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Developing countries, such as South Africa, have no choice but to look at innovative and/or alternative approaches, such
as public–private partnerships (PPPs), as investment models, to ensure that they eliminate their water infrastructure
backlogs. The primary objectives of this research were (a) to develop a PPP framework; (b) to identify PPP investment
models for water infrastructure; and (c) to determine key categories, criteria and characteristics for cost-effective PPP
investment models to ensure the sustainability of the water infrastructure value chain in South Africa. The framework for
PPPs identified five broad categories of investment models for the water infrastructure value chain in South Africa. The
research results highlight the aspects of PPPs in addressing (a) water infrastructure needs, (b) an implementation strategy
for water infrastructure projects, (c) investment policies and (d) the eradication of water infrastructure backlogs. The total
investment estimates in the past 20-year period (1998/1999–2019/2020) have been about US$48.36 billion, with the public
sector contributing about US$44.32 billion (91.64%) and the private sector only US$4.04 billion (8.36%). Furthermore, the
analysis showed that about US$2.75 billion/annum is available based on the current financial arrangements, leaving a
financial gap of US$2.83 billion/annum in the water infrastructure value chain.
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Introduction
Governments in developed and developing countries face the
challenge of meeting the growing demand for new and sustainable
water infrastructure. Due to limited financial resources in the public
sector because of change in economic conditions and competition for
resources – for example, economic crises and pandemics –

governments have found that partnerships with the private sector are
attractive alternative and/or innovative investment models to increase
the water supply and improve the water infrastructure (Auriol and
Blanc, 2007; Fall et al., 2009; Marin, 2009; Ruiters, 2013; Ruiters
and Matji, 2015, 2016; Sepalla et al., 2001). Public–private
partnerships (PPPs) create a platform for financial, technical and
project risk sharing on infrastructure delivery and maintenance
between the public and private sectors (EFAB, 2008; KPMG, 2011,
2012; Matji and Ruiters, 2014; OECD, 2008, 2010a, 2010b, 2012;
Ruiters and Matji, 2016; THG, 2012).

Access to finance is the lifeblood of the water infrastructure value
chain, as is the packaging of investment models (EFAB, 2008;
Rowey, 2009). The backlog of water infrastructure provision and poor
access to service delivery for poor communities have forced a new
approach for investment models. An efficient and productive water
infrastructure value chain is important for industries and hence vital
for economic growth, efficiency, productivity and competitiveness
(Inderst and Della Croce, 2013; Poole et al., 2014). Continued growth
in water infrastructure productivity plays a crucial role in managing
the emerging challenge of South Africa’s growing population. There
is, therefore, pressure to consider innovative and/or alternative
investment models for improved and sustainable water infrastructure
(ADB, 2008; Matta and Ashkenas, 2003; Matji and Ruiters, 2014,
2015a, 2015b; Ruiters, 2013; THG, 2012; WB, 2010).

Developing countries, such as South Africa, have no choice or
alternatives but to look at innovative and/or alternative approaches,
such as PPPs, to ensure that they eliminate their water infrastructure
backlogs. The country has established PPP arrangements that make
provision for the participation of private sector institutions in water
infrastructure delivery, and these include (a) the private sector
institution as a water infrastructure provider, (b) investment in a
public sector utility (water) infrastructure delivery and (c)
operations and maintenance of water infrastructure for water-
management institutions (NT, 2000).

The primary objectives of this research were (a) to develop a PPP
framework; (b) to identify PPPs as investment models for the
water infrastructure value chain; and (c) to determine key
categories, criteria and characteristics that should inform the
development of cost-effective PPPs as investment models to
ensure the sustainability of the water infrastructure value chain in
South Africa.

Research methodology and analysis
Primary and secondary data were collected for PPPs as investment
models in South Africa (cf. Creswell, 2013; Gray, 2014; Saunders
et al., 2012). Primary data were collected by quantitative and
qualitative methods for the analyses from (a) surveys and
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questionnaires; (b) e-mail correspondence with participants;
(c) interviews with participants; (d) focus group discussions on water
infrastructure financing consisting of an average of >50 individuals
(financial and technical/engineering specialists); (e) specialised
workshops, conferences and water infrastructure colloquiums; and
(f) respondent groups – that is, provincial and national organisations
(cf. Creswell, 2013; Gray, 2014; Maxwell, 2012; Ruiters, 2020;
Saunders et al., 2012). Primary data were collected from water-
management institutions and/or sector organisations using purposive
sampling methods, and 425 interviews were conducted and the
sample included (cf. Ruiters, 2020) the following:

