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Executive Summary

1. Introduction

Oil Search Limited (Oil Search/OSL), through its wholly-owned subsidiary Markham Valley
Biomass Limited (MVB)', proposes to develop the PNG Biomass Markham Valley project
(hereafter referred to as ‘the Project’) in Morobe Province, Papua New Guinea (PNG). The Project
area (also referred to as Area A) is located in the Markham Valley, about 50 km west-northwest of
the provincial capital Lae (Figure ES1).

The Project is a response to a call from PNG Power Ltd (PPL) for an Independent Power
Producer (IPP) to generate 30 to 40 MW of power near Lae, and reflects the requirements of a
25-year Power Purchase Agreement (PPA) that was executed with PPL on 15 December 2015.
The Project will address, at least partially, the current inability of the Ramu grid to provide reliable
power, and the PNG Government's long-term objective of increasing the availability of reliable and
sustainable power supply at a reasonable cost. Power generated by the Project will provide
reliable baseload power to households, industries and resource projects on the Ramu grid, which
runs from Lae and Madang in the east to Mt Hagen and Mendi in the west.

The Conservation and Environment Protection Authority (CEPA) advised MVB that the Project
would be classified as a Level 2 (Subcategory 10.2) activity. Subcategory 10 relates to energy
production, specifically:

10.2. Operation of fuel burning power stations with a capacity of more than 5 MW, but not
including emergency generators.

As such, and in accordance with the relevant CEPA operational procedure, the Project prepared
the following:

¢ Environmental assessment (EA) report, reflecting the findings of baseline environmental and
social studies, and impact assessment.

¢+ Environmental management plan (EMP), developed on the basis of the environmental risks
posed to the identified environmental values, as well as mitigation and management
measures required to minimise those risks.

Other associated and subsidiary Project activities also classified as Level 2, including the
plantations, will be permitted under the umbrella of the approvals pursued for the main Level 2
activity.

" The entity name of Markham Valley Biomass Limited (MVB) will be changed to PNG Biomass Limited. However, for the
purposes of this report, the former will be used. This EA report applies to the activities of both MVB and its subsidiary
Markham Valley Power Limited (MVP).
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Figure ES1 - Project Area Location
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2. Project Description

The Project has two components: the establishment of up to 16,000 ha of sustainably managed
eucalypt plantations, and a biomass-fuelled power plant consisting of two 15 MW units, with the
preferred power plant site being located in the southeast of the Project area (see Figure ES1).
Construction of the power plant and related infrastructure, and development of the plantations, will
occur over several years. Plantation development will be supported by road upgrades and/or
construction, and a development of a large plant nursery. Plantations will be harvested every 7 to
9 years to provide about 175,300 BDMt/yr (bone dry metric tonnes of biomass (wood) per year).

The combustion of dry biomass, i.e., woodchips supplied from the dedicated plantations, will
generate steam from water sourced from bores or, if required, the Markham River. This steam will
drive steam turbine generators (Plate ES1), thereby generating electricity that will be transferred
directly to the nearby high voltage Ramu grid transmission system.

Plate ES1 — Biomass Power Plant Schematic

EXHAUST GASES

STACK FILTERS FURNACE & BOILER

HIGH PRESSURE
STEAM

TURBINE

GENERATOR

TRANSFORMER

LOW PRESSURE
STEAM

CONDENSER

BOILER FEED
COMBUSTION AIR PUMP

Source: AEL, 2016d.

3. Project Schedule

Key dates in the Project's schedule are:

¢ Power Purchase Agreement (PPA) finalised — Q4 2015.

¢+  Environmental assessment (EA) report and environmental management plan (EMP)
submitted to CEPA — Q1 2017.

¢ Environment permit issued by CEPA — Q3 2017.
¢ Initial 3,000 ha of plantation established — Q4 2017.

¢  Power plant commissioning (first 15 MW unit) — Q4 2019.
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4. Project Setting

4.1 Physical Environment

The Project area is situated on broad, flat alluvial plains (Plate ES2) associated with the Markham
River and its tributaries, where the river flows in a generally west to east direction and forms the
area's southern border (see Figure ES1). The area itself straddles the northern floodplain of the
Markham River between Leron and Nadzab, and encompasses the Leron, Erap, Rumu and
Maralumi sub-catchments.

The geology of the Project area is relatively young, deep Quaternary alluvial fan deposits,
consisting of rounded coarse gravels, sand and silt laid down during both the Pleistocene and
Holocene periods. The area is seismically active.

Plate ES2 - Flat Plains of the Markham Valley Backed by the Saruwaged Range

Source: Pdyry, 2012.

Soils vary across the Project area but are generally deep alluvial deposits consisting of well to
imperfectly drained, undifferentiated soils subject to seasonal moisture stress due to low water
holding capacity.

The Project area has a tropical climate with distinct wet (October to April) and dry (June to
August) seasons. Annual rainfall, which is in the range of 1,200 to 1,400 mm, varies considerably
between years and between different locations within the Markham Valley. Mean annual
maximum temperature in the Project area is around 31°C, with the coolest months being June to
September. Wind speeds are generally light to moderate, most frequently from the east and
associated with the southeast trade winds from May to October.
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The Markham River is braided along its entire length, with the braids, islands and bars of the river
channel continually changing. The four sub-catchments in the Project area consist of very steep
headwaters, draining onto flat alluvial fans, which is indicative of very high sediment loads.
However, in addition to sediment-rich and turbid waterways, a number of smaller clearwater
streams appear to originate downslope of the fans produced by the high-energy headwater
streams.

Water quality in the Project area is generally consistent with similar watercourses elsewhere in
Papua New Guinea, i.e., generally good quality water in terms of maintaining aquatic ecosystems
and providing drinking water for local communities, but with elevated suspended solids
concentrations in some rivers and elevated faecal coliform levels at most sites. Similarly,
sediment quality is consistent with other similar watercourses in Papua New Guinea, and is
indicative of generally good sediment quality in terms of maintaining aquatic ecosystems.

Groundwater in the area comprises two main types, i.e., deep (4 to 70 m) and shallow (0 to 3 m).
The water table fluctuates seasonally and reflects rainfall patterns with a delayed response time,
with recent data indicating a maximum increase in groundwater depth during the dry season of a
little more than 2 m. Groundwater quality is 'fresh’, i.e., total dissolved solids (TDS) levels are less
than 500 mg/L, with generally alkaline or near-neutral pH values. Hardness is variable, ranging
from soft through to very hard, with the latter being more common.

Background air quality is expected to be generally good with negligible concentrations of gaseous
pollutants. Potential particulate matter air pollutants are expected to be low, although not
negligible. The ambient background noise levels are expected to be consistent with insects,
heavy rain, birds, domestic animals, wind noise in foliage, and typical village domestic activities.

4.2 Biological Environment

The Project area is dominated by vegetation in a degraded, highly modified condition, with natural
vegetation being an extremely limited component of the landscape. No intact vegetation was
recorded during a terrestrial ecology survey of the area. No Kunai grassland habitats within the
Project area are considered to be in a natural condition due to the importance of anthropogenic
influences in the origin and maintenance of such grasslands. No critically endangered or
endangered flora species have been detected and none are considered likely to occur.
Furthermore, no habitat areas of significant importance to endemic or restricted-range species
were identified and there is no evidence to suggest that habitats support key evolutionary
processes, most of which have been substantially modified by repetitive anthropogenic
disturbance. No forest in the Project area qualifies as High Conservation Value Forest.

The Project area has four main terrestrial fauna habitat types: alluvial forest and woodland;
grassland; watercourses and wetlands; and highly disturbed anthropogenic habitats. A field
survey recorded a total of 89 terrestrial vertebrate fauna species, and discussions with local
informants identified at least a further 10 mammal species, eight bird species and five reptile
species that are likely to occur in the Project area. Anabat detectors identified the presence of
eight microbat species. However, no threatened or near-threatened terrestrial vertebrate fauna
species have been detected and no threatened or near-threatened species are considered likely
to occur in the area. Two introduced fauna pest species, the giant African snail (Achatina fulica)
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and cane toad (Bufo marinus), were common throughout the area surveyed and were the only
fauna species trapped.

Four broad aquatic habitat types have been characterised within and near the Project area that
reflect factors including watercourse bed structure, sediment loads and hydrology. Fish species
are characteristic of lowland rivers and tributaries in northern Papua New Guinea, with fish
species richness (16 species total) being within the range recorded in previous surveys in the
Lower Watut and Markham rivers (11 to 21 species). The generally reduced diversity of in-stream
and off-river habitats, and the turbid and semi-ephemeral nature of streams in the Project area
(Plate ES3), are expected to limit fish species diversity, although it should be noted that the
clearwater streams (Plate ES4) had a higher diversity of aquatic fauna and are considered
'sensitive areas' at the scale of the Project area.

Plate ES3 — Rumu River
: -

Plate ES4 - Klin Wara

S
Source: Appendix 7. Source: Appendix 7.

Introduced fish species dominated at a number of sites, and introduced exotic and translocated
fish species represent a major stressor on the system.

4.3 Socio-economic Environment

The Markham Valley, within which the Project is located, runs through the centre of Morobe
Province. The province is one of the three most populated provinces in Papua New Guinea and
contains almost 9.3% of the country’s total population (674,810 persons in the 2011 census), and
is headquartered in Lae. The Project is located within the Wampar Rural Local-level Government
(LLG) area of the Huon Gulf District. The Highlands Highway connects the Project area and Lae,
and has a network of smaller feeder roads. The proposed power plant site is located about 10 km
west of Lae Nadzab Airport.

The Project area includes five communities — Chivasing, Tararan, Bampu, Kokok and Nowa — and
is inhabited by a single ethnic group, Wampar, with a language group of the same name. Wampar
social organisation is based around membership of clan (sagaseg) and patrilineal lineage
groupings, dictating land ownership and use rights. Nine clans have been identified in the Project
area, although each Wampar village has a multi-clan composition. Houses within the communities
are primarily constructed of traditional materials and the majority of people cook with wood fires.

Most Wampar people maintain gardens that supply food for their families (Plate ES5); sago is the
most important staple food not grown in garden plots. In addition, extensive use of other natural
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resources occurs, with activities including foraging, hunting and fishing. Village chickens and pigs
are kept for sale and self-consumption (particularly on special occasions), and some families raise
cattle (for meat) and horses (for riding). Processed foods are also purchased.

Communities rely on the sale of agricultural products and trade store ownership as their main
sources of income. Cash income levels in the study area are generally high to very high by rural
PNG standards, although disparities occur between communities due to their proximity to key
trade markets (Plate ES6) and other services, as well as within communities where disparities
reflect different levels of access to agricultural land. Commercial activities relating to
agribusiness/capital agriculture are constrained by the fact that most land within the Project area
has low agricultural potential caused by poor soils, low (within the PNG context) average annual
rainfall, a long dry season, and frequent inundation in floodplain areas. Few people participate in
formal employment activities and financial literacy rates are low.

Plate ES5 — Mixed Garden Crops and House Plate ES6 — 40 Mile Market
in Bampu

Source: SIMP, 2017. Source: SIMP, 2017.

Health concerns are consistent with other areas of rural Papua New Guinea. Health-related
infrastructure is available within the Project area and these services adequately support
communities with more-serious cases treated in Lae. A number of elementary schools are located
within the Project area, as well as five primary schools and a national high school. Formal
education levels are similar to the PNG average, although female attendance in later years is
higher than the national average. Other services that concern matters such as law and order,
banking and various urban facilities are available to varying degrees either in the Project area or
in Lae.

