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Abstract

Small Island Developing States (SIDS) like Papua New Guinea are turning to power sector reforms
in meeting the national electrification and climate change targets. This study, therefore, reviews the
status and performance of electricity reforms among SIDS with a view to draw policy lessons for PNG.
In doing so, we also review the existing status and performance of reforms in the PNG power sector
and ensure robustness of findings by undertaking a stakeholder consultation. The findings suggest
that PNG power sector is inefficient and financially unsustainable and therefore, in need of reforms.
However, our findings do not recommend the full adoption of the 1990s reform model in the PNG
power sector given a small and isolated system size. Attracting private sector participation in electricity
generation through institutional strengthening, safeguarding against private sector risks and promoting
transparency, and undertaking functional and accounting separation are urgent reform measures. The
development of renewable independent power producers within the context of power sector reforms
and private operation of mini-grids and off-grids energy solutions will enable PNG to meet its universal
electrification and net-zero targets. These findings are also relevant to other small and isolated electricity
systems around the globe.




Introduction

The small-island state of Papua New Guinea (PNG) is on the verge of an electricity crisis as characterised by low
levels of electricity access, unreliable and curtailed electricity supply, unaffordable electricity prices and lack of
private investments that has prevented network systems expansion. PNG is one of the least electrified economies
in the world with more than 75 percent of the population living without access to electricity and has a poor quality
of electricity access (Sandu et al., 2020). For instance, the only recent available data from the World Bank shows
that PNG experienced an average of more than 40 blackouts per month in 2015, the third highest in the world
while other countries like Timor-Leste just faced on average an outage per month and Solomon Islands facing five
outages on average (World Bank, 2015). Average residential electricity prices in PNG were approximately $390/
MWh during 2010-2015 which is significantly higher when compared to $US55/MWh in OECD for the same
time period while a tariff review has not occurred in PNG since 2013 (IEA, 2019). The state-owned utility, PNG
Power Limited (PPL), is cash-strapped with a debt of more than US$130 million and therefore unable to support
grid-based system expansion while high electricity prices has increasingly translated into non-payment of electricity
bills. Grid penetration in rural areas is less than 1 percent and PNG is also the least energy intensive economy in
the Asia-Pacific Economic Cooperation (APEC) region (Fallon and Sofe, 2019). High system losses, absence of
tariff increase since 2013, and high overdue debtors such as the non-payment by some government institutions,
are the key factors explaining the poor financial position of PPL.

Therefore, PNG economy has resorted to deepening and widening market-based reforms of its electricity sector
as a vehicle to attract private capital in electricity generation and improve sector performance, at least in theory.
Power sector reforms is also advocated in PNG to achieve 70 percent national electrification target to align with
the objectives of achieving ‘high quality of life for all’ and ‘economic prosperity of PNG by 2030’ as per the
PNG Development Strategic Plan (PNG DSP) 2010-2030 (Nepal et al., 2023) as well as 50 percent carbon
neutral targets by 2030 (IFC, 2023). How should electricity reforms be guided today in island-based states like
PNG when the policy objectives of the power sector need to be broadened to also encompass electrification and
decarbonisation goals?

Answering this question is of utmost importance considering the narrow focus on just improving economic
efficiency of the 1990s power sector reform model. The 1990s reform model was essentially a structural reform
package consisting of four important elements (Foster and Rana, 2020): regulation (such as the establishment of
an independent regulatory body), restructuring (such as corporatisation and horizontal and vertical unbundling
of the state-owned utility), private sector participation (such as in electricity generation and distribution) and
competition (such as the establishment of the wholesale electricity markets). The underlying theory of change
(Lewin, 1947) acted as the guiding principle as reforms were expected to lead to positive behavioural change
among the key market participants and therefore resulting in improved sector performance. Industrial organisation
theory based on the structure-conduct-performance (SCP) model (Chamberlin, 1933; Robinson, 1933; Bain,
1959) provided the analytical framework to the 1990s reform model by explaining the connection between market
structure, market conduct and its performance. However, the 1990s reform package adoption has been slow in
developing economies with just a dozen developing countries implementing the full reform package by 2015 while
most developing economies are at an intermediate stage of reform (Foster et al., 2017). Small-island states like
Maldives and Solomon Islands have taken no steps toward implementing the 1990s reform model.

On the other hand, the performance of the electricity sector of small-island reforming states also contradicts the
core objective of lowering electricity prices after more than three decades of the reform process. For instance, high
electricity tariffs and high electricity costs are a norm in these economies despite the prevalent subsidisation of
grid-based electricity due to geographical disadvantages, making them more dependent on small-scale fossil fired



generation (Foster and Rana, 2020). The smaller size of the power system (around 580-600 MW (on-grid)) of
PNG also prohibits the scope for restructuring the power sector to benefit from the arising competition due to
limited economies of scale possibilities (Nepal et al., 2023). Recent empirical evidence from developing economies
suggest that the strongest driver of electrification is income per capita rather than any structural reform (Foster and
Rana, 2020). A small electricity system is statically achieved when the overall on-grid system peak load is below
1000 MW (Bacon, 1999; Kessides, 2004) implying that ‘small systems’ no longer remain ‘small’ over-time with
added capacities. Therefore, it is also questionable at the first place if the 1990s reform model was suitable for
implementation in small island developing economies without accommodating for the local contexts?

The purpose of this paper is to review on the status, progress and the outcomes of power sector reforms in small
island developing economies with a view to generate policy lessons for PNG accommodating the twin contexts of
decarbonisation and electrification. Thus, our study is different from earlier published reform studies in this area
since we consider the importance of political agreements such as national commitment to Sustainable Development
Goals (SDGs) and participating in legally binding international treaty on climate change such as Paris Agreement.
For instance, SDG-7 prioritises universal access to affordable and cleaner electricity by 2030 while island economies
have also set net-zero policy targets. Countries like Barbados and Maldives have set the most ambitious net zero
target dates of 2030 while Fiji has a net zero commitment in law by 2050. Around 733 million people globally and
mostly in Africa and Asia lack access to electricity IRENA, 2022). Achieving these policy goals require a radical
decarbonisation of the power sector implying significant technological change in the power sector due to growing
reliance on decentralised generation sources which the 1990s reform model also did not anticipate and therefore
calling for varied institutional and regulation models.

