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Abstract

Based on a stochastic frontier analysis, a new approach has been proposed to measure the performance of PPP investments in Ports and Electricity sectors in shifting the efficient production frontier, as well as the role of PPPs in the Electricity sector as determinants of inefficiency. To do this, the determinants of PPPs were first identified and the CPIA criteria used as a proxy for these determinants. For each of the two sectors, Granger non-causality tests between those CPIA criteria and output on the one hand, and the criteria and the sectoral PPP capital stock on the other, were carried out. From a stochastic frontier analysis using the Cobb-Douglas function, our results showed a positive and significant contribution of sector PPPs in shifting the efficient frontier. However, the contribution of PPPs in the ports sector (3%) is greater than in the electricity sector (1%). In the Electricity sector, PPPs and the Financial Sector criteria (c.5) contributed to improving access to electricity, while the Quality of Budget and Financial Management criteria (c.13) did not. In the port sector, Debt Policy (c.3) and Quality of Public Administration (c.15) helped improve container traffic levels, unlike Monetary Policy (c.1).
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1. Introduction
The low level of both public and private investment in Africa, particularly in sub-Saharan Africa, is a major constraint to economic growth, as has been pointed out by several studies carried out by multilateral institutions (World Bank, 2011; OCDE, 2014; FMI,2014). Africa's infrastructure needs are enormous. The latest estimates by Foster and Briceño-Garmendia (2010) put the figure at 93.3 billion US dollars a year. Faced with such a need for infrastructure, Sub-Saharan African countries have considerably increased their public investment. Indeed, in 2018, the Infrastructure Consortium for Africa (ICA) report on infrastructure financing trends revealed that funding reached a new record of US$100.8 billion. A 24% increase on 2017 and a 38% increase on the 2015-2017 average. This record increase could not have been achieved without the contribution of the private sector through its investments. To this end, the SSA states have taken several initiatives to facilitate the private sector's participation in infrastructure investments. These include initiatives to improve the business climate. For example, in June 2012, the Conference of Heads of State and Government of the West African Economic and Monetary Union (UEMOA) called on member states and institutions to adopt a PPP-oriented mode of governance. Several African states have adopted new PPP laws and set up PPP Units. Regional and continental Institutions have adopted PPP strategic frameworks (BOAD, AfDB). According to the World Bank (2018, 2019), for the majority of African states, there has been an increase in reforms aimed at facilitating the business climate in order to attract more investment. In 2020, these efforts led to a sharp rise in private sector investment. Private sector commitments reached 19 billion US dollars in 2020 (ICA,2020). 
Despite this rise in investment, especially in the private sector, which reached a record high in 2020, it should be noted that Africa has seen a drop in commitments over the last three years, marked by limited funding from China combined with the effects of the COVID-19 pandemic. This context does not help the already high financing gap. Indeed, infrastructure needs have been estimated at between $130 billion and $170 billion a year (African Economic Outlouk, 2018). Faced with growing infrastructure needs and an unfavourable context, the question of investment efficiency is added.
According to Foster and Briceño-Garmendia (2010), of the US$93.3 billion annual need for infrastructure spending, up to US$17 billion could be found simply by using existing resources more efficiently. Questioning the efficiency of investments involves, among other things, defining the output measurement indicator and the determinants of this efficiency.
To get a better idea of the effectiveness of infrastructure investments, we first need to look at investment trends by sector. Investments are generally divided between social and economic infrastructure. In our paper, we are more interested in economic infrastructure. Investments in economic infrastructure are divided into four main sectors: ICT, Transport, Water and Energy. Although the trend analysis will focus on the four main sectors, the paper will place greater emphasis on the Energy sector, in particular the electricity sub-sector, and the Transport sector, in particular ports. These two sub-sectors were chosen due to the availability of information on their PPP projects compared to the other two sectors.
Traditionally, public investment studies on Africa have focused more on the relationship between public investment and economic growth (Murray and Lauer, 2000; Herrera and Pang, 2005; Gupta et al.; 2007). When it comes to sectoral studies, these focus more on public investment (Maatala et al. 2019; Tongzon et al. 2005; Wanke and Barros, 2015; Albouchi et al., 2007) and the issue of sectoral PPP investment is very rarely addressed in the literature. Also, these studies on public investment in Africa have largely been carried out on a national rather than continental scale (Miningou, 2012; Diagne et al. 2014; Naoussi et al. 2019). Finally, the question of the determinants of public investment efficiency is rarely addressed in the literature (Barhoumi et al. 2018). When it is addressed, the determinants generally used are institutional and governance factors (Grigoli and Mills, 2013; Soumaila, 2017 and Albino-War and al. 2014). 
In the face of this literature gap, our paper looks at: i) the effectiveness of PPP infrastructure investments in the electricity and ports sub-sectors in SSA, ii) the determinants of PPP investments measured by the CPIA criteria and iii) the determinants of ineffectiveness of sector investments (Electricity and Ports) captured by the CPIA criteria. In other words, it would be interesting to measure the determinants of PPP investments differently, notably through the CPIA criteria, and to use these CPIA criteria as determinants of the efficiency of electricity investments. 
In summary, this paper aims to measure the efficiency of ports and electricity PPP investments respectively on container traffic and coverage rate by comparing the production frontiers with and without PPP investments. More importantly, for the electricity sub-sector, the effect of PPP investments will be analyzed alongside the different AfDB CPIA criteria used as proxies for the determinants of PPP investments. Thus, for the electricity sub-sector, we will test two hypotheses. The first is whether PPP investments combined with the CPIA criteria shift the production frontiers of SSA countries. Secondly, we will investigate the role of PPP investments together with CPIA criteria on the inefficiency of public investments. For the Ports sub-sector, the first hypothesis is to measure the effect of PPP investments (without combining CPIA criteria) on efficient production frontiers. Secondly, we will analyze the effect of CPIA criteria as determinants of inefficiency. For the Electricity sub-sector, the paper covers 34 SSA countries; that of Ports covers 18 countries. The analysis period for both sub-sectors is from 2000 to 2019.
Our modelling strategy was as follows: first, we estimated the PPP capital stock for each sub-sector (Ports and Electricity) on the basis of PPP investments taken from the World Bank's PPI database, in line with the PPP knowledge Lab's definition of a PPP. The perpetual inventory method was used to calculate PPP capital stocks for each sub-sector. The initial capital stock was assumed to be zero prior to the first PPP investment in a given sector. The rate of depreciation is based on the country's income level, as estimated by the World Bank.
Once the sectoral PPP capital stocks had been estimated, the determinants of PPP investments were captured by the CPIA criteria. The CPIA criteria selected depend on their Granger non-causality test with both sub-sectors output and PPP capital stocks. Next, we analyzed the effect of each sectoral PPP capital stock on the displacement of its efficient production frontier. The analysis was carried out using a Cobb-Douglas production function with the public capital stock, the non-PPP private capital stock and the sectoral PPP capital stock (combined with CPIA for the Electricity sub-sector and without CPIA combination, for the Ports sub-sector), used as inputs. The residuals are defined as the sum of the idiosyncratic error term and an additional term measuring the shortfall (technical inefficiency) in relation to the maximum output used. Next, we compared the frontiers obtained with and without the sectoral PPP capital stock.
We then analyzed the effect of CPIA criteria as determinants of inefficiency on the level of production measured by the various sectoral outputs. Indeed, for the Electricity sub-sector, we explore the relative importance of the sectoral PPP capital stock alongside CPIA criteria considered as exogenous variables in reducing or increasing technical inefficiency. For the Ports sub-sector, only the effect of CPIA criteria on the variation in technical inefficiency is analyzed.
The results obtained made it possible to identify the various CPIA criteria that could be used as proxies for the determinants of PPP investments. For the electricity sub-sector, two CPIA criteria: Financial Sector (c.5) and Quality of Budgetary and Financial Management (c.13), both of which have a Granger non-causal relationship, with both sector outputs and sector PPP capital stocks. Furthermore, despite the positive and significant contribution of PPP investments to access to electricity, the boundaries remain more or less the same without or with PPP investments. When electricity PPP investments are used as determinant of inefficiency, we note their contribution to reducing inefficiency, as does the CPIA Financial Sector criterion (c.5). However, the Budget and Financial Quality criterion (c.13) does not contribute to improving access to electricity. 
For the Ports sub-sector, three CPIA criteria were selected: Monetary Policy (c.1), Debt Policy (c.3) and Quality of Public Administration (c.15), all of which have a Granger non-causal relationship with the sector's output and PPP investments. The results showed a significant and positive contribution of PPP investments to container traffic. In addition, Ports PPP investments improved the efficient production frontier by an average of around 3% compared to the situation without PPP investments. Used as determinants of inefficiency, the Debt Policy (c.3) and Quality of Public Administration (c.15) criteria contribute to improving the level of container traffic, while the Monetary Policy (c.1) criteria contributes negatively to container traffic.
The rest of the paper is organized as follows: section 2 presents PPPs, the determinants of PPPs captured by CPIA and trends in infrastructure investment in Africa over the period studied. Section 3 presents the literature review. Section 4 contains the stochastic frontier analysis with a presentation of the data, methodology and results. Finally, section 5 concludes the paper. 
2. PPPs and infrastructure investment trends
In this document, public infrastructure is defined as physical facilities in the following sectors: transport (highways, roads, airports, ports), information technology, water supply, electricity, waste treatment facilities, which are supposed to provide services that form part of residents' consumption basket and increase capital and labour as inputs in the production process (Ayogu, 2007). There is no standard approach to measuring infrastructure investment. However, there seems to be a consensus that the best approximation would be government GFCF data provided by the IMF to which is added data on private sector participation in infrastructure financing provided by the World Bank (ADB, 2017; Fay et al. 2019). In general, public infrastructure is financed by public investment and/or by the private sector through PPP investments. In the following sections, we will introduce the fundamental principles of a PPP before presenting trends in sectoral infrastructure investments in SSA.
2.1 Fundamental principles of Public-Private Partnerships
Before looking at infrastructure investment in Africa over the last twenty years, it is important to outline some of the basic principles of a vehicle that is increasingly being used to finance infrastructure: Public-Private Partnerships (PPPs). 
Definition of a PPP
According to the World Bank, there is no international consensus on the definition of a "Public-Private Partnership". The World Bank's Reference Guide (2016) takes a broad view and defines PPPs as: arrangements, usually medium to long-term, between the public and private sectors whereby certain services that are the responsibility of the public sector are administered by the private sector, sealed by a clear agreement on common objectives for the delivery of public infrastructure and/or services. In its PPP Strategy 2021-2031, the AfDB defines PPPs as: a long-term contract between a public entity and a private company for the provision of public infrastructure and/or services, with risks being allocated between the two parties on the basis of their respective capacities to manage each risk, and the private party's investment being linked to its performance. For the purposes of our paper, we will use the PPP knowledge Lab definition to identify PPP projects and associated investments in order to build our PPP capital stock. PPP knowlegdeLab defines a PPP as a long-term contract between a private party and a government entity, for the provision of a public good or service, in which the private party assumes significant risk and management responsibility and remuneration is linked to performance. We chose this definition because it is broad and allows us to include as many PPP projects as possible in Africa, despite the disparities that exist between countries. Indeed, the main differentiating factor, particularly in terms of the PPP framework, is the legal tradition of the country in question. In general, two main legal systems are considered: those based on the common law tradition and those based on civil codes International (Bank for Reconstruction and Development/The World Bank, 2016).
2.2 Determinants of PPPs and CPIA criteria
According to the literature (Hammami et al., 2006; Kasri et al., 2015; Hyun et al., 2019; Kumar, 2019; Kaur et al., 2020), the determinants of PPP investments can be classified into five categories: fiscal constraints, macroeconomic conditions, market conditions, governance, and financial sector development. 
The budgetary constraint category is decisive for a government in determining whether it can use PPPs, as it will need to have sufficient financial resources to pay the private partner, especially in the case of public-pay PPPs. In fact, countries that can generate enough revenue are less constrained by budgetary constraints and are less likely to resort to PPPs. Also, when a country has a heavy debt burden, it will be less inclined to use PPPs. The following variables are used in the budget constraint category: budget deficit and public debt. The novelty in this paper is that the CPIA will be used as a proxy. Thus, for the budget constraint category, two CPIA Economic Management criteria will be used: fiscal policy and debt policy. 
The macroeconomic stability category is reassuring for private partners. A country with stable macroeconomic conditions, particularly controlled inflation, and exchange rates, is more attractive to PPPs. In the literature, the variables used for this purpose are inflation, M2 money supply in relation to GDP and foreign exchange reserves. Thus, in the CPIA criteria, these variables are better captured by monetary and exchange rate policy. 
The market conditions category also remains a good indicator for the private sector, especially in the case of user-pay PPPs and public-pay PPPs. In the first case, it is the ability of service users to pay that is assessed. In the second case, the government's ability to pay is assessed through its tax and non-tax revenues. The more revenue a government has, the more likely it is to be able to honour its commitments. The literature generally uses the following variables: population and GDP per capita to measure demand and purchasing power respectively. In the context of the CPIA, the most appropriate criterion is revenue mobilisation.
In the governance category, the link between PPP investment and the quality of institutions must be verified. Private partners will be more inclined to enter into a long-term partnership with a country if the regulatory environment within that country is transparent. Also, a country with strong and effective institutions will be more likely to attract PPP investment. The variables generally used to test this are: the corruption index, the rule of law index and country risk. In our paper, these variables are replaced by the CPIA governance criteria as well as a structural policy criterion, namely: property rights and rules-based governance, the quality of budgetary and financial management, the quality of public administration, transparency, accountability and corruption in the public sector and the business regulatory framework.
Finally, the financial sector development category is a decisive factor, as a developed financial sector encourages the full participation of the private sector in infrastructure financing. In the literature, the variable Domestic credit provided to the private sector by banks is used. In this paper, the financial sector criterion will be used.
To sum up, the choice of the CPIA criteria instead of the variables listed in the literature is explained by the fact that in the CPIA, the emphasis is placed on key elements over which the country has control rather than on results (as is the case for the majority of variables) influenced by elements outside the country's control (CPIA 2022 Guide, World Bank). More specifically, the CPIA assesses the extent to which a country's policies and institutional framework support sustainable growth and poverty reduction, and therefore the effective use of development aid. The table below summarises the PPP determinants and the CPIA criteria used.