■ public sector institutions – national, provincial and local
governments; South African Local Government Association

■ public sector institutions – state-owned entities (SOEs);
parastatals; universities; water-management institutions;
regulatory agencies/institutions; research institutions/
organisations

■ private sector institutions – commercial banks; business sector
partners, consulting and construction institutions and
companies; fund managers, including pension fund managers

■ multilateral financial institutions and agencies – Development
Bank of Southern Africa; African Development Bank;
European Investment Bank; World Bank; export credit
2
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agencies (ECAs); official development assistance;
concessionary financing agencies

■ respondent groups – non-profit organisations; unions;
technical assistance providers; Southern African Development
Community and African Union water commissions and
councils.

Secondary data were collected from reports relating to water
infrastructure needs and funding in South Africa from case
studies, annual reports, databases, research reports, theses and so
on for the past 20 years – that is, analysis of water infrastructure
investments in 1998/1999–2019/2020 including those from the
private sector. Revenue streams, local debts, expenditures and so
on related to funding and financing of water infrastructure were
analysed.

Statistical data transformation techniques were used. These were
the application of a deterministic mathematical function to each
point in the data set so that the data appeared more closely to
meet statistical inference assumptions – that is, a replacement that
changes the shape of a distribution or relationship (Creswell,
2013; Gioia et al., 2012). The research data were log 10(x + 1)
transformed – that is, each data point zj was replaced with the
transformed value yj = f(zj), and where f is a function.
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Figure 1. Spectrum of financing instruments used for investments in water infrastructure (after DWA, 2013; DWS, 2018; Head, 2006; OECD,
2014). AfDB, African Development Bank; BOOT, build–own–operate–transfer; BOT, build–operate–transfer; DBO, design–build–operate;
DBOT, design–build–operate–transfer; DBSA, Development Bank of Southern Africa; DFBO, design–finance–build–operate; EIB, European
Investment Bank; FDIs, foreign direct investments; IDC, Industrial Development Corporation; IFC, International Finance Corporation; MFIs,
multilateral finance institutions; NDB, New Development Bank; NRF, National Revenue Fund; ROM, rehabilitate–operate–maintain; WMIs,
water-management institutions
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Results and discussion
Poor water infrastructure and the need for new water infrastructure
capital investments have been a major concern in South Africa.
Figure 1 demonstrates that PPPs generally take the form of
either the design–build–finance–operate (DBFO) model or the
design–build–operate (DBO) model (cf. ADB, 2008; Head, 2006;
OECD, 2008, 2010a, 2010b, 2012; Ruiters, 2013; Ruiters and Matji,
2015, 2016; SmoF, 2012; THG, 2012; Unescap, 2011). In the DBFO
model, the PPP provider will raise finances from the market, to
develop the facilities required to deliver services to the public
(Inderst and Della Croce, 2013; Leach, 2010). The PPP provider will
build, operate and maintain the facilities according to the
specifications prescribed by the public sector. The private sector
would then be paid for services delivered satisfactorily and according
to prescribed norms, standards and specifications. This will apply for
the duration of the contract. In the DBO model, the public sector
provides funds to design and build the infrastructure and engage the
service provider for the operation of the infrastructure.

PPP framework for the water infrastructure value chain
South Africa has a hierarchical system for water infrastructure
development and management, which is based on administrative and/
or political boundaries (Figure 2) – that is, the hierarchy ranges from
a national to a local government sphere (cf. DWAF, 1997a, 1997b,
1998; Matji and Ruiters, 2015a; Ruiters and Matji, 2015, 2016). The
responsibility for the implementation varies in each government
sphere for water infrastructure development and management needs,
implementation strategy for large subsets or smaller projects and the
 [ University of Pretoria] on [23/11/22]. Copyright © ICE Publishing, all rights r
impacts on investment policies (DPLG, 1998, 2000; DWA, 1971;
NT, 1999, 2003).

The framework addresses water infrastructure development and
management for ensuring water security and availability in
specific vulnerable water-management areas (catchment or basins)
(cf. Figure 3). The situation varies depending on what water-
management area is under investigation for development and what
performance areas are addressed by a specific water-management
institution. It addresses the problem of water infrastructure
investment given the financial and engineering realities of
operating, maintaining, refurbishing, rehabilitation and betterment
of water infrastructure to conditions that deliver the required level
of the water infrastructure value chain and supply services. Lastly,
full-cost recovery and maintenance of financial viability are
needed to achieve these financial and engineering realities.
PPPs as investment models for the water infrastructure
value chain
From the results, five broad categories of PPP investment models
applied in South Africa were identified for the water infrastructure
value chain (cf. Table 1; Figures 1 and 3–5). These investment
models included the following.

