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Abstract The funding gap of public infrastructure net-
works (roads, railways, ports, electricity, and energy lines)
can be solved partly by introducing private capital for
investments, i.e., public-private partnerships (PPP). This
paper introduces an integrated model of a PPP project and
investigates its implications on PPP policies and strategies
regarding appropriate project appraisal and selection. The
model has different resolution levels, namely, project level,
business ecosystem level, and market and societal levels.
The integrated model suggests that investing in merely
financially viable projects is insufficient to realize
economically and socially sustainable and acceptable
projects.

Keywords public-private partnerships (PPP), project
appraisal and selection, integrated model, socially sustain-
able

1 Introduction

1.1 Need and forms of PPPs

Public infrastructure supplies the conditions and services
that enable modern society to function properly and create
value for its citizens and organizations. The construction,
maintenance, and final dismantling after the end of service
life of roads, railways, ports, telecommunications net-

works, water, and energy supply all require significant
amounts of funding. The World Economic Forum (2013)
has estimated that the annual global infrastructure funding
deficit will increase by at least 1.0 trillion USD,
accumulating annually. This funding gap has been
acknowledged critically in previous studies, such as in
Munnell (1990), which discussed infrastructure budgeting
in the United States in the late 1980s.
The funding gap of public infrastructure networks

(roads, railways, ports, electricity, and energy lines) can
partly be solved by introducing private capital for
investments. Public-private partnerships (PPP) and project
financing methods have been utilized in industrialized as
well as in developing economies. The former suffers more
from the challenge of aging infrastructure that calls for
more upgrade and replacement investments and the latter
from an abject lack of required funds. A PPP is a project
asset that is financed by private investors and operated by
private operators according to a long-term concession
agreed with a public client. A good introduction to PPPs is
provided by the World Bank (2014).
This paper draws from several paradigms. One line of

thinking that involves PPP is referred to asset restructuring,
i.e., outsourcing, commercialization, and privatization of
infrastructure. For example, the World Bank, EIB, and
OECD and other international institutions have studied the
issue extensively (e.g., Heggie and Vickers, 1998 on road
sector; Thompson et al., 2001 on railways). In some cases,
critical assets have been restructured in lumps, such as the
UK’s railway infrastructure as a part of larger asset
restructuring package (Nash, 1993; Welsby and Nichols,
1999). In other cases, assets have been restructured on a
project-by-project basis. The latter is closest to PPP and
project finance (Välilä, 2005; Blanc-Brude et al., 2006;
Leviäkangas, 2007) where the private investors or their
affiliates assume financing, building, and operating the
infrastructure. The other paradigm that is related to PPPs is
new institutional economics (e.g., Coase, 1984; Menard
and Shirley, 2005) which studies organizational arrange-
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ments within the framework in which asset restructurings
can be carried out.
The terminology throughout this paper is consistent

regarding the terms “financing” and “funding.” The PPPs
are not funded by governments but financed by the private
sector investors. The funding gap is filled by private
finance. Hence, financing entails interest and return,
whereas funding is merely something that is handed out
free of charge. However, the terms are interchangeable in
everyday language in practice.
Each PPP arrangement provides stakeholders with a

deeper consideration of the different fragments in tradi-
tional procurement processes. It also offers a strong
integration of project procurement structures such that
public institutions can share and/or transfer risks to the
private sector, involving the private sector as equal partners
but with a clear advantage in triggering innovation and co-
creation.
Through a PPP arrangement, public institutions also

retain the absolute power to control ownership of assets
and optimize quality of service delivery whether during or
after the concession period. Liu et al. (2015) identified
specific critical success factors around these. Unlike in
tradition procurement processes, the authors found that
PPP projects require some comprehensive objective pre-
project assessment such that investors can manage risks,
optimize value for money, and plan project feasibility
effectively right from the initial planning stage. They also
found that PPP projects require some sound procurement
practices, and projects must operate under an appropriate
governance structure, with standardized and transparent
bidding and a thorough negotiation process.
Some general guidelines on how to implement PPPs are

available. For instance, the Asian Development Bank
(undated), the United Nations (United Nations, 2008;
UNESCAP, 2011), and the World Bank (2014) have issued
guidelines. However, these guidelines are generic and do
not necessarily work on individual project level. Technical,
simple-to-use, and hands-on tools are still needed.
A set of standards is being prepared by the United

Nations Economic Committee for Europe. The standards
emphasize sustainable development goals of the United
Nations (UNECE, 2016). For example, the draft standards
for railway PPPs focus on political acceptability, proces-
sing of capital investment programs, and ensuring the
viability of processes (Beckitt, 2016).

