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Executive Summary

Introduction

1 PNG is in a unique position in having a significant endowment in hydropower, natural
gas and geothermal resources. These resources are, however, underutilized; at present the
country has one of the lowest per capita rates of consumption of electricity in the world, and it is
estimated that only about 20 percent of the population has access to grid and off-grid electricity.
Electricity services provided by the national electricity utility PNG Power Limited (hereinafter
identified as PPL) to its customers are of poor quality and reliability, and average retail tariffs are
very high ($0.30/kWh), reflecting the high costs of service delivery. Investment decisions have
been ad hoc and not based on long-term, least-cost planning.

2. Access to reliable and affordable electricity significantly improves people’s lives and
enables economic growth.! The Government of PNG has set the ambitious goal of providing
access to electricity to 70 percent of the population by 2030 and becoming fully carbon neutral
by 2050.% A recent study concluded that delivering on the government’s electrification goal will
require an increase in generation capacity by about 300 megawatts (MW) by 2030.3 Significant
additional demand is expected from commercial, industrial and mining projects that will
materialize in the next few years. Beyond electrification, the development of mining and other
energy-intensive sectors, has been constrained by the lack of reliable power supply.

3. Achieving the government’s goal on access to electricity will require implementation of
systematic least-cost planning to expand infrastructure in all segments of the electricity supply
chain and strategically leveraging PNG’s natural resources. Identification and timely competitive
implementation of optimum investments in new generation, transmission, and distribution
facilities by PPL and other parties will address security of supply in the context of growing demand
at the lowest cost available to the country, thereby bringing an affordable electricity service within
reach for more and more consumers. At the same time, it will be necessary to ensure that PPL is
able to efficiently provide good quality services to all its customers in a sustainable manner.
Achieving the ambitious goal on access to electricity services will require the government to
define and put in place a strategy addressing the institutional, technical and financial aspects
needed to identify and build the optimum infrastructure (grid extension by PPL, mini-grids,
individual systems) needed to connect new users across the country and permanently provide
them with a good quality service.

1 The lack of access to affordable and reliable power supply limits economic growth in urban areas and smaller urban
centers and contributes to poverty in rural areas. Low levels of access to an adequate supply of electricity limits the
ability of children to study and to access school and health services and exacerbates already severe personal security
problems. More generally, it also hinders economic activities and the potentiat for growth, for example, by refrigeration
of fish, pumped irrigation, processing of produce, and development of tourism.

2 Government of Papua New Guinea (2011); Department of National Planning and Monitoring (2010); National Strategic
Plan Taskforce (2009).

3 This would be an increase of almost 50 percent on the current installed capacity of 580 MW. With Bank support, the
government has embarked on an exercise to prepare a National Electrification Rollout Plan (NEROP) for the country,
and concluded the geospatial modelling, to understand how best to approach electrification in an efficient and cost-
effective manner. The study is currently being finalized for adoption by government.
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Weak enforcement of sector planning over recent years and poor governance
ments for the identification and implementation of new generation projects, combined
L’s operational inefficiencies, have resulted in high current costs of service delivery. PNG
significantly on expensive thermal generation using imported oil products (an average of 37
‘total generation by PPL was sourced from oil products in 2015-17), despite the
potential in lower-cost domestic energy resources, particularly hydropower

| generation. Equally important is that identified projects are implemented at least
ntry through competitive procurement processes, either directly by the utilities
s to be 'e_stab_lished), or by new entities such as Independent Power Producers (IPPs),

or currently not served. The development of such markets requires viable
g the gas-value chain but is constrained by some of the same factors that

| infrastructure, low base of creditworthy offtakers and a weak plgmﬁﬁgframework.
s a close look at the market dynamics and policy setting driving the availability and

Harnessing mining loads-which are primarily served by captive generation- offers a
particular opportunity to underpin power sector development. Their requirement for reliable
- long-term supply and ability to pay could help to underwrite new investment in generation,
;‘_.Iii't{r_é;hgsmission and distribution assets in a variety of grid-based or off-grid solutions. Incorporating
projections of mining loads from existing and planned mines is an important aspect of planning,
‘while recognizing that some of these loads are uncertain. This note discusses pessible scenarios

i ~ andassociated findings.
= ;

/ Finally, to achieve the sustainable development of the power sector in PNG (including
the government’s goal on access), it is crucial to complement systematic least-cost planning and
implementation of new investments to expand sector infrastructure with specific actions aimed
at improving the operational and financial performance of PPL. Given the geography and
settlement patterns of PNG’s population, it is estimated that grid electrification is the least-cost
option for providing access to approximately 75 percent of the nation’s future population; while
off-grid systems are recommended for the other 25 percent.? The national utility is the natural
provider of electricity service to all grid-connected users countrywide, however, PPL’s current

* NEROP concluded that about 12-13 percent of households in PNG are currently connected to the grid. An additional
6 percent could be easily connected as they are within one kilometer of existing transformers. Others are more distant,
but grid connection would still represent the best technical option for up to 75 percent of the country’s population.
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unsustainable operational and financial situation must be addressed to ensure provision of good
quality services to existing customers and the connection of new users. PPL’s operational and
financial viability are also key to enabling private investments in new generation projects under
the IPP scheme as the company will be the offtaker in power purchase agreements (PPA) with
those investors. Even in cases where major clients (such as mines) can act as the main guarantor
of the PPA, PPL will likely retain responsibility for transmission investments.

8. The purpose of this note is not to present a comprehensive strategy to redress and
develop the sector, but rather to focus on providing policy and technical advice on selected key
building blocks indicated as priorities by the Government of PNG, which need to be addressed
to unlock further sector development, particularly:

[ identification of least-cost options for power generation and transmission, especially
the potential role of solar, wind and domestic gas-fired power vs. “hydropower
opportunities;

[ a hightlevel analysis of opportunities to develop the domestic gas value chain on the
back of liquefied natural gas (LNG)- growth, especially in the power sector, and
suggestions on how government action can enable this; and

[0 recommended actions to strengthen PPL’s financial and operational performance by
improving reliability of power supply, reducing system losses and increasing revenues.