■ Contractual arrangements. The management of a part or the
whole of a public enterprise is carried out by the private
sector (Figures 1, 3 and 5).
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Figure 2. Water infrastructure value chain, engineering and financial interrelationships of water infrastructure development and
management in South Africa
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■ Turnkey model. Design and build (i.e.
design–finance–build–transfer–operate (DFBTO)) a facility
for a fixed fee, rate or total cost, based on the contractual
agreement (Figure 1, 3 and 5).

■ Affermage/lease arrangements. Operation and maintenance of
existing assets, plus commercial and management
responsibilities, is passed on to the operator (Figures 3–5).

■ Concession models. The operator assumes full responsibility
for service delivery, management, operation and maintenance
of existing assets and new investments (Figures 3 and 5).

■ Public financial investment. The ownership of assets and
accountability remains with the public sector (Figures 1 and 4).

However, the determinants or contributory parameters identified
for the success of the five broad categories of PPPs as investment
models for the water infrastructure value chain in South Africa
from the results included (cf. Table 1)

■ value of the investment – capital investment of the project as a
stand-alone investment exclusive of the income stream or
operational costs; projects were typically financed on an equity/
debt ratio of about 30/70, although in case studies, the actual
percentage of equity ranged from 15 to 40% (Figures 1, 3, 6 and 7)

■ duration of the contract – duration of the PPP contractual
relationship with respect to the initial investment (Figures 1
and 4)

■ transfer of responsibility – the degree to which the private
party is involved in the project defined by the contractual
4
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model and obligations, ownership of assets, operating rights
and the project finance and operational structure (Figures 1–3)

■ demand risk – the degree to which the risks of variations in
market demand, competition or technological obsolescence
are passed onto the public or private entity (Figures 1, 3, 6
and 7)

■ availability risk – the degree to which the private sector risk
delivery against the contractual specifications, failure to meet
standards and quality levels, delivery of services against
specifications or failure to meet agreed volumes of supply
(Figures 1–3).

The results confirmed that specific criteria can be used to evaluate
and support PPPs as investment models: (a) a special-purpose
vehicle (SPV) for project finance and delivery – that is, equity
and debt and so on; (b) contractual agreement for the type of
project finance and delivery mechanism; (c) strong regulatory
framework; (d) affordability and value for money, (e) demand risk
management; and (f) strong and financial viable institutional and
governance structures (Tables 1; Figures 1, 3 and 5).

Furthermore, the results indicate that PPP structures as investment
models are dependent on the type of partnership model (Figures
1, 3 and 8; Table 2). This is complex due to several contractual
arrangements between various parties such as the public sector,
project sponsor/investors, project operator, financiers/lenders,
suppliers, contractors, engineers, third parties and customers.
Figures 1, 3 and 8 and Table 2 show the different financial
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instruments for the funding and financing of water infrastructure
for private – that is, build–own–operate–transfer (BOOT),
build–operate–transfer (BOT), rehabilitation–operate–maintain
(ROM) and so on – public or ‘split’ or PPP projects.

Moreover, Figures 4–7 and Table 2 show the water infrastructure
value chain implementation or development in relation to the
project sponsor (developer) and the type of investments (funding
and funders) in South Africa. The research results showed the
following: (a) the investment models and (b) the choice of PPP
structure for the water infrastructure value chain in South Africa
(Figure 5; Table 2). The PPPs as investment models demonstrate
characteristics such as the following: (a) there is a commercial
transaction between a water-management institution (entity) and a
private party; (b) the private party performs an institutional
function on behalf of the water-management institution for a
specified or indefinite period; (c) the private party receives a
 [ University of Pretoria] on [23/11/22]. Copyright © ICE Publishing, all rights r
benefit for performing the function or by utilising public property;
(d) the actual structure is dependent on the type of the partnership
model; (e) there are contractual arrangements between the various
parties; and (f) sufficient revenue streams exist (cf. Figures 4
and 5; Table 2).