As a result of over a century’s exposure to mission activity, many of the Wampar are converts to
various denominations, although traditional beliefs in malicious spirits and agencies (masalai)
persist, as do traditional beliefs about sorcery and angry ancestral spirits as the source of
sickness and death. Sixty two cultural heritage (oral tradition) and archaeological sites have been
identified in the Project area, including spirit sites, former settlement sites, burial/cemetery sites,
skull house sites, historic sites and archaeological (pottery) sites (Plates ES7 and ES8). None
were associated with the proposed power plant site.
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Plate ES8 — Clay Pot

% — -

Source: SIMP, 2017. Source: SIMP, 2017.

5. Potential Issues

The main concerns relating to the potential impacts of the Project include:
¢+  Project physical presence and land alienation.

¢+ Altered land use and changes in vegetation and habitats associated with the conversion of a
modified grassland environment into broad scale tree plantations, with consequent changes
in local biodiversity.

¢+ Air emissions from operating machinery and equipment, where these can include dust,
combustion emissions (from wood and diesel fuel), volatile fuels, particulates from fires and
other fugitive emissions, as well as power plant stack emissions.

¢+ Soil erosion and sedimentation from power plant construction, establishing plantations,
access roads (including watercourse crossings), laydown areas, walking tracks and other
areas of vegetation clearing and ground disturbance.

¢+ Disturbance of cultural heritage and/or archaeological sites due to vegetation clearing and
ground disturbance.

¢+ Noise (and light spill) from construction works and from operating miscellaneous items of
machinery and equipment.

¢ Use of hydrocarbons (e.g., fuels, oils) and chemicals (e.g., solvents, herbicides).
¢ Generation of non-hazardous waste.

¢+ Use of surface water and/or groundwater during construction and operations, and related
wastewater discharges (e.g., from the holding pond) and runoff of turbid water.

¢+ Introduction of invasive alien species (including introduced pests and pathogens) through
personnel and equipment movements, and plantation establishment.

¢+ Major accidental event (e.g., oil spillage, vehicle collision).

Socio-economic impacts associated with the above also require consideration, as do the positive
socio-economic outcomes that will result from Project development.
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6. Predicted Impacts of the Project Activity

6.1 Physical Environment Impacts

Air quality and noise impacts have been evaluated by comparison of predicted (modelled)
concentrations of gaseous pollutants or particulates with relevant guidelines such as those from
the International Finance Corporation (IFC) or World Health Organization (WHO), or by
comparison with recommended buffer distances. The results indicate that sensitive receptors, i.e.,
people living in the general vicinity of the power plant, will generally be unaffected. Possible
exceptions are night-time noise levels at the two settlement outbuildings located less than 800 m
from the site boundary, although the predicted levels will typically be similar to background noise
levels. Residents in Ganef may be affected by construction traffic, but this will be minimised by
trucks having to slow down to turn off the Highlands Highway. Construction activities in plantation
areas, e.g., access road construction, may have some affects on villages should the separation
distances be less than 350 m, in which case additional mitigation measures will be considered.

From a high level (and national) perspective, the Project itself can be viewed as a mitigation
measure in terms of power generation and associated greenhouse gas emissions that are often
associated with power sources. Development of the Project is estimated to avoid 145 kt CO, per
year of emissions from an alternative diesel/heavy fuel oil power development, through carbon
displacement. The actual CO, emissions from the Project will either be negligible with respect to
national emissions or, given that some carbon from the plantations may be permanently stored in
veneer and sawlogs, the impact may be positive.

Given the location of the power plant site near Lae Nadzab Airport, the possible effects of the
stack plumes on aircraft were assessed. The modelling results show that, even under worst-case
meteorological conditions, the plumes will have no significant effect on aircraft landing or taking
off from Lae Nadzab Airport.

Changes in sediment loads to nearby surface watercourses, or changes to the form of the
channels themselves, due the Project are expected to be either negligible or low. However, as
noted above, the Project area contains some clearwater streams in addition to the more common
turbid rivers. Protection of these streams is a priority for MVB and hence no plantations will be
developed in their source areas until additional information has been obtained that will inform
future management options. Other impacts on surface water quality are similarly expected to be
negligible or low, due to treatment of the power plant holding pond discharge prior to release (to
meet IFC effluent guidelines) and the low volume of this discharge (0.012 m3/s) compared with
flows in the Markham River (conservative low flow (10" percentile) estimate of 3.38 m*/s, mean of
236 m®/s). Papua New Guinea ambient and drinking water quality standards in the Markham
River will be easily met after the Project discharge has fully mixed with the Markham River, as will
WHO drinking water guidelines. Most of the Australian freshwater guideline values will also be
met, a notional exception being Cr, although the exceedance is small and, in practice, unlikely to
be detectable. Bed sediment quality in the Markham River and other rivers that drain the Project
area is also highly unlikely to be impacted by Project activities.

Modelling was undertaken to describe the catchment water balance and the potential effects of
the plantations, taking into account a range of factors including rainfall, evapotranspiration,
catchment storage and crop factors. The results suggest that in 60% of years the change in
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seasonal fluctuation in groundwater level will be between 0 and 2 m, with the maximum likely
increase being 4.5 m, and these changes will diminish to zero within 50 m of the edge of
plantations. As the study concluded, there is little cause for concern that the plantation will result
in a trend of continuous decline in the groundwater, given rainfall within the historical range.
However, the modelling indicated a less than optimum requirement for bore location (assuming
that all of the power plant water is sourced from groundwater rather than the Markham River). The
existing groundwater data will therefore be subject to additional analysis prior to construction and,
if required, further investigation will be undertaken, e.g., groundwater level monitoring during
construction and operation of the first 15 MW unit and updated modelling predictions. Continued
focus will also be placed on flood risk in relation to the power plant, given its location on a
floodplain.

Considering other possible Project-related impacts, the impact significance in relation to matters
such as changes in surface hydrology, land contamination (which includes consideration of
hazardous and non-hazardous material and waste), soils and visual amenity are all negligible or
low (with fertiliser and fly ash additions possibly having a positive impact on soils). This is based
on the successful implementation of the proposed management or mitigation measures.

6.2 Biological Impacts

Impact assessment in relation to terrestrial ecology focused on the effects of the Project on a
number of key values, where these effects are primarily due to the altered land use and
associated changes in vegetation and habitat. Taking into account the proposed management
and mitigation measures, it was found that the Project will have negligible impacts on two plants
of conservation significance (Intsia bijuga [Kwila] and Cycas schumanniana, respectively listed as
vulnerable and near threatened by the IUCN Red List), and on the natural habitats in the study
area that are already degraded and fragmented.

From the perspective of aquatic systems in the Project area (as well terrestrial systems), the
Project is to be developed in a non-pristine area. Existing (non-Project) factors affecting these
systems include introduced exotic fish species, riparian vegetation removal, agricultural land use
practices (current and historical), and aggregate extraction practices in river channels. Project-
related impacts, assuming the implementation of measures such as riparian buffer zones (which
are integral to Project planning), are expected to be negligible with respect to the Markham River
and high energy, high sediment load (i.e., turbid) streams, and low for clearwater tributaries (with
due focus on the sources of these tributaries as flagged above).

6.3 Socio-economic Impacts

Assessment of socio-economic impacts that may result from the bio-physical and biological
impacts of the activity is presented in the previous section in terms of, for example, degradation in
air and water quality, increased noise levels, or land contamination. Impacts on ecosystem
services have also been assessed, particularly in relation to provisioning services such as food
from hunting, crop cultivation, fishing and foraging, as well as biomass fuel, animal products,
natural medicines, building materials and water supply.

The residual impacts in relation to all of these matters, i.e., the impacts that are predicted to occur
after the successful implementation of management and mitigation measures, are either
negligible, low or, at worst, moderate. No impacts have a significance rating of high or major.
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Socio-economic impacts associated with these environmental impacts are also predicted to be
low.

Notwithstanding these findings, some consideration has also been given to other socio-economic
impacts (both positive and negative).

Beneficial socio-economic impacts expected from the Project relate to increased income levels
through Project employment, plantation-land cropshare and annual land rentals, intercropping
(Plate ES9), and the establishment of local business enterprises. In addition, improvements to
road access and infrastructure are likely, as well as an increase in education and training
opportunities, including financial literacy.

Plate ES9 — Intercropping in a Project Area Trial Plot

Most of the negative potential socio-economic impacts relate to the key resource of land,
including loss of land used for subsistence and cash income, possible inequitable distribution of
plantation-land cropshare, land rentals and access to intercropping opportunities and benefits, as
well as the potential for poorly-established business entities managing the land leasing, leading to
land conflict within clans and across generations.
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Potential health impacts will be largely reduced as a result of the predicted low levels of Project-
induced in-migration, a lack of construction camps and proposed management measures. Despite
only a minimal increase to road traffic predicted along the Highlands Highway, prevention of
traffic-related accidents and injuries will be an ongoing focus of MVB. The residual impacts of
congestion to the Highlands Highway, Lae Port and Lae Nadzab Airport are expected to be low.

There will be no impact from construction of the proposed power plant on any of the cultural
heritage and archaeological sites identified during the surveys and database reviews. The
implementation of management measures will reduce the residual impact on all identified sites
and those that may be identified in the future.

All residual impacts relating to gender (e.g., inequitable share in income, loss of land use rights
and important land resources, increased burdens on younger females) are predicted to be low,
and the majority of those relating to human rights are also expected to be low or non-existent. The
two exceptions to this concern a potential increase in both gender-based violence and family and
sexual violence, and a limited ability for women and other socially-vulnerable groups to express
opinions and/or obtain information.

7. Environmental Management, Monitoring and Reporting

An environmental management plan (EMP) that applies to the power plant construction and
plantation development activities has been prepared for the Project. The EMP will guide the MVB
workforce in identifying and managing potential environmental impacts that may result from these
activities. In so doing, the document describes the environmental management framework that is
required to identify and assess risks, implement appropriate mitigation measures, and monitor
and evaluate their success to facilitate continual improvement.

All MVB personnel and contractors must comply with the EMP.

The EMP will sit within the framework of the Integrated Management System (IMS) that is
currently being developed. The IMS will ultimately encompass all Project activities, from office-
based work through to plantation establishment and harvesting and power plant operation. From
an environmental perspective, the IMS will also be consistent with Oil Search's policies, statutory
obligations and commitments made as part of the environmental assessment (EA) process in
accordance with the requirements of the PNG Environment Act 2000.

The IMS will be developed in line with the principles of relevant international standards such as
ISO 9000 (quality and loss control), ISO 14000 (environment) and OHSAS 18000 (occupational
health and safety), and will incorporate all aspects of MVB's documentation including policies,
planning procedures, standard operating procedures (SOPs) and management prescriptions. The
environmental aspects will be consistent with ISO 14001:2015, as reflected in the Australian and
New Zealand equivalent, i.e., AS/NZS ISO 14001:2016. This standard specifies that an
environmental management system should consist of the following, which are tailored specifically
to the activities of the business: leadership, planning, support and operation, performance
evaluation, and improvement.
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These elements as they relate to the Project are addressed within the EMP, which also contains a
number of procedures that reflect the various environmental concerns and issues:

¢ Cultural heritage and archaeology.

¢+ Vegetation clearing, earthworks, topsoil management and rehabilitation.
¢+  General waste management.

¢ Hydrocarbons, chemical and hazardous waste management.
¢+ Noise management.

¢ Air emissions and air quality management.

¢ Invasive alien species management.

¢+  Surface water and groundwater management.

¢ Watercourse crossing management.