Lowering the Cost of Generation and Transmission: Least-cost Power Development Plan
(LCPDP)

9, A least-cost generation expansion study was conducted to analyze the optimal
generation mix in PNG. The study has been conducted at two levels: (a) a comparison of levelized
cost of electricity (LCOE - in US cents/kWh) for different available generation options; and (b) a
system analysis to optimize the generation mix to meet the projected demand by 2030, using a
generation expansion study model. Optimized transmission systems have been developed to
meet the requirement of delivering electricity from power plants to consumers in PNG.

10. Given that they cover the majority of the population and targets in the NEROP plan, the
study comprises both the POM (Port Moresby) and Ramu systems.> Sectoral analysis has been
adopted to conduct the demand forecast in both systems including electrification targets as
defined in NEROP, as well as expected demand from the mining and other sectors. Only three
small mines are currently supplied by PPL’s grid (Hidden Valley, Eddie Creek, and Kainantu), and
other existing mines are supplied by their own captive power plants due to their concerns about-
the current reliability of electricity supply from the grids.

% The Port Moresby (POM) generation and distribution system serves the National Capital District, the commercial,
industrial and administrative center of Papua New Guinea. POM also serves surrounding areas in the Central Province.
The Ramu system serves the load centers of Lae, Madang and Gusap in the Momase Region and the Highlands centers
of Wabag, Mendi, Mt Hagen, Kundiawa, Goroka, Kainantu and Yonki.
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 Three demand scenarios have been developed: (i) Business-as-usual (BAU); (ii) medium-

h in mining; and (iii) high-growth mining. Under the BAU scenario, the system is planned
ron NEROP targets and considers the growth of industry but no new mining projects are

o be connected into PPL grids. The medium-growth mining scenario considers the
onal n 's that are most likely to be connected; while a high-growth mining scenario
_ of all mines that may possibly be developed by 2030, except those very
amu or POM grids. A number of generation options were considered as

) thrthrough rehabilitation of existing and new facilities), gas power, wmd power,
's‘(Ramu) geothermal (Ramu), coal-fired thermal (Ramu), diesel generation, and

In addition, sensitivity analysis has been conducted to consider changes in a number of
hese include: (i) a less aggressive NEROP target; (ii) higher investment costs for
ven the uncertainty of cost estimates; (ii) investment costs for both gas power and

and solar PV projects, with cost reduction; {vi}) no consideration of carbon cost; and (vii)
: discount rates (6 percent is used in base case, and 8 percent, 10 percent, and 12 percent

The following findings can be observed in the POM system:
~ Without connecting new mines in the planning period (2018-30), the peak load would
grow from 137MW (2018) to 273MW (2030). The demand growth would be met by an
increase in capacity by rehabilitating the existing hydropower station (Rouna, 22MW), Niu
Power gas plant (57MW), wind power (7OMW), solar PV (80MW), Naoro Brown (80MW),
Edevu hydro (51MW) and other new hydro (40MW). Diesel generation is also needed in
the short term.
In the short term (2018-20), the POM system should increase its capacnty immediately
to keep enough system reserve. Rehabilitation of the existing hydropower station (Rouna,
' 22MW) and commissioning the Niu Power gas plant (under construction, 57MW),
together with peaking diesel engine (55MW), could keep the system operating at a safe
margin. There would be additional opportunities to use gas to replace existing liquid fuels
generation in the POM system on top of the planned 57MW Niu Power gas plant.
With the exception of the Edevu hydro station (51IMW, under construction), Naoro
Brown hydro (80MW), and both wind power (70MW) and solar PV (80MW) would be
the least-cost choices in the medium term (2021-25). Preparation of these generation
. options should, therefore, be initiated shortly considering the time required for project
- preparation.
- [ Inthelongterm (2026-30), new hydropower could be the major source of new capacity.
if success can be demonstrated for both wind power and solar PV, these renewal energy
sources should be considered as well.
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[0 Asthe mining load is not as significant in the POM system, connection of the new mines
in the planning period would not significantly affect the future generation mix.

14. The following findings can be observed in the Ramu system:

0 Connecting new mining foad in the Ramu system would significantly affect the choice
of generation options. The peak load in 2030 is estimated at 312MW if no new mining is
connected (NEROP would only meet residential consumers and other industries). It would
grow to 659MW in the medium-growth mining scenario when three new mines could be
connected, double the peak load in the BAU scenario; and grow further to 1,602MW
(more than five times the peak load under the BAU scenario) in the high-growth mining
scenario when more mines could be connected. This scenario would be subject to a high
level of uncertainty whether and when mines would go ahead.

[ Rehabilitation of existing hydropower stations (Ramu 1, Pauanda, and Yonki_Toe) is a
no-regret solution to increase the availability of capacity in the Ramu system. This
should be the priority in the short term (2018-20). Diesel generation is also needed to fill
the gap in electricity supply. Switching from imported fuel oil to LNG in Munum IPP in Lae
would save fuel cost, provided that LNG is available.

0 inthe medium term (2021-25), piloting utility-scale wind power and solar PV should be
considered. There is also an opportunity to install gas engines in the Highlands, preferably
close to existing infrastructure, for example in Hides or Kutubu, on a scale calibrated to
demand growth on the Ramu grid and transmission connections. New hydropower (such
as Ramu 2) would need to be commissioned in about 2025 to meet the demand due to its
long construction period, so preparation of the identified hydropower projects should be
initiated shortly. The uncertainty of connecting mining loads will affect the installation
capacity of both gas power and hydropower substantially.

0 Inthelongterm (2026-30), new hydropower could be the major source of new capacity.
If success can be demonstrated for both wind power and solar PV, these renewables could
be considered as well.