Table 2.1: comparison of PPP drivers and selected CPIA criteria
	
	PPP Determinants 

	Categories
	Variables
	CPIA criteria

	Budget constraints
	- Fiscal deficit  
- Public dept  
	- Fiscal Policy (c.2)
- Debt Policy (c.3)

	Macroeconomic stability
	- Inflation
- Money supply M2 
- Foreign exchange reserves
	- Monetary Policy (c.1)

	Market conditions
	- Population
- GDP per capita
	- Efficiency of revenue mobilization (c.14)

	Governance
	- Country Risk
- rule of law
- Control of corruption
	- Property Rights and Rule-based Governance (c.12))
- Quality of Budgetary and Financial Management (c.13)
- Quality of Public Administration (c.15)
- Transparency, Accountability and Corruption in the Public Sector (c.16)
- Business Regulatory Environment (c.6)

	financial sector development
	- Private sector credit
	- Financial sector (c.5)



2.3 PPP investment trends by sector
With infrastructure needs estimated at 93.3 billion US dollars per year in 2008, the infrastructure deficit is estimated at 48 billion US dollars. According to Foster and Briceño-Garmendia (2010), PPP investments can contribute up to 25%, or around 12 billion US dollars, to reducing this deficit. PPP investments are generally found in social and economic infrastructure. For the purposes of this paper, we are more interested in economic infrastructure. 
In order to put into perspective, the evolution of total PPP investments in SSA, a comparative analysis of the regions (Central, East, West and South) of Africa with other regions of the world will be carried out. The trend analysis of PPP infrastructure investments in SSA is carried out for the three sectors mentioned above: Energy, Transport and Water.  Table 2.2 presents a set of indicators for measuring the performance of infrastructure investments.



Table 2.2: Sector infrastructure performance indicators
	Indicator
	Energy
	Water
	Transport

	Aidi_sector: Quantity and accessibility
	
	Improved water source (% of population with access) and improved sanitation (% of population with access)
	Container traffic

	Infcovr: accessibility
	Access to electricity
	
	
	



PPP investment trends worldwide
In the regions compared, PPP investments are largely dominated by Asian countries, particularly those in ASEAN. In this region, PPP investment averaged 1.5% of GDP per year from 2000 to 2019. PPP investment peaked in 2012 at 2.7% of average GDP.  ASEAN is followed by the countries of the Bolivarian Alliance for the Americas (ALBA), whose PPP investments averaged 0.5% of GDP per year over the period 2000 to 2019. It is important to note that PPP investments have been falling sharply since 2000. Among regions outside Africa, European Union countries show the weakest trend in terms of PPP investment measured as a percentage of GDP. Over the period analyzed, PPP investment in this region averaged 0.1% of GDP per year.
In sub-Saharan Africa, the average value of PPP investments is 0.2% of GDP per year from 2000 to 2019. This average is driven by the West region. Indeed, from 2000 to 2019, PPP investments in this region averaged 0.34% of GDP per year. The West region is followed by the Centre region, with PPP investments equivalent to 0.21% of GDP per year. In third place comes the South region with 0.11% of GDP per annum. The weakest PPP investment trend is found in the East region, which averages 0.08% of GDP per year. 
Figure 2.1: Comparison of public and PPP investment in relation to GDP worldwide

Source: author's estimate based on PPI data, WDI (World Bank)
PPP investment trends by sector in Africa
In the water sector, the West region shows an upward trend in PPP capital stock, rising from around 58% in 2000 to 70% in 2018 (Figure 2.2). We also note a positive relationship between PPP capital stock and the rate of access to drinking water in the West region. In the Centre region, there has been a downward trend in PPP capital stock since 2002. This can be explained by the fact that no PPP projects in the water sector have been carried out in the region since that year, according to our data. However, the rate of access to water in the region has risen from 65% in 2000 to 73.5% in 2018. This increase could a priori be explained by public investment in the sector. In the South region, the PPP capital stock in water has been deteriorating since 2004. It is also important to point out that no PPP projects in the water sector have been identified in the region since that year, despite a steady rise in the rate of access to water. This could be partly explained by public investment. In Eastern Region, the first PPP projects in the water sector did not appear until 2003. However, as in other regions, the rate of access to water is on the rise, although not as high as in other regions. Indeed, in 2018, the water access rate was 66%. 
Figure 2.2: Access to water and PPP capital stock, by region
	Water Sector:  Water PPP capital stock