The remainder of the study is structured as follows: Section 2 contextualises the economics of electricity reforms in
small power systems and then undertakes a review of progress and performance of reforms in small-island economies
based on the existing literature; Section 3 discusses electricity reforms in the PNG; Section 4 synthesises the
findings from stakeholder consultations on reforms in the PNG power sector; Section 5 formulates reform policy
lessons for PNG blending discussions on the findings from the literature as well as stakeholders” consultations; and
Section 6 concludes the paper.




Electricity reforms progress and impacts in island

economies

The fundamental theorems of welfare economics provided the foundational economic principles in the design
of the 1990s reform model. Competitive markets, when attainable such as in electricity generation and retail
segments of the electricity supply industry (ESI), would lead to Pareto efhicient and optimal outcomes that are
welfare maximising. Electricity generation costs and distribution costs also account for the largest cost components
of electricity service delivery (together accounting for about 90 percent of total electricity supply costs) (Asantewaa
et al., 2022). When competition in the market is not possible; economic regulation such as of the monopoly
segments of the ESI (such as the electricity networks) would lead to a more efficient outcome than without
incentive regulation as second-best'solutions. Thus, the 1990s reform model did acknowledge the presence of
inevitable distortions facing electricity markets but trusted on the tripartite forces of stronger commercial motives,
competitive arrangements, and utilities regulation in improving efficiency and cost recovery.

However, lack of economies of scale in electricity generation arising from competition due to small size of the
electricity system is central to explaining why small island electricity generators are state-owned and vertically
integrated (Domah, 2002). In small-island countries effective introduction of wholesale markets is limited as
electricity distribution companies buy their electricity directly from the Independent Power Producers (IPPs).
Horizontal unbundling of electricity generating firms is also unnecessary across small electricity systems as total
demand can often be met with one or few firms while de-concentration creates suboptimal firm sizes (Asantewaa
etal., 2022). The relevance of sector restructuring such as unbundling as a prescribed reform measure becomes less
appealing in small systems if effective competition cannot be established. Unbundling involves non-underminable
transaction costs, as well as the potential loss of economies of scale, scope and coordination (Pollitt, 2008). A recent
study by Foster and Rana (2020) recommend that consideration for embarking on sector restructuring must occur
when the system size is 1,000 MW while establishment of a wholesale power market can occur when the minimum
system size is 3,000 MW. Establishing wholesale electricity markets under small power system sizes would lead to
monopolistic or oligopolistic outcomes and thereby, contradicting the intended objectives of undertaking market-
based electricity reforms (Domah, 2002).

Therefore, a specific focus on SIDS is justified as these economies have inherent characteristics that limit the degree
to which the power sector can be transformed when compared against larger continental developing countries
(Weisser, 2004). Small-island economies (SIDS hereafter) which consist of 57 economies (as identified by the United
Nations which also includes 18 Associate members) belonging to the geographical regions of the Caribbean, the
Pacific, and the Atlantic, Indian Ocean and South China Sea face similar economic and environmental challenges
which is mirrored by their power sectors (IRENA, 2018). Some of these characteristics include i) limited resource
base, ii) small domestic markets and therefore lack of scale economies benefits, iii) high energy and infrastructure
costs, and iv) geographical isolation and lack of connection with other markets. All SIDs face similar challenges
from a changing climate resulting between 1 percent and 9 percent of their GDP loss and are the most vulnerable
to the adverse impacts of climate change. Yet most of them only source less than 10 percent of electricity from
renewable sources (KPMG, 2022). These commonalities arise despite these countries differing in population size,
geographical spread and levels of economic development. The quality of governance and institutional strengths
varies tremendously among SIDS while many SIDS are prone to state failure and are often fragile (Santos-Paulino
etal., 2010).

! See Lipsey and Lancaster (1956-1957) for a detailed discussion on the general theory of second-best.



According to the US Energy Information Administration (US EIA, 2023); 27 out of the 39 core members of SIDS
have installed capacities below 1,000 MW in 2021. Countries like Haiti (1471.28 MW), Jamaica (1216.13 MW),
PNG (1141 MW out of which around 580-600 MW is only on-grid) and Trinidad and Tobago (2124.01 MW)
operate smaller electricity systems while Cuba, Dominican Republic and Singapore have power systems exceeding
3000 MW in size®. There is no data to report for Marshall Islands, Micronesia, Palau, Timor Leste and Tuvalu.
Other members include Comoros, Guinea-Bissau, Haiti, Kiribati, Sao Tome and Principe and Solomon Islands as
the least developed economies (including Timor Leste and Tuvalu) operating a small power system. Singapore is
one of the high-income economies in the SIDS as well as an advanced reformer implementing all steps of the 1990s
reform model having established a liberalised wholesale electricity market. Previous studies by Chang (2007) and
Chang and Tay (2006) have captured the evolution of electricity market reforms and is beyond the scope of this
paper since our study focusses on developing economies. Therefore, we have excluded Singapore from our analysis
even though Singapore is an active member of the Alliance of Small Island States (AOSIS) and the Small Island
Developing States (SIDS).

More so, government ideology as well as reform conditioned financial support have been proven to be the
important drivers of progress in electricity market reform process (Erdogdu, 2014). Another empirical study by
Erdogdu (2013) which also include advanced reforming island-economies like Jamaica and Singapore in the sample
evidenced that reform progress in a country depends on the backgrounds of the chairperson and the minister/
governor, the level of democracy and corruption in that country.

Reform status and progress in SIDS

There is a widespread consensus in the literature that reforms in developing economies including many SIDS did
not follow the textbook reform model (i.e. the sequencing and full adoption of the 1990s” reform model) but
rather diverged from the underlying theoretical principles of reforms. Most developing economies embraced an 4
la carte’ approach to reform such as the creation of a regulatory entity and private sector participation in generation
through IPPs, although in a random order (Foster and Rana, 2020). Many small, low-income and fragile states
like SIDS have just invested minimal effort and exhibited greater reluctance in reforming their power sectors.
Unfortunately, many SIDS such as Cook Islands, East Timor, Kiribati, Palau, Samoa, Solomon Islands, Tonga and
Vanuatu lack data on energy and electricity reforms for reporting (Sen et al., 2018). Country-specific case studies
on the status and progress of power sector reforms among SIDS is also very limited.