15. The following findings can be derived for the gas generation option:
[0 Gas-fired power generation has a potentially large role to play both to replace use of
~ high-cost liquid fuels in the short term and to Support power system expansion on a
least-cost basis over the medium term. The results of least-cost modeling highlight
different opportunities in the Ramu and POM systems and high levels of sensitivity in
demand for gas for power to cost factors, affecting the merit of gas power generation
against alternative generation sources.
[0 In the Ramu system, proximity to gas production sources and lesser reliance on gas
Pipeline transportation, results in an LCOE of 9.1 US cents/kWh for gas engines and 10.8
US cents/kWh for gas turbines {at 60 percent capacity factor and including carbon cost).
This makes gas a lower cost generation option than existing liquid fuels and in the short
to medium term provides an opportunity to expand grid capacity until lower cost hydro
is available and wind and solar options are proven at scale.
0 By comparison, in the POM system, reliance on gas piped over long distances resuits in
a LCOE of 10.8 Us cents/kWh for gas engines and 12.2 US cents/kWh for gas turbines




| 2 (at 60 percent capacity factor and including carbon cost). This makes it harder to
compete with hydropower, wind and solar over the medium term but in the short term
there are still opportunities to use gas to replace existing liquid fuels generation on top
of the planned 57MW Niu Power gas plant.
[1 Sensitivity is highest to the selection of the discount rate, with gas becoming more
competitive against hydropower as the rate used rises. Although the LCOE for gas
enginesand turbines increases in both grids, they nevertheless rank ahead of hydropower
in the Ramu grid, at a 12 percent discount rate.
" [] Competitiveness is also quite sensitive to gas price, so that if rising oil prices were to be
! passed on in the gas price through indexation, gas competitiveness would suffer.
When comparing gas turbine and gas engine technologies, gas turbines have a lower
investment cost but are less efficient, while gas engines have higher investment costs
with higher efficiency. Under the current assumptions (including cost, gas price) the
preferred choice is for gas engines in PNG, although gas turbines could serve as peaking
capacity due to their relatﬂ/ely low investment cost (SUS/kW). As a fossil fuel, gas
competitiveness against non-fossil power sources also suffers with inclusion of a carbon
cost.
The case for considering gas-to-power is based on the following factors:

O gas generation can be installed more quickly than new hydropower;

o in particular, gas engines, in a PNG context, can be deployed incrementally and
flexibly;

o wind and solar, while having lower LCOEs, are unproven at scale;

o given the high cost of liquid fuels, some replacement (and therefore savings in
operating costs for PPL and foreign exchange savings) is possible at modest cost
in a short time frame, even if not least cost; and

o it may be possible to negotiate lower and nonindexed gas prices than the prices
used in the LCOE analysis.

*_ ~ 16. The following findings can be derived for the hydropower (and rehabilitation) options:

Fkv? [ Rehabilitation of existing hydropower stations is a least-cost option in both the POM
and Ramu systems and should be a priority. Their LCOEs range frorh 1.4 to 1.8 US
cents/kWh, which is much lower than the average cost of electricity in PNG.

[ Installation of new hydropower capacity in the Ramu system will be closely linked to
the connection of new mining loads in that system. In the BAU scenario, there is not
much room for new hydropower capacity and new hydropower capacity becomes
necessary and a least-cost option only when considering the connection of additional
mining loads.

(] In addition to the Edevu hydro {(which is under construction), the Naoro Brown
hydropower project is a least-cost option in the POM system due to its low LCOE (4.3
US cents/kWh). Additional new hydropower capacity (40-85MW) could be needed in the
POM system after the projected commissioning of Naoro Brown.

17. The following findings can be derived for new renewable (wind power, solar PV, and
biomass power) options:

Xi
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18.

19,

20.

21,

With the anticipated resources and costs, wind power is a least-cost option in PNG. It
has a lower LCOE (6.2-6.9 US cents/kWh) than solar PV (8.1-8.6 US cents/kWh), as the
capacity factor of wind power (35 percent) is much higher than solar PV (18.5 percent)
even though wind power has a higher investment cost.

International experience in the past few years evidences the potential to reduce
investment costs of both wind power and solar PV. The potential cost reduction could
make both wind power and solar PV more attractive.

Biomass power will be a least-cost option only when: (i) the oil price is high (for
example, above $100.00/barrel for Brent); (ii) higher investment costs for gas power are
considered; (iii) new mining load is connected to the Ramu grid; and (iv) a carbon cost
is incorporated.

The following findings can be derived for the diesel and fuel oil-fired power options:
Diesel and fuel oil-fired power plants are quite expensive as the fuel prices are high.
Neither of these options are least-cost options, but diesel generation could be installed
in the shért term to meet the growth in demand growth while developing other low-cost
generation options (gas power, hydropower, wind power, and solar PV).

A fuel switch from fuel oil to gas (by re-gasifying LNG) could be considered for existing
fuel oil-fired plants (Kanudi GT1 and GT2, and Munum IPP in Lae in the short term if
there are no technical barriers and gas/LNG was available. This benefit would decrease
in the medium and long term, however, as fuel-oil fired plants would serve as reserve
capacity due to their high fuel cost.

The following finding has been determined for the geothermal option:

PNG has geothermal resources in its northern coastal areas and islands, however, due
to its anticipated high investment cost, it is not part of the least-cost solutions in the
Ramu system.

The following finding can be derived for the coal-fired thermal option:
Coal-fired thermal generation is not a least-cost option in the Ramu system, however,
because the LCOE is as high as 20.7 US cents/kWh when carbon cost is included.

2

The study has considered the possible interconnection between the two systems,

however, the cost savings that could be achieved do not outweigh the investment cost of this
interconnection. This option is, therefore, not recommended, at least when considering the
evolution of the network during the planning period.