1.2 PPP experience

In Australia, infrastructure is one of the largest national
asset classes. It accounts for just under a quarter of
Australia’s GDP annually. A key success factor is that
government provides only a portion of the nation’s
infrastructure assets. All levels of government in Australia
rely on partnerships with the private sector to procure

critical infrastructure projects. Thus, the government can
focus on valuable governance by providing strategic
leadership that enables robust investment climate and by
triggering faith and growth in every sector of the economy.
A single most significant attribute of PPP is that it often
succeeds with minimal or no initial cost to taxpayers. In
Australia, instances have been observed where government
has incentivized private participation even further by
providing enablers such as assurances regarding cost
recovery (e.g., user fees) and subsidies (Regan et al.,
2011). Swan (2008) cited a deposit guarantee system
provided by the Australian government during economic
downturns.
PPPs ensure critical assets are procured effectively,

timely, within budget, and at a reduced cost of procurement
(Regan, 2008). In addition, another clear advantage of
PPPs is that assets are run efficiently toward a maximum
viability level for a substantial period. Empirical evidence
elicited by Regan et al. (2011) regarding procurement
outcomes of infrastructure projects between 1999 and 2006
suggests 79% of PPP projects in Australia were finished
within budget, 82% on time, and to a user benefit
satisfaction of 74% compared with 25% completions on
budget, 34% completions on schedule, and 27% user
benefit satisfaction in projects procured through traditional
processes.
In China, infrastructure remains in short supply. The

infrastructure demand is large, but the total amount of
funds used by the governments is insufficient (Ke et al.,
2011). PPPs can relieve the fiscal pressure and provide
better financing channels for local government infrastruc-
ture construction. The second phase of Wuhan’s East Lake
G Greenway is a typical PPP project. The project’s total
investment is 545 million dollars from three agencies, and
the PPP model applied is finance–build–operate–transfer
(see next section for the definition of PPP models). The
agencies (social capital investment units) and the project
company are responsible for the project investment and
financing, construction, operation, and maintenance. After
a concession period of 11 years, the road asset will be
transferred to the government for free.
PPP projects are already mainstream procurements in

China. China PPP Center (2017) disclosed that the total
number of PPP projects in China was 14220, with a total
investment of 2.77 trillion CNY by September 2017. On
the other hand, some local governments in China still face
financing constraints. The government also takes more
risks owing to the mismatch between the power and
responsibility of the private sector and the government. For
example, the project is in the name of PPP but is
implemented as build-transfer (BT) mode, causing the
government ultimately to take full risk of the whole
operation and maintenance period (Xu et al., 2014). Many
non-standard practices and challenges have been observed
in the implementation of PPPs, such as lack of collabora-
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tion and performance assessment (Qi et al., 2009). All
these problems have resulted in several extrusion effects,
influencing the progress of PPPs in China.
Some evidence points out that PPPs have been quite

unsuccessful in countries with lesser institutional maturity
and stability (Witz et al., 2015). In countries where PPPs
already have a long tradition, the view to PPPs is
sometimes critical. For example, a UK House of Commons
Treasury Committee report (2011) states: “Significantly
higher cost of finance can be offset sufficiently because the
evidence of savings and benefits in other areas of PFI1)