	Water Sector: access rate



Source: author's estimate based on PPI data, WDI (World Bank)
In the Transport sector, given the unavailability of data for many SSA countries on certain sub-sectors such as road (number of km of paved roads), rail (km of rail or goods transported) and airport (number of passengers or goods transported), the document focused on the port sector where data was available. Thanks to data from the PPI (World Bank), we can see that the West region has the highest PPP capital stock, notably with all port concessions in the Economic Community of West African States (ECOWAS) (Senegal, Togo, Nigeria, Ghana, Côte d'Ivoire, Guinea, etc.). This explains the upward trend in PPP capital stock in this region (figure 2.3). Regarding the variation in container traffic in the West region, it should be noted that there was an initial increase from 2000 to 2004, with a peak in traffic estimated at 334962 TEU. The second increase in traffic began in 2008, reaching 686832 TEU in 2018. The second increase occurred between 2007 and 2010, when the majority of ECOWAS ports switched to concession contracts (PPP). In the South region, the upward trend in capital stock is also much less marked than in the West. However, container traffic is higher in the South region. In the Centre region, we had to wait until 2003 to see the first PPP in the sector. Capital stock has been trending upwards, peaking in 2012 at 286.7 million international dollars. This is the region with the lowest traffic, just behind the East region. This could be due to the region's landlocked nature. Although with lower traffic and capital stock, the East region shows a capital stock trend relatively like that of the Centre region, with a first peak in 2011 worth 28.4 million international dollars and a second in 2018 worth 35.7 million. 
Figure 2.3: PPP container traffic and capital stock, by region
	[bookmark: _Hlk144813845]Transport : Port PPP capital stock

	Transport : container traffic



Source: author's estimate based on PPI data, WDI (World Bank)
The Energy sector is marked by a non-negligible jump in capital stock in the South region from 2012 onwards (figure 2.4), while in the other three remaining regions the upward trend in capital stock is constant. This jump in PPP capital stock in the South region did not translate into a marked increase in access to electricity during this period. What is also noteworthy is that the upward trend in PPP capital stock in all regions is led by the South region, followed by the West, East and Central regions. This upward trend is also observed in access to electricity. However, it is not in the same order as the trend observed in capital stock. Indeed, the East region leads the way in terms of access to electricity, with a rate of around 58%, followed by the West with a rate of 52%, the Centre region with 50.3% and finally the South region with a rate of 47.8%. 
Figure 2.4: access to electricity and PPP capital stock, by region
	Energy: Electricity PPP capital stock

	Energy : access rate



Source: author's estimate based on PPI data, WDI (World Bank)
3. Literature review
In theoretical economic literature, several types of efficiency have been defined. However, two types of efficiency are generally used to define economic efficiency: technical efficiency and allocative efficiency (price efficiency). The latter refers to the ability of a production unit to use factors of production in optimal proportions, given their price.  The former defines the ability of a production unit to obtain maximum output from a given set of factors or, conversely, to use as few production factors as possible for a given level of output.
Empirically, the relationship between public investment in infrastructure and economic growth (Ratner, 1983, Aschauer, 1989a, b, c, 1991) has been the subject of several studies. It was in the early 90s that the empirical controversy surrounding the productive nature of infrastructure came to the forefront of the literature. For example, in his work based on US aggregate data from 1953 to 1986, Aschauer (1989c) models a two-equation system in which private investment and its profitability are explained by public investment. The results show a crowding-out effect of public investment on private investment. However, this crowding-out effect is offset by the increase in private investment profitability induced by public investment. Using a different approach, Nazmi and Ramirez (1997) arrive at similar results.  Using Mexican time series, the authors demonstrate a crowding-out effect of public investment, alongside a knock-on effect on growth, which in turn stimulates private investment through the gas pedal mechanism. Veganones (2001) corroborates the above results. Using a sample of 87 countries, including 25 in sub-Saharan Africa, the author shows a positive impact of public investment in infrastructure on growth and a spillover relationship between public and private investment. However, the extent to which public investment contributes to economic growth varies considerably from one study to another, due to the econometric methods used and the measurement of public capital stock (Straub, 2007, 2008).
PPPs can also help to improve the efficiency of infrastructure projects by harnessing the expertise of the private sector (Moszoro and Gasiorowski, 2008). However, the literature on the economic impact of PPPs is very limited, and often focuses on private-sector involvement in infrastructure. In general, the economic contribution of PPPs is limited to case studies comparing a before and after PPP situation (Fabre and Straub, 2019), where it is very difficult to establish a solid basis for comparison. In addition to these case studies, the efficiency of PPPs in infrastructure can be measured by the level of accessibility, the quality of infrastructure or the affordability of the service provided. 
Of the few studies that have analyzed the sectoral effects of PPP investments in the energy sector, we can cite Gassner et al. (2009). Although the study does not focus exclusively on PPPs, the authors did look at private participation in energy sector financing. Although results varied by type of contract, the authors found a positive correlation between the degree of private involvement and productivity. More specifically, significant results were obtained for residential connections. Indeed, private involvement was associated with a 42% increase in residential connections. We can also cite the work of Mollisi (2016) exclusively focused on PPPs. He uses data collected from the Italian district heating industry to estimate the impact of PPP on efficiency through a structural model. It shows that companies with PPPs are significantly more efficient. PPPs are associated with a 14% increase in production.
Unlike the energy sector, PPPs in the transport sector are more focused on the national level. For example, Estache et al. (2002) studied the effect of port reforms in Mexico, using a stochastic production frontier approach. The authors point out that during the 1990s, the need to increase port efficiency led most Latin American and Caribbean countries to implement reforms aimed at introducing more competition by allowing firms to participate in production. Using panel data from 11 ports between 1996 and 1999, they estimated that the reforms as a whole increased the average level of efficiency by around 5 percentage points, while the average growth rate in port efficiency was between 2.8% and 3.3%. In a complementary study, Estache et al. (2004) decomposed the productivity changes that occurred for Mexico's 11 main ports between 1996 and 1999, two years after the reforms. Using a DEA decomposition approach of a Malmquist TFP (Total Factor Productivity) index, the authors found that TFP in Mexican ports increased by 4.1% per year from 1996 to 1999. Despite the potential limitations of the DEA approach to studying efficiency in port sectors, Wanke et al. (2015) used this approach to assess the impact of PPPs on scale efficiency in Brazilian ports. Using 2012 data from 27 ports in Brazil, the authors concluded that PPPs appear to be an effective means, within the Brazilian regulatory system, that can move port operations towards their most productive size given that PPPs have a positive impact on port scale efficiency.
In the water sector, Andres et al. (2013) analyzed data from 49 companies that had undergone ownership changes over the past 15 years.  Based on service quality, the authors found that improvements in service continuity appear to have occurred both during and after the transition period and post-transition period. Porcher and Saussier (2018) provided a summary of some key studies applying DEA and SFA techniques in particular. Their main conclusion is that in developed countries, there is no efficiency gap between private and public companies, or that the latter outperform their private counterparts. Whereas in developing countries, some studies find an efficiency gap between private and public companies.  However, these results do not appear to be robust. For example, for developing countries, Kirkpatrick et al. (2006) used 110 public water utilities in African countries. They found a higher relative efficiency of private companies using the DEA method, but no statistically significant difference using the SFA method.
While there are a few studies that have measured the impact of PPP investments in certain sectors, it is very rare to find studies that have used PPPs as determinants of inefficiency in infrastructure development. However, Chen and Guo (2020) analyzed from 2000 to 2017, the efficiency of transport investments for 20 countries participating in the 21st Century Maritime Silk Road Initiative using an SFA approach. The authors found that PPPs, in general, improve investment efficiency. In a new study, Chen (2021), uses data from 31 Chinese provinces covering the period 2003 to 2018 to assess the efficiency of infrastructure investments as well as that of PPPs compared with investments made by the Government. The results obtained show a very low efficiency score of 0.449 for infrastructure investments. In addition, the author found that PPP investments increased the efficiency of infrastructure investments more than Government investments alone. 