¢ Environmental incident and non-compliance reporting.

¢ Emergency response plans and drills.

¢ Environmental auditing.

These procedures each describe their purpose and context, specific management and mitigation
measures relevant to the topic, and monitoring and reporting requirements.

The construction phase of the Project involves the use of only conventional practices in a
generally non-sensitive environment. The adoption of well-established industry norms,
international best practices and established SOPs will therefore minimise risks and potential
adverse impacts, both in construction and continuing through operations. This also applies to
plantation development, where environmental management procedures will be supported by
documents such as 'Management Prescriptions', which describe what Project foresters need to
do, and 'Best Operating Practices’ (BOPs) that provide instructions for workers.
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1. Introduction

This section should include brief description of the following —

» proposed activity and its objectives.

- potential bio-physical impacts.

- potential socio-economic impacts (direct results of bio-physical impacts).
- potential benefits of the activity.

(Excerpt from ‘Information Requirements for Permit Applications and Registration of Intention to Carry Out
Preparatory Work’, DEC Operational Procedure, Schedule 3, General Guidelines on the Additional
Information Required to Support a Permit Application for a Level 2B Activity)

1.1 Project Proponent and Context

Oil Search Limited (Oil Search/OSL), through its wholly-owned subsidiary Markham Valley
Biomass Limited (MVB)', proposes to develop the PNG Biomass Markham Valley project
(hereafter referred to as ‘the Project’) in Morobe Province, Papua New Guinea (PNG). The Project
area (also referred to as Area A) is located in the Markham Valley, about 50 km west-northwest of
the provincial capital Lae (Figure 1.1).

The Project is a response to a call from PNG Power Ltd (PPL) for an Independent Power
Producer (IPP) to generate 30 to 40 MW of power near Lae, and reflects the requirements of a
25-year Power Purchase Agreement (PPA) that was executed with PPL on 15 December 2015.
The Project will address, at least partially, the current inability of the Ramu grid to provide reliable
power, and the PNG Government's long-term objective of increasing the availability of reliable and
sustainable power supply at a reasonable cost. Power generated by the Project will provide
reliable baseload power to households, industries, and resource projects on the Ramu grid.

An application for an environment permit was submitted to the Conservation and Environment
Protection Authority (CEPA) in late 2015. As subsequently advised by CEPA in early 2016, the
Project is a Level 2 (Sub-category 10.2) activity under the Environment (Prescribed Activities)
Regulation 2002, the relevant requirement being the operation of fuel burning power stations with
a capacity of more than 5 MW. This requires submission of an environmental assessment report
(i.e., this document) and an environmental management plan (appended).

Additional discussion about the Project's regulatory and policy framework is provided in
Chapter 2, while Chapter 3 contains further information about the Project proponent and context.

The remainder of this chapter briefly addresses the project description and schedule, objectives,
potential impacts and benefits, and report structure, with further detail being provided in
subsequent chapters.

" The entity name of Markham Valley Biomass Limited (MVB) will be changed to PNG Biomass Limited. However, for the
purposes of this report, the former will be used. This assessment reflects activities by both MVB and its subsidiary
Markham Valley Power Limited (MVP).
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1.2 Proposed Activity

1.2.1 Project Summary

The Project has two components: the establishment of up to 16,000 ha of sustainably managed
eucalypt plantations, and a biomass-fuelled power plant consisting of two 15 MW units, with the
preferred power plant site being located in the southeast of the Project area (see Figure 1.1).
Construction of the power plant and related infrastructure, and development of the plantations, will
take place over several years. Plantation development will be supported by road upgrades and/or
construction, and a development of a large plant nursery. Plantations will be harvested every 7 to
9 years to provide about 175,300 BDMt/yr (bone dry metric tonnes of biomass (wood) per year).

The combustion of dry biomass will generate steam from water sourced from bores or the
Markham River. This steam will drive steam turbine generators, thereby generating electricity that
will be transferred directly to the nearby high voltage Ramu grid transmission system, which runs
from Lae and Madang in the east to Mt Hagen and Mendi in the west. The power will be
distributed to supply energy to major industries, households and rural communities.

1.2.2 Project Schedule

Key dates in the Project's schedule are:
¢ Power Purchase Agreement (PPA) finalised — Q4 2015.

¢+ Environmental assessment (EA) report and environmental management plan (EMP)
submitted to CEPA — Q1 2017.

¢  Environment permit issued by CEPA — Q3 2017.
¢ Initial 3,000 ha of plantation established — Q4 2017.

¢+ Power plant commissioning (first 15 MW unit) — Q3 2019.

1.3 Project Objectives

The primary objective of the Project is to implement a profitable renewable energy project that
meets all international sustainability criteria, enhances Papua New Guinea’s reputation and
international standing, and contributes to the wellbeing of local communities, without
compromising environmental values. More specifically, the Project aims to meet the need for
electricity in the Lae region (and further afield in the remainder of the Ramu grid) with a more
environmentally sustainable and socially beneficial energy option than that provided by fossil fuel
power. A secondary objective is to sell timber products when biomass supply exceeds power
plant requirements.

1.4 Potential Impacts and Benefits

A conceptual model of potential impacts and benefits associated with the Project is shown in
Figure 1.2.
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The Project will have some unavoidable impacts associated with conversion of a modified
grassland environment into broad scale tree plantations. This has the potential to impact the
biophysical environment due primarily to the change in vegetation, and will generate both positive
and negative social impacts, particularly relating to resource use by local communities and
‘provisioning’ ecosystem services. Impacts will also result from air emissions and wastewater
discharges, and changes to the local socio-economic context with respect to matters such as
income.

Benefits associated with the Project include sustainable financial income streams for landowners
and substantial new local employment and business development opportunities, as well as
increased power supply for the region. Growing demand for electricity in Morobe Province has
resulted from industrial development, modernisation, and population growth. Increased energy
generation capacity is required and non-fossil fuel options such as biomass provide both
commercial and environmental benefits, with the latter relating particularly to a ‘closed carbon
cycle’ whereby Project carbon emissions (primarily from power generation) are offset by carbon
absorbed into biomass by growing tree plantations (as shown schematically in Figure 1.3).

1.5
1.5.1

The structure of the environmental assessment (EA) report (this document) reflects CEPA's
general guidelines for additional information to support an environment permit application for a
Level 2B activity (DEC, 2013). The report commences with introductory chapters that describe the
proponent and the Project objectives, purpose, viability, schedule and site selection rationale.
These chapters are then followed by a description of the existing environment, Project activities
and assessment of impacts, where the latter identifies the predicted physical environment,
biological, and socio-economic impacts taking into account factors such as the impact magnitude
and the sensitivity of the value that is affected. Cumulative impacts are also assessed where the
Project may interact with impacts arising from the actions of third parties.

The Environmental Assessment Report

Report Structure

Specialist studies that supported the assessment are listed in Table 1.1.

Table 1.1 — PNG Biomass Markham Valley Specialist Studies

Appendix Specialist Study Topic Author
1 Hydrology and sediment Hydrobiology Pty Ltd
transport
2 Hydrogeology Whitegum Forest and Natural Resources Pty Ltd/
HydroEnviro Scientific Solutions Pty Ltd
3 Air quality SLR Consulting Australia Pty Ltd
4 Noise SLR Consulting Australia Pty Ltd
5 Water and sediment quality ERIAS Group Pty Ltd
6 Terrestrial ecosystems BAAM (Biodiversity Assessment and Management Pty Ltd)
7 Aquatic ecosystems Fathom Pacific Pty Ltd/Hydrobiology Pty Ltd
8 Plume rise assessment SLR Consulting Australia Pty Ltd
9 Environmental management plan | ERIAS Group Pty Ltd
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1.5.2 Report Conventions

A number of conventions have been adopted in the preparation of this report, the most significant
being as follows:

¢+ Although the Project and related activities is a development proposal, the use of ‘will’ rather
than ‘would’ has been adopted for this report.

¢ The Project will be developed primarily as described herein. However, MVB reserves the
right to alter aspects of the Project as additional information (engineering, environmental,
social or other) becomes available. Major changes, if they occur, will be communicated to
CEPA and other relevant authorities, and appropriate actions in terms of regulatory
requirements determined in conjunction with CEPA and those other authorities.

¢+ The environmental assessment is based on impacts that are realistic and credible, and the
timely implementation of management measures that will be feasible and effective in terms of
minimising adverse impacts and enhancing benefits.

1.5.3 Spatial Boundaries

This report discusses the issues and impacts associated with the Project in a range of spatial
contexts, predominantly referring to the Project area within the Markham Valley and the Project
surrounds. Where appropriate, the discussion also addresses aspects relevant to Papua New
Guinea on a regional, national and international scale.
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2. Purpose of the Activity

This section should include brief description of the following —
- objectives of the activity,

- description on whether the proposed development is compatible with National, Provincial, and
Local Level Government development goals and planning strategies,

- description of benefits to the Nation, Province, District and to the local community.

(Excerpt from ‘Information Requirements for Permit Applications and Registration of Intention to Carry Out
Preparatory Work’, DEC Operational Procedure, Schedule 3, General Guidelines on the Additional
Information Required to Support a Permit Application for a Level 2B Activity)

2.1 Objectives

Further to the Project objectives outlined in Chapter 1, the overarching environmental and social
goals of the Project are to ensure implementation is in accordance with PNG regulatory
requirements (as defined by the Environment Act 2000), good industry practice, and MVB
environmental and socio-economic corporate policies (see Section 2.4.5). In particular, the Project
will be consistent with the Equator Principles and associated International Finance Corporation
(IFC) Environmental and Social Performance Standards 2012 (IFC, 2012), as well as the
principles of the Forest Stewardship Council (FSC) National Forest Management Standards for
Papua New Guinea (FSC, 2010; 2016).

2.2 Compatibility with Government Development Goals and
Planning Strategies

2.2.1 Constitutional Goals and Directives

As described in Chapter 1, the Project involves developing short-rotation tree plantations to fuel a
power plant, with consequent economic and social benefits to the region. Potential exists for
future expansion of plantation areas and power plant capacity, depending on successful operation
of the initial phase of the Project, markets for electricity and timber, and further plantation area
appraisal.

The development of the power plant will diversify the electricity supply industry in Papua New
Guinea, which is currently dominated by hydropower, oil (diesel) and gas. The Project is
consistent with the PNG Government’s initiatives and policies to provide a long-term energy
solution that provides secure, sustainable, base-load power. Biomass power generation is a
widely used power source around the world, and biomass power plants are operational in more
than 40 countries. Worldwide biomass power capacity is increasing, with an estimated 93 GW
(93,000 MW) installed by the end of 2014 (REN21, 2015). Further context is provided in
Chapter 3.

The Project is consistent with the constitutional goals and directives of Papua New Guinea, which
promote the development of its resources through various policies aimed at encouraging
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investment. While encouraging foreign investors, a priority of the PNG Government is that the
people of Papua New Guinea must benefit from any such development.

As outlined in the Constitution of Papua New Guinea, key relevant aspirations and principles for
the development of the nation are presented in Goals 2, 3 and 4:

We declare our second goal to be for all citizens to have an equal opportunity to participate in,
and benefit from, the development of our country.

We declare our third goal to be for Papua New Guinea to be politically and economically
independent, and our economy basically self-reliant.

We declare our fourth goal to be for Papua New Guinea’s natural resources and environment to
be conserved and used for the collective benefit of us all, and be replenished for the benefit of
future generations.

