

entrepreneurs. In the absence of such consisten-

cy, entrepreneurs cannot access either financial

resources or local revenue streams and will not

survive. Conditions for supporting F1 must

include a policy mix that combines demand-

and supply-side incentives on a consistent basis

.

F2: There are several local university-based

research groups focussed on CSP, including

Solar Thermal Energy Research Group at the

University of Stellenbosch, Western Cape 

(-33.9328078,18.8622583), the Group for Solar

Thermal Dynamics at the University of

KwaZulu-Natal, KwaZulu-Natal (-29.8674219,

30.9785385) and the Clean Energy Research

Group at the University of Pretoria, Gauteng 

(-25.7545492,28.2292589). The groups are

important in the overall development of the

innovation system, since they train graduates

who may find employment on the CSP plants

or become entrepreneurs, working in their own

start-ups; they develop local technologies; they

actively source and evaluate new technologies;

and they improve the overall technological

absorptive capability of the industry. It is appar-

ent that there is activity in this area and the

function was ranked as one of the most devel-

oped in the CSP TIS because of the legacy of

established institutes. Nevertheless, the absolute

value is still below 60%, reflecting the dynamic

landscape for CSP research and the importance

of a technological breakthrough that would

place CSP in a more competitive position with

respect to the other emerging renewable energy

technologies.

F3: Knowledge diffusion between academic

institutions, particularly between local and

abroad, was reported to be significant, and the

respondents reported a high degree of interac-

tion on CSP. Such strength was, however, not

evident between firms, or between large firms

and academia. This weakness reflects the

embryonic nature of the system, which is still

characterised by centres of academic excellence

disconnected from large firms, most of the latter

being international organisations with a weak

presence in South Africa. The transition of a

technological innovation system from this

embryonic state to a functional system that is

less dependent on international technology

transfer and able to compete internationally,

based on domestic innovation implemented by

commercial firms with strong market presence,

is an imperative which has so far evaded the

South African renewable energy sector. Despite

a number of policy initiatives to diversify the

country’s economy from its reliance on resource

extraction to a spectrum of value-adding activ-
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Figure 4. Respondents’ perceptions of the concentrated solar power technological innovation
system (compared to photovoltaics).



ities based on high levels of technological inno-

vation, such changes have been minimal

(OECD, 2017). The CSP as a manufacturing

activity is no exception to this overall resistance

to technological transition, the reasons for

which are discussed in more detail in Section 5.

F4: The general view from the study was that

the system was not well directed and had no

clear goals or policies. Furthermore the exclu-

sion of CSP from the most recent bidding win-

dows of the REI4P was seen as an indication of

government’s loss of interest in CSP, despite the

opportunity that the technology still offered to

the local power and manufacturing sectors

(Craig et al., 2017). It was also stated that CSP

would benefit from more evident policy align-

ment. There was a general sense that different

sections government seem intent on pursuing

policy in support of their own departmental

plans and interests, without due concern for the

synergies that may come from co-operation. A

clear example of the lack of alignment was the

tension between the objectives of the

Department of Energy and National Treasury to

mitigate emissions at the lowest possible cost,

versus the goals of the Department of Trade

and Industry to establish local industry, versus

those of the Department of Science and

Technology to foster scientific research in the

country. Aside from two respondents, all inter-

viewees felt that the Department of Trade and

Industry and the Department of Science and

Technology should be more active within their

respective mandates in developing CSP, even if

this were to lead to higher costs for procure-

ment in the short term.

F5: Market demand for CSP will, in one way or

another, ultimately determine the future of CSP.

At present, the demand is limited by its techno-

economic disadvantages (see Section 4.2 for a

detailed discussion of CSP costs) and the further

expansion of CSP is being driven by market

subsidies and incentives, provided on the basis

that it is an immature technology that requires

such interventions if it is ever to become widely

adopted. The respondents generally agreed that

CSP is not competitive, a perspective supported

by the data in Section 4.2, and that it would not

have gained presence in the market were it not

for the REI4P, which included a provision ded-

icated to CSP. Demand-side measures, which

create artificial markets through mechanisms of

protection, may be essential in the commercial-

isation of an embryonic technology, but can also

create a longer-term dependence or expectation

of government support. The problem of depen-

dence was already evident in the replies to the

questionnaire, the respondents acknowledging

that without the REI4P there would be no CSP

industry at all, but complaining that the alloca-

tions were too small and the tariffs too low

(inadequately recognising the value of CSP in

being able to deliver peak power). This issue of

cost competitiveness is discussed in more detail

in Section 4.2. 

F6: The availability of resources was generally

not considered to be a major barrier to the fur-

ther development of the CSP TIS. As shown in

Table 1, USD 4.6 billion has already been

secured and invested in the sector, with a fur-

ther USD 715 million being planned (the

Redstone facility). Furthermore, the respondents

were of the view that additional finance and

human resources could be found, should the

industry be able to expand. Despite South

Africa not being a technology leader, it was

considered that there is significant local capabil-

ity and that further capabilities could be devel-

oped, should the market expand.