The Fijian reform model serves as a pioneering example of power sector reform model for SIDS belonging in the
Pacific as identified by Dornan (2014) in the first ever study of power sector reform not only in Fiji but also in
the Pacific as per the authors. Reform in Fiji was pursued with political motives in a context of clientelism under
donor-promoted reforms characterised by two epochs. The first period, 1996 to 1999, involved the introduction
and reversal of structural reform such as unbundling of the Fiji Electricity Authority (FEA) in 1998. The second
period of reform from 2002-2013 witnessed the first tariff increase in Fiji in 2005 after 13 years as well as the
announcement of the partial privatisation of FEA in 2011. An Electricity Bill was passed in 2017 that aimed at
amending the Commerce Commission Act so that the Fiji Commerce Commission could be the independent
regulator. The government also intended to facilitate privatisation through share divestment of FEA. Despite these
reform efforts, the FEA is still a vertically-integrated state-owned utility operating under a single buyer model
where the FEA also contracts power from IPPs.

Jamaica opened up the electricity generation segment to full competition in 2004 after the government of Jamaica
sold 80 percent of its stake in the Jamaica Public Service (JPS) in 2001, which remains the sole electricity supplier
in Jamaica (Campbell, 2018a; Campbell, 2018b). The Office of Utilities Regulation (OUR) was established as an

*Note that this is the total system size and not the on-grid system size. The on-grid (i.e. grid connected) system size can be much lower and re-

ported to be a maximum of 680 MW for PNG in 2020.



independent sector regulator in 1997 based on the 1995 parliamentary Act - OUR Act of 1995. OUR introduced
the price cap regulation in 2001 departing from the long-practised rate of return regulation. The JPS remains a
vertically integrated investor owned utility operating under a single buyer model where the JPS contracts additional
capacities from four IPPs. The Electricity Act of 2015 has confirmed that IPPs only have the right to generate
energy for sale to JPS. Therefore, JPS is the sole distributor and transmitter of electricity in Jamaica which is
achieved through their own generation and purchasing power from IPPs. The first IPP, known as the Doctor Bird
Power Station (DBPS), was established in 1995. JPS was a state-owned vertically integrated but corporatised utility
up until 2001. In 2016, incentive regulation was based on a revenue cap and not price cap.

In Bahamas, the Bahamas Electricity Corporation (BEC) owns and operates 438 megawatts (MW) of generation
capacity while Grand Bahama Power Corporation (GBPC) controls the remaining 98 MW as of 2015 (NREL,
2015). BEC is a government owned corporation engaged in a reform process to split the company into two
companies while GBPC is a public-private corporation including foreign-owned utilities. The government had
released a request for proposal to liberalise the energy market in August 2013 with longer-term strategies for the
renewable power production sector subsequently beginning in 2014. The government also intended to vertically
separate the Bahamas Electricity Corporation into two new agencies: a transmission and distribution company
(NewCo) and a generation services company (JVCo). The Utilities Regulation Competition Authority (URCA)
is the independent regulator of the sector which is empowered by the Electricity Act 2015 to carry out the
regulatory functions. The introduction of Electricity Bill, 2024 replaced the Electricity Act 2015 and together
with introduction of Natural Gas Bill, 2024 provides the legislative framework for a comprehensive reform of the
power sector.

In Dominican Republic, the sector was vertically integrated and wholly state-owned until 1990. The period 1990-
2002 witnessed regulatory overhaul of the power sector, capitalisation and privatisation (The Economist, 2015).
The Law for Incentives and Development of the Electricity Sector encouraged private investment in the sector in
1990. The Public Enterprise Reform Law of 1997 provided the framework for privatisation and foreign investment
in the sector while the Dominican Electricity Corporation was split into five separate companies in 1998. Three
distribution companies and two electricity generators were unbundled and capitalised (50%-privatised) in 1999
while the General Electricity Law was passed that created the regulatory framework for the sector in 2001. However,
the sector has remained in a state of crisis since the early 2000s soaring international oil prices raised the electricity
generation costs and therefore the electricity tariffs. The international oil price spike of 2008 led to a private
electricity distributor (Edeeste) being renationalised in 2009 as the government was unable to timely cater the
subsidy requirements of the sector as tariffs remained unchanged while costs of electricity generation skyrocketed.
Therefore, the case of Dominican Republic serves as a good example of reforms reversal under crisis despite an
extensive undertaking of power reform including privatisation of distribution utilities.

Table 1: Reform status and progress among selected SIDS

Countries Reform milestones

Fiji 1996 — Beginning of reform through the 1996 Public Enterprise Act; 1998 — Unbundling of the
FEA into three companies; 1999 — FEA is re-established as new government reverses unbundling;
2001 — A reformist FEA board was appointed; 2002 — Tariffs decision vested on the hands of the
Commerce Commission but ineffective; 2002 — Commencement of FEA reforms; 2005 — First tariff
increase in 13 years; 2007 — Reversal of the tariff increase by the new government; 2010 - Commerce
Commission issued a decree to increase tariffs including that paid to IPPs; 2011 — Announcement
of the partial privatisation of FEA; 2017 — Electricity Bill passed to corporatise FEA and create a
company that will be registered under the Companies Act, 2015.

Jamaica 2001 — vertically integrated state-owned to vertically integrated investor owned; 1997 — establishment
of OUR as sector regulator; 2001 — introduction of incentive regulation; 2001 — privatisation of
electricity distribution company; 2004 — full liberalisation of electricity generation; 2015 — enaction
of The Electricity Act of 2015; 2016 — incentive regulation based on revenue cap.




Bahamas 2013 — government released a request for proposal to liberalise the energy market, but the process is

still underway.

Dominican

Republic

1990 — encouragement of the private investment; 1996 — main year of privatisation; 1998 - Dominican
Electricity Corporation was split into five separate companies in 1998; 1998 — regulator established;
2001 — amendment of the regulatory framework; 2001 — reform of the electricity law; 2003 —
renationalisation of distribution utilities; 2009 — renationalisation of main electricity distribution
utility in Caracas.