4. Stochastic boundary analysis 
4.1 Data
For the Electricity sub-sector, the study sample comprises 34 countries in Sub-Saharan Africa (SSA). For the Ports sub-sector, our sample comprises 18 countries. The time horizon covers the period from 2000 to 2019. Countries were selected on the basis of PPP investment experience in both sub-sectors. In addition, only PPP projects in the PPI database meeting the definition of a PPP as indicated by PPP Knowledge Lap were selected. Consequently, all privatization projects (partial or total), short-term leasing and management contracts, as well as merchant projects in which a private developer builds a new facility in a liberalized market, and for which the government provides no guarantee of revenue or payment, are excluded from this database. To ensure the consistency of the database, a field survey was carried out to collect data on PPP investments in certain countries.
Choice of model outputs
According to the literature, infrastructure efficiency is generally measured by means of a (physical) productivity or quality indicator. Thus, for the electricity sub-sector, a productivity indicator has been used. This indicator is the rate of access to electricity. It is taken from the World Bank (WDI) database.
For the ports sub-sector, we also used a productivity indicator. However, this indicator has been developed by us to align with the estimation methodology of the African infrastructure development index (Aidi). In fact, the indicator used results from the World Bank (WDI) database on container traffic in ports, measured in TEU and then standardized on a scale of 1 to 100 to keep the same proportions as the Aidi developed by the AfDB.
Instead of the non-parametric method, DEA, the standard approach very often used in the literature (FMI, 2015a; Grigoli and Kapsoli, 2013; Albino-War et al. 2014), we will use a parametric SFA approach with a view to providing food for thought on the results obtained using a different approach. 
Choice of model inputs
For both sub-sectors, private-sector participation in infrastructure financing will be captured on the one hand by sectoral PPP investments, and on the other by private investments not carried out as PPPs. To measure non-PPP private investment, the private capital stock estimated by the IMF will be used as a proxy. Three inputs are therefore considered: public investment, sectoral PPP investment and private capital stock. As a reminder, the sectoral PPP capital stock was built up from the base of projects meeting the definition of a PPP retained in the document, and estimated by the perpetual inventory method using an investment depreciation rate provided by the World Bank on the basis of a ranking of countries according to their income. The other two capital stocks were already estimated by the IMF. PPP sector investments are broken down over five years as in IMF (2015a) to consider, the lead time for project implementation.
Choosing the determinants of inefficiency 
For the Electricity sub-sector, given that our paper focuses on the effects of PPP sector investments on shifting the efficient frontier and reducing the distance to the efficient frontier, it is imperative to consider the determinants of PPP investments. It also turns out that the determinants of PPP investments are relatively similar to the determinants used to measure the inefficiency of public investments, with the exception that PPP determinants are more exhaustive. As a reminder, the variables generally used in the literature as determinants of public investment inefficiency can be divided into two categories: macroeconomic variables and institutional and governance variables.
Thus, as presented in section 2.2 of the paper, PPP determinants measured as proxies for country CPIA criteria will be retained as determinants of inefficiency. To the best of our knowledge, this is a novelty in the literature. Furthermore, they will be used as determinants of inefficiency.
A table describing all the variables to be used and their sources can be found in the appendix. The list of countries is also presented in the appendix.
Granger non-causality 
Table 4.1 below shows the optimal delay, z-bar tilde statistics and p-values of the Granger non-causality test for the two sub-sectors (Ports and Electricity). The test is performed on the relationship between ouptut and the determinants of inefficiency on the one hand, and between the PPP sector capital stock and the determinants of inefficiency on the other, in a heterogeneous panel by Juodis, Karavias and Sarafidis (2021). In order to analyze the shift of the efficient frontier without or with PPP as well as the role of PPP as a determinant of inefficiency, only CPIA criteria (or determinants) with a Granger non-causal effect (CPIA Criteria → Output) and (EPIP Criteria → PPP) will be retained.


Table 4.1: JKS (2012) Granger non-causality test results
	ELECTRICITY

	
	(1)
	(2)

	
	H0: Determinants do not Granger cause Output 
	H0: Determinants do not Granger cause PPP 

	CPIA (Determinants)
	Optimal lag
	z-bar tilde
	p-value
	Optimal lag
	z-bar tilde
	p-value

	Monetary Policy (c.1)
	1
	1.92
	0.055
	1
	-2.20
	0.028*

	Fiscal Policy (c.2)
	1
	2.84
	0.005**
	1
	1.73
	0.083

	Debt Policy (c.3)
	1
	2.40
	0.005**
	1
	0.26
	0.798

	Financial sector (c.5)
	1
	6.25
	0.016*
	1
	5.63
	0.000***

	Business Regulatory Environment (c.6)
	1
	-1.70
	0.088
	1
	-2.81
	0.005**

	Property Rights and Rule-based Governance (c.12)
	1
	2.24
	0.025*
	1
	1.88
	0.06

	Quality of Budgetary and Financial Management (c.13)
	1
	3.71
	0.000***
	1
	-2.74
	0.006**

	Efficiency of revenue mobilization (c.14)
	1
	1.54
	0.123
	1
	-0.59
	0.552

	Quality of Public Administration (c.15)
	1
	1.00
	0.316
	1
	-3.54
	0.00***

	Transparency, Accountability and Corruption in the Public Sector (c.16)
	1
	2.23
	0.026*
	1
	-1.10
	0.273

	PORTS

	
	(1)
	(2)

	
	H0: Determinants do not Granger cause AIDI 
	H0: Determinants do not Granger cause PPP 

	CPIA (Determinants)
	Optimal lag
	z-bar tilde
	p-value
	Optimal lag
	z-bar tilde
	p-value

	Monetary Policy (c.1)
	1
	6.33
	0.000***
	1
	-3.28
	0.001**

	Fiscal Policy (c.2)
	1
	5.35
	0.000***
	1
	-1.36
	0.174

	Debt Policy (c.3)
	1
	7.42
	0.000***
	1
	3.48
	0.001**

	Financial sector (c.5)
	2
	6.66
	0.000***
	1
	-0.85
	0.394

	Business Regulatory Environment (c.6)
	1
	2.72
	0.007**
	1
	-1.39
	0.165

	Property Rights and Rule-based Governance (c.12)
	1
	3.05
	0.002**
	1
	0.25
	0.803

	[bookmark: _Hlk144493224]Quality of Budgetary and Financial Management (c.13)
	1
	6.55
	0.000***
	1
	-1.44
	0.150

	Efficiency of revenue mobilization (c.14)
	1
	4.77
	0.000***
	1
	-1.52
	0.129

	Quality of Public Administration (c.15)
	1
	3.23
	0.001**
	1
	6.70
	0.000***

	Transparency, Accountability and Corruption in the Public Sector (c.16)
	1
	1.77
	0.077
	1
	3.30
	0.001**



4.2 Stochastic frontier model specification and estimation methods
Two approaches are generally used to measure economic inefficiency: the parametric approach or stochastic frontier analysis (SFA) and the non-parametric approach or data envelopment analysis (DEA) technique (Murillo-Zamorano, 2004).  Despite their advantages and disadvantages, empirical studies seem to confirm that neither approach is preferable to the other (Bjurek, Hjalmarsson and Forsund, 1990; Ray and Mukherjee, 1995; Chakraborty, Biswas and Lewis, 2001). In line with this logic, a parametric approach has been chosen for our paper instead of a non-parametric one.
The choice of model is guided by the institutional and production environments in which the Electricity and Ports sub-sectors to be studied operate, and by the data used. To this end, the basic model used in our study is specified as follows:
yit = αi  + f(xit , β) + vit - ƞi -                                                                                               (1)
yit is taken to be the output of ith country in year t; αi  is the fixed effect representing heterogeneity between different countries; f(xit , β) is the production technology (Cobb-Douglass or Translog); xit is a vector of input quantities of ith country in year t ; β is the vector of associated parameters to be estimated; vit is the idiosyncratic error term; (ƞi + uit ) is the total inefficiency of which the first (positive) term ƞi is the persistent and the second (also positive) uit is the time-varying inefficiency.
Equation (1) represents the stochastic production frontier considering inefficiency, represented by two positive terms: (ƞi + uit). Apart from the randomness represented by the error term vit , the deviation of production from the frontier of country i at time t is due to its technical inefficiency (ƞi + uit)
While identifying the magnitude of persistent inefficiency may be important, at least for panel data with a short time period T (Kumbhakar and Heshmati,1995), there is no economic rationale for or against considering individual effects as persistent inefficiency (Kumbhakar et al., 2014). In our paper, the time horizon, T, is relatively large and considering this persistent inefficiency is to say that there has been no progress in either sub-sector since 2000. Consequently, the persistent inefficiency ƞi will not be retained. Thus, Model 1 can be rewritten as follows: 
yit = αi  + f(xit , β) + vit -                                                                                                       (2)
Model 2 separating individual heterogeneity from time-varying inefficiency is similar to the model proposed by Greene (2005a). In our model, αi  is considered to be the fixed effect. Consequently, an incidental parameter problem arises (Neyman and Scott 1948). To circumvent this problem Greene (2005b) proposes a solution by assuming that the  follow a semi-normal distribution, including N dummy variables for all αi  ranging from 1, ..., N and estimating by the Maximum Likelihood method without any transformation.