F7: The interviewees were asked about the per-

ceived public opinion of CSP and support from

the media to establish the strength of advocacy

and lobby groups for CSP. Many respondents

felt that technology was poorly understood by

the public and that its potential impact was not

adequately covered by the media, including

aspects such as its socio-economic benefit to

marginal areas and the ability to deliver peak

power. There were also reports of conflict and

confusion between the two active lobby groups,

criticism of their delivery and questions as to

whether both groups were required. It was felt

that a single body with active campaigns could

be more effective in securing public support for

CSP. 

In summary, the CSP TIS in South Africa

has strengths in the area of knowledge develop-

ment and resource mobilisation, but it is mostly

a weak system with limited entrepreneurial

activity, a heavy dependence on international

technology, limited policy support and inade-

quate efforts to address legitimation and resis-

tance. Given that it is still a costly alternative to

other RETs, measures to strengthen these fac-

tors are essential. In the next section, the cost

issue is examined in more detail as a step

towards defining the necessary policy interven-

tions.

4.2 Cost of concentrated solar power

The levelised cost of electricity (LCOE) for the

various RETs in years 2010 and 2018 is given in

Figure 5. It can be seen that in most cases the
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LCOE has significantly decreased, reaching cost

parity with fossil fuel-based energy generation,

the latter being between USD 0.6/kWh and

USD 1.43/kWh (Lazard, 2018; Walwyn and

Brent, 2014). The exception is CSP, which is still

somewhat above the upper bound of the fossil

fuel band, with the solar tower being the least

expensive of the three dominant options (Salisu

et al., 2019). 

In a more recent techno-economic study,

comparing the relative costs of solar towers and

parabolic troughs, Pan et al. (2019) reported that

solar towers could breach the USD 0.10/kWh

barrier, and were generally more cost-effective

than parabolic troughs. Furthermore, there have

been several recent reports of cost-competitive

CSP facilities, with costs as low as USD

0.07/kWh having been bid for projects in

Australia and Dubai (Pan et al., 2019; Lilliestam

and Pitz-Paal, 2018; Kraemer, 2017), indicating

that with low land, finance and construction

costs, energy costs approaching those of wind

and solar PV are still possible. A breakdown of

the capital costs involved in construction of a

tower CSP plant is given in Figure 6, where the

heliostats account for 38% of the total cost of

the plant (Black and Veatch, 2012). This area is

therefore subject of much R&D aimed at

increasing efficiencies and reducing cost.

Additional cost reductions could come from

installing larger plants (economies of scale are

reached above 130 MW installed capacity) and

standardisation of components. The high cost

can be mitigated, at least in part, by capturing

the true value of peak electricity dispatch

(Dowling et al., 2017). The latter is an important

issue; the LCOE comparison of CSP versus PV,

for instance, does not capture the value of peak

electricity and as a consequence does not reflect

the true market value of CSP (Joskow, 2011). It
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Figure 5. Global levelised cost of electricity of utility-scale renewable energy technologies, 2010
and 2018 (IRENA, 2019).

Figure 6. Capital cost breakdown for a tower concentrated solar power plant with thermal storage
(Black and Veatch, 2012).



would be more appropriate to compare CSP

with PV plus storage than with PV on its own,

as was adopted in the case of the Australian and

South African plants. If these business models

can be replicated in other regions, it may signal

the commercial breakthrough that CSP requires

to compete in the renewable energy market.

Nevertheless, the relatively high cost of elec-

tricity from CSP plants remains a significant

barrier to the wider acceptance of CSP. For

instance, the cost of CSP energy to Eskom, the

South African parastatal responsible for gener-

ation, distribution and supply, was USD

272/MWh in the 2018/19 financial year (Figure

7). Indeed, the premium for CSP energy has

been considered as excessive and has precipitat-

ed calls for a three-year suspension of the

REI4P and retroactive tariff cuts (Steyn, 2019).

Such perceptions negatively impact on public

opinion and the adoption of RET and need to

be properly managed if the sector is to move

forward.

5. Discussion
The objective of this research was to establish

whether the CSP sector in South Africa could

become a globally competitive, export-oriented

industry. The TIS framework was used as a

means of establishing whether the system had

matured sufficiently for it to enter such markets,

or whether it remained significantly underdevel-

oped. The results have shown that it is still a

niche technology and requires on-going public

policy interventions to ensure the processes of

deepening, broadening and scaling up are com-

pleted successfully (Van den Bosch et al., 2008).