Reform performance and outcomes in SIDS

Many island states have taken no reform steps or stuck at an intermediate stage of reform and therefore measuring
reform performance is complicated. As of 2002, most electricity generators in SIDS, except in Trinidad and Tobago,
were all monopolies and vertically bundled. Trinidad and Tobago had divested its generation into a new privately-
owned company (Domah, 2002). However, there is no evidence that privatised electricity generation in Trinidad
and Tobago performed better. In Jamaica, incentive regulation in the form of price cap is more superior to revenue
cap in terms of social welfare enhancement (Campbell, 2018b). Quantitative evidence of reform performance
based on single country case study of reforms among SIDS is limited although reform performance among some

SIDS have been analysed using a global sample.

For instance, Balza et al. (2020), based on a sample of 18 Latin American countries including Dominican Republic
evidenced that private investment and the quality of regulatory governance are positively associated with better
electricity sector performance such as increasing generation capacity, electricity access and reducing losses. A study
by Erdogdu (2011) examined the impact of power market reforms on electricity price-cost margins and cross-
subsidy levels for 63 developed and developing economies in concluding that there is no uniform pattern for the
impact of reform process on price-cost margins and cross-subsidy levels. Nagayama (2009) examined the impact
of reforms on 78 countries in four regions to conclude that deepening power sector reforms does not necessarily
reduce electricity prices.

Table 2: Reform impacts among selected SIDS - Empirical Evidence

Country Study Methods Data Findings
Trinidad and Tobago | Domah Efficiency 1994 to 2000 - panel | Privatised electricity generation utilities
(2002) Analysis using physical data of 16 did not outperform the non-privatised
DEA and SFA islands and 121 ones.
US investor-owned
utilities.
Jamaica Campbell | Constrained Industry cost and Price changes are more volatile
(2018b) Optimisation demand parameters under a revenue cap; a revenue cap is
models variables in the year | welfare-reducing but facilitates energy
2013. conservation.
Dominican Republic | Balza et al. | Panel data fixed | 18 Latin American Private investments strongly contribute
(2020) effect regression | countries over the last | to enhancing the quality and efficiency
analysis five decades (1971— | of the electricity sector's performance
2016). by increasing generation capacity,
increasing the share of renewable
energy, increasing access, and reducing
electricity losses.




Republic, Haiti,
Jamaica, Trinidad

and Tobago

probit model;
fixed effect/
random effect
model and IV
model

for the period from
1985 to 2003.

Cuba, Dominican Erdogdu Panel data fixed | 63 developed and Each individual reform step has
Republic, Haiti, (2011) effect regression | developing countries | different impact on price-cost margins
Jamaica, Singapore analysis covering the period and cross-subsidy levels for each

and Trinidad and 1982-2009 consumer and country group.

Tobago

Singapore, Nagayama | Econometric 78 developed and Development of liberalisation models
Dominican (2009) models: ordered | developing countries | in the power sector does not necessarily

reduce electricity prices.




PNG status of reform

Recent studies have emerged summarising the status and progress of power sector reforms in PNG. Fallon and
Sofe (2019) reviewed the economic regulatory regime, government policies and reform proposals affecting the
generation, distribution, transmission and retailing segments of the electricity sector in the PNG. Sandu et al.
(2019) developed a governance perspective for facilitating an understanding on the causes for the underdeveloped
state of electricity industry in PNG. Nepal et al. (2023) revisited the reform progress and plans in the electricity
sector of PNG alongside the development and integration of IPPs in its small power system based on a case-study
approach.

Table 3 provides a timeline of electricity reforms in the PNG context. The impetus to restructure the PNG power
sector started with the establishment of the Electricity Commission (ELCOM) in 2002. The year, 2002, also
witnessed the establishment of the electricity regulator, Independent Consumer and Competition Commission
(ICCCQ), after which ELCOM's assets, liabilities, rights, titles and personnel were transferred to PNG Power
Limited (PPL). The state ownership of PPL was later transferred to the Independent Public Business Corporation
(IPBC) under the Independent Public Business Corporation of Papua New Guinea Act (2002). The ICCC,
although, responsible for ensuring effective economic regulation of both state-owned and private enterprises, has
only been performing the economic regulation tasks. The technical regulation functions have been delegated to
PPL due to human and financial constraints faced in effectively performing all its regulatory functions. The Kumul
Consolidation Agenda was introduced by the PNG Government in 2015 to consolidate all state-owned enterprises
(SOEs) and thereby, improve the financial position of the SOEs. Therefore, all assets of PPL were transferred to
Kumul Consolidate Holdings under the IPBC (Amendment) Act of 2015. The Electricity (Industry) (Amendment)
Act 2020 amended the Electricity Industry Act of 2002 by repealing the list of functions of the ICCC and instead
creating the National Energy Authority (the Authority). The National Energy Authority and not ICCC is now
responsible for the regulation of the electricity supply industry in PNG. Therefore, the Authority will be able to
charge levies and fees, including generation licenses levies while also establishing a tariff system for the electricity
supply industry (Nepal et al., 2023).

Table 3: Timeline of major electricity reform/policies in the PNG power sector

Year Reform/Policy Steps

1961 Establishment of the Electricity Commission (ELCOM) after the enactment of the PNG
Electricity Act of 1961.

1993 Initiation of the Rural Electrification Policy.

2002 Initial initiatives to restructure the electricity started with the Electricity Commission (Privatisation)
Act 2002 institute within the PNG Electricity Industry Act of 2002.

2002 PNG Electricity Industry Act of 2002 allowed establishment of an Electricity Commission and
regulating the generation, supply and sale of electricity.

2002 The Independent Consumer and Competition Commission (ICCC) Act 2002 also led to the
creation of an independent regulatory entity.

2006 Redrafting of the Rural Electrification Policy which was originally initiated in 1993.

2011 Government endorsing of the Electricity Industry Policy.

2016 Release of the National Energy Policy 2016-2030, which was eventually approved in 2018.

2018 Drafting of the Independent Power Producer and Major Infrastructure Policy.

2018 An industry advocacy group (IP3 Industry Group) representing the interests of IPPs was established.




2018 PNG Electrification Partnership was signed with four OECD economies (Australia, Japan, New
Zealand, and the USA) agreeing with the PNG Government to help achieve PNG's energy
ambitions of 70 percent electricity access by 2030.