[i.e., PPP] projects cannot be seen clearly.” Cruz and
Marques (2011) published their assessment on Portuguese
PPP projects that caused the public economy facing a
massive financial burden.
On the other hand, PPPs also have positive effects on

infrastructure delivery. References or empirical evidence
are not needed to realize that the deployment of private
capital can contribute to development of infrastructure,
especially in cases where the public budgets are severely
constrained. In Finland, PPP projects are considered
successful (Finnish Transport Agency, 2013; Leviäkangas
et al., 2013). The Arlandabanan project, the train link
between the airport and center of Stockholm, was
conducted and operated smoothly (Nilsson et al., 2008)
despite changes in the ownership and governing structures.
Before the term PPP came into existence, many Norwegian
toll roads were built and have been operating for decades
(Leviäkangas, 1996; Odeck, 2008). Although the Norwe-
gian toll roads should perhaps not be simply regarded as
PPPs because the local authorities are often the sole
shareholders of the toll companies, they are nonetheless
public investments utilizing private capital, with major
banks being the debt investors.

1.3 Motivation and aims of this study

The evidences and experiences are to some extent
contradictory, and despite a clear “market push” for
PPPs, the need for balanced, transparent, and objective
approaches is apparent. The need is weighed by the fact
that in countries with institutional maturity and good
governance, the experiences have been generally more
positive (e.g., Finland and Australia) because the logical
assumption is PPPs have been treated more objectively and
transparently in these cases.
Whatever the national or institutional context is,

replacing public funding with private capital finance does
not change the project’s socio-economic viability
(although it changes the financial viability). However,
bringing in the private investors requires understanding
how the costs and benefits must be distributed between
ecosystem actors. Otherwise, justifying the project to all
stakeholders may be difficult. Therefore, the socio-

economic and financial “statement” of the project must
be extensive enough for the sake of the project to become
acceptable for the public, investors, contractors, adminis-
trators, and for different market and societal stakeholders
(Leviäkangas et al., 2016a). Models that can capture the
rationale of the value co-creation in a PPP project
ecosystem are needed to de-politicize and neutralize
ideological loadings which are often present in PPP
projects.
The aim is to provide an integrated model of a PPP

project and investigate the model’s implications on PPP
policies and strategies regarding appropriate project
appraisal and selection. The model integration is done
step-by-step on different resolution levels of analysis: 1)
PPP project level, 2) PPP business ecosystem level, and 3)
market and societal levels. The integrated model is valid
provided the partial models used for its construct are valid,
and logical congruence exists between different models.
The proposed model is novel, and the structure proposed

needs empirical validation.

2 Key concepts

2.1 PPPs

PPP has no universally accepted standard or definition.
Several arrangements between the public and private
sector fall under the umbrella of PPP. Typically, PPPs are
long-term contracts between a private party or consortium
and a public (local or national) body to supply a public
asset or service through utilization of private funds. In
many cases, both the physical asset and the service are
bundled. In typical PPPs, the private party or parties bear
considerable share in risks and management responsibility
(World Bank, 2014).
PPPs must be distinguished from privatization. Privati-

zation means transferring public assets to private investors/
owners. If the legal status of the public asset is changed
into a limited liability company or some other form of
vehicle, in which the owners’ liabilities are defined in a
different manner and the operating logic of becomes more
commercially oriented, the correct term is “corporatiza-
tion.” Corporatization is not synonymous to privatization if
the asset is still held by the government (e.g., a state-owned
company).
PPPs should not be privatization or transformations

(corporatizations). For projects that private investors can
invest in, the private investment is used to create the
opportunity to gain a return on profits. In these projects, the
cash flow logic can vary substantially. Moreover, the
cooperation between the public and the private sector can
range from technology procurement to joint shareholding
in assets. PPPs can fill the space between traditionally

1) Private finance initiative: A way of creating PPPs by funding public infrastructure projects with private capital; a term used especially in the UK.