ELECTRICY SECTOR
4.3 The role of PPPs in moving the production frontier 
In this section, we will analyze the role of PPP investments in the electricity sub-sector. Indeed, we will analyze their role in shifting the frontier as measured by the rate of access to electricity. In this document, PPP investments in the electricity sector are defined as all PPP projects carried out by a given country during the analysis period. 
Drawing on the work of Greene (2005a,b), the model below will be estimated using the Maximum Likelihood Method (MLE).
yit = αi + xit β + ɛit ,                                                                                                                   (3)
ɛit = vit –  uit                                                                                                                               (4)
vit  ͠    N(0, ),                                                                                                                           (5)
uit  ͠   N+(0,), i =  1,….,N, t =1,…..,T                                                                                	    (6)
vit represent the random error terms, independently distributed according to the normal distribution; uit are the non-negative random error terms, which are assumed to account for technical inefficiency in production and are iid according to the semi-normal distribution.
This section of the paper analyzes the role of PPP investment in the electricity sector, combined with its determinants as measured by the CPIA criteria[footnoteRef:2], in shifting the efficient production frontier. [2:  According to the causality test, only two criteria meet the conditions: c.5 and c.13.] 

yit = αi + Xitβ + Yitγ +(vit -uit)                                                                                               (7)
yit = αi + Xitβ + Yitγ + Zitδ + (vit -uit)                                                                                    (8)

yit is taken as the logarithm of production in the ith country in year t. This production is measured by the rate of access to electricity for each country. Xit Yit and Zit are the vectors of the ith country's input quantities in year t, measured respectively by the logarithm of the public investment capital stock, the logarithm of the private capital stock and the logarithm of the PPP capital stock in the electricity sector, combined with the CPIA criteria added one by one. The role of the CPIA criteria without combination with the PPP capital stock will also be analyzed in order to compare effects.
[bookmark: _Hlk144841844]In equation (7), the maximum rate of access to electricity depends on the public capital stock (X) and the private capital stock (Y). In equation (8), the frontier shifts when, in addition to X and Y, the PPP sector capital stock variable associated with the CPIA criteria is added to the list of explanatory variables. Among the CPIA criteria, two (02) have a Granger non-causal relationship with both the output, rate of access to electricity, and the PPP sector capital stock. These are : Financial Sector (c.5), Quality of Budgetary and Financial Management (c.13).
We now need to assess the marginal contribution of PPP investments in the electricity sector combined with the two (02) determinants: Financial Sector (c.5), Quality of Budgetary and Financial Management (c.13).  Thus, we will compare the following equations: 7 and 8. This involves comparing the equations when δ = 0 and when δ ≠ 0.
Results and interpretation
The estimated coefficients of equations (7) and (8) are presented in table 4.2. With regard to the statistical relevance of inefficiency, the results of the Likelihood Ratio (LR) tests show that technical inefficiency plays a non-negligible role in explaining distance from the production frontier. This justifies our decision to consider a stochastic rather than a deterministic frontier.
[bookmark: _Hlk137052990]Having analyzed the statistical relevance of inefficiency, in a second step we tested the most appropriate form of production function between Translog and Cobb-Douglas. To do this, we tested for both models, i.e. the one including the PPP capital stock (δ ≠ 0) and the one not including the PPP capital stock (δ = 0) with the null hypothesis H0: β4 = β5 = β6 = β7 = β8 = β9 = 0 or β3 = β4 = β5 =0 respectively. If the null hypothesis is accepted, then the Cobb-Douglas specification will be the most suitable. With the LR test based on the following statistic: LR = -2{ln[L(H0)/L(H1)]} where L(H0) and L(H1) correspond to the Cobb-Douglass and Translog likelihood functions respectively, we accept the null hypothesis in both models. We find when there is no PPP capital stock (δ = 0) a LR test = -1.9617 which is lower than χ2 (3 ;0.001) = 15.357 (according to the Kodde and Palm table) and when PPP capital stock is in the model (δ ≠ 0), a LR test = -1.8577 which is lower than χ2 (6 ;0.001) = 21.666 (according to the Kodde and Palm table). In both models we cannot reject the null hypothesis. Consequently, the Cobb-Douglass form is more appropriate. 
Unsurprisingly, the results presented in table 4.2 show the positive and significant contribution of public and private capital stocks to access to electricity both with and without the presence of PPP capital stock in the equation. Concerning our variable of interest, we find that PPP investments in the electricity sector (PPP capital stock) are significant and contribute positively to access to electricity. More importantly, we find that when PPP capital stock is combined with an CPIA criteria, its contribution to infrastructure development remains significant and positive. When the CPIA criteria are considered alone, without combining them with PPP investments in electricity, the results show that public and private capital stocks remain positive and significant. However, only Financial Sector (c.5) is significant at a rate of 10%, Quality of Budgetary and Financial Management (c.13) is not significant.
Table 4.2: Estimation results for equations 7 and 8
	 
	no CPIA
	CPIA

	 
	 
	 
	c.5
	c.13

	 
	no PPP
	PPP
	no PPP
	PPP
	no PPP
	PPP

	Frontier
	 
	 
	 
	 
	 
	 

	Public capital stock
	0.390***
	0.470***
	0.387***
	0.457***
	0.388***
	0.471***

	 
	(11.10)
	(9.24)
	(11.07)
	(8.91)
	(11.02)
	(9.27)

	Private capital stock
	0.332***
	0.243***
	0.299***
	0.214***
	0.326***
	0.230***

	 
	(9.45)
	(4.92)
	(7.79)
	(4.10)
	(8.98)
	(4.45)

	PPP capital stock
	 
	0.041**
	 
	0.043**
	 
	0.0404**

	 
	 
	(2.93)
	 
	(3.10)
	 
	(2.88)

	CPIA criteria
	 
	 
	 
	 
	 
	 

	[bookmark: _Hlk136986631]Financial Sector (c.5)
	 
	 
	0.072*
	0.068
	 
	 

	 
	 
	 
	(2.11)
	(1.74)
	 
	 

	[bookmark: _Hlk144575182]Quality of Budgetary and Financial Management (c.13)
	 
	 
	 
	 
	0.0195
	0.0325

	 
	 
	 
	 
	 
	(0.70)
	(0.90)

	 
	 
	 
	 
	 
	 
	 

	LR test
	1719.2***
	1034.5***
	1723.3***
	1027.1***
	1701.9***
	1012.9***

	[bookmark: _Hlk144733543]t statistics in parentheses

	* p<0.05, ** p<0.01, *** p<0.001


 
Using the Jondrow et al. (1982) formula, we estimate individual and average inefficiencies. Comparing the frontiers without and with PPP investments, we find that the frontiers are virtually identical. However, PPP investments in the electricity sector have slightly improved access to electricity. In other words, our results show perfect efficiency when PPP investments in the power sector are considered. However, without these PPP investments, our results show an average decline in efficiency of 1% over the analysis period.
4.4 The role of PPP investments and CPIA criteria as determinants of inefficiency 
In this section, we will investigate the role of PPP investments in the electricity sector and the CPIA criteria selected as determinants of inefficiency. Still drawing on the work of Greene (2005a,b), we will repeat the model specified above, this time taking into account the determinants of inefficiency including PPP investments. The model below will be estimated using the Maximum Likelihood Method (MLE).
yit = αi + xit β + ɛit ,                                                                                                                   (9)
ɛit = vit –  uit                                                                                                                             (10)
uit = f (zit δ),                                                                                                                            (11)
vit  ͠    N(0, ),                                                                                                                         (12)
uit  ͠   N+(uit,), i =  1,….,N, t =1,…..,T                                                                                 (13)
uit is a function of the non-stochastic determinants of inefficiency zit  ; δ is the vector of associated parameters to be estimated .
Empirical models: Functional and econometric specification
The empirical model used to measure the role of PPPs and CPIA as determinants of inefficiency is as follows: 
lninfcovrit = β0 + β1 lnpublicit + β2 lnprivateit + (vit -uit)                                                          (14)
with uit specified as follows :
uit =  δ0 +  δ1ppp + δ2budgetaryandfinancialmanagement + δ3financialsector      		  (15)
In summary, we will measure the effect of PPP investments in the electricity sector, as well as that of the CPIA criteria, on the rate of access to electricity.
Results and interpretation 

As in the first model, we have ensured the statistical relevance of inefficiency, and the results of the Likelihood Ratio (LR) tests show once again that technical inefficiency plays a non-negligible role in explaining distance from the production frontier. This justifies our decision to consider a stochastic rather than a deterministic frontier. Given that equation (14) is identical to equation (7) except that the determinants are considered, the Cobb-Douglas form remains more appropriate, as shown above by the results of the LR tests.
In Table 4.3, we report the results of estimating equation 14. Unsurprisingly, the coefficients on public and private capital stocks are positive and significant. The average technical efficiency score is around 0.874. This means that, on average, when PPP investments and the two selected CPIA are considered as determinants of inefficiency, states have an efficiency rate of 87% in terms of access to electricity, and their degree of inefficiency is 13%. These efficiency scores are also widely dispersed, ranging from an average minimum over the analysis period of 61% for Liberia to an average maximum of 98% for Nigeria. Figure 4.1 below shows the level of inefficiency in the various countries.