22.
0

The following recommendations for power generation are being proposed:
Rehabilitation of existing hydropower is a quick and cost-effective measure to increase
power supply in PNG. PPL should start the technical diagnosis of the existing hydropower
stations (Rouna, Ramu 1, Pauanda; and Yonki Toe) immediately to identify technical
solutions for rehabilitation, including equipment replacement and civil works to improve
dam safety. If needed, external partner support could be considered to accelerate the
process.
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[] Gas power is also a competitive generation option in the short and medium term,
~ especially in the Highlands close to where gas is produced. As with other generation
Ty technologies, the competitiveness of gas power from engines and turbines could be
~ enhanced if investment costs were to fall to closer to international benchmarks. The basis

o which gas is priced is also important, with oil indexation potentially undermining
etitiveness in a higher oil price environment.
er and solar PV would be attractive options to supply electricity—provided the
. t‘éﬁewable energy sources can be proven and their costs are keptin line with
tio al trends. Resource mapping for both wind and solar power will also provide
itional confidence to the private sector. Piloting commercial-scale wind power and
laff 2V projects could be considered to get first-hand cost and development information
G, and implementation considered if wind power and solar PV can be developed at
rger scale. '
='dev'_e_lopment of new hydropower links closely to demand growth. In the POM
N ro Brown has quite a low LCOE (4.3 US cents/kWh) and should be developed
while Edevu and other hydropower with higher LCOEs would be developed
oning the under-construction Edevu hydro by about five years could reduce
verall costs in the POM system. In the Ramu system, the development of new
ower will be determined to a large extent by whether new mining loads could be
g nnected. Negotiation with the developers of mining projects is encouraged, with
~intervention of the government, to sign long-term electricity sales agreements between

PPL/generators and mine developers. This is critical for the investment by hydropower

developers and PPL. Improving reliability of electricity supply by PPL is also critical to
- connect the mines (see Chapter Four).

Fuel switch for existing fuel oil-fired plants could be considered to replace costly fuel oil
with gas (re-gasified from LNG) in the short term while a reliable small-scale domestic
LNG supply chain is being developed. As LNG-based generation would be quite costly,
this cost saving benefit would decrease with the commissioning of both renewables (wind
power and solar PV) and new hydropower in the Ramu system.

[0 Animportant element will be to achieve further cost reductions in PNG. We note that

i 14 all costs (such as investment costs of generation and transmission,; Operations and
oa ] R Maintenance (O&M) costs, and electricity retail prices) are much higher in PNG than other
Wi & countries. A concerted effort should be made to identify the reasons for such differences

S to reduce the current costs, including introduction of competitive mechanisms for
awarding projects—such as the development of an IPP framework, improvement of
oversight and supervision of project construction and operation. Introduction of
competitive procurement processes, development of local capacity to improve project
management, and establishment of capable local bidders would be the key to optimizing
investment costs. Reducing operational costs through replacement of diesel fuels and
reduction of system losses is equally important.

(0 Policies: Developing clear policies and establishing the right enabling environment for
the development of the power sector will be important to realize the implementation
of the least-cost plan in the most favorable conditions. Issues such as financing and
tariffs, policies and arrangements for connection of mining loads, rural electrification, and
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domestic gas use are some of the areas to be considered. These topics need to be
discussed and addressed in the context of overall power sector reform.

Capitalizing on LNG Growth to meet Domestic Energy Needs

23. In the near term, the government has opportunities to influence the way that gas
development takes place as major new gas production and LNG projects are sanctioned.
Securing commitments to allocate some gas from LNG projects to meet domestic energy needs
can be encouraged if the government enters negotiations with viable proposals and capitalizes on
project developers’ probable interest in obtaining political support and social license. To illustrate
the type of gas-based options that the government could deploy in negotiations, we present a
gas-to-power project concept located in the Highlands and connected to the Ramu grid. Other
opportunities to utilize gas in the Port Moresby area—including fuel replacement and schemes to
deliver LNG to other domestic markets—are also discussed.
H

24, With a view to medium-term development of gas markets, but without holding up
negotiations, the government should proceed with consultations on the draft Gas Policy White
Paper and prepare a gas master plan and related studies. The result would see the judicious use
of policy measures by government to encourage domestic market development. A further
essential outcome of this approach would be to assign responsibilities under clear mandates,
preferably with an empowered government entity taking overall control and responsibility for the
gas master plan’s execution.

25. The availability and cost of gas as a competitive fuel for power generation in the decade
ahead will be shaped by:

[] the availability of a large gas resource base and likely doubling or more of gas

production in this period;

[] the opportunity to work in tandem with existing and future investments in large
integrated LNG export projects;
obtaining gas prices that balance the interests of sellers and buyers; and
near and medium-term government measures to secure gas for domestic use. This is
important as, without government establishing a conducive policy environment and
deploying appropriate regulatory measures, gas could be less available and more costly
than we think is achievable.

[y |

26. PNG is now an established producer and exporter of gas but is only at the very early
stages of domestic gas market development. The country’s 2P reserves® currently stand at 8
trillion cubic feet (tcf), whose ownership is almost entirely associated with the existing PNG LNG
project. Additional discovered but undeveloped recoverable resources are estimated to be some
30 tcf, while more discoveries are possible with further exploration.

6 The term 1P is often used to denote proven reserves, while 2P is the sum of proven and probable reserves and 3P the
sum of proven, probable, and possible reserves. There is a further classification of contingent resources, divided into
1C, 2C and 3C.
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.27 LNG exports under long-term sales contracts have proven to be a commercially viable

N ealition to developing PNG’s gas resources. Such integrated projects have the scale to support
e investments to accumulate gas from dispersed fields in remote areas, transport it by
I and then liquefy and ship it to customers. Proven and probable gas resources (2P) are
ent to supportan increase in gas production from roughly 1 befd (billion cubic feet per day)’
10 2.3 befd by 2030 based mainly on brownfield and greenfield LNG projects.

estic gas market currently absorbs under 4 percent of gas produced. This scale
ficient to underpin the investment that would be needed in dedicated domestically
ed infrastructure. The availability of gas for domestic use will likely go hand-in-hand with

rt projects. There is sufficient gas to both underpin investment in LNG export schemes

supply the domestic market.