Pekka Leviäkangas et al. Sustainable PPP: Balancing the multi-actor ecosystem and societal requirements 349



procured public projects and full privatization (Grimsey
and Lewis, 2005).
One of the most commonly used structures for PPPs is a

project company. A project company is established to
finance, build, and operate the asset. Private investors build
the company by investing necessary equity and debt capital
so that the project company has the resources to run.
Construction and operation can be separated into two
different project companies. Project companies are often
called special-purpose vehicles (SPV), which describe the
dedicated nature of the company, that is, it is built for one
purpose only. However, SPVs are generic entities because
they describe any type of arrangement (including project
companies) with a single purpose. For example, an SPV
can be created to avoid taxes or to stock risky finance.
PPPs do not simply emerge as project companies

because of eager investors; they must be procured, at
least when the context is publicly owned infrastructure.
Infrastructure procurement by PPP has its nuances. How
the peculiarity of each nuance is understood is important to
how project success is driven. In a build, operate, and
transfer (BOT) arrangement (Tiong and Yeo, 1993;
Leviäkangas, 2007), the public sector provides land,
designs, and performance specifications, whereas private
investors build the assets, operate, and transfer operation
back to the public after a stipulated period (mostly after 25
years). BOT operators do not own the assets because such
projects are financed by government institutions. Build,
own, operate, and transfer (BOOT) requires private
investors to build, own, operate, and transfer assets back
to the public after a stipulated period. A variant of this is
ROOT, in which case “rehabilitate” replaces “build,” and
the arrangement works only for an existing facility. BT
arrangement means private investors neither own nor
operate assets, e.g., classified security assets. Build, own,
and operate (BOO) arrangement means private investors
can own and operate assets in perpetuity. Similar to ROOT,
a variant of BOO is ROO in which cause private investors
can rehabilitate, own, and operate assets in perpetuity. In
addition, the private sector provides design and finance
services to these various forms of PPP arrangements. For
example, design and finance could be added to BOT to
form DFBOT, to BOOT/ROOT to form DFBOOT/
DFROOT, or to BT and BOO to form DFBT and
DFBOO, respectively.

2.2 Business ecosystems

Businesses are gradually offering specific products or
services in a wider network composed of related
businesses. A business ecosystem is a network of
interrelated companies (such as pincers and distributors)
that interact with each other, mainly to complement or
provide value claims or benefits for customers in their
products or services (Financial Times, 2017).

The principles of business ecosystems assume that
companies seek proactive responses to increased compe-
titive pressure through a mutually beneficial relationship
between the customer and the supplier (Iansiti and Levien,
2004a; 2004b). The flow of knowledge and the sharing of
value creation bring actors to the business ecosystem. PPPs
may be viewed as business ecosystems. In a PPP context,
the business ecosystem must include regulators, investors,
partners up- and downstream the supply chain, and
stakeholders subjected to PPP projects’ effects (including
externalities) (Leviäkangas et al., 2016). A description of
the ecosystem for an infrastructure asset is shown in Fig. 1.
The asset may be a network, a part of the network, or a
node.
The common basis of PPP project ecosystem is

participants’ common goals, and participants need to
understand their role in ecosystem. The ecosystem of a
project company plays a role in the project life cycle,
including execution and operation. This is not very different
from the ideology of the common platform or the common
market, where the participants in the ecosystem can work
together to achieve common goals. The ecosystems of
infrastructure PPPs involve many different markets and
stakeholders (Leviäkangas et al., 2015).

2.3 Infrastructure market layers

Infrastructure serves several market layers, and multiple
types of organizations are involved as market actors
(Leviäkangas et al., 2011; Leviäkangas et al., 2015). For
instance, electricity networks can have multiple electricity
producers, they have multiple clients in the corporate and
consumer segments, and they may compete with other
networks for the transfer of electricity. The networks may
be public, semi-public (e.g., municipality- or city-owned
companies), or private firms. Entities with different legal
forms may have different business logic, and they may be
treated differently in terms of regulation, taxation, and so
on. The market layer idea is essential in the modeling
process toward the integrated model and will be shown in
Section 3 (Table 2).
Infrastructure projects have far-reaching and wide-

ranging economic, social, and environmental effects.
These effects, when not priced by the markets, are
considered as externalities. Infrastructure PPPs result in
these externalities that significantly affect the projects’
acceptability and profitability. Hence, the appraisal of the
projects cannot be limited to investor logic but must be a
holistic appraisal of the effects covering all necessary
stakeholders. Stakeholders could include non-human
entities, such as flora and fauna. The more extensive the
project context is, namely, size, volume, foreseeable
effects, and so on, the more holistic the appraisal
framework must be, and the greater the weight which
must be given to externalities.
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3 PPP model construct