In South Africa, the public sector (government – national and
local governance spheres) is a key player in water infrastructure
investment and inefficiencies within the public-expenditure-
management systems are particularly detrimental – for example,
there are significant problems in spending of infrastructure
budgets (cf. Table 1; Figures 1, 3 and 8). The water infrastructure
value chain is 100% public-owned infrastructure. Harnessing the
significant potential for capital markets to finance water
infrastructure, particularly local bond markets, is contingent on
their strengthening and further development. Well-functioning and
appropriately institutional investors (pension funds, insurance
Table 1. Criteria of PPPs as investment models for the funding and financing of water infrastructure in South Africa
Criterion

Supply and

management contract

Turnkey
es
Affermage/lease
contracts
erved.
Concession
contracts
Private
ownership/

private finance
initiative
Value of the
investment
Operational efficiency and
cost optimisation
prioritised

Affordability and revenue
flows are prioritised
Contractor to design and
build (i.e. design–build)
infrastructure for a fixed fee,
rate or total contract cost
Operation and
maintenance of
existing assets
Commercial and
management
responsibilities are
passed on to the
operator
Affordability and
revenue flows are
prioritised
Private sector
investment based on
government subsidy
to either capital or
revenue
Operational efficiency
and cost
optimisation
prioritised
Affordability and
revenue flows
prioritised
Private sector
investment based on
government subsidy
to either capital or
revenue
Operational
efficiency and cost
optimisation are
of highest priority

Maximisation of
profits and
rewards to
shareholders
Duration of
the contract
1–5 years
 Short term – that is, normally
1–3 years
15–30 years
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 10–20 years but
can be indefinite
where there is a
divestiture
Transfer
of
responsibility
Public
ownership
Public
ownership
Public
ownership
Affermage contracts
combine private
operation of the
service with public
financing.
Public
ownership
Private sector
ownership of the
infrastructure
once the debt is
settled
Demand risk
 The risk (10–90%) is
shared by both the public
and private sector
institutions
The risk (10–90%) is shared
by both the public and
private sector institutions
The risk (10–90%) is
shared by both the
public and private
sector institutions
The risk (10–90%) is
shared by both the
public and private
sector institutions
100% of the risk is
carried by the
private sector
Availability
risk
Outsourcing of
maintenance and
operational management
– that is, public and
private sectors
Public sector
 Public and private
sectors
BOT and franchise –

that is, public and
private sectors
Design, build,
finance and
operate – that is,
private sector
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companies etc.) would be natural sources of long-term financing
for water infrastructure because liabilities would better match the
longer terms of water infrastructure projects (cf. Inderst, 2009;
Inderst and Della Croce, 2013; Leach, 2010; WB, 2010). The
‘split projects’ of the water infrastructure value chain is a hybrid
model – that is, between the public and the private sector (cf. NT,
2000; OECD, 2008, 2010a, 2010b, 2012). The use of this
framework is essential in including the private sector in the
implementation of water infrastructure development projects.
Well-structured PPPs as investment models could be successful,
on the condition that sufficient revenue streams exist and
appropriate contracting models and all parameters for the
framework of PPP as investment models are considered (cf.
Table 2; Figures 1, 3 and 8).

The results also indicate that the water infrastructure financial realities
in South Africa are threefold: (a) predominantly South African
funding and financing, not from external financial sources; (b) mostly
public, not private; and (c) through the national government. In water
and sanitation, the total investment estimates in the past 20-year
period (1998/1999–2019/2020) have been about US$48.36 billion,
with the public sector contributing about US$44.32 billion (91.64%).
However, the contribution of the private sector was about US$4.04
billion (8.36%) (Figure 9). Overall, the general expenditure on water
infrastructure in South Africa was higher than previously thought,
with an average of US$2.42 billion/annum (standard deviation (SD)
= ±0.999). Most was paid by South Africans through domestically
sourced investments: (a) an average of US$2.24 billion/annum (SD =
±0.463) expenditure was financed by South African taxpayers and
water users and (b) a further US$0.179 billion/annum (SD = ±0.085)
came from external private sources. Also, the analysis showed that
about US$2.75 billion/annum is available based on the current
6
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financial arrangements, leaving a finance gap of US$2.83 billion/
annum in the water infrastructure value chain – that is, about 50% of
the requirements (Figure 10). These investment estimates exclude the
requirements for climate resilience and mitigation for the water
infrastructure value chain for the period 2019/2020–2039/2040,
which amount to US$12.1 billion for water security and availability.