e best opportunities are to work in complement with the gas fields and pipelines
0 serve LNG projects by:
gon a portion of gas from the future development of the P’nyang gas field, which
il -gathered and processed in the Highlands, to serve local uses. The most probable
- local market for such gas would be a new gas-fired power plant in the region, possibly in
.- ;:l-_’i.(__,ﬁtu-bu/Moro or Hides, with transmission lines to link to the Ramu grid. This could be
- competitive since diesel prices were $22.00/mmbtu in Mendi and Wabag and
$26.00/mmbtu in Tari in 2017. Least-cost power generation analysis demonstrates gas to
be among the least-cost options in the Ramu grid, especially in the short to medium term
until hydropower is available and wind and solar are proven at scale. Gas is also more
competitive than hydropower in the long term if the discount rate used is 10 percent
rather than 6 percent, as used in the base case.
Using an allocation out of the additional gas piped to the coast near Port Moreshy to
feed the expanded PNG LNG project and the new Papua LNG project. The market
opportunities for gas in and around Port Moresby are likely to be more diverse in the next
decade than in the gas-producing areas of the Highlands and Gulf lowlands.
Opportunities to use domestically allocated gas in the Port Moresby area include: (i)
possibly securing more attractively priced gas supply for the Niu Powér plant that is under
construction. This would Support more affordable power supply to the grid; (i) using
containerized LNG delivered by truck to replace costlier liquid fuel use at the Kanudi
power station, which may open up additional opportunities for containerized LNG
delivery; (iii) developing latent power demand by offering more affordable gas-fired
Power supply to existing or potential captive generators; and (iv) for developing
nonpower uses of gas, such as industrial parks.
4 [l Further exploring opportunities for a domestic sea-based LNG trade from Port Moresby
to power generators in other coastal cities and islands, such as Lae and Lihir, utilizing
containerized LNG or small-scale LNG concepts. Delivery of LNG ISO containers® requires

7 befd: Billion cubic feet per day.
8 Standardized shipping containers, which follow International Organization for Standardization (1S0) standards and are
often referred to as 1SO containers, can be loaded on container ships, trucks and rail for transport. There are several
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modest upfront modifications and investment and may be an economic solution for the
scale and demand profile of the Munum power plant in Lae. To supply larger mining loads
in Lihir, small-scale LNG vessels utilizing a conventional LNG supply chain may be needed.
For this concept, the addition of liquefaction and regasification, plus unavoidable process
losses and handling costs at each end and the transportation costs (mainly by ship),
results in significantly higher costs to deliver gas. The high price of liquid fuels in more
remote areas may, however, support the economics. For example, fuel oil and diesel
prices in Lae averaged $16.30/mmbtu and $17.20/mmbtu, respectively in 2017. Replacing
liquid fuel imports with domestically sourced LNG can improve the balance of payments
and bring other benefits such as energy security.

{0 Relying on continued liquefied petroleum gas (LPG) extraction from future gas projects,
particularly for back-up in off-grid community-based power generation, for which
establishment of a local distribution network for supply to this market would be
needed. Replacing LPG imports with domestically sourced LPG can improve the balance
of payments and bring other benefits such as energy security, and cleaner fuel for
cookstoves among rural communities.

30. Current gas prices could be achallenge for PPL, especially in a high oil
price environment. The practice of pricing gas on a liquid fuels displacement basis that is oil
indexed, may limit the range of viable gas-to-power options to a small set of opportunities for fuel
switching at existing installed dual-use power plants or building relatively small gas-fired plants as
an alternative to new liquid fuels-fired plants. The risk of higher oil prices could undermine the
competitive position of gas-fired generation to serve Port Moresby and Ramu grid expansion.

31. The challenge will be to develop a pricing scheme that does not dis-incentivize gas
suppliers and that also ensures that any pricing concessions and benefits secured by the
government are passed on to gas buyers (or indeed through the power tariff system to
electricity consumers). Export parity and sunk-cost approaches to pricing yield quite different
price levels and, under each, domestic gas prices would fluctuate along with international market
prices for oil and gas. This uncertainty and potential volatility makes domestic gas pricing based
on international market prices not so suitable as a model for a strategic sector such as the power
sector in a developing country such as PNG. Choosing a fixed, international benchmark oil price
and setting a regulated domestic gas price based on that oil price can clarify and stabilize domestic
gas prices. For example, at a benchmark price of $70.00/barrel (bbl), the regulated domestic gas
price in Port Moresby would be $5.90/mmbtu.

32. According to best practice in developing and mature gas markets, regulated prices are
typically not linked to world market prices but are based on “cost plus”. Cost plus refers to
recoverable costs of production, which are generally actual costs, but could also be costs that are
deemed reasonable by the regulator based on certain performance criteria. For example, the
regulator may limit costs only to those assets which are necessary to generate the product (the
“regulated asset base”). The regulated asset base for domestic pipeline gas supply typically
includes the wells, the flowlines, and the gas plant, and may include the export pipeline depending
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on where gas is transferred to the customer, but it typically does not include the liquefaction .
e plant.
33 High-level estimates of domestic gas prices using the cost-plus methodology in which

E&mesﬁC:~s.upp!ie5'are sourced from LNG project production and infrastructure facilities are:
i torme imately $3.30/mmbtu for new feedgas to the Papua LNG project delivered at

nd 2, which is understood to benefit from shorter gathering distances and a higher
~ liquids content in the gas.

- Aside from price, a significant constraint in developing viable domestic gas markets
ow has been the weak position of the government to influence gas field development
:  of gas supplied domestically which is linked to a broader challenge of limited

-and finance power system expansion. It has been challenging to establish
- drrangements among potential buyers of gas since there is a limited pool of
y buyers able to enter into long-term gas sales contracts. Limited progress has been
ate to develop commercial arrangements through which grid-based power is supplied
g loads which constitute a significant potential source of power demand that is mainly
self-supplied. Finally, there is the absence of a strong planning framework, since current
institutional mandates for policy, regulation and planning are still being defined and capacity will
need to be built up for a strong government-led planning process to occur.,

35. The government may need to distinguish between pragmatic measures to secure gas
for domestic use in the next round of gas agreement negotiations, from a more comprehensive
set of measures, based on stronger gas sector planning and new regulatory tools, which will
take time to develop. During state negotiations the government can utilize powers available
‘under the Oil and Gas Act 1998 to secure a share of gas from proposed LNG export projects. In
this regard, the formulation of a gas template agreement is an especially high priority.
¥

36. The government should identify objectives it wishes to achieve and its negotiating
position. Importantly, in PNG’s current economic and political climate, LNG exports and the use
of gas domestically depend on each other. The government needs support from strong project
developers to help finance and build gas fields and infrastructure, and project developers may see
modest domestic gas commitments as opportunities to strengthen their political support and
“social license.”