3.1 PPP as a project and as an ecosystem

Figure 2 illustrates the model of a generic PPP project.
Investors invest either debt or equity in the project
company. The project company orders the asset construc-
tion works from contractors and suppliers. The financing
from investors must be able to support this upfront
investment. The public-sector client, the State (or equally

so a local government), plays a role through collecting
taxes and possibly assigning subventions to the project
company. The users use the asset and might pay for that
use; the users also enjoy the benefits from the asset that
serves their needs. The exact nature of subventions and
user payments depends on the formulation and content of
the concession contract.
The project model cash flows can be allocated in an

ecosystem matrix that can be applied to virtually any type
of infrastructure PPP. The business ecosystem model

Fig. 2 Single-project company model

Fig. 1 Infrastructure asset ecosystem
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simply distinguishes the actors or stakeholders and
allocates the financial or economic “transactions” between
actors (for each “debit,” a “credit” exists). The matrix
shows that summing up each stakeholder’s net financial/
economic position is straightforward, column by column,
provided that the valuation and operationalization of the
items are successful.
The non-cash benefits and external costs generated by

the project are monetized using standard cost–benefit
analysis (CBA). However, the challenge is that a standard
does not exist.
What is typical for many PPP projects is the direct

collection of revenues from the users of the provided
services, often supplemented by subsidies of some nature
from the public sector.

3.2 Market model and integrated model

The market context for infrastructure PPPs is modeled as
“layers” that approximate the value chain from institutional
planning of the infrastructure to execution and operation of
the project asset (Leviäkangas et al., 2015).
� Regulations and standards guide and limit any

infrastructure design and how the envisaged project is (or
should be) processed when progressing toward implemen-
tation and realization.
� The capital market offers the financing resources for

the infrastructure. If the design is processed without major
problems, necessary decisions and commitments are made
on political and administrative levels, and the project
enterprise can raise enough capital from the investors, the

Table 1 PPP project ecosystem economy matrix

PPP project ecosystem cash and economic flow statement

Debt
investors

Equity investors
Project
company

Users State Contractors and suppliers Notes and explanations

Equity investment Equity capital
Equity investors invest in the

project company

Debt investment
and return

Debt capital and
interest on debt

Debt investors invest in the
project company; the company

pays the interest on debt

Construction and
operating cost

Revenues from
construction and
operating services

Project company constructs
the facility and pays the con-

tractors and suppliers

Revenues from users
and subsidies from the

state

Payments for
services

Subsidies to the
project

Project company receives
revenues from the state or

from the users

Taxes paid Taxes collected
Corporate taxes after

expenses, depreciation, and
interest

Benefits received by users plus the
external benefits (and costs)

State takes benefits of users
and third parties into account,
that is, the external benefits

and external costs

∑ ∑ ∑ ∑ ∑ ∑

Note: The surplus cash flow available for share and debt holders, paid by the project company; payments to suppliers and contractors; benefits and costs for users and
public-sector client (society).
Market value of the project equals free cash flow available for investors of debt and equity.

Table 2 Layered markets and market contexts of an infrastructure PPP

Market “layers” Functions

End-user market
(commodity market)

Consumption and use of produce (goods and services)

Infrastructure user
market

Use of infrastructure; services ON the infrastructure
(e.g., logistics services, public transport, smart mobility services, and so on)

Infrastructure services and infrastructure supply Management and operation of infrastructure; services FOR the infrastructure
(e.g., design, maintenance, and so on); construction

Capital market Supply of capital

Regulatory and
administrative system; the society

Administrative processes, project appraisal, policies, and public and global interests
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process takes steps to engineering design, procurement,
and actual commencement of the project.
� Once completed, the project asset starts to serve

consumer, industries, and service providers that operate the
infrastructure or provide services on the infrastructure,
such as transport and logistics operators.
The market, project, and ecosystem models are

integrated into a single framework to form an integrated
model. This model combines conceptual structure and
model analysis and description. It distinguishes the
transactional processes between the ecosystem actors and
the value-adding processes of functions or market layers.
In the integrated model, the upper level includes flows