2021 PNG Parliament passing the National Energy Authority Act 2020 (NEA Act) and the Electricity
Industry (Amendment) Act 2020 (Amending Act) (together the Acts) on 21 April.

The PNG power sector today operates as a single buyer market model where each IPP contracts power purchase
agreement with PPL as the single buyer monopoly (i.e. the monopsony buyer). Ideally, wholesale competition
in a single buyer model would imply that the independent Single Buyer procures wholesale electric power based
on fixed contracts with power producer through competitive bidding as opposed to a monopoly model where
PPAs are negotiated (Nagayama, 2009). The contracted IPPs do not have access to transmission networks and
therefore are not permitted for electricity sales to final customers under a single buyer model. Figure 1 below
shows the underlying arrangements between a monopoly model versus a single buyer model. There is no choice
of supplier under a monopoly model while utilities are vertically integrated with no competition possible at all in
the generation, transmission and distribution segments of the ESI. PPL purchases hydro and thermal electricity
generated from the IPPs based on long term PPAs in PNG. Any potential IPPs can apply for a license to sell
electricity, as long as their customers are outside of PPLs exclusive zone or have a load greater than 10 MW for
which they can use their own network (for which a license is required to operate) or through third-party access to

PPLs grid.
Figure 1: Monopoly Model versus a Single Buyer Model
r—- - - - - - — — — — — — — 7
e | Single Buyer Model |
| Monopoly Model | | |
Independent .
| | Power Not Utility |

| | Producer Grid

Source: Adapted from Nagayama (2009) |



The National Energy Policy 2017-2027 aims at making the sector more competitive through market restructuring
such as i) commercially separating generation, transmission, distribution, and retailing entities, ii) establishing an
independent system operator and iii) establishing a competitive electricity market including competitive tendering
of PPAs. In theory, the ICCC is also responsible for tariff setting for PPL based on a building block model which
allows for full cost recovery (including a pass-through of fuel costs) with a return, annual revisions, and operational
performance incentives. However, tariff review has not occurred in PNG since 2013. Grid extensions become
a responsibility of PPL only when they are commercially viable implying that off-grid electrification must be
supported by government subsidies to cover rural and remote areas.

Sector Performance

Although the PNG power sector policy construct is theoretically consistent with fostering wholesale competition
by attracting private sector participation; there is a wide division between ‘theory’ and ‘practice’ (IFC, 2023;
Nepal et al., 2023). Some of the barriers towards greater IPPs participation include a) risks of non-payment as
IPPs have no payment guarantee, b) lack of cost recovery tariffs as tariff review has been frozen since 2013, and ¢)
underdeveloped policy and regulatory environment. The Government’s prohibition on government guarantees of
bank loans to IPPs imply a high IPP costs for PPL because it requires all-equity financing for most IPPs resulting
in a high cost of capital for power sector investments (IFC, 2023). PPL is financially unsustainable in supporting
system expansion with a debt of US$130 million while it also suffers from non-payment of electricity bills (through
illegal connections and theft) of about US$7 million per month. The IPPs have not also been paid on a timely basis
as evident from POSCO International Power Ltd cutting electricity to Lae due to PPL's failure to settle a PGK60
million debt. PPLs cost structure exceeds its revenue while facing an acute shortfall in cash as there is a large and
growing unpaid government debt since 2017.

There are only seven IPPs operating in the PNG economy with a combined installed capacity of 257.3 MW since
the adoption of the Electricity Industry Policy (EIP) of 2011 (Government of Papua New Guinea, 2017. Network
investments and expansion is very minimal and limited in PNG where long-distance transmission of power is
limited to the Port Moresby, Ramu (in Morobe and Madang), and Gazelle grids only. Around 19 isolated and
independent power grids which often rely on high-cost diesel generation serve the provincial centres. According to
Foster and Rana (2020), power sector reform outcomes should be evaluated along multiple dimensions, including
traditional objectives such as security of supply (pre-2000 objective), as well as the new policy agenda focusing on
electrification and decarbonisation (post-2000 objectives). Therefore, we study the evolution of electricity installed
capacities as an indicator of security of supply while data on national access to electricity and renewable energy
consumption as a share of total energy consumption are used as indicators of electrification and decarbonisation
objectives.

Figure 2 shows that PNG historically has a greater electricity installed capacities as compared to other independent
countries from the Melanesia region (Fiji, Vanuatu and Solomon Islands). Installed capacities have grown slowly
over-time in Vanuatu and Solomon Islands while the growth trend is significant across Fiji and PNG but with
fluctuations. All these four power systems can be considered to be small (i.e. less than 1000 MW on-grid size)
since the data includes both on-grid and off-grid capacities. PNG has a total of 580-600 MW on-grid installed
generation capacity. Around 300-320 MW of on-grid generation is managed by PPL (generation, transmission
and distribution) in the three main grids (Gazelle, Port Moresby, and Ramu) catering for the main urban centres.
PPL also manages about 100 MW of mini-grid generation consisting 19 geographically isolated mini-grids (mostly
powered by high-cost diesel (24 out of 26)) catering for 26 smaller provincial centres. IPPs that supply the main
grids or mini grids in rural areas and self-generating industrial entities (for example, mines) supply the remaining
capacity of about 280-300 M'W.



Figure 2: Evolutions of installed capacities among selected SIDS
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Figure 3 shows that access to electricity (as a percentage of total population) mostly remains the lowest levels in
PNG despite boasting relatively higher levels of electricity installed capacities in the region. Fiji achieved universal
electrification in 2020 while the access rate is steady and growing in Solomon Islands and Vanuatu. However,
the data below also includes off-grid electrification despite which the overall electrification rate of 60 percent can
be considered relatively low considering that global electrification rate is 89 percent. The on-grid electrification
rate (i.e. access to electricity through the national grid) is around 13 to 15 percent in PNG in 2020 which is
one of the world’s lowest rates of energy access. On the other hand, higher access to electricity does not imply
greater power quality. The power quality reliability of the PNG power system as measured by the System Average
Interruption Duration Index (SAIDI) and the System Average Interruption Frequency Index (SAIFI) is also poor.
PNG has a significant worse outage metrics (duration (in hours -SAIDI) and frequency (in numbers - SAIFI)) than
neighbouring island countries like Solomon Islands (SAIDI — 3.1, SAIFI — 1.5), Vanuatu (SAIDI - 241, SAIFI -
5.26) and Fiji (SAIDI - 127, SAIFI — 3.23) in 2020 with a SAIDI of 940 hours and SAIFI of 500 (World Bank,
2015).