PPP investment models in the water infrastructure value
chain: case studies
The public sector can choose to be efficient and play the role of a
regulator or to be inefficient by sticking to traditional practices
(Bender and Gibson, 2010; Moleke, 2000; Seppala et al., 2001). The
results indicate that the water infrastructure value chain sector in
South Africa has implemented a few DBFO and/or DBO water
infrastructure projects in full (cf. Table 2; Figures 1–3). With the
backing of the state guarantee or government balance sheet, funds
were raised from the capital markets. However, once the water
infrastructure is completed, it is handed over to the Department of
Water and Sanitation (DWS) or the municipality, which would then
operate and maintain the infrastructure, collect revenue to pay
transaction costs and operations and service the debts. These are
ineffective models that put a huge burden on the water users or
taxpayers, because the costs of overheads and transaction costs
incurred must be carried by water users or taxpayers in cases where
revenues are insufficient. PPPs must create incentives for operational
efficiency and cost optimisation; instead, it encourages the institution
to focus on chasing more debts to boost their revenue base.

South Africa has taken important and necessary steps, and
public–private initiatives have been used for the implementation of
specifically mega water resource infrastructure development projects
(Table 2; Figures 2 and 3). Through the PPP institutional framework,
Investments (funding and financing), implementation and management of water infrastructure projects
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Figure 4. Investments (funding and financing), development and management of water infrastructure projects for South Africa.
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accounted for and contributed in part to the mixed experiences. This
would also help convince the public that private involvement or other
forms of non-traditional funding or delivery are appropriate.

The results confirmed the distinct benefits for using PPPs as
investment models in the water infrastructure value chain – that
is, cost optimisation, risk sharing between the public and private
10
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sectors, transfer of scarce skills and knowledge, capital,
innovation and creativity, development and maintenance (cf.
Table 2; Figures 1 and 5). To achieve these benefits, PPP
agreements/contracts should be properly structured and regulated.
Due to the complex nature of some PPPs, stronger regulatory
mechanisms or frameworks are crucial to ensure efficient
performance of PPPs as investment models. However, short-term
management contracts as alternative investment models are
common in South Africa as a first step before a concession.

Conclusion
PPPs as investment models were employed in the water
infrastructure value chain of South Africa. Thus, to facilitate and/
or enhance water infrastructure development and management for
socio-economic growth, the country has developed a PPP
institutional framework or structure for the implementation of
water infrastructure projects. The choice of the appropriate PPP as
the investment model is informed by the project type (water
infrastructure component), duration of the contract, type of
contractual arrangements, investment requirements, risk sharing or
transfer, institutional model for risk mitigation and long-term
implications of such decisions. The key categories, characteristics
and/or parameters informed the PPP framework arrangements for
well-structured and regulated PPPs, which can lead to increased
efficiency in project delivery, operation and maintenance, access
to advanced technology, innovative approaches, availability of
additional investments and/or finances and human resources to
meet the growing infrastructure investment needs in the South
African water infrastructure value chain.
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Figure 5. ‘Balance sheet off-loading or leverage’ existing water infrastructure assets for the ‘free-up’ of investments for new water
infrastructure (after Ackermann, 2015). AfDB, African development Bank; DBSA, Development Bank of Southern Africa; EIB, European
Investment Bank; MFIs, multilateral financial institutions; SPV, special-purpose vehicle
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Figure 6. Categories of water infrastructure investment models
for financial sustainability for water development in South Africa.
MDB, multilateral development bank; MTEF, Medium Term
Expenditure Framework
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The research results, as demonstrated by the case studies, showed
that South Africa has the ability to use PPPs as investment models
to ensure delivery of water infrastructure projects and the
sustainability of its water infrastructure value chain. Therefore,
 [ University of Pretoria] on [23/11/22]. Copyright © ICE Publishing, all rights r
South Africa has recognised that new investment models – that is,
PPPs – are required to close the water infrastructure delivery gap –

that is, (a) long-term growth and water infrastructure renewal, (b)
determination of project priorities and (c) utilisation of the expertise
Project finance and management ecosystem for the water infrastructure value chain

Implementation

Construction ecosystem
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Figure 7. Funding of different types and categories of water infrastructure. CBOs, community-based organisations; DORA, Division of
Revenue Act; MTEF, Medium Term Expenditure Framework; NGOs, non-governmental organisations; PSP, professional service provider;
SOE, state-owned enterprise
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Figure 8. Financing options and the closing of the financial gap associated with the investment in the implementation of water
infrastructure (cf. Head, 2006; KPMG, 2015; OECD, 2014)
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in the public and private sectors to manage the implementation of
water infrastructure projects. With overwhelming demand for the
provision of water infrastructure assets to be accelerated,
implementation of any of PPPs as investment models will provide
the leverage for private sector investment in economic infrastructure
assets and allow the public sector to recycle its capital for socio-
12
ed by [ University of Pretoria] on [23/11/22]. Copyright © ICE Publishing, all ri
economic needs and development while at the same time
addressing demand risk.
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