37. The state will need to demonstrate that the likely incremental increase in domestic
demand for gas presents no significant economic trade-off for them. Gas output is set to more
than double in the next decade. The least-cost generation analysis shows that, even in the most
positive scenario for gas-to-power demand growth, domestic gas sales to the power sector would
rise to little more than 6-7 percent of projected total output in 2030. There is sufficient gas to
both underpin investment in LNG export schemes and to supply the domestic market.
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38. Investors will want to avoid a situation in which, at the time of obtaining LNG buyer
commitments and financing for LNG project development, a proportion of the gas resources
underpinning the project is reserved for domestic use, unless there is a viable proposal for
offtake on the table. The state’s negotiating position can, therefore, be strengthened by
proposing commercially viable plans to use gas in both the power and nonpower sectors. The
most viable options rely on being able to piggy-back on the production facilities and infrastructure
already built, or to be built, for LNG export.

39. The concept of a modular gas power plant in the Highlands with phased development
up to 110 MW has been selected to illustrate the parameters of a potentially competitive power
generation option to support expansion of the Ramu grid. PPL and the Wafi Golpu Joint Venture
are currently exploring this idea which would see the mine as the anchor customer critical to
underpinning the power investment. The government could play a role in securing attractively
priced gas supply. For analysis, gas pricing is assumed to be at or near a cost-plus estimate of the
delivered cost of gas to the plant but makes no assumptions about other commercial terms or
plant ownership. A site selection of Kutubu/Moro or Hides would allow for synergies with energy
infrastructure, skilled personnel and supply logistics—existing or planned.

40. Several project concepts for gas use in the Port Moresby area would also help displace
imported liquid fuel for generation and lower power supply costs overall, bringing broad-scale,
long-term benefits such as increased electrification and a healthier industrial sector. An
immediate objective would be to secure gas supply for the Niu Power plant at a price that is lower
than what is currently being discussed. Although small, there is also an immediate and relatively
straightforward opportunity to use containerized LNG transported by truck to displace liquid fuel
currently being burnt at the Kanudi power station. In addition, less defined but potentially
substantial opportunities lie in developing latent captive generation and industrial demand in the
Port Moresby area using lower-cost gas-fired power. Sea transport of LNG to displace liquid fuels
in other less connected markets are also interesting opportunities. Further studies are needed to
assess the technical and commercial viability of these schemes.

41, The government’s negotiating position will also be enhanced if it can demonstrate that
effective measures are being taken to enhance the operational performance and financial
sustainability of PPL so that it may enter discussions with gas suppliers, contractors and
customers as a more credible counterpart. This would include discussion of arrangements
through which mining companies are able to sign long-term PPAs to obtain reliable grid-supplied
electricity. Over the medium term, the government can build on progress made through
negotiation to secure gas for domestic use through stronger gas-sector planning and supporting
regulation. The World Bank will assist the consultations that have been launched following
National Executive Council direction in March 2018 on the draft Gas Policy White Paper.

42, International experience suggests that the optimal development of gas resources can
benefit by undertaking gas master planning which will serve to inform policy, regulation, and
investment planning. The objective of a gas master planning study is to create a credible,
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" ij[able ‘and competitive plan that can help overcome the chicken-and-egg problem between

ducers and gas consumers.

et e

ﬁ 'i"‘l sile the draft Gas Policy White Paper highlights gas reservations and third-party
to support domestic use of gas, these are only some among a variety of palicy

aitab e. It will be important for the government to consider a full range of options

 to place its emphas:s

rnment should, therefore:
rther gas reservation policy options, especially to link any reservation to viable

ﬁé’velopment including that of “stranded gas”;
*1.. set pncmg policy that balances the interests of gas producers and consumers, based on

ta l’.)lb.and predlctable prices, especially for a strateglc sector like power, and

- '_.-ﬂ-h gt

S

'performance of the national electricity ut|I|ty PPL. The assessment highlights significant chaIIenges

currently faced by the company but also identifies main topics to be addressed and concrete

~ actions under PPL’s control to be implemented to improve its performance. Several proposed
actions that can be implemented in the short to medium term (less than three years) are expected
to have a significant positive impact on performance.

ol 47. Financial statements for FY2015, 2016 and 2017 show that PPL is in financial distress
' that threatens its sustainability and the stability of the electricity sector in the country. Despite

a high weighted average tariff for FY2017 of K 0.897/kWh (equivalent to 50.279/kWh), the

EBITDA? margin for that period was just 7 percent due to excessive costs and expenses. The

weighted average cost of generation was K 0.46/kWh in FY2017 which, added to transmission and

distribution (T&D) costs of K 0.29/kWh, resulted in a total cost of supply of K0.75/kWh (equivalent

9 Earnings Before Interest, Taxes, Depreciation, and Amortization.
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to $0.23kWh). Consequently, PPL had extremely limited funds to cover debt service and
substantial investment needs in FY2017. Although investments were mostly funded with new
debt, PPL was forced to exhaust its cash reserves to make payments as they fell. In the current
circumstances, PPL is financially unable to carry out any of the investments required to improve
the operating condition of the existing plants and networks and build new infrastructure to meet
increasing demand, thereby compromising reliability of existing service and the ability to connect
new consumers.

48. Staff and Overheads/Fuel, which comprise 34 percent and 26 percent of total costs
respectively, are the most significant cost categories. PPL has 2,000 employees to service
111,927 registered customers (2017 figures) with a ratio of 56 customers per employee.! Staff
costs also reflect the impact of an existing scheme that links total staff remuneration to revenues
(that is, sales regardless of collection) without taking into consideration the company'’s
operational performance and its cash needs to cover debt service and capital expenditure (capex).
Turnaroynd of the financial situation of PPL has to start by improving the company’s performance
in revenues by optimizing sales and collection rates, but it is also recommended to adjust the
scheme to calculate staff remuneration beyond the baseline on a cash basis (that is, collected
invoices) and after payment of debt service and capex, and subject to PPL having achieved
performance parameters, which shall include those required by the regulatory authority as a
condition for tariff adjustment.