Markham Valley Biomass will ensure that local skills and resources are maximised to provide
opportunities for PNG citizens to participate in, and benefit from, the Project. In developing the
plantations and power plant, the Project will provide significant employment opportunities during
construction and operation, and will enhance the capacity of the local and/or regional workforce
and infrastructure to support future development projects. This in turn will also contribute to the
economy, employment opportunities and longer-term improvements in infrastructure and services.
Furthermore, the Project will create employment in a region distant from conventional energy
resources, in a manner that creates social, environmental and development opportunities for PNG
citizens.

During the Project’s lifecycle, the PNG economy will benefit from the payment of cropshare and
land rental, along with direct and indirect taxation, thus contributing to the nation’s economic
independence. Payment of wages with flow-on effects to local and regional businesses will also
contribute to the local, provincial and national economies.

Markham Valley Biomass proposes to develop the Project through public participation and has
initiated consultation with relevant landowner groups. This participatory process is focussed on
engaging local communities in culturally appropriate ways to build trust and to identify issues
relevant to Project planning and implementation. With this process MVB endeavours to ensure
that the Project’s socio-economic and environmental objectives are met. Adverse effects on local
communities, their resources and the environment will be minimised, and benefits (including
employment opportunities and sustainable development) will be maximised.

2.2.2 Strategic Plans and Policies

In 2009, the PNG Government, through the National Strategic Plan Taskforce (NSPT), released
‘Vision 2050’ (NSPT, 2009). This describes the country’s long-term strategy and reflects the
aspirations of Papua New Guineans, with the goal that Papua New Guinea will be ranked in the
top 50 countries in the United Nations Human Development Index by 2050 (NSPT, 2009). The
NSPT (2009) lists seven strategic areas, of which the development of the Project particularly
aligns with the following:

¢ 1:Human Capital Development, Gender, Youth and People Empowerment:
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The Project will provide employment-related training, which will increase the skills base
of the local and/or regional communities.

¢ 2: Wealth Creation:

The Project will strengthen and support a productive regional economy, with landowner
participation, and will present a potential new source of wealth and growth for Papua
New Guinea.

¢ 5: Environmental Sustainability and Climate Change:

The Project will capture carbon in cyclically growing plantations, and will provide a more
sustainable source of electricity with lower greenhouse gas emissions than alternatives.

In addition, the Project is consistent with the Papua New Guinea Development Strategic Plan
(PNGDSP) 2010-2030 (DNPM, 2010), which states that the nation’s long-term goal for energy
development is that:

All households have access to a reliable and affordable energy supply, and sufficient power is
generated and distributed to meet future energy requirements and demands.

The PNGDSP has a stated goal that by 2030, at least 70% of PNG households will have access
to electricity, and around 25% of the nation’s generation capacity will be renewable energy other
than hydroelectricity. It also states that ‘in partnership with the private sector, energy development
from renewable sources will be pursued, including biomass’. The Project is consistent with this
goal.

A forecast in 2010, as part of the PNGDSP, estimated that Papua New Guinea’s demand for
energy was likely to exceed supply by 2014/2015. As such, the development of new electricity
generation capacity in the next few years (and in particular, renewable energy) is aligned with the
Government’s development strategy.

The PNGDSP states that the nation’s long-term goal with regard to climate change is to
‘contribute to global efforts to abate greenhouse gas emissions’ (DNPM, 2010). A biomass power
plant will have significantly less greenhouse gas emissions than a diesel or heavy fuel oil (HFO)
power plant, while the replacement of grasslands with tree plantations will contribute to increased
absorption of carbon from the atmosphere. Therefore, the Project is in alignment with the
PNGDSP and, more specifically, the PNG National Climate Compatible Development
Management Policy, which promotes renewable energy sources (OCCD, 2014).

The PNGDSP also has a stated goal for Papua New Guinea to ‘build a forestry sector that is
sustainable and highly profitable’ (DNPM, 2010). In relation to this, the PNG Department of
National Planning and Monitoring (DNPM) has set a 2030 target of a ‘substantial increase in
plantation forests’. The PNG Forest Authority has a related target of reaching 150,000 ha of
plantation forests in Papua New Guinea by 2025 (PNGFA, 2013). The Project will contribute to
these targets.

Further to the PNGDSP, the DNPM has developed shorter-term initiatives in the form of medium-
term development plans that have goals stemming from Vision 2050, aim to implement the
PNGDSP, and are the benchmark for all sectoral, provincial, district and local level government
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plans. The Papua New Guinea Medium Term Development Plan 2016-2017 (DNPM, 2015)
defines forestry assets as strategic and states that:

...government investment will focus on developing and strategically positioning these assets to
meet the needs of current as well as future generations of Papua New Guineans.

The Project also directly addresses a number of relevant PNG Electricity Industry Policy (PNG
Government, 2011) objectives, particularly with regards to:

¢+ Actively seeking landowner participation, and establishing arrangements with landowners.

¢+ Using technologies for electricity generation that are environmentally and socially sound (i.e.,
biomass power as opposed to fossil fuels).

¢+ Emissions reduction (as discussed above), which qualifies the Project under the Kyoto Clean
Development Mechanism or similar international emissions reduction schemes.

2.3 Benefits and Impacts

Potential impacts and benefits as a result of the implementation of the Project have been
considered in the environmental assessment. The main benefits include providing competitively
priced, sustainable and reliable power capable of supporting everyday needs and creating
employment and local business opportunities for PNG citizens. In particular, the Project’s
emission of carbon dioxide (CO,) to the atmosphere is significantly lower than if the same amount
of power was generated by HFO or other fossil fuels.

Further information relating to energy supply and how the Project aligns with the electrification of
the Markham Valley and surrounds is discussed in Chapter 3.

The Project will promote significant social advancement in the Markham Valley region, primarily
via sizeable ongoing employment (over 480 full-time equivalent direct ongoing jobs during
operations, and approximately 4,000 indirect jobs) and landowner business development
opportunities (e.g., plantations and support services businesses). The Project will also support
education of young people with the objective of introducing them to more specifically qualified jobs
in agriculture, forestry, engineering and business, and it will implement a Community Partnerships
and Sponsorships program which will target specific community needs.

Changes in local land use due to the conversion of modified grassland into broad scale tree
plantations have the potential to impact the biophysical environment due largely to altered land
use. These impacts will relate primarily to resource use by local communities and ecosystem
services rather than biodiversity conservation (as discussed in Chapter 8).

Some level of impact will also result from factors such as stack emissions, wastewater
discharges, traffic fumes and dust, and the potential for herbicides, pesticides and fertiliser to
cause contaminated runoff.

Potential Project benefits and impacts are discussed further in Chapter 8 of this report.
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2.4 Regulatory and Policy Framework

2.4.1 Introduction

The PNG development goals and planning strategies outlined in Section 2.2 are supported by a
legislative framework that ensures that approved developments assess, mitigate and manage
residual environmental and social impacts, so that these impacts are as low as reasonably
practicable.

The following sections describe the key environmental and socio-economic legislation and
agreements that are relevant to the Project, along with international standards and principles that
the Project has adopted. While minor aspects of many other acts and regulations will be relevant
to the Project, such acts and regulations have only been listed rather than specifically discussed,
as they do not relate directly to environmental project approvals or necessarily require a specific
action.

2.4.2 Environmental Legislation

The Environment Act 2000 (the Act) prescribes requirements for proponents seeking
environmental approvals for new developments or changes to existing developments, and is
administered by CEPA. Despite being amended in 2012 and 2014, the PNG Government has not
enacted all of the amendments to the Act and, as such, ongoing consultation with CEPA is
required by Project proponents. The related Environment (Prescribed Activities) Regulation 2002
(the Regulation) lists the types of approvals required for different levels of activities under the Act.

On 4 September 2015, MVB submitted to CEPA an application for an environment permit and
notification of intention to carry out preparatory work. Subsequently, CEPA formally advised (by
letter dated 8 March 2016) that the Project would be classified as a Level 2 (Subcategory 10.2)
activity. Subcategory 10 relates to energy production, specifically:

10.2. Operation of fuel burning power stations with a capacity of more than 5 MW, but not
including emergency generators.

As such, and in accordance with the Department of Environment and Conservation (DEC)
Operational Procedure — Information Requirements for Permit Applications and Registration of
Intention to Carry Out Preparatory Work (DEC, 2013) prepared in accordance with the Act
(s.132), the Project is required to prepare the following:

¢+ Environmental assessment (EA) report, reflecting the findings of baseline environmental and
social studies.

¢+ Environmental management plan (EMP), developed on the basis of the environmental risks
posed to the identified environmental values, as well as mitigation and management
measures required to minimise those risks.

Figure 2.1 shows the approvals process for the Project as stipulated by the Act, its associated
regulations and instructions, and consultation with CEPA.
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Other associated and subsidiary Project activities also classified as Level 2, including the eucalypt
plantations, will be permitted under the umbrella of the approvals pursued for the main Level 2
activity. The Project EA report and EMP will need to be consistent with Schedule 3 — General
Guidelines on the Additional Information Required to Support a Permit Application for a Level 2
Activity (DEC, 2013).

Part VIl of the Act provides for permits for the use of water resources in Papua New Guinea,
including dams and diversions, discharges of wastes and/or contaminants, water investigations
and the taking of water resources via specific conditions in an environment permit.

24.3 Forestry Legislation

The Forestry Act 1991 (Forestry Act) (and its amendments from 1993, 1996, 2000 and 2005) is
the primary piece of legislation governing the management, protection and use of forests and
forest resources in Papua New Guinea. The Forestry Act is administered by the Papua New
Guinea Forest Authority (PNGFA) and is supported by the Forest Regulation 1992 and the
Forestry Regulation 1998 (in operation from January 1996).

Under the Forestry Act (Part IV), to engage in forest industry activities involving harvesting,
chipping and selling of the finished timber product, MVB must be registered as a Forest Industry
Participant (FIP). This FIP registration does not relate to the planting of the eucalypt plantations.

A Forest Clearing Authority (FCA) (s.90B of the Forestry Act) will also be required and MVB will
apply for this prior to harvesting of the plantation trees.

24.4 Other Relevant Legislation

In addition to the legislation discussed in Sections 2.4.2 and 2.4.3, the legislation, industry codes

and plans listed in Table 2.1 are also relevant to the Project.

In addition to the items listed in Table 2.1, a number of other acts and regulations may be of
relevance to the Project in relation to matters such as public and workforce health and safety, and
commercial and professional matters. These matters are outside the scope of this assessment.