There are two separate discussions that emerge

from the study and the future of CSP in South

Africa: the extent to which CSP can be a viable

or significant source of electricity in the country,

and whether South Africa can become a global-

ly competitive manufacturing base for CSP

equipment. The first issue is important for the

country’s energy infrastructure and the poten-

tial of CSP to contribute to the decarbonisation

of the economy, the second is relevant to the

quest of economic growth and the creation for

employment. Both issues are impacted heavily

by the common concern of economic feasibility.

Despite the acknowledged limitations of tech-

no-economic assessments, given that the results

rely on the quality of the input assumptions and

can be used as a means to resist change rather

than support evidence-based decisions, it is

clear that the average costs of CSP are higher

than other forms of renewable energy, including

the costs of energy storage to achieve an equiv-

alent level of dispatchability (Section 4.2). In

short, PV or wind in combination with gas tur-

bine generation are both more attractive than

CSP under present conditions. Moreover, the

declining costs of storage may further under-

mine the competitiveness of CSP. This perspec-

tive on the rather limited prospects for CSP is

not universally shared in the literature, as there

are claims that CSP is already competitive, if

the value of delivering non-carbon emitting

power outside of normal daylight hours is

acknowledged and appropriately rewarded

(Lilliestam and Pitz-Paal, 2018; Ling-zhi et al.,

2018). The contradictory reports arise from the

lack of a standardised approach to the impor-

tant question of the time-varying value of elec-

tricity and the fact that the conventional

approach, based on LCOE, significantly under-

estimates the value of energy storage (Dowling

et al., 2017). The development of such standard-

ised approaches that will allow the true values

to be more directly compared remains a

neglected aspect in the energy field. Given the
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uncertainty of the present valuations, it is

apparent that further development should con-

tinue and should seek innovative approaches to

reduce CSP’s LCOE cost. In South Africa, the

results of this study suggest that a procurement-

driven industrial strategy, well aligned with sci-

ence, technology and innovation policies, will be

an important factor in achieving the objective of

developing the sector. In-country demand needs

to be created, e.g., through a demand-side pro-

gramme like the REI4P, to attain a critical mass

of technology to develop tacit knowledge

around the design, manufacture, operation and

maintenance of the plants. This market demand

must be supported by strong industrialisation

policies aimed at building localised services and

manufacturing, and requires the alignment of

energy policy (to increase CSP procurement

objectives, lower risk and incentivise invest-

ment), climate policy (incentivise RET uptake

through mechanisms such as emissions taxes)

and industrial policy (to incentivise manufactur-

ing and knowledge development). It was sug-

gested that one method of accelerating knowl-

edge development and encouraging participa-

tion from both the private and public sector will

be to develop a centralised solar thermal knowl-

edge centre in South Africa using public and

private funding, similar to the Plataforma Solar

de Alemeria in Spain. This kind of research cen-

tre is aimed at developing and testing solar

technology (F2) and fostering collaboration (F3)

between academia, industry and international

experts on the matter. It also provides a plat-

form for piloting technology to allow a prospec-

tive technology to accumulate sufficient hours

on-line to demonstrate its commercial readiness

(F2), and over time to lower the risk profile of a

new technology, which encourages investment

from potential investors (F6). The investment

then increases the number of entrepreneurs (F1)

able to enter the market (F5). Piloting also pro-

vides an opportunity to influence the design

process to support manufacturing capabilities

and regular training seminars also ensure a

pipeline of skilled human resources (F6) to

address any areas with critical resource short-

age.

6. Conclusions
This study has sought to understand the reasons

for the inability of the South African concen-

trated solar power (CSP) sector to develop into

a fully functional and mature technological

innovation system. An exploratory, mixed

methods approach was followed to assess the

seven factors of the technological innovation

systems (TIS), and then develop a set of recom-

mendations for future policy action. It is evident

from the results that the CSP TIS is weak in the

areas of entrepreneurial experimentation (F1),

guidance of the search (F4) and legitimacy cre-

ation (F7). In this respect, it shares a weakness

in legitimacy creation (F7) and a strength in

resource mobilisation (F6) and knowledge

development (F2) with developed countries, and

shares a weakness in entrepreneurial activity

with developing countries. Further growth of

the sector will depend on policies to reduce its

reliance on imported technologies and local

demand side support.

The emergence of CSP as a globally signifi-

cant renewable energy technology (RET) will

depend on its ability to compete with solar pho-

tovolataics on a techno-economic basis. At this

stage, CSP accounts for a small fraction (about

1.3% in 2017) of global investment in solar-

based RET. Expanding and scaling-up the tech-

nology will require further improvements in its

key performance parameters, particularly lower

capital and operating costs. Recent studies have

suggested that CSP could be cost competitive,

but such claims have not yet been demonstrated

on large-scale installations. Should these

advances be made, South Africa will need to

strengthen its supply-side policy support for

CSP entrepreneurs, in addition to the direct use

of local procurement processes, if it is to posi-

tion the local CSP industry as a global player.
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