Figure 4.1: Inefficiency level by country

[bookmark: _Hlk144578991]In a one-step approach, we simultaneously estimated the parameters of the production frontier and the determinants of technical efficiency. The sign of the parameters associated with the determinants of technical inefficiency indicates their effect on country performance in terms of access to electricity. The estimation shows that the following variables: PPP investments in electricity, the financial sector (c.5) and Quality of Budgetary and Financial Management (c.15) are relevant in explaining country efficiency in access to electricity. Indeed, the results indicate that PPP investments in the electricity sector contribute to reducing inefficiency in access to electricity. As far as the financial sector is concerned, it's important to remember that governments finance their infrastructure either through taxes or borrowing. An efficient financial sector helps to mobilize the necessary financial resources for both the public and the private partner within the framework of contracts (Design, Build and Finance) to finance the energy sector, thereby promoting access to electricity. However, Quality of Budgetary and Financial Management (c.15) increases inefficiency. This result can be explained by the fiscal sustainability reforms proposed by Technical and Financial Partners (TFPs) and supported by governments. These budgetary reforms, aimed at improving public finance management, focus on increasing revenues and reducing expenditure, particularly by cutting subsidies, especially in the energy sector. These lower subsidies result in less affordable electricity tariffs, thus limiting access. 


Table 4.3: Estimation results for equations 14 and 15
	 
	expected signs
	coef.
	z-ratio

	Frontier
	 
	 
	 

	Public capital stock
	+
	0.371***
	(11.20)

	Private capital stock
	+
	0.266***
	(7.93)

	Inefficiency
	 
	 
	 

	PPP capital stock
	-
	-0.006***
	(-4.56)

	Financial Sector (c.5)
	-
	-2.129***
	(-4.62)

	Quality of Budgetary and Financial Management (c.13)
	+
	 0.965***
	(-3.98)

	LR test
	 
	1799.26***
	 

	Number of observations
	 
	680
	 


t statistics in paratheses *p<0.05, **p<0.01, ***p<0.001
	

	

	


SECTOR PORTS

4.5 The role of PPPs in shifting the frontier 
This section of the paper focuses on the role of PPP investments in the Ports sub-sector. Indeed, we will analyze their role in border shifting measured by an index developed by us, as explained in the output selection section. This indicator measures container traffic at port level, estimated in TEU (Twenty-foot Equivalent Units), which is then normalized (1 to 100) to reflect the same proportions as the AfDB's Aidi indicator. PPP investments in the ports sector represent all PPP projects carried out by a given country during the analysis period. 
As for the electricity sector, we will use the same model presented above, with the same estimation methods. Thus, the model inspired by the work of Green (2005a, b) will be estimated using the Maximum Likelihood method (MLE). The model preserves the same technical specificities presented above, both in terms of error and technical efficiency.
This section of the paper analyzes the role of PPP investments in the ports sub-sector, without combining them with the determinants measured by the CPIA criteria, as was the case in the electricity sub-sector. The role of PPP investments is measured in terms of the shift in the efficient frontier.
yit = αi + Xitβ + Yitγ +(vit -uit)                                                                                               (7)
yit = αi + Xitβ + Yitγ + Zitδ + (vit -uit)                                                                                    (8)

yit is taken as the logarithm of production in the ith country in year t. This production is measured by 20-foot equivalent units (TEU) container traffic at the various ports. As in the previous section, Xit Yit and Zit are the vectors of the ith country's input quantities in year t, measured respectively by the logarithm of the public investment capital stock, the logarithm of the private capital stock and the logarithm of the PPP capital stock in the port sub-sector. 
In equation (7), maximum TEU container traffic depends on public capital stock (X) and private capital stock (Y). In equation (8), the frontier shifts when, in addition to X and Y, the PPP sector capital stock variable is added to the list of explanatory variables. 
We will now assess the marginal contribution of PPP investments in the port sector.  Thus, we will compare the following equations 7 and 8 with each other. This involves comparing the equations when δ = 0 and when δ ≠ 0.
Results and interpretation
The estimated coefficients of equations (7) and (8) are shown in table 4.4. With regard to the statistical relevance of inefficiency, the results of the Likelihood Ratio (LR) tests show that technical inefficiency plays a non-negligible role in explaining distance from the production frontier. This justifies our decision to consider a stochastic rather than a deterministic frontier.
Having analyzed the statistical relevance of inefficiency, in a second step we tested the most appropriate form of production function between Translog and Cobb-Douglas. To do this, as for the electricity sector, we tested for both models, i.e. the one including the PPP capital stock (δ ≠ 0) and the one not including the PPP capital stock (δ = 0) with the null hypothesis H0: β4 = β5 = β6 = β7 = β8 = β9 = 0 or β3 = β4 = β5 =0 respectively. If the null hypothesis is accepted, then the Cobb-Douglas specification will be the most suitable. With the LR test based on the following statistic: LR = -2{ln[L(H0)/L(H1)]} where L(H0) and L(H1) correspond to the Cobb-Douglass and Translog likelihood functions respectively, we accept the null hypothesis in both models. We find when there is no PPP capital stock (δ = 0) a LR test = - 0.7402 which is less than χ2 (3 ;0.001) = 15.357 (according to the Kodde and Palm table) and when PPP capital stock is in the model (δ ≠ 0), a LR test = -1.4895 which is less than χ2 (6 ;0.001) = 21.666 (according to the Kodde and Palm table). In both models we cannot reject the null hypothesis. Consequently, the Cobb-Douglass form is more appropriate for both models. 
Unsurprisingly, the results show the positive and significant contribution of public and private capital stocks to the development of container traffic in ports sub-sector, both with and without the presence of PPP capital stock in the equation. Concerning our variable of interest, we find that PPP investments in the ports sub-sector (PPP capital stock) are significant and contribute positively to container traffic growth. 
Table 4.4: Estimation results for equations 7 and 8
	 
	no CPIA

	 
	 
	 

	 
	no PPP
	PPP

	Frontier
	 
	 

	Public capital stock
	0.192***
	0.345***

	 
	(3.09)
	(693.51)

	Private capital stock
	0.444***
	0.439***

	 
	(8.40)
	(1076.6)

	PPP capital stock
	 
	0.0428**

	 
	 
	(396.75)

	LR test
	774.46***
	517.36***


t statistics in paratheses *p<0.05, **p<0.01, ***p<0.001

Using the Jondrow et al. (1982) formula, we estimate individual and average inefficiencies. Comparing frontiers without and with PPP investments, we find that PPPs in the ports sub-sector have positively shifted the efficient frontier for most countries. Indeed, the average inefficiency without PPP is 28%, while the average inefficiency with PPP investments is around 25%. In short, PPPs in the ports sub-sector improved efficiency by 3%. Although the majority of countries have benefited from the positive effects of PPP investments, the effects remain very dispersed across countries, as can be seen in figure 4.2. Indeed, the countries that have increased their container traffic the most with PPP investments remain: Liberia (+14%), followed by Senegal (+13%) and Sudan (12%). In contrast, countries such as Togo (-4.7%), Mozambique (-4.7%) and Madagascar (-3.4%) benefited less from PPP investments during the analysis period.
Figure 4.2: Distribution of borders across countries


4.6 The role of CPIA criteria as determinants of inefficiency 
[bookmark: _Hlk144752106]In this section, we will investigate the determinants of inefficiency in the ports sub-sector when PPP investments are present in the explanatory variables. The determinants of inefficiency are selected based on their Granger non-causal relationship with the output and PPP investments, as presented above in the section on selecting the determinants of inefficiency. Thus, three (03) determinants of inefficiency were selected for the ports sub-sector: Monetary Policy (c.1); Debt Policy (c.3) and Quality of Public Administration (c.15). Drawing again on the work of Greene (2005a,b), we will repeat the model specified above, this time taking into account the above-mentioned determinants of inefficiency. The model (9) will be estimated using the Maximum Likelihood Method (MLM) as we did for the electricity sub-sector.
Empirical models: Functional and econometric specification
Empirical models for measuring the role of determinants in reducing distance to the border can be written as follows: 
Lniaidi_portit = β0 + β1 lnpublicit + β2 lnprivateit + β3 lnpppit + (vit -uit)                               (16)
with uit specified as follow:
uit = δ0 + δ1monetarypolicy + δ2deptpolicy + δ3publicadministration       		 	 (17)
Results and interpretation 

As in the electricity sub-sector model, we have ensured the statistical relevance of inefficiency, and the results of the Likelihood Ratio (LR) tests show once again that technical inefficiency plays a non-negligible role in explaining distance from the production frontier. This justifies our decision to consider a stochastic rather than a deterministic frontier. Given that equation (16) is identical to equation (7) except that the determinants are considered, the Cobb-Douglas form remains more appropriate, as shown above by the results of the LR tests.
Table 4.5 shows the results of estimating equation 14. Unsurprisingly, the coefficients for public, private and PPP capital stocks are positive and significant. The average technical efficiency score remains virtually unchanged at 76%. 
In a one-step approach, we simultaneously estimated the parameters of the production frontier and the determinants of technical efficiency. The sign of the parameters associated with the determinants of technical inefficiency indicates their effect on country performance in terms of container traffic levels in ports. The estimation shows that the following variables: i) Monetary Policy (c.1) contributes to increasing inefficiency in container traffic. This negative relationship can be explained by the fact that exchange rate volatility in some SSA countries has had adverse effects on the volume of international trade, particularly in Africa. With regard to debt policy (c.3), the results unsurprisingly show a positive relationship between port traffic efficiency and a good debt policy. Indeed, a good debt policy prevents payment defaults. However, several empirical studies (Serfaty, 2022) have shown that sovereign defaults coincide with decreases in trade integration. One of the consequences of a sovereign default is that it becomes more difficult for a country not only to borrow from foreigners, but also to trade with them. Finally, concerning the last determinant Quality of Public Administration (c.15), the results show a positive relationship between the level of efficiency of port traffic and the performance of public administration. This relationship comes as no surprise, given the high administrative content of port activities. 
Table 4.5: Estimation results for equations 16 and 17
	 