Table 2.1 — Other Legislation, Industry Codes and Plans Applicable to the Project

Environment

Conservation Areas Act 1978 and Conservation Areas (Amendment) Act 2014
Environment (Council’s Procedures) Regulation 2002

Environment (Fees and Charges) Regulation 2002

Environment (Water Quality Criteria) Regulation 2002

Environment (Permits) Regulation 2002

Fauna (Protection and Control) Act 1966, Fauna (Protection and Control) Act 1974 (Chapter 154) and
Fauna (Protection and Control) (Amendment) Act 2014

¢ International Trade (Fauna and Flora) Act 1979 (Chapter 391) and International Trade (Fauna and Flora)
(Amendment) Act 2014

¢ Plant Disease and Control Act 1953 (Chapter 220)
¢ Public Health (Drinking Water) Regulation 1984 (Chapter 226)

* & & o oo o
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Table 2.1 — Other Legislation, Industry Codes and Plans Applicable to the Project (cont’d)

Forestry

¢ Forestry (Amendment) Act 1993

¢ Forest Regulation No. 15 1992

¢ Forestry Regulations 1996

¢ Forest (Timber Permits Validation) Act 2007

¢ National Forest Policy 1991

¢ National Forest Development Guidelines of 1993
¢ National Forest Plan 1996

Protection and Preservation of Sites and Features of Archaeological and Cultural Heritage
Significance

¢ National Cultural Property (Preservation) Act 1965 and National Cultural Property (Preservation)
Regulation 1965

¢ National Museum and Art Gallery Act 1992

Land Acquisition and Compensation

Business Groups Act 1965

Land Act 1996

Land Dispute Settlement Act 1975

Land Groups Incorporation Act 1974 and Land Groups Incorporation (Amendment) Act 2009
Land Groups Incorporation Regulation 1974

Land (Ownership of Freeholds) Act 1976

Land Registration Act 1999 and Land Registration (Amendment) Act 2009
Land Registration Regulation 1999

Land Registration (Customary Land—Amendment) Act 2009

Land Regulation 1999

Valuation Act (Chapter 327) 1967

* & & & O & O o o oo o

Power Generation, Transmission and Distribution

¢ Electricity Industry Act (Chapter 76) 2002
¢+ Electricity Code

¢ Third Party Access Code

¢ Grid Code

Power Station Construction

¢ Physical Planning Act 1989

¢ Physical Planning Regulation 2007
¢ Building Act (Chapter 301) 1971

¢ Building Regulations 1994

2.4.5 International Standards, Agreements and Guidelines

2451 International Financing Standards and Guidelines

As the Project may seek financing by international finance institutions (also known as ‘lenders’),
the EA report has been prepared so as to satisfy both PNG regulatory requirements and the
requirements of the Equator Principles.

The Equator Principles provide a risk management framework that is adopted by financial
institutions for determining, assessing and managing environmental and social risk in projects.
The principles refer to the International Finance Corporation (IFC) Performance Standards as well
as the World Bank Group Environmental, Health and Safety Guidelines.

01183B_2_CHO01_TO_CHO05_V2.DOCX 2-8 A ER | AS

GROUP




ENVIRONMENTAL ASSESSMENT REPORT
PNG BIOMASS MARKHAM VALLEY

The IFC Performance Standards (IFC, 2012) are directed towards project proponents and provide
guidance on how to identify and manage environmental and social risks and impacts. They also
establish the standards that proponents are to meet throughout the life of an investment by the
IFC. Specifically (IFC, 2012):

They are designed to help avoid, mitigate, and manage risks and impacts as a way of doing
business in a sustainable way, including stakeholder engagement and disclosure obligations of
the client in relation to project-level activities. In the case of its direct investments (including
project and corporate finance provided through financial intermediaries), IFC requires its clients
to apply the Performance Standards to manage environmental and social risks and impacts so
that development opportunities are enhanced.

The eight IFC Performance Standards are:

¢+  Performance Standard 1: Assessment and Management of Environmental and Social Risks
and Impacts.

¢+  Performance Standard 2: Labor and Working Conditions.

¢ Performance Standard 3: Resource Efficiency and Pollution Prevention.
¢  Performance Standard 4: Community Health, Safety, and Security.

¢  Performance Standard 5: Land Acquisition and Involuntary Resettlement.

¢+  Performance Standard 6: Biodiversity Conservation and Sustainable Management of Living
Natural Resources.

¢  Performance Standard 7: Indigenous Peoples.
¢+  Performance Standard 8: Cultural Heritage.

The World Bank Group’s Environmental, Health and Safety (EHS) Guidelines are technical
reference documents that are specifically referred to in the Performance Standards and provide
general and industry-specific examples of good industry practice. The general EHS guidelines
provide guidance to users on common EHS issues that are potentially applicable to all industry
sectors (IFC, 2007) and should be used in conjunction with the relevant industry sector
guidelines. Although the Project's generating capacity of 30 MW is less than the 50 MW minimum
specified in the thermal power plants guideline (IFC, 2008), MVB has decided to use that
document for guidance during Project planning and development.

Additional IFC documents (e.g., the Good Practice Handbook for Cumulative Impact Assessment
and Management (IFC, 2013)) have been referred to as appropriate in later chapters.

2.4.5.2 Forestry Stewardship Council

The Forest Stewardship Council (FSC) is an independent, not for profit, non-government

organisation. Its vision is that (FSC, 2017):

The world’s forests meet the social, ecological, and economic rights and needs of the present
generation without compromising those of future generations.
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The FSC Principles and Criteria (P&C) describe the essential elements or rules to support
environmentally appropriate, socially beneficial, and economically viable management of the
world's forests. There are ten principles, each supported by several criteria that provide a way of
judging whether the principle has been met in practice. All ten principles and criteria apply to all
forest types and to all areas within the management unit included in the scope of the certificate,
and must be applied to any forest management unit before it can receive FSC certification. The
P&C are not specific to any particular country or region; they are applicable worldwide and are
relevant to forest areas and different ecosystems, as well as cultural, political and legal systems.

The FSC’s 2010 National Forest Management Standards for Papua New Guinea (FSC, 2010) is
an adaptation of the FSC P&C (FSC's International Standard) in relation to the specific conditions
in Papua New Guinea. The National Forest Management Standards for Papua New Guinea set
the principles, criteria, indicators and verifiers by which all forest operations in the country can be
judged, and are tailored to reflect the country’s unique social, economic and environmental
situation.

The ten principles of the National Forest Management Standards for Papua New Guinea —
including requirements to conserve environmental values, maintain high conservation forests, and
manage plantations in a manner that complements sustainable management of natural forests —
have been taken into account by the Project.

The 2010 version of the standards is currently under review and a 2016 draft version has been
released for public consultation (FSC, 2016). Finalisation of the document will occur in the first
half of 2017, and subsequent approval by FSC is likely to occur in Q4 2017 (Dam, pers. com.,
2017). Given the Project’s development timeline and the forthcoming approval of the revised
version, the content of the 2016 draft version has been taken into account for this environmental
assessment.

The FSC's position on plantations is described in FSC (2014) as follows:

FSC supports the responsible use of plantations as a strategy to complement conservation and
the sustainable use of natural forests. While plantations cannot replace the richness, stability and
beauty of natural forests or the complexity of the services they provide, applying the FSC
standards to them ensures that their management is defined by transparency and fairness and
minimizes negative environmental and social effects.

This allows for plantation certification, apart from any plantation that was established as a result
of forest conversion after 1994, and efforts have been made by FSC over the past decade to
better integrate its requirements for plantation management into those that apply to all types of
forests.

2453 International Conventions, Treaties and Protocols

Relevant international treaties, conventions and protocols that the PNG Government has signed,
ratified or acceded to, are shown in Table 2.2.
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Table 2.2 — Applicable International Conventions, Treaties and Protocols

Title

Summary/Objective

Kyoto Protocol to United Nations
Framework Convention on Climate
Change (1997)

¢

*

Stabilise greenhouse gas concentrations in the atmosphere at a
level that would prevent dangerous anthropogenic interference
with the climate system

Places onus on industrialised (Annex 1) countries to reduce
emissions; developing countries such as Papua New Guinea
are exempt from this requirement

Vienna Convention for the Protection of
the Ozone Layer (the Vienna
Convention) (1993) and the Montreal
Protocol on Substances that Deplete
the Ozone Layer (1992)

>

Protect the ozone layer

Convention to Ban the Importation into
Forum Island Countries of Hazardous
Wastes and Radioactive Wastes and to
Control the Transboundary Movement
and Management of Hazardous
Wastes Within the South Pacific
(Waigani Convention) (2001)

>

Reduce and eliminate transboundary movements of hazardous
and radioactive waste, to minimise the production of hazardous
and toxic wastes in the Pacific region and to ensure that
disposal of wastes in the Convention area is completed in an
environmentally sound manner

Convention on the Control of
Transboundary Movements of
Hazardous Wastes and Their Disposal
(Basel Convention), 1989

>

Protect human health and the environment against the adverse
effects of hazardous wastes

Stockholm Convention on Persistent
Organic Pollutants (POPs) (2004)

>

Protect human health and the environment from chemicals that
remain intact in the environment for long periods, become
widely distributed geographically, accumulate in the fatty tissue
of humans and wildlife, and have harmful impacts on human
health or on the environment)

International Tropical Timber
Agreement (ITTA, Geneva), 2006

>

*

Promote the expansion and diversification of international trade
in tropical timber from sustainably managed and legally
harvested forests and to promote the sustainable management
of tropical timber producing forests

This replaces the International Tropical Timber Agreement,
1994

Convention on Biological Diversity
(1993)

>

Preserve and sustain biological diversity, sustainable use of its
components and the fair and equitable sharing of benefits from
genetic resources

Convention on Wetlands of
International Importance Especially as
Waterfowl Habitat (RAMSAR
Convention), 1971 and the international
regime for the 'conservation and wise
use' of wetlands and waterfowl
populations

>

Halt the worldwide loss of wetlands and promote the
conservation and wise use of all wetlands through cooperative
management

Convention on International Trade in
Endangered Species (CITES) of Wild
Fauna and Flora (1975)

¢

Ensure that international trade in specimens of wild animals and
plants does not threaten their survival

International Plant Protection
Convention (Rome), 1951 (revised
1997)

¢

Prevent and control the introduction of pests of plants and plant
products
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Table 2.2 — Applicable International Conventions, Treaties and Protocols (cont’d)

Title Summary/Objective

Convention for the Safeguarding of ¢ Safeguard intangible cultural heritage, ensure respect for the

Intangible Cultural Heritage (UNESCO) intangible cultural heritage of the communities, groups and

(2003) individuals, and raise awareness at the local, national and
international levels of the importance of intangible cultural
heritage

Convention Concerning the Protection ¢+ |dentify, protect and conserve cultural and natural heritage

of World Cultural Heritage and Natural

Heritage (1972)

2.4.5.4 Industry Standards and Codes of Practice

The standards and guidelines adopted by the Project follow the hierarchical approach of:
¢+ Applicable Papua New Guinea acts, regulations and standards.
¢+ International standards and guidelines.

The Papua New Guinea Logging Code of Practice (PNGFA/DEC, 1996) and, where appropriate,
the Forest Practices Code developed by Tasmania’s Forest Practices Authority (FPA, 2015) will
be used by the Project.

Additional sector-specific PNG environmental codes of practice are addressed in the relevant
sections of Chapter 8 of this report.

In the absence of PNG standards, or where additional assessment is warranted alongside the use
of PNG standards, internationally recognised standards and guidelines will be applied including,
for example, those developed by the Australian and New Zealand Environment and Conservation
Council/Agriculture and Resource Management Council of Australia and New Zealand (ANZECC/
ARMCANZ), the World Health Organization (WHO) and the IFC. This is further detailed in the
relevant sections of Chapter 8.

2.4.6 Company Policies and Standards

Markham Valley Biomass is committed to operating the Project in a manner that meets the
environmental and social sustainability principles that Oil Search (as the owner of MVB) has
developed through its Health, Safety, Environment and Security Policy (Box 2.1) and its Social
Responsibility Policy (Box 2.2).
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Box 2.1 — Oil Search Health, Safety, Environment & Security Policy

P

0il Search

Health, Safety, Environment & Security Policy

Oil Search is committed to achieving incident free operations through the provision of effective Health, Safety,
Environmental and Security (HSES) Management across all of its operations and worksites that benefit employees,

contractors and the community.