Figure 3: Access to electricity trends among selected SIDS
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PNG has one of the lowest per capita consumption ratios of electricity in the world in addition to the low access
rate. Figure 4, however, shows the renewable energy consumption trends (as a percentage of total population) in
the region. As of 2019, the rate is 53 percent for PNG followed by 48 percent for Solomon Islands, 32 percent
for Vanuatu and 26 percent for Fiji. Renewable electricity generation accounts to only about 30 percent in PNG.
This rate is well-behind the national target to achieving 50 percent carbon neutrality by 2030 and transition to
100 percent renewable energy by 2050 as per the Nationally Determined Contribution (NDC) target for PNG
under the Paris Agreement. In 2019, total grid-connected available generating capacity in PNG was 416 MW out
of which 124 MW (30%) was sourced from hydro sources.




Figure 4: Renewable energy consumption trends among selected SIDS
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The dissatisfaction with the PNG power sector performance is also evident among the major PNG power sector
stakeholders. An earlier study by Nepal et al. (2023) found that IPPs currently suffer from revenue security
risks, market demand risks and contract procurement risks based on IPPs stakeholder consultations in the PNG
power sector context. Such unfavourable business environment facing IPPs inherently questions the efficiency
and relevancy of the single buyer model. Table 4 shows the inputs received from the stakeholder consultations
which consists of IPPs and business interest group. The experiences of the IPPs is evident that revenue security
is not present in the PNG power sector as cost recovery has not been possible because of PPL insolvency. Non-
transparency in PPAs contract procurement is a concern as tariffs vary considerably across agreements. Privatisation
of the cash strapped PPL remains an option to be considered given the state failure in managing PPL. IPPs face
different types of risks in PNG that acts as entry barriers such as non-payment risks, risks from political instability
and uncertainty and management risks as per the stakeholder consultations.

A 2015 World Bank survey had revealed that 11.5 percent of small businesses (with five to 19 employees) reported
that electricity was their main obstacle out of the 4.2 percent of all firms surveyed in PNG (World Bank, 2015).
This finding is consistent with the business interest group view that the business community is suffering from
lack of reliable power access as the PPL power supply is off 25 to 50 percent of the time. Electricity theft and
poor bill collection rates remains a norm. Institutional factors such as political stability and certainty are vital in
sustaining the reform progress in developing economies (Bhattacharya, 2007). However, political involvement
in making power sector decisions is too frequent resulting in operational and financial inefhiciency. Institutional
environment and the institutional governance mechanisms are two essential components of institutions that shapes
firm performance (Williamson, 1995). In PNG, institutional environment in the form of the ‘rules of the game’ is
heavily politicised and therefore institutional arrangements (i.e. the way r-level units like firms organise, compete



and co-operate) is inefficient. For instance, establishing effective independent regulation in PNG is challenged by
significant human resource constraints and therefore questioning the intended split of regulatory roles between
ICCC and the NEA. An earlier study by Pollitt and Stern (2011) in the case of developing economies had evidenced
that establishing effective independent regulation is challenged by significant human resource constraints. In
turn, ineffective regulation limits the scope and impact of reforms. The institutional endowment of PNG largely
influences the institutional environment which consists of important factors like having a strong legislative and
executive system, judicial system, administrative system, informal rules and social and national ideology.




Methods - Stakeholder Consultations

Quantitative studies based on parametric and non-parametric analysis cannot adequately capture the country-
specific intricacies of implementing power sector reform and their political economy impacts. Therefore, an in-
depth examination of country-specific reforms within an underlying political economy context requires undertaking
stakeholder consultations. In fact, the dissatisfaction with the PNG power sector performance among the major
PNG power sector stakeholders such as IPPs was documented in an earlier study by Nepal et al. (2023) which
merits further investigation.

The table below (Table 4) shows the inputs received from the stakeholder consultations which consists of both
IPPs and business interest group. Only 13 stakeholders responded positively and participated in the stakeholder
consultations out of the 20 invitation letters sent out seeking appointment at suitable timing. However, out of
that, only three stakeholders provided their written responses into the questionnaire shared for this study. The
sample of questions used in the interview is shown as well in the table. The theme of the questions is premised on
the status and progress of the reforms undertaken in the electricity sector of PNG, having regard to prospect of
harnessing renewable energy sources and meeting net zero targets. The stakeholder consultations for this study are
independent from the stakeholder consultations carried in the earlier study by Nepal et al. (2023) which entirely
focussed on consulting the IPDs.

All consulted stakeholders agree that role of renewable energy in powering PNG is immense. The country has ample
renewable energy resources (hydro resources in particular) that can be developed with privately operated renewable
mini grids playing a major role in meeting the electrification needs (IFC, 2021). This perspective has been strongly
shared by the consulted IPPs. However, uncertainty regarding the electricity sector policy and governance can be a
barrier to greater renewable energy development as also recognised by the business interest group. One of the IPPs
consulted is of the view that the establishment of a new energy sector regulator (i.e., the NEA) is not in the best
interest of private investors since the NEA regulations are onerous.

Table 4: Inputs from Stakeholder Consultations

IPP #1 IPP #2 Business Interest Group
Question 1 | Are you satisfied No No No
with the structure,
organisation,
regulation and
ownership of the
PNG's electricity
sector?
Question 2 | If No, what aspects | It is necessary to improve | We do not feel it was Must supply quality
need to change? power transmission and | necessary to replace continuous power.
distribution technical the ICCC regulating
capabilities, and the authority with the NEA.

regulatory body has been | The NEA regulations
transferred from ICCC to | are onerous and not in
another organisation, but | the best interests of IPP
only the regulatory body's | private investors and

fee is paid regardless of the | or the industry. It is
division of duties. just another authority
collecting money for an
unwarranted bureaucracy.