49, In FY2017 PPL’s own hydropower plants provided 39 percent of production while own
thermal plants provided 24 percent and IPPs the remaining 37 percent. PPL’s own thermal
production is significantly costlier than any other source of electricity (K 1.11/kWh vs. K 0.49/kWh
of IPPs). Fuel consumption per kWh produced has increased in recent years due to plant
degradation and insufficient maintenance. Procedures to monitor physical fuel consumgption and
procurement practices should be reviewed and improved to optimize fuel costs. Reducing the cost
of service delivery requires diligent implementation of actions aimed at tackling its main cost
drivers. An assessment of the technical and financial feasibility of rehabilitation and an upgrade
of existing installed hydropower capacity is urgent as, if confirmed, it will be the least-cost option
available to the country. Timely implementation through competitive processes of optimum
investment projects identified in the LCPDP discussed in Chapter Two also has maximum priority.

50. The financial sustainability of PPL crucially depends on the collection of permanent
billings for energy consumed by users connected to its networks, however, less than 77 percent
of the amount of energy injected into PPL’s networks in FY2017 was sold (billed) by the utility,
meaning total losses above 23 percent. The amount of collected revenues are eroded by
nontechnical losses (low billing rates) and issues related to collection of bills. In FY2016, up to 45
percent of invoices were not paid within 30 days and more than 39 percent were paid more than
90 days past their due date. In FY2017 these percentages further declined to 55 percent and 47
percent, respect'ively.

18 Comparable utilities in other emerging countries show ratios above 200 customers/employee.
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The effectiveness of billing and collection are issues under the company’s control and
be addressed as a matter of urgency. Sustainable reduction of nontechnical losses can be
v addressed through the implementation of a Revenue Protection Program (RPP) to target

should also have maximum priority for PPL. Although uncollected bills are not a
FnanCIaI loss, poor collection rates affect the fmanual condition of the utility. The

_c_ompany’s sales—is very low. Amounts of unpaid receivables from those agencies, which
indled by PPL as non-disconnectable points of supply, reached K 61 million {equivalent to

Reliability of electricity supply is affected by several factors including poor planning and
long-term underinvestment that have created several constraints. Current available generation
- capacity is insufficient to supply demand with an adequate level of reliability. Overloaded network
‘infrastructure in a poor operating condition results in high losses and bad quality of electricity
pply to customers. The lack of a fully performing Supervisory Control and Data Acquisition
stem (SCADA) and Call Center further exacerbates the situation. Issues of reliability of supply in
the Ramu grid are of particular concern given that several large customers (including mines)
"'prowdmg a significant share of PPL’s revenues are connected to this system. Some critical
investments that can significantly improve reliability of supply to key clients have been identified
?nd should be implemented in the short term.

54, Actions identified in the assessment to improve the financial aJnd operational
performance of PPL in all business areas have been grouped in a comprehensive two-phase
Performance Improvement Plan (PIP) (Figure 1). The timeline of actions in the proposed PIP aims
to achieve maximum positive impacts on performance in the shortest possible period. Phase 1 of
the PIP focuses on high-demand customers by improving quality of service and protecting
revenues in sales to this segment. This is likely to produce quick positive financial impacts, create
fiscal space and buy credibility to carry out actions in later phases of the plan. Implementation of
the PIP will also pave the way to accelerate the electrification of the country and enable more
private sector investments in generation to lower the cost of supply.'* It is proposed that PPL
immediately carries out a detailed design of both phases of the PIP and submits it to Kumul

1 The PIP would focus for an initial three-year period on the key aspects impacting the effectiveness of operations.
While full execution of the PIP will require significant resources, immediate priority actions can be carried out with a
relatively limited budget. Inmediate implementation of the RPP and a Management Information System (MIS) is
estimated at around US$10 million, while urgent investments in infrastructure rehabilitation and upgrades necessitate
further assessment of their cost but could be in the order of US$30-50 million. For additional details see Chapter Four.
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Consolidated Holdings (KCH)*? and the government for approval and arrangements for the
immediate implementation of Phase 1.

Figure 1: Main Building Blocks of the Performance Improvement Plan®?

ey

55. The assessment of the financial impact of the actions described in the PIP as well as the
implementation of the LCPDP shows that:

[1 if the current situation remains unchanged, the expected result is a continued and
accelerated deterioration of PPL’s operational and financial performance, as insufficient
funds available for maintenance and investment will result in reduced sales and revenues
and increased opex, further deteriorating the already unsustainable cash and liquidity
position of the company. In the absence of continuous and substantial external financial
support to cover operating expenses, PPL will fall into complete illiguidity, lacking the
resources needed to meet payment obligations, including debt service. Under this
scenario, the company will not be able to make any significant investments on its own
and is unlikely to be a credible offtaker in PPAs for the implementation of new generation
projects defined in the LCPDP.

[J if PPL succeeds in implementing a program to improve billing and collection rates by
around 3 percent each, the result would be an important increase in operating revenue.
If the current method for calculating staff remuneration remains unchanged, however,
improvements in PPL’s cash and liquidity position are insufficient to implement minimal
investments urgently needed to rehabilitate existing infrastructure. In the absence of
substantial external financing, operations will continue to be financially unsustainable.

12 kumul Consolidated Holdings Limited {(KCH) is the delegated owner of all State-Owned Entities/Enterprises {SOEs) for
and on behalf of the state, including PPL.