The Company is committed to:

e Promoting HSES objectives, leadership, responsibilities and behaviour as an integral part of the duties of
management and all employees;

e Complying with applicable laws and other obligations and requirements that the company subscribes to, and where
adequate laws do not exist, adopting and applying standards that reflect Oil Search’s commitment to HSES outlined
in this policy;

e Reporting and evaluating risks, threats, hazards and impacts to company operations that have the potential to
adversely affect the environment or the health and safety of employees, contractors or the community;

¢ Implementing appropriate control and contingency measures to prevent pollution and minimise and manage these
risks, threats, hazards and impacts to an acceptable level;

e Establishing and ensuring that standards are followed and effective practices promoted to ensure that the
environment, people, property and information are protected from harm;

e Selecting and engaging contractors whose management systems are acceptable to Oil Search and whose
commitment to this policy is clearly and continuously demonstrated;

e Providing competent human resources to manage relevant aspects of health, safety, environment or security;

e Communicating openly with all stakeholders on HSES related issues;

e Providing training, instruction and supervision to personnel to enable them to attain the knowledge and skill levels
necessary to perform their work incident free;

¢ Maintaining appropriate contingency arrangements;

e Continually monitoring, reviewing and improving HSES performance and associated management systems so that
our activities can continue without interruption and;

e Ensuring that oversight of accident, incident and near miss investigations is assumed by the appropriate executive
manager and that those investigations are conducted to a level of detail that is appropriate to the event's actual
and potential severity.

e A consistent and equitable approach to the prevention of HIV among employees, families and their communities;
the management of the consequences of HIV including the care and support of employees and their families; and
protecting the rights of employees living with HIV from discrimination, victimisation or harassment.

Every employee and contractor working for the Company has a responsibility to promote a culture whereby their

actions and those of their colleagues are consistent with this Policy.

s PRCTS

Richard Lee Peter Botten

Chairman Managing Director

EMS-PRO-000006 Updated: 7 December 2015
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Box 2.2 - Oil Search Social Responsibility Policy

Oil Search

Social Responsibility Policy

With operations in environmentally, culturally and socially sensitive locations, Oil Search’s commitment to social
responsibility stems from a culture that strives for the highest ethical, social and moral values and a desire to be
recognised as delivering “excellence in socially responsible oil and gas exploration and production”.. We set ourselves
apart from our peers by our sustainable development approach and our ability to contribute positively and creatively to

the growth and development of communities in which we operate.
The Company is committed to:

* Operating with integrity at all times as well as adopting and advocating for principles, practices and standards that
respect diversity, local culture, human rights, labour rights, women’s protection and empowerment, and the
environment, and which contribute towards combatting corruption;

= Generating shared value by ensuring positive, sustainable outcomes for the communities in which we operate, while
at the same time ensuring secure and continued operations and being mindful of our responsibility to shareholders
and other stakeholders;

* Maintaining and enhancing our social license to operate through high levels of stakeholder engagement;
establishing and maintaining strong and mutually beneficial community relationships; leaving a long-term positive
social development legacy; and monitoring the impact of our activities on our project area communities;

= Continuous performance improvement by continuing to grow and leverage our social responsibility capability;
seeking ways to enhance our approach; and improving measurement and reporting of performance.

» Seek ways to manage natural resources responsibly by minimising our environmental impact and operating in an
environmentally sustainable way by adoption of the precautionary principle and giving consideration to effective
and efficient use and re-use of resources and;

= Upholding the Ten Principles of the UN Global Compact, the Voluntary Principles for Security & Human Rights, and

contributing to the progress of the Sustainable Development Goals in its countries of operation.
To achieve this commitment, Qil Search will:

= Ensure governance systems are in place to oversee, monitor, measure, report and drive social responsibility
performance and decision making including social responsibility objectives and leadership responsibilities.

* Comply with all social and environmental laws, requlations and obligations and, where these do not exist adopt and
apply standards that are in alignment with the intent of this policy and internationally accepted norms of behaviour.

= Proactively identify, evaluate, transparently report and manage any risks, threats or impacts related to our operating
context that have the potential to adversely affect the environment, the well-being of the local community or our
social license to operate. Appropriate control and contingency measures will be adopted to minimise and manage
concerns and opportunities.

* Use our sphere of influence to advocate for the commitments contained in this policy, including but not limited to

our supply chain and local content.

Every employee and contractor working for the Company has a responsibility to promote a culture whereby their

actions and those of their colleagues are consistent with this Policy.

A A fe.

Richard Lee Peter Botten
Chairman Managing Director

EMS_POL-000009 Approved: 7 December 2015
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3. Viability of the Activity

This section should include brief description of the following —

- information on the capital cost associated with the development,

- financing arrangement,

* proponent’s technological expertise and resources,

* results of any feasibility investigations that has (sic) been conducted.

- information on landowner and/or resource owner support, including a copy of the formal
written approval of their consent to the activity.

(Excerpt from ‘Information Requirements for Permit Applications and Registration of Intention to Carry Out
Preparatory Work’, DEC Operational Procedure, Schedule 3, General Guidelines on the Additional
Information Required to Support a Permit Application for a Level 2B Activity)

3.1 Capital Cost and Financing

The currently forecast total expenditure of the Project (power plant and plantation) development is
provided in Table 3.1. Costs are based on benchmark costs, field costs observed to date,
proposals received from contractors and estimates from third party reviews. Project financing
options are currently being evaluated, and it is expected that the required funds will be provided
from a range of sources that may include the required equity (cash) contribution from Oil Search,
possible additional equity from new partners who may participate in the project, and debt
financing from a range of sources.

Table 3.1 — Project Capital Costs and Establishment Costs

US$ Million, MOTD* 1 x 15 MW Unit 2 x 15 MW Units
(Second Unit 2022)

FEED 19.8 19.8
Total Capital and Establishment Costs from FID
IPP and Infrastructure including owners costs 66.5 124.5
Plantation establishment (to end 2021) 46.9 46.1
Working capital/securities 5.0 5.0
Capex from FID (with all plantation costs) 118.4 175.6
Plantation Establishment
Before first revenue 24.4 24.3
After first revenue 22.5 21.9

*Money of the Day.

3.2 Proponent’s Technological Expertise and Resources

As previously outlined in Section 1.1, Oil Search, through Markham Valley Biomass Limited, has
100% ownership of the Project. Aligned Energy (PNG) Limited (Aligned Energy) is responsible for
the initial Project planningz, while Péyry has been chosen to fill the Early Contractor Involvement

% Project planning and implementation responsibilities will transfer from Aligned Energy to MVB by Q2 2017.
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(ECI) role and to undertake the Front End Engineering Design (FEED) study for the power plant
as part of the ECI process. The credentials of all three companies are relevant to demonstrating
the Project’s viability.

3.2.1 Oil Search Limited

Oil Search is an oil and gas exploration and development company that has been operating in
Papua New Guinea since 1929 (OSL, 2016a). The company is the country’s largest oil and gas
producer and has interests in all of the nation’s producing oil and gas fields. While biomass-to-
energy is a new business sector for Oil Search, it has a long history of developing large-scale
greenfield projects in Papua New Guinea, with extensive in-country experience.

The company's involvement in the Project is, in part, related to its sustainable development
program (OSL, 2016b). Oil Search is committed to operating the Project to meet the
environmental and social sustainability principles that it has developed through its Health, Safety,
Environment and Security Policy (see Box 2.1) and its Social Responsibility Policy (see Box 2.2),
as well as those of the Papua New Guinea Government.

Oil Search has a corporate commitment to promoting positive social change in Papua New
Guinea. In 2016, the company joined leading global companies in support of the United Nations
Sustainable Development Goals (SDGs) and currently contributes directly or indirectly to 13 of the
17 SDGs, including:

¢  SDG#3: Ensure healthy lives and promote well-being at all ages — Qil Search currently
operates within government systems in Papua New Guinea to deliver on targets such as
immunisations, improved nutrition, malaria control, prevention and treatment of HIV, and
strengthening of health systems.

¢+  SDG#5: Achieve gender equality and empower all women and girls — Oil Search collaborates
with PNG communities and other businesses to deliver culturally appropriate initiatives that
help to change attitudes that hinder the advancement of women.

¢  SDG#7: Ensure access to affordable, reliable, sustainable and modern energy — Oil Search
is working closely with the PNG Government and key power agencies to significantly
increase the percentage of the population with access to electricity. In particular, the PNG
Biomass Markham Valley project aims to provide reliable, sustainable power to the Ramu
grid by 2030.

Other corporate commitments to social change include employment opportunities, improved
livelihoods, and local enterprise development. Oil Search supports the creation of economically
independent communities by providing employment opportunities and access to supply chains.
This has several benefits including improving supply chain reliability, supporting Oil Search’s
social licence to operate, helping to mitigate landowner related issues, building strong local
businesses, and facilitating community economic development.

In 2015, the company made an estimated US$466 million contribution to Papua New Guinea’s
socio-economic development (OSL, 2015).
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3.2.2 PNG Biomass Project Team

The PNG Biomass Project team incorporates internationally experienced energy, biomass,
forestry, and project management personnel to provide competitive renewable energy solutions,
with appropriate technology and biomass production methods. The Project management team
has a combined 100 years of experience working in developing countries, the energy sector,
plantation development and management. The team develops sustainable energy projects by
integrating biomass production, water and nutrient management, and energy conversion in a
manner that is cost effective and environmentally beneficial (AEL, 2016a).

The policy or ‘pillars’ of sustainable production under which the Project team operates are:
¢+ Development of plantations in areas that are less suitable for food production.

¢+ Appropriate plantation water management in areas with adequate rainfall, to reduce water
resource use.

¢+ Appropriate management of environmental impacts, energy use and carbon emissions.
¢+ Equitable social and economic benefits for communities in areas of company operations.

The technological expertise of the team is best demonstrated by summarising the experience of
key personnel who are, and will be, involved in the Project. The incumbents in senior roles within
the organisation have over 20 to 30 years of international forestry experience and/or technical
experience in the energy industry, as well as in energy conversion and integrated energy projects.
Specific expertise that will be brought to the Project in these roles includes:

¢+ Plantation management for short-rotation fibre or biomass crops and longer-rotation solid log
crops, and tropical forestry.

¢+  Fibre harvesting, fibre transport, timber utilisation, and biomass production and utilisation.

¢+ Electrical manufacturing, engineering consulting and power utilities management and project
development.

¢ Technical and commercial management and issue resolution in energy projects.

3.23 Poyry

Péyry is an international consulting and engineering firm founded in 1958 that has a global market
across the energy and industrial sectors and provides engineering services in its core markets.
The company’s focus sectors are power generation, transmission and distribution, forest industry,
chemicals and bio-refining, mining and metals, transportation and water.

P&yry's biomass fuel experience includes forest harvesting residues, the by-products of the pulp
and paper industry (e.g., black liquor, bark, sawdust, sludge, wood waste) and crops (e.g., rice
husk, bagasse, nut shells, cereal straw, rape seed and reed canary grass), as well as biogas
produced from various biodegradable wastes. The company delivers over 10,000 projects
annually; examples of some engineering, procurement and construction (EPC) or engineering,
procurement and construction management (EPCM) projects, design and build projects and
thermal power projects are provided in Table 3.2.
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Table 3.2 — Péyry EPC/Design and Build and Thermal Power Projects

Client and Country

Project

Scope of Services

Years

EPC/EPCM/Design-Build Projects

PRG Granary Co., Ltd.
Thailand

Upgrade of existing mill
facility in Pathumthani
Province. The project
entailed the installation of a
biomass 9.24 MW
cogeneration plant using rice
husks as the primary fuel

Overall project management,
detailed design, process
engineering and technical
integration

2001 to 2002

A.T. Biopower Co., Ltd.
Thailand

Construction of 20 MW rice
husk-fuelled power plant,
located in Pichit Province

Overall project management,
detailed design, civil, structural
and architectural works,
procurement, erection and
installation

2003 to 2005

UPM-Kymmene (UK) Ltd
Wales

Shotton Paper Biofuel Boiler
plant.