Question 3

Are you satisfied with
the performance
(operational and
financial) of the
PNG's electricity

sector?

No

No

No

Question 4

If No, what is it that
you are not satisfied

Recently, the number of
illegal users of electricity

Poorly managed,
underfunded, no

Too many outages, 25
to 50 percent of time

with and why? is exploding, but they maintenance, no PPL supply is off, PPL
are being used for free planning and government | requirement to put self-
without countermeasures | abusing its power in generated power through
due to a lack of relation to not increasing | PPL meter; a very old
distribution capacity. tariffs to support costs, regulation that needs
There is no not.suppor'ting PPL l?y updating.
countermeasure plan paying their power bills.
for the power authority,
but it is shifting
responsibility to IPP
operators. IPP operators'
uncontrollable amount
of unpaid electricity bills
is increasing, but the
PNG Government is
not presenting a solution
and is blaming the IPP
operators for all damages
and neglecting them.
Question 5 | What do you think | The real problem faced Poor management, no Too much government
are the real problems | by PNG's power sector funding, no maintenance, | involvement that has
facing the PNG’s is that it is forgetting its | no capex for reticulation. |appointed incompetent

electricity sector?

original duty to control
the nation's power and is
unable to provide a basis
for its existence on its
own.

It does not show any
attitude of giving up the
right to control itself and
responding according to
government guidelines.

boards and incompetent
management being paid
excessive board fees

and salaries. Very poor
maintenance planning.
PPL can increase
generator ability. Cable
breaks, broken insulators
and cross arms from lack
of regular inspection and
change out means that
power cannot flow down
the lines. Very poor
procurement resulting

in over 12 months wait
for easy pay metres and
commercial metres.




Question 6

What aspects of the
PNG’s electricity
sector needs to
change to improve
the power sector
performance?

Not just a limited part,
but the whole.

It would also be a good
idea to replace the
operation of the power
grid in a third country if
necessary.

Management needs to
change, government
needs to support the
industry rather than
burden it. Major capital
injection required for
maintenance overhauls,
new generating and
substation equipment
and modernizse its grid
reticulation.

Immediately allow and
encourage private sector
or rural communities

to install solar power
with excess available

for sale into grid,
decouple employee
unions or link pay to
productivity and supply
performance, Radically
improve PPA (power
purchase agreement)
mechanisms allowing
rural communities to
generate solar and hydro
power for themselves
with excess to grid.

Question 7

Does climate change
a real threat facing

Given its geographic
location, the threat facing

Not in the short term

Not in terms of
environment but Yes, in

In particular, the cost
of not paying the IPP

operators is out of control,

and this amount only
occurred in three years.

Indeed, it would be very
interesting to take on the
challenge of being eco-
friendly at any cost.

gas.

the PNG economy? | PNG economies from terms of international
climate change will be treaties and carbon
agriculture, but this will emissions.
be limited.

Question 8 | What role can the The PNG power sector By upgrading its Encourage and facilitate
PNG electricity will have to be changed renewable energy source | the mobilisation Solar
sector play in to an eco-friendly power | at Yonki and Rouna ... and Hydro power as
addressing the plant, but it will not be in hydro power thus soon as possible.
climate change possible to bear the costs | becoming less reliant on
problems? accordingly. fossil fuels such as oil and

Question 9

Does the current
institutional
arrangement of the
PNG electricity
sector offer a level
playing field for IPPs
to participate in the
power sector?

IPPs in the PNG
electricity sector
determines that it does
not participate on a level
playing field. It seems

to be proceeding in a
conventionally short-term
way, ignoring the grounds
for impartial judgment.

No, not one PPA
agreement is the same,
tariffs vary significantly
between agreements as do
the conditions.

No comment




Question 10 | Are the IPPs An IPP is financially We believe they are No comment

financially viable? infeasible. viable, certainly more
(such as revenue . viable than PPL and
Profitability can be .
adequacy through . . in fact PPL should be
B . considered, but since o
cost reflective tariff, L . privatised.
. collection is impossible,
timely revenue .
) operating funds are
fecovery, €te). limited, and all problems
are judged to be caused
by PPL's lack of
management.
Question 11 | Do IPPs have a role | For IPP to decarbonise Yes definitely No comment
in power sector the power sector, retrofit
decarbonisation and | using LNG is required.
how? However, in a situation

where retrofit costs are
excessive, PPL's financial
difficulties will be greatly
affected.

Eco-friendly issues will act
as an evil for the national
finances.




Discussions and Policy Implications

In this section, we prescribe some policy responses in reforming the PNG power sector by accounting for the
local contexts, status and impacts of reforms. In doing so, we acknowledge that there is no clear international best
practice reform model for SIDS like PNG to adopt and implement based on the review of reform progress and
performance among SIDS. The size of the electricity sector being an important determinant of the appropriateness
of regulatory models among SIDS has been previously discussed (Dornan, 2018). On the other hand, the reform
experience of Fiji suggests that reform is possible even within difficult political environments among SIDS although
is challenging, time consuming while the results are not guaranteed (Dornan, 2014). We draw five important
policy prescriptions for PNG below.

* Accelerating private investments in electricity generation is a must for PNG to meet its electrification
targets while full privatisation of the electricity sector is discouraged. For instance, SIDS like Dominican
Republic had around 71 percent private participation in electricity generation as of 2015 (grew from 60
percent in 2001) and has achieved national electrification target of 100 percent in 2020 (Balza et al., 2020).
However, private participation in electricity distribution decreased to zero percent in 2015 from 50 percent
in 2001 as the renationalisation of electricity distribution utilities commenced in 2003 due to sector inability
to cope with rising electricity generation costs. Our recommendation is consistent with an earlier study by
Weisser (2004) which discouraged full privatisation of the power sector based on evidence from then recent
reform programmes and theoretical academic literature. Nonetheless, PNG cannot attract private sector
participation in electricity generation as a substitute to state ownership and performance failures without
safeguarding against the revenue security risks, market demand risks and contract procurement risks.
Increase private sector participation in electricity generation is necessary to mitigate the adverse impacts of
political instability and uncertainty facing the power sector too.