	Expected signs
	Coef.
	z-ratio

	Frontier
	 
	 
	 

	Public capital stock
	+
	0.416***
	(437.3)

	Private capital stock
	+
	0.429***
	(768.8)

	PPP capital stock
	+
	0.009***
	(20.44)

	Inefficiency
	 
	 
	 

	[bookmark: _Hlk144757361]Monetary Policy (c.1)
	+
	 0.682***
	(3.77)

	Debt Policy (c.3)
	-
	-0.588***
	(-3.70)

	Quality of Public Administration (c.15)
	-
	-1.010***
	(-3.98)

	Cons
	
	-0.0178
	(-0.86)

	LR test
	 
	1799.26***
	 

	Number of observations
	 
	292
	 


t statistics in paratheses *p<0.05, **p<0.01, ***p<0.001
	

	



5. Conclusion
The effectiveness of infrastructure investments and the role of PPP investments in Sub-Saharan Africa has not been the subject of many empirical studies. Added to this is the absence of marco studies on the contribution of PPPs, as most empirical studies on PPPs consist of anecdotal evidence and case studies analyzing a before-and-after PPP situation. Finally, the is the limited number of studies on the determinants of inefficiency in infrastructure investments. On this basis, our paper has attempted to fill this gap by proposing to analyze the efficiency of investments in two infrastructure sub-sectors: Electricity and Ports. The paper also looked at the determinants of inefficiency, proposing a new approach using CPIA criteria. In addition to these CPIA criteria, the paper also analyzed the role of PPP sector investments on access to electricity. Finally, another novelty is the use of a new indicator in the ports sub-sector as an output to measure the efficiency of sector infrastructure investments.
Before analyzing the effectiveness of sectoral infrastructure investments, we first had to identify, for each sub-sector (Ports and Electricity), the CPIA criteria with a Granger non-causal relationship, to be able to use them as determinants of inefficiency. The choice of CPIA criteria was dictated by the different determinants of PPP investments, which happen to be the same as the determinants used in the literature when analyzing the efficiency of infrastructure investments. So, instead of using the traditional determinants, the paper wanted to innovate by using the CPIA criteria.
[bookmark: _Hlk144850563]For the electricity sub-sector, the tests identified two CPIA criteria: Financial Sector (c.5) and Quality of budgetary and financial management (c.13). With regard to shifting the efficient frontier, the results of the estimations showed a positive contribution of the inputs: public, private investments and PPPs to access to electricity. However, the contribution of PPP sector investments to shifting the efficient frontier remains negligible. The results show perfect efficiency when PPP investments in the electricity sector are considered. However, without these PPP investments, the results show an average decline in efficiency of 1% over the analysis period. More importantly, we find that when PPP capital stock is combined with an CPIA criteria, its contribution to the electricity rate access remains significant and positive. As for the role of PPP sector stock as a determinant of inefficiency, the results show that it contributes to improving access to electricity, as does criteria (c.5) financial sector. While criteria (c.13) contributes negatively to access to electricity. Finally, the results show that Countries have an average efficiency rate of 87% in terms of access to electricity, and their degree of inefficiency is 13%. These efficiency scores are also widely dispersed, ranging from an average minimum over the analysis period of 61% for Liberia to an average maximum of 98% for Nigeria.
For the Ports sub-sector, three CPIA criteria were selected: Monetary Policy (c.1), Debt Policy (c.3) and Quality of Public Administration (c.15). In terms of shifting the efficient frontier, the results showed a significant and positive contribution of PPP sector investments to container traffic. The average inefficiency without PPP sector investments is 28%, while the average inefficiency with PPP is around 25%, i.e. a 3% improvement with PPP. Used as determinants of inefficiency, the Debt Policy (c.3) and Quality of Public Administration (c.15) contribute to improving the level of container traffic, while the Monetary Policy (c.1) criteria contributes negatively to container traffic.
The results obtained show a positive contribution from PPP investments in the ports and electricity sub-sectors. With a view to improving the efficiency of investments in sectoral infrastructures (Ports and Electricity), governments should further strengthen the following CPIA criteria: Financial Sector (c.5); Quality of Public Administration (c.15) and Debt Policy (c.3). With regard to Quality of Budgetary and Financial Management (c.13) and Monetary Policy (c.1), governments should ensure, respectively, their impact on low-income households in terms of access to electricity and the volatility of exchange rates applied by Central Banks in relation to international trade, which could impact port traffic.  In the future, it would be interesting to investigate the contribution of PPP investments in other sectors, such as water or roads, when data permit. 
We cannot conclude this study without outlining certain limitations. The main difficulty lay in measuring PPP investments. Indeed, some PPP investments could end up on the public investment balance sheet, given the absence of clear budgetary accounting in the countries studied. Also, the PPP investments analyzed only represent commitments at the financial closing stage, and could therefore differ from investments actually carried out.
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APPENDICES
Appendix 1: List of variables, definitions and sources
	Variables name
	Unit
	Variables definition
	Sources
 

	Total_ippp_m$
	in million of constant 2017 international $
	Sum of the PPP investments of the different sectors 
	Private Participation to Infrastructure

	Total_kppp_m$
	in million of constant 2017 international $
	Sum of depreciated PPP capital stock since the 1st PPP investment in a given country
	Author estimations

	igov_m$
	in million of constant 2017 international $
	General government investment (gross fixed capital formation)
	IMF, capital stock 2017

	kgov_m$
	in million of constant 2017 international $
	General government capital stock (constructed based on "igov_m$")
	IMF, capital stock 2017

	ipriv_m$
	in million of constant 2017 international $
	Private investment (gross fixed capital formation)
	IMF, capital stock 2017

	kpriv_m$
	in million of constant 2017 international $
	Private capital stock (constructed based on private investment flows "ipriv_m$")
	IMF, capital stock 2017

	AIDI
	0 - 100
	Composite Africa Infrastructure Development Index
	African Development Bank

	ippp_m$courr
	in million of currents US$
	PPP investments of the different sectors 
	PPI World Bank

	ippp_m$
	in million of constant 2017international $
	PPP investment since the 1st PPP investment in a given country
	Private Participation to Infrastructure

	kppp_m$
	in million of constant 2017international $
	PPP capital stock (constructed based on "ipp_m$")
	Author estimations

	AIDI_Output
	
	monitor the status and progess of the 4 major infrastructure (TIC, Transport, Energy and Water) development accross the country
	AfDB



Annex 2: Countries List 
	Electricity sector
	Ports sector

	Liberia
	Angola

	Ethiopia
	Benin

	Sierra Leone
	Comoros

	Malawi
	Congo. Rep.

	Burundi
	Ivory Coast

	Zimbabwe
	Gabon

	Rwanda
	Ghana

	Comoros
	Guinea

	São Tomé and Principe
	Kenya

	Namibia
	Liberia

	Botswana
	Madagascar

	Gambia. The
	Mauritius

	Madagascar
	Mozambique

	Mali
	Nigeria

	Cape Verde
	Senegal

	Burkina Faso
	Sudan

	Angola
	Tanzania

	Chad
	Togo

	Guinea
	

	Mauritius
	

	Gabon
	

	Ivory Coast
	

	Zambia
	

	Togo
	

	Congo. Rep.
	

	Mozambique
	

	Senegal
	

	Uganda
	

	Tanzania
	

	Cameroon
	

	Ghana
	

	South Africa
	

	Kenya
	

	Nigeria
	




WEST	2001	2003	2005	2007	2009	2011	2013	2015	2017	2019	5.9194722094076363E-4	6.2979596943419389E-4	2.8863063931129601E-3	2.6509846115254886E-3	4.8584596091398244E-3	4.1111354078776571E-3	8.9206976080848845E-3	6.2100687537858272E-3	1.0868286313298124E-3	1.1229578949984284E-3	CENTRAL	2001	2003	2005	2007	2009	2011	2013	2015	2017	2019	6.8406163127273615E-4	3.0321762670417184E-4	4.1147416709928679E-3	3.8823969250640204E-3	1.8470039277561361E-3	2.1000654757787891E-3	1.7109515426882876E-3	1.3379555324042063E-3	8.8477439334862414E-4	1.6790647375626697E-3	EAST	2001	2003	2005	2007	2009	2011	2013	2015	2017	2019	2.0413666917006306E-4	1.2673663420655258E-4	2.5418625489560028E-4	2.1488579946723919E-3	2.1088564429257305E-3	1.238491633875505E-3	4.949169544354793E-4	6.3282075736815005E-4	4.6827985307271934E-4	4.536194054767051E-4	SOUTH	2001	2003	2005	2007	2009	2011	2013	2015	2017	2019	1.6930713064640336E-3	2.0767054103590201E-3	1.8544841641823624E-3	1.4857595488673089E-3	1.7250755201173178E-4	2.7644772602757007E-4	1.0239391646573348E-3	1.3820495898085336E-3	8.8952071900390425E-4	1.1586350261539237E-3	EUROPE	2001	2003	2005	2007	2009	2011	2013	2015	2017	2019	9.6317736229840532E-4	8.9009163904208506E-4	8.3378902815671127E-4	1.619166797078073E-3	2.219891216134493E-3	1.8383419204082252E-3	1.0102824067757794E-3	4.9712958538045506E-4	5.3202350684566446E-4	5.3202350684566446E-4	ASEAN	2001	2003	2005	2007	2009	2011	2013	2015	2017	2019	1.0855880025936774E-2	5.9815674232333018E-3	1.0438822099609052E-2	1.6843966620160654E-2	1.4415068351351043E-2	1.8497210412536186E-2	2.1704204285772178E-2	1.4303974336849793E-2	9.8123669509357775E-3	9.8123669509357775E-3	ALBA	2001	2003	2005	2007	2009	2011	2013	2015	2017	2019	1.6547344010387616E-2	7.8547937537630143E-3	4.4656829001461472E-3	2.723250396353457E-3	3.3883486010976203E-3	3.337791381611313E-3	2.0568131910302678E-3	1.1437992490879341E-3	1.0052757991374768E-3	1.0052757991374768E-3	