Complete basic and
implementation engineering
and procurement services

2005 to 2006

United Pulp and Paper
Co., Inc

Balance-of-plant works to
new circulating fluidized bed

Erection works, engineering
procurement and construction,

2004 to 2005

Philippines boiler electrical works, start-up,
performance test and
operations and maintenance
Stora Enso 12 MWe backpressure Procurement, commissioning 2002 to 2003

Langerbrugge Paper mill
Belgium

steam turbine plant bubbling
fluidized bed boiler

and installation, design and
optimisation

Salmi Voima Oy
Finland

15 MWe district heating
steam turbine plant (fuels:
milled peat, sawdust, wood
waste, bark)

Complete design, tender
documents and evaluation,
contracting, detailed
procurement and performance
tests

2001 to 2002

Thermal Power Plants

Confidential Shwe Taung 70 MW IPP Preparation of conceptual 2015
Myanmar Project design and EPC

documentation
Petro Vietnam Power Nhom Trach 2 CCPP, Engineering support and long- 2008

Corporation comprising one block of 800 | term maintenance agreement
Vietnam MW (multi-shaft), direct river | Evaluation of tender
water cooled condenser documents
Energie AG Timelkam (Linz) 400 MW Conceptual and basic design 2005 to 2006
Oberosterreich combined cycle power plant and preparation for
Austria with 100 MWth steam international tender

extraction for district heating

Singapore Power
International

Korea

Kusan 52 MW CHP Plant

Review of EPC and
construction and O&M cost
assumptions

2002

P&yry has previously worked closely with Blake McBurney on a number of biomass projects, with
the latter providing expertise in relation to the detailed design of boiler plants, and this relationship
will continue through the design and implementation of the Project.
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3.3 Feasibility Investigations

3.3.1 Project Context

Papua New Guinea has one of the lowest per capita consumption rates of electricity in the world.
Access to electricity is minimal, with less than 10% of the population connected to public power
supply, which reflects constraints from both the rugged PNG topography and the fact that most of
the population is dispersed in rural areas that are not served by electricity. Papua New Guinea is
therefore an ideal candidate for distributed generation and small-scale (domestic or village level)
power, as reflected in the various PNG Government development goals and planning strategies
described in Chapter 2.

The Power Sector Development Plan Project (ADB, 2009) has a long-term objective of increasing
the availability of reliable and sustainable power supply in Papua New Guinea at a reasonable
cost. Focusing on existing technology for providing local level electricity, the use of biomass is
considered to be highly feasible.

Currently, the total installed power generation capacity in Papua New Guinea is approximately
800 MW (excluding power generation relating to the PNG LNG Project), of which half is on-grid
generation supplied by PPL and several smaller Independent Power Producers (IPPs). These

IPPs operate under Power Purchase Agreements (PPAs), with PPL as the buyer.

The Ramu grid extends from Lae and Madang in the east to Mt Hagen and Mendi in the west
(Figure 3.1), with a 132 kvA transmission line running along the Markham Valley near the
Highlands Highway. It is currently Papua New Guinea's largest and fastest growing grid, and is
located in the most populous area of the country. Although options such as a transmission line to
connect the Port Moresby area to the Ramu grid have been raised, these are unlikely to occur
given factors such as the terrain, high costs and seismic issues. Therefore, the Ramu grid is, and
will likely remain, the largest separated grid, which also has the greatest opportunity to
significantly increase electricity connection rates from a very low baseline level.

However, the reliability of the Ramu grid’s supply network is variable. Current generation supply is
primarily from PPL, which owns the Ramu Hydro Power Stations with installed capacity of 77 MW.
The power stations are supplemented by intermittent power supply from primary diesel and HFO
generators (owned by PPL and other smaller IPPs). The demand is driven primarily by
commercial, industrial and mining customers, which make up approximately 86% of sales. Low
residential sales indicate the present lack of household connections, which is forecast to drive
significant growth in the future.

Lae, which is the second largest city in Papua New Guinea, is the country's largest industrial

centre. The nearby highland provinces have the highest population density in the country and the
Project area in the Markham Valley is a significant agricultural hub. Many companies have had to
install stand-by and/or off-grid diesel generation because of the lack of reliable supply via the grid.
Based on forecast power requirements, it is estimated that the required latent and self-generating
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industrial (baseload) power is 20 to 30 MW in Lae, and this will largely be met by existing hydro-
electricity dispatch and the PNG Biomass Markham Valley IPP units (which are the subject of this
assessment). In addition, new industrial and other loads are being added to the system, and PNG
Biomass Markham Valley will provide the ability to meet this demand®.

3.3.2 Project Feasibility

Given the context described in the preceding section, the Project proponents assessed a number
of renewable power options to determine if any of these would be appropriate for Papua New
Guinea, and to quantify the benefits of renewable IPPs.

In 2009, it was clear that a biomass power project“, if feasible in Papua New Guinea, would offer
environmental, electricity access, employment and social benefits which would not be associated
with further HFO or diesel power generation. Project planning therefore progressed to an initial
country-wide feasibility study in 2010 which included detailed geographic information system
(GIS) data mapping and field studies, and assessment of potential Project areas based on the
following criteria:

¢+ Relatively flat land available for plantations which was not cleared native forests and was
underutilised.

¢ The need for more than 10 MW of baseload power generation.

¢ Adequate rainfall to support biomass production.

¢+ Appropriate soil types for large-scale biomass (wood) plantations.

¢+ A nearby power grid and market, which required power in a three to five year time frame.
¢ Water sources for a biomass boiler and steam turbine generator power plant.

The GIS mapping collected extensive data on land use, population distribution, rainfall and soils
to develop high yield biomass suitability maps. Field studies were conducted in seven regions
over an area of 2,500 km® and focused on soil analysis, remediation and program design for
large-scale pilot testing. The conclusion of these studies (which cost more than US$1 million) was
that areas located in the Markham Valley close to sections of the Ramu grid were considered to
be most suitable for further investigation. These areas were initially named Project Areas, A, B
and C.

A Memorandum of Understanding (MOU) was signed with PPL to conduct a specific feasibility
study aimed at the Markham Valley with intent to move to a PPA.

® These estimates are independent of large forecast resource loads expected upon the Ramu grid, which would result in a
call for the Project’s second 15 MW unit when the resource projects are forecast to possibly add to the requirements.

* Biomass is renewable plant material that includes wood and other cellulosic plant fibres, with wood being favoured as a
biomass fuel due to low ash and a relatively constant heating value. Combustion and combined heat and power (CHP)
plants burn biomass in a boiler and generate power using a steam turbine in dedicated power plants, typically for smaller
plants (5 to 100 MW capacity levels). There are more than 4,200 generation units in nearly 2,900 biomass power plants
and over 320 biomass co-incinerators worldwide, in over 40 countries.
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The Project's history from 2010 can be summarised as follows:
¢ May 2010 — February 2011: initial PNG-wide feasibility study for biomass power.
¢ August 2011: Markham Valley determined to be the preferred site; first trees planted.

¢ January 2012: initial landowner agreements, trial plantations and services agreement with
PNG Forestry Research Institute in Lae.

¢ May 2012: MOU signed with PPL to conduct a feasibility study.
¢ December 2012: PPL commenced an open tender process.

¢ December 2012: PPL competitive tender process commenced.
¢ December 2015: 2.5 years of negotiation with PPL: PPA signed.

¢  September 2016: front end engineering and design (FEED) commenced.

3.4 Landowner Support

In recent decades, the people of the Markham Valley have been involved with agri-industry
developments and are aware of the requirements for land lease and dealing with developers.
Since completion of the feasibility study (see above), Project staff have undertaken consistent
efforts to engender community support. As a result, there has been good support for the Project
to date from communities, with some clans having signed MOUs to commit their land to the
Project (see above).

In response to a recent (October 2016) household survey in the Project area that was undertaken
as part of the SIA to support the EA and EMP, 73% of those surveyed responded that they would
like to see the Project proceed, with another 12% being unsure (SIMP, 2017). Although a large
majority, this is less than the support for petroleum projects such as the P’nyang Gas Project
(98% (Goldman, 2016)) or the PNG LNG Project (91% (Goldman, 2009)) at the same stage of
development. The majority of survey respondents (62%) similarly expressed the view that their life
would be better if the Project were to be developed, with 26% being unsure. It is possible that
these figures reflect the alternative commercial options (e.g., palm oil, cattle farming and
agribusiness) that Markham Valley landowners have in respect to land use, with such options not
being readily available to the survey respondents in the other project areas.

Formal written confirmation of landowner support for the Project cannot be obtained until the
negotiations concerning land access have been completed.

3.5 Stakeholder Consultation

A preliminary social mapping and landowner identification (SMLI) study that was conducted for
the Project identified the communities that were likely to be affected by Project field activities,
primarily the establishment of tree plantations. The potential positive and negative impacts of
Project construction and operation on the landowner communities in Area A (which is the focus of
this assessment) are described in more detail in Chapter 8.
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The main stakeholder groups that the Project interacts with have been identified and are defined
in Table 3.3, together with additional comment about the nature of the relationships between the
Project and these groups. The extent of communication with stakeholders to ensure that all have
been appropriately engaged on the Project activities will vary depending on the stakeholder
involved, with the engagement program being consistent with free, prior and informed consent
(FPIC) requirements (FPIC is discussed in detail in SIMP (2017)).

Table 3.3 — Identified Stakeholders

Description Comment

Affected Landowners

Traditional landowners of land Interaction in the field will consist of community visits. Field studies
required for plantations and other will engage communities during the EA/EMP/RAP development and
Project facilities preparation process. These interactions will be recorded in the CA

(community affairs) database

A group of community/village liaison officers (CLOs/VLOs) from key
local villages will be recruited as more local communities are affected
by Project activities. These CLOs will be responsible for the two-way
transmission of information regarding Project progress details and
community concerns

Landowners of Surrounding Communities in the Markham Valley

Neighbouring communities in the Non-directly affected landowners will be engaged similarly to directly
Project area who may be related to | affected landowners
affected landowners

Wampar and Umi Atzera Local Level Governments (LLGs)

The local level authorities within As a result of regular extension visits to the Huon Gulf District, a good
whose boundaries Area A is relationship exists between Project field staff and the councillors of
located the directly affected wards. Regular meetings with the LLGs, ward

councillors and staff of district level administration will continue

Morobe Provincial Government

Provider of community services, The Provincial Governor has supported the Project by letters written
promoter of sustainable rural to PPL and other parties. Presentations have been made to the
development provincial heads and Project engagement with the provincial lands

administration staff will expand as Project development progresses

National Government Departments, Agencies and Statutory Bodies

Regulatory bodies whose A number of national regulatory departments and agencies are
regulations the Project or required to be informed of Project progress, especially in regard to
associated landowner formal submissions, e.g., CEPA on environmental matters. These
representative entities have to agencies will be informed on an ongoing basis at appropriate stages
comply with of Project development

National and International Non-government Organisations

Organisations that Markham Valley | The Project may interact with a number of NGOs with regard to

Biomass may cooperate with and improving the health and livelihoods of the communities associated
who will be kept informed of Project | with the Project
progress

International and Development Agencies

Agencies that may provide specific | Markham Valley Biomass currently maintains relationships with

assistance to the Project, such as selected international and development agencies to keep them
Forest Stewardship Council (FSC), | informed of the Project’s progress and this will continue throughout
International Finance Corporation Project development. For example, the Project will comply with FSC

(IFC) and International Renewable guidelines with assistance from FSC representatives in Papua New
Energy Agency (IRENA) Guinea
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Table 3.3 — Identified Stakeholders (cont’d)

Description Comment

PNG Corporations and Businesses

Local companies that the Projectis | Markham Valley Biomass currently maintains relationships with
working with in some manner selected PNG corporations, and this will continue throughout Project

development. For example, an MOU has been signed with South
Pacific Brewery (SP) in regard to the promotion of growing cassava in
the Markham Valley for use in beer production and to promote
associated social and economic development in the area

Media Organisations

Mainstream and social media The Project has received little media attention as activities during the
bodies that the Project will keep feasibility stages have been of a trial nature. Markham Valley
informed of development progress Biomass will manage its own media interactions but will collaborate
and the achievement of any with the OSL public affairs personnel

notable, newsworthy milestones

Specific communication mechanisms that have been used to date include:

¢

Maintaining Village Liaison Committees, which currently consist of 14 representatives of 7
clans from Area A and are convened on a monthly basis. Details of discussion topics at
these meetings have been recorded in the CA database, with minutes being circulated and
signed off by the Leadership Group.