* Introducing sophisticated forms of wholesale and retail competition is not necessary in the PNG power
sector considering the small market size and lack of institutional and resource constraints. However,
wholesale market rules to accommodate fixed contracts with the power producer through competitive
bidding should be introduced within the existing SBM market arrangements. A fixed contract mitigates
the perceived private sector risks of revenue insecurity, demand uncertainty as well as contract procurement
by improving market transparency. On the other hand, competitive bidding rather than negotiations
generates competitive pressures through ‘competition for the market’ by stimulating new entrants through
technology neutral or specific long-term capacity contracts. However, the successful implementation of
competitive bidding requires an appropriate regulatory and institutional framework, which the PNG power
sector currently lacks (Nepal et al., 2023). Barriers to entry such as discriminatory network access to IPPs
should be eliminated.

e  PNG power sector does not need to implement full extent of vertical separation such as ownership
unbundling as necessary reform steps. Ownership unbundling is a pre-requisite to the privatisation of the
sector but we do not recommend full electricity sector privatisation in PNG. However, we recommend that
functional and accounting separation of the PPLs potentially competitive and monopoly segments should
be pursued as urgent sector restructuring steps to expose and address the inefficiencies facing the PNG
power system. Accounting and functional separation will improve sector transparency and accountability
and therefore, act as a vehicle to attract private capital (both domestic and foreign) and prevent electricity
corruption. Concerns around illegal connections, power theft and non-payments of bills as in the case of
PNG can be better dealt with based on a targeted actions approach in an unbundled power system.



PNG power sector needs overall institutional strengthening through creating appropriate institutional
arrangements as urgent reform measures to attract private sector participation. The creation of an
independent regulator is a must where the terms of regulatory appointments should not be of political
nature, regulatory body should not be publicly funded and designing regulatory content such as tariff
methodology should be left to politically unaffiliated regulators (Stern and Holder, 1999). For instance, the
electricity tariffs have not increased in PNG since the last 13 years and therefore led to non-recovery of costs
to IPPs. Regulatory chaos exists in the power sector with no clear delegation of regulatory tasks between the
ICCC and the NEA. Regulatory independence is captured by vested political interests with no real political
will in improving the operational and financial performance of the sector. Electricity reforms in SIDs have
often been pursued based on political motives in a context of clientelism with dogmatic lending conditions
proposed by international assistance bodies (Weisser, 2004; Dornan, 2014). The case of Fiji demonstrates
reform is possible within difficult political environments given the lack of political resistance in increasing
electricity tariffs and the lack of vested interests that are opposed to reform by the military government.
Therefore, politics is not a barrier to reform in the presence of strong political will.

The development of renewable energy within the context of power sector reform in PNG can only be
achieved by improving the regulatory framework and planning which is currently lacking in PNG.
Directly incentivising renewable energy generation through gross/net metering schemes and subsidy for mini
grids while improving renewable energy procurement process such as through competitive procurement
framework based on auctions and standardised PPAs are desirable steps. Within this context, PPLs initiative
around piloting a solar framework that allows its customers to install rooftop solar PV systems is certainly
a welcome news (IFC, 2021). However, these economic instruments and policies to advance renewable
energy generation in PNG cannot be implemented in the absence of appropriate and effective regulatory
setup.




Conclusions

This study reviewed the status and outcomes of power sector reforms initiated in the early 1990s among Small
Island Developing States with small power systems with an aim to draw feasible reform lessons for economies like
PNG with significant electrification as well as climate change targets. In doing so, we also review the power sector
status and impacts of reforms in PNG alongside undertake stakeholders” consultations on the performance issues
and concerns facing the PNG power sector. We found that many developing small-island states like PNG are stuck
at an early to intermediate stage of reform given the difficult political environment as well as institutional and
resource constraints in advancing reforms. However, this is a blessing in disguise, because the 1990s reform model
is not entirely appropriate for SIDs like PNG given the small size of the electricity sector at the first place. Example
of reform reversals exist among SIDS such as Dominican Republic fully implementing the 1990s reform model as
a lesson around how not to reform. Therefore, the full sequencing and implementation of 1990s reforms model
among small electricity systems is not a guarantee to better sector outcomes. This is essentially so under changing
power sector contexts such as achieving universal national electrification and climate change targets such as net-
zero which requires a coordinated role of both ‘government policies’ and ‘electricity markets’.

Therefore, the lack of reform progress in small systems provides a window of opportunity to pursue electrification
and climate change targets without undergoing costly reform reversals. However, some elements of the reform
are more urgent and necessary than others. For instance, encouraging private sector participation in electricity
generation through institutional strengthening such as establishing an independent regulatory body is a must.
Introducing cost-reflective tariffs and transparent PPAs to attract private sector participation is required. Functional
and accounting separation of the system in improving sector transparency and efficiency should be a priority.
Liberalised electricity markets even among the advanced and larger economies stressed due to the inability to
cope with rising fuel inputs costs (such as increasing price of natural gas and coal) due to the Russia-Ukraine war
in recent times. Therefore, small, and smaller electricity systems must carefully revisit the costs and benefits of
implementing the 1990s reform model against the sector targets that needs to be achieved.

The findings from this study are globally relevant to other small systems around the world and not just the small-
island states. For instance, 30 out of 48 countries in the Sub-Saharan Africa (SSA) have small electricity systems
and therefore completing the 1990s reforms is not a viable option being small as multiple competitors cannot be
supported at an efficient scale. However, unlike SIDS with isolated power systems, these small systems in SSA can
participate in regional power markets and therefore maximise the benefits of deep electricity reforms. Therefore,
accommodating local reform context matters and is important.

Our review of the literature suggests that there is a clear dearth of both quantitative and qualitative studies
examining the impacts of reforms among SIDS. Most of the existing quantitative studies are also at a panel
level based on a global sample for SIDS with contrasting findings when compared against the country-specific
reform experience and outcomes. Quantitative studies such as those primarily based on econometric modelling
also cannot accommodate for all the multi-dimensional aspects and impacts of reforms. Therefore, reforms status
and outcomes research based on case-study approach like ours becomes even more important and future research
should also focus on adopting a case-study approach in capturing all dimensions of reform.
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