can be regarded as market transactions. It is capital supply
and transaction between contractors and suppliers, as well
as SPV. However, the lower level flows include the value-
adding dynamics between different market layers, where
the infrastructure investments play a key role. The
infrastructure provides an investment object for the capital
market and the business context for contractors, suppliers,
and service providers that use the infrastructure as their
platform. For the entire system to be value adding and
efficient in a wider financial, economic, and social sense,
the dynamics between the layers must be understood. For
example, the state must simultaneously consider multiple
issues, such as the need for subventions and how the key
elements of socio-economic benefits and externalities are
distributed among community, economy, and society.
(Table 3)
The model’s resolution can be tailored according to the

needs at hand. The ecosystem financial and economic
statement (Leviäkangas et al., 2016a) can be “fit in” to this
integrated model to analyze and assess PPPs. Contractor
and supplier actors in the infrastructure supply and services
layer can be divided into as many sub-actors and-layers as
necessary or feasible. The resolution needs depend on the
situation, project maturity, and information needs of the
decision maker/assessor.

4 Discussion

PPPs must be understood in a wider sense beyond

investment objects. The success of any major investment
project is not only dictated by the “cash flow” economy but
also by a more holistic view of the economy. Saying that
systemic project appraisal is overwhelmingly difficult is
not correct because it is not. The challenge is to understand
the value creation system of infrastructure projects,
including PPP projects, and to make the effort to
transparently perform the ecosystem’s cost and benefit
calculus that covers the relevant stakeholders.
The integrated model suggests that investing in merely

financially viable projects (from the viewpoint of the
investors) is not sufficient to realize economically and
socially sustainable and acceptable projects. The challenge
is thrown at both sides: The investors and the capital
market on one hand and the governments and public-sector
officials on the other. If either side does not capture the full
picture, a fruitful consensus cannot be built for a truly
sustainable PPP project. All benefits and costs, including
the non-monetary ones, should be spread over the table to
form a picture of the total effects for each stakeholder. Only
then are the negotiations and assessments done on a fair
and transparent basis. The proposed model is a tool for
information exchange for such types of negotiations.
However, the model also needs to be validated and tested
empirically to confirm that it works in the chosen context.
This limitation is dependent on the success of the PPP
project and the skills of experts who will have to consider
the project (e.g., public administrators, private financiers,
or political decision-makers).
The more practical challenge comes with the fact that the

full picture requires some quantification (or at least very
good qualitative assessment) of externalities, such as
effects on environment, quality of life within the vicinity of
the project, and so on, which may be difficult to assess. In
the current framework hierarchy of human needs, these
effects are receiving an increased emphasis and attention.
Investors may have to step away from the role of an
“accountant” and step into the shoes of an “environmen-
talist” and “social worker,” and the same widening of
perspective applies to authorities and decision makers
responsible for infrastructure development projects. CBA
must also be improved to include elements that facilitate
more holistic project appraisal.

Table 3 Integrated PPP model

Ecosystem actors

Society
“Fiscal”

government
Debt inves-

tors
Equity
investors

Project
company

Contractors
and

suppliers

Operators
and

producers

Private
users

Consumers of
produce,
industries

< = = Transactional flows between actors = =>

Value-adding flow in the economy = =>

Regulatory system, policy Capital market
PPP

market
Infrastructure

supply and services
Infrastructure users

End-user
market

Market layers and functions1
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5 Conclusions

In conclusion, both empirical and theoretical evidence
show that PPPs can be well designed or poorly designed.
The literature and empirical experience from Australia,
China, and Finland attest that in most cases, PPPs succeed
to deliver timely, in-budget, and good-quality outcomes.
However, the theoretical model, which we call the
integrated model, shows how the entire business ecosys-
tem must be served alongside wider socio-economic
ecosystem, which we call the infrastructure asset ecosys-
tem (Fig. 1). Only a holistic stakeholder perspective

involving technical, social, and financial aspects will
ensure that PPPs are truly “good” projects in the eyes of the
public, for the investors, and for the administrating bodies
responsible for the public good. The model we propose can
capture these viewpoints, can be tailored to different kinds
of infrastructure PPPs, and is context-independent.
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