Running town hall meetings, which are currently held on a quarterly basis.

Participating in local market days, which are irregularly used as an opportunity to further
raise local community awareness about the Project.

Having a stand at the annual Morobe Show to present information on the Project and
distribute ‘Tok Save’ information leaflets.

Having a stall at the Trukai Agricultural Field Day held annually at the Trukai Erap Estate.

Having regular meetings with LLGs, ward councillors and staff of district level administration,
provincial government personnel, and national government agencies and statutory
authorities.

Maintaining relationships with various private companies and non-government organisations
to keep them informed of the Project’s process.

Maintaining a website and Facebook page, and issuing press releases to various media
outlets during operations.

These mechanisms will be reviewed and modified as the Project develops to ensure that
transparent, open and pro-active communication and cooperation between Markham Valley
Biomass and stakeholders is maintained.
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4. Development Timetable

This section should include details of the project schedule that includes timeframes for site
preparation, commissioning, commencement of operation, decommissioning, closure, etc as well
as expected dates on which other relevant statutory approvals (if applicable) will be secured. A
Flow chart, Gantt or PERT chart should be attached where appropriate.

(Excerpt from ‘Information Requirements for Permit Applications and Registration of Intention to Carry Out
Preparatory Work’, DEC Operational Procedure, Schedule 3, General Guidelines on the Additional
Information Required to Support a Permit Application for a Level 2B Activity)

The proposed timetable for the Project, including environmental approvals and Project execution,
is summarised in Table 4.1 and shown schematically in Figure 4.1.

Table 4.1 — Timetable for Approvals and Development

Notional Date

Activity/Milestone

Feasibility and Engineering Studies

Complete Pre-Feasibility and Feasibility Studies

2010 to 2015

FEED starts

1 September 2016

FID

Q3 2017

Environmental Studies and Approvals

Submit Application for Environment Permit and Notification

of Intention to Carry Out Preparatory Work to CEPA

4 September 2015

Finalised Power Purchase Agreement

Q4 2015

Final (revised) response from CEPA

8 March 2016

Environmental and social characterisation field studies

August 2016 to January 2017

Other environmental and social supporting studies

November 2016 to February 2017

EA/EMP submission

10 March 2017

Draft environment permit (CEPA)

27 June 2017

Final environment permit (CEPA)

27 July 2017

Project Execution

Nursery construction

2017 to Q4 2018

Power plant (first 15 MW unit) EPC*

Q4 2017 to Q3 2019

3,000 ha of plantations planted Q4 2017
6,000 ha of plantations planted Q4 2018
Power plant commissioning (first 15 MW unit); electricity Q4 2019
output commences

10,000 ha of plantations planted Q4 2019
16,000 ha of plantations planted Q4 2020

Power plant (second 15 MW unit) EPC*

Q1 2020 to Q3 2022 (to be confirmed)

Power plant commissioning (second 15 MW unit);
electricity output from second unit commences

Q2 2022 (to be confirmed)

* Engineering procurement and construction.
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In parallel with the environmental and social studies, ongoing landowner negotiations and
consultation with PPL will be pursued, as well as consultation with other stakeholders. The
outcomes of these discussions, as well as the investment decision on the Project by Oil Search,
may result in changes to the proposed development schedule.

In accordance with the Forestry Act 1991, prior to commencement of harvesting Oil Search will
register machinery for wood chipping and will apply for a Forest Clearing Authority, as well as the
various other regulatory requirements specified under that Act (see Section 2.4.3).

Other statutory approvals such as those described in Chapter 2 will also be obtained prior to
construction of the power plant or commencement of harvesting.

The Project timetable does not include proposed dates for decommissioning or closure, since it is
expected that both the power plant and the plantations will continue to operate well beyond the
initial Project life of 25 years.
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5. Site Selection

This section should provide details of the reasons for selection of the proposed site.

(Excerpt from ‘Information Requirements for Permit Applications and Registration of Intention to Carry Out
Preparatory Work’, DEC Operational Procedure, Schedule 3, General Guidelines on the Additional
Information Required to Support a Permit Application for a Level 2B Activity)

5.1 Rationale for Site Selection

From 2010 to 2015, Aligned Energy (who at that time was the Project proponent) completed a
range of feasibility and conceptual development studies to select the optimum Project location
and development concept. These studies included consideration of environmentally, socially and
economically feasible geographical locations for the plantations and power plant.

The Markham Valley has been selected following extensive surveys across Papua New Guinea.
Selection of this area in general, and the Project area/power plant site in particular, is based on a
number of key factors including the following:

¢ The proposed plantation area is largely under-utilised, degraded anthropogenic grassland
(which does not represent cleared native forest), along with some introduced raintrees. The
raintrees also provide an initial source of biomass to fuel the power station during the first
phase of plantation development.

¢+ The proposed plantation area is characterised by relatively flat or low relief topography, good
soil and adequate rainfall, all of which are preferred for plantation development (although the
potential for some water stress due to the sandy nature of the soils is acknowledged and will
be a specific focus of plantation development).

¢ A 132KV transmission line (the Ramu grid) already exists along the length of the Markham
Valley. This existing infrastructure will simplify the connection of the power plant to the
regional electricity grid.

¢ The Project area has a low population density and a small number of clans and land groups,
with landowners in the area being generally supportive of the Project. Markham Valley
Biomass has entered into Memoranda of Understanding (MOU) and Land Use Agreements
with landowners for the plantation trial and pilot studies.

¢+ The Project area is close to a major port and engineering facilities. The Port of Lae is the
largest cargo port in Papua New Guinea (PNG Ports, 2016) and has the required facilities for
Project supply, construction and operation. Lae itself is the main industrial city in Papua New
Guinea and has many of the required support services such as logistics and transport.

¢+ There is easy access to the Highlands Highway and sealed roads between the power plant
site and Lae. Road routes to, and within, the Project area currently exist (although these will
require upgrading).
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¢+ The preferred power plant site is close to major hubs for electricity demand, including Lae
and Morobe Mining Joint Ventures’ existing and new developments (the Hidden Valley Mine
is currently operational and connected from Erap by a 132 kV transmission line; the Wafi-
Golpu Project (a proposed underground copper mine) is another major development in the
final stages of planning).

¢+ Interms of specific characteristics, the preferred power plant site:

— Has 50 ha of flat land available to build 2 x 15 MW units and a fenced area for the
Project nursery and central facilities.

— Is composed of grassland (and introduced raintrees) that was previously used for
grazing cattle.

—  Will provide adequate foundations to deal with seismic and other geotechnical factors.

— Is appropriately located in terms of distance and direction from Lae Nadzab Airport and
associated flight paths.

— Is close to suitable water sources (either groundwater or the Markham River), thereby
avoiding the need for lengthy pipelines for cooling water and nursery water supplies.

¢+ Additional land areas suitable for plantations are located in the near vicinity of the Project
area, if there is an opportunity to expand the Project and power plant capacity at a later date.

5.2 Alternatives

The factors outlined in Section 5.1 provide a rationale for the preferred location for both the
plantations and power plant, with these two Project components being located close to each other
for maximum efficiency. The following discussion outlines alternatives relating to both the Project
itself, i.e., if the decision were made not to proceed with the Project, and specific aspects of
Project design.

5.2.1 No Project

The Project will be the first biomass power development in Papua New Guinea and will provide a
number of benefits including competitively priced, sustainable, reliable power, and employment
and local business opportunities for PNG citizens (as detailed in Chapter 8).

As part of the Project's feasibility study, an analysis has been completed by MVB concerning the
impact on the Ramu grid's power supply in the absence of the Project (and the findings are
discussed further in Chapter 8). Using 2024 as an example, the Ramu grid is predicted to require
an additional baseload and shoulder supply of 30 MW. Should the Project not proceed, this
supply would have to be met by alternatives such as HFO with the associated CO, and other
greenhouse gas emissions. It is assumed that, over the longer-term (i.e., after 10 years), hydro or
lower intensity gas generation would be deployed to meet the requirements of large mining loads
in need of additional sources of generation.

With HFO as the equivalent fuel source, there would be no carbon savings or sustainable benefits
that are associated with a renewable power source. The Project is estimated to provide a
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reduction of 1.5 to 2.6 million barrels of oil equivalent that would otherwise be required over a 10-
year period. Over the Project life it is expected that approximately 5,000,000 t of CO, credits may
be available based on the displacement of diesel, HFO or hydrocarbon liquid generation. In
addition, this fuel displacement would produce a substantial fuel purchase price saving to PPL.
None of these benefits would occur if the Project were not to proceed (unless it were replaced by
a similar development).

Other advantages of using plantation biomass (which is classified as a renewable power source
by UNFCCC (2014a) over alternative fuel sources include:

¢+ Lower costs and shorter time frame for construction (three to five years) than comparably
sized hydropower and diesel/HFO alternatives.

¢+ Significantly lower sulfur oxides (SOy) and nitrogen oxides (NOy) emissions than diesel and
HFO.

These advantages/benefits would be lost if the Project were not to proceed and alternative fuel
sources were used to meet the projected demand. Other renewable energy options such as large-
scale solar or wind power are not considered feasible within the required timeframe due to factors
such as unsuitable climate or technological challenges.

Although the main impact of the Project not proceeding is related to carbon emissions, additional
consequences of the 'no Project' alternative include the ongoing widespread presence of the
introduced raintree in the (degraded) Project area, and the absence of the environmental and
social benefits and impacts that would otherwise become evident (as discussed in Chapter 8). In
particular, it is unlikely that the social welfare of the local communities would change dramatically
in a 5 to 10 year period (SIMP, 2017), with the direct and indirect economic and social benefits
that would have been accrued by the farmers and their employees due to the Project being lost.
The presently under-utilised grassland areas would probably either be given over to more cattle
farming, used for oil palm or left unused.

5.2.2 Project Design Alternatives

5.2.2.1 Power Plant Site

The preferred power plant site is near Ganef, located in the southeast of the Project area and
about 2 km from the Erap switching station (see Figure 1.1). Notwithstanding the rationale for the
Project area that is described in the preceding section, three other nearby sites were also
considered for the power plant. Final site selection was based predominantly on proximity to the
Markham River and nearby power lines, geotechnical concerns, and negotiations with
landowners.

The final selection of the power plant site is subject to technical studies that, at the time of
preparing this assessment, are currently in progress. Should those studies indicate