12 ppL has already been implementing some elements of the PIP on its own without Bank involvement {notably the
component linked to organizational restructuring and establishment of skilled management team and workforce which
was initiated in the first half of 2018) and various actions under the remaining PIP areas. At the date of printing of this
report, PPL and the GoPNG requested Bank support for implementation of the remaining building blocks under the PIP
through the proposed PNG Energy Utility Performance and Reliability Improvement Project {P167820), currently under
preparation.
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[1 to sustain operations and enable implementation of the projects in the base case
scenario of the LCPDP, PPL will need to carry out a comprehensive program of reforms
including improvements in reduction of commercial and technical losses and collection
r;ge;, optimization of prices paid for fuel purchases, and changes in the method for
jﬁﬁ!‘atiﬂg staff remuneration. Under such a scenario, if the most concessional financing
%‘E’éments available to implement the investments in the base case of the LCPDP are
§ia ificant improvement in PPL’s financial position is possible, and the company
into a financially sustainable operation with a positive cash position generated
tariff revenues without the need for external funding. For this to happen, it is
cial that PPL refrains from signing any PPA or other commitment not
corresponding to a project in the LCPDP and/or not procured competitively.
m parallel with actions. for cost reduction, efficiency improvement and revenue
";nl_-'_gancement, PPL should start preparation and implementation in the short to medium
erm of a Financial Recovery Plan (FRP). This will further improve the company’s financial
rmance, including application of mechanisms for tariff setting and periodic
justment to ensure permanent recovery of costs of efficient service delivery (as per the
/| c es of the proposed cost of service study), debt restructuring, balance sheet
_‘éé ng, debt equity restructuring, clearing account payables and receivables especially
| 2ars from government agencies against debt write off and clearing bank account
~ (deposited but not credited, if any). The Bank can assist with preparation and-
- implementation of the FRP for PPL.

56. A comprehensive approach comprising short and medium-term priority actions needs
- to be adopted to improve PPL’s operational and financial performance in a sustainable manner
- with the following actions that need to be taken immediately:

' [0 Increase the billing rate through the implementation of an RPP for sustainable reduction
of nontechnical losses in supply (unmetered consumption), initially focused on customers
with recorded monthly consumption above 800kWh (7 percent of total number,

= EOSS representing 77 percent of current physical sales);

: ] Increase the billing collection rate by improving collection processes and prioritizing the
management of customers with high overdue amounts and affordability;

[J improve the reliability of electricity supply and reduce technical losses by identifying
and implementing urgent investments in rehabilitation/upgrade of existing infrastructure
to address equipment in particularly poor condition and quality of service—notably to
high-value customers in the Highland areas (details in Appendix 9) with a total estimated
cost of $34.7 million; . ]

_"1 [J Reduce staff costs/overhead costs and fuel cost (currently 34 percent and 26 percent of

j fj' ; total cost respectively); (i) staff costs can be reduced without reducing staff numbers by

' adjusting the procedure to calculate the “performance component” of staff remuneration
over Cash Available after Debt Service and Capex; and (ii) by implementing improved
procedures for metering electricity production and the fuel consumption of thermal
plants (both owned by PPL and by IPPs);

[1 Optimize production costs through periodic update of the least-cost plan for generation
and transmission and systematic competitive procurement of projects in the plan,
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57.

58.

disregarding any PPA not corresponding to a project in the LCPDP and/or not procured
competitively. PPL could immediately initiate a feasibility study of repowering of existing
own hydropower plants, and preparation of solar and wind farm projects identified in the
LCPDP to be awarded through competitive bidding, and with priority for sites where these
can replace expensive liquid fuel power generation; and

Improve efficiency, transparency and accountability in operations by adopting new
management models supported by state-of-the-art tools to “ringfence” the company’s
core businesses and leverage the private sector for investments in generation and
provision of O&M services.

Overall Conclusions

. Electrification rates in the country are very low and mining projects are constrained by

the availability of power.

. There are opportunities for optimized (as opposed to ad hoc) planning, considering the

government electrification goals, the mining growth opportunities as well as the
opportunities and resources of the country. These will not materialize on their own and
will require a concerted effort from government.

. There is a need for the deliberate and careful implementation of the projects that are

part of the least-cost plan and should avoid entering PPAs for any generation proposals
that have not been the result of a competitive bidding process. The least-cost plan
indicates hydro in the POM grid and gas in the Ramu grid as the least-cost technologies of
choice for these systems for the current demand outlook. Opportunities to meet the
immediate need for additional generation capacity (namely through gas, wind and solar
investments) have also been identified.

. In the near term, the government has opportunities to influence the way that gas

development takes place as major new gas production projects are sanctioned. Securing
commitments to allocate some gas from LNG project developers can be encouraged if the
government enters negotiations with viable proposals and capitalizes on project
developers’ probable interest in obtaining political support and social license.

- Improving PPL’s financial and operational performance through the implementation of

a PIP is essential to deliver on government goals of electrification and to enable private
sector participation in generation projects.

The Bank is ready to support the Government of PNG in the implementation of these

recommendations.
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Abbreviations and Acronyms

Advanced Metering Infrastructure LCOE Levelized Cost of Electricity
Average System Availability Index LCPDP | Least-cost Power Development Plan
Business-as-usual LNG Liquefied Natural Gas
Barrel LPG Liquefied Petroleum Gas
Billion cubic feet per day MIS Management Information System
Capital Expenditure mmbtu | Millions of British Thermal Units
Commercial Management System mmcfd | Millions of cubic feet per day
Compressed Natural Gas MW Megawatt
Consumer Price Index NDRC | National Development and Reform
Commission
Cash Recovery Index NEROP | National Electrification Rollout Plan
Domestic Market Obligation NPV Net Present Value
| ERITDA | Earnings Before Interest, Taxes, NWS North-West Shelf
Depreciation and Amortization
EPM Electricity Planning Model O&M Operations and Maintenance
ERP Enterprise Resource Planning P&A Processes and activities
| FOB Free-on-board PIP Performance Improvement Plan
FRP Financial Recovery Plan POM Port Moresby
| GAMS | General Algebraic Modelling System PPA Power Purchase Agreement
GTE Gas-to-electricity PPL PNG Power Ltd
GTL Gas-to-liquids PSC Production Sharing Contract
HFO Heavy fuel oil RPP Revenue Protection Program
HPP Hydro Power Plant SCADA | Supervisory Control and Data
Acquisition
IEC Israel Electric Corporation SPC Special Purpose Company
IPP Independent Power Producer tcf Trillion cubic feet
IRMS Incidents Recording and T&D Transmission and Distribution
Management System
KCH Kumul Consolidated Holdings WMS Works Management System

XXV

Note: Unless otherwise indicated, all dollar amounts quoted in this report are in U.S. dollars. The
exchange rate used in the report is U51.00 = K 3.26.