CENTRE	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	106.90320075521576	127.11849203686354	120.84201649254341	114.87544192822408	109.20346698301802	103.81154580073149	98.685850726820377	91.860642552136781	85.507472327014156	79.593693453704418	EST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	0	0	0.85396182146261235	1.6169692824624398	12.780400113386401	22.762016713638133	26.740726243569593	25.420402885293345	24.165270492831986	22.972110262248407	OUEST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	6.8178061706132507	6.9254894891451562	7.0105243563499204	7.6002702232665058	7.9224371500261768	7.8696373400228623	14.181519279741959	26.3668422994512	40.942763572893455	42.101016317075889	SUD	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	16.744531955026144	35.72888090387017	46.108520236553431	43.831912049873601	41.667711392411093	39.610368142410792	37.65460621537926	35.22083907495081	32.946977066162042	30.822376563272645	



CENTRE	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	65.290235610079392	66.057146721273071	67.007777110515931	68.084223169634939	69.097527266443663	70.051119255325531	70.947141663699696	71.785552711575761	72.65647455152947	73.575731718861888	EST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	48.805479361151875	50.156104186552554	51.593466662021378	53.642436681729784	55.714850770549859	57.811195401645456	59.932140523406019	62.065425951543624	64.175160800471573	66.040055336881295	OUEST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	57.701235539917356	59.296238863106275	60.941347319257353	62.582718254740975	64.207466181940447	65.814696482449122	67.404272812560677	68.976947312163006	70.540424394175673	72.128261757323799	SUD	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	51.797689329058898	53.23013114492867	55.366475968799506	57.487909947357402	59.641464323151666	61.833388775798198	64.009577177616862	66.171121422955324	68.317603502896873	70.626318949703588	



CENTRE	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	0	0	14.333163121019533	27.139719721330362	87.7728271892869	191.71971547879184	286.70623211428762	271.947454170507	257.95907127507587	244.70016251687775	EST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	11.457420666946575	16.932156182584674	18.119087588467121	19.962377059136429	24.61719565175796	28.106637904743838	27.700254972186567	26.211300485020864	24.804249196222923	35.652714258415344	OUEST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	4.8482177213249784	13.320846740078373	22.050524873008655	153.93428196888325	280.933016056101	378.04336720307538	441.99611374399728	617.0356810599842	771.22957339686991	886.34968043723859	SUD	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	4.0906837023679508	6.5023091251866774	20.780618889550734	36.236916739245125	52.790688430450452	57.950930699001702	58.823889018713771	66.465742881118217	73.498696897459709	74.690947473614472	



CENTRE	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	232521.66666666666	232521.66666666666	232521.66666666666	232521.66666666666	249961.33333333334	266219	333427.66666666669	343584.33333333331	341281.93333333335	363731.7	EST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	272302.41333333333	272302.41333333333	305469.58	305469.58	335447.24666666664	294415.20857142855	361832.65714285709	392656.48714285716	439732.44142857142	482132.1857142857	OUEST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	317216.77777777775	333287.66666666669	334962.33333333331	308306.55555555556	289972.79706666665	403811.11111111112	506028.33333333331	511592.77777777775	537737.28333333333	686832.08666666667	SUD	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	879853	864741.66666666663	1135730.6666666667	1448271	1566829.6666666667	1611097.3333333333	1836485.3333333333	2005897.6666666667	1922091.6666666667	2040308.3333333333	



CENTRE	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	63.308200155694472	66.238466066599599	71.348618631452482	89.898187224539498	121.84154093751089	167.46511810199181	218.03017053444381	263.53745653794704	271.99482788862832	318.98653586357085	EST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	62.680961987998053	106.44450362616352	130.15471043031832	144.96854572312068	216.80045895666964	302.58834664146315	379.58632702794461	468.36786252134817	567.95934489315607	624.06988624040537	OUEST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	23.421786429199059	63.590075570240863	101.32526595798052	216.13060951974563	311.36591856725505	375.14445080881831	407.61980087347899	459.2945925371244	548.69428282459944	634.4807625110551	SUD	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	0.71586964791439134	0.7458636573141969	154.47856847342547	292.65468933375575	348.04133374320543	338.18628762155419	539.03206554433439	1106.4117196287912	1880.727018085925	2277.9449030988462	



CENTRE	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	30.467384978703091	31.802178621292111	33.140479237692702	34.511965274810798	35.195828478676937	38.51432723999023	39.319139044625409	43.103720964704237	47.004910621643049	50.387766701834543	EST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	29.883700738634378	32.877640342712418	34.346598134722043	35.538880484444761	37.531627246311736	38.133350317818774	42.133867481776655	42.288336563110356	52.142513166155133	57.640786361694346	OUEST	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	27.464003165734994	29.057521423926726	31.248645606407745	33.516246084554439	35.901806979912969	38.841707935224903	41.292722922105057	45.326186077411371	48.52143405033992	52.378768862210791	SUD	2000	2002	2004	2006	2008	2010	2012	2014	2016	2018	27.111784696578979	29.526869440078748	31.984973382949825	33.429105270371473	35.144342317096687	37.733728361129764	40.101295137405387	39.934040355682377	43.609061288833615	47.898616924285896	



Inefficiency	Liberia	Ethiopia	Sierra Leone	Malawi	Burundi	Zimbabwe	Rwanda	Comoros	São Tomé and Principe	Namibia	Botswana	Gambia. The	Madagascar	Mali	Cape Verde	Burkina Faso	Angola	Chad	Guinea	Mauritius	Gabon	Côte d'Ivoire	Zambia	Togo	Congo. Rep.	Mozambique	Senegal	Uganda	Tanzania	Cameroon	Ghana	South Africa	Kenya	Nigeria	0.39268234000000013	0.23631028500000029	0.2185240500000003	0.21116485500000004	0.20410975500000006	0.19806573500000013	0.19115795999999996	0.19000511999999981	0.16544532499999998	0.14597994000000014	0.14572450499999989	0.14361287000000011	0.14263751500000021	0.13845753500000024	0.13488255999999998	0.13016959000000006	0.12738973500000017	0.12698840999999983	0.12300311999999991	0.11347466000000017	0.10921522500000003	8.3933985000000044E-2	8.0918415000000188E-2	7.2073120000000102E-2	6.5997714999999957E-2	6.157858000000016E-2	6.0752145000000146E-2	5.6550040000000079E-2	5.5375055000000062E-2	3.6851594999999904E-2	3.54515150000001E-2	2.6321084999999966E-2	2.2145250000000005E-2	2.1834030000000171E-2	


no PPP	Angola	Benin	Comoros	Congo. Rep.	Côte d'Ivoire	Gabon	Ghana	Guinea	Kenya	Liberia	Madagascar	Mauritius	Mozambique	Nigeria	Senegal	Sudan	Tanzania	Togo	0.76004702000000013	0.773167465	0.58048453	0.80312383499999984	0.78563187500000009	0.82873972000000007	0.77080553500000004	0.75177356999999989	0.75828438000000009	0.61711592000000004	0.76911358500000004	0.7435304800000001	0.73098282000000014	0.603094405	0.74923907499999998	0.61256791499999996	0.78971173499999991	0.51329972000000001	PPP	Angola	Benin	Comoros	Congo. Rep.	Côte d'Ivoire	Gabon	Ghana	Guinea	Kenya	Liberia	Madagascar	Mauritius	Mozambique	Nigeria	Senegal	Sudan	Tanzania	Togo	0.78905059230769226	0.80656474545454548	0.56285017647058821	0.79375522499999995	0.8106446249999999	0.92118510000000009	0.86198239999999993	0.84530638181818185	0.80393807499999992	0.75458267000000001	0.73505663333333326	0.71942901000000004	0.68383386000000002	0.57078550666666672	0.87424459999999993	0.73354622142857162	0.83631583999999992	0.46671582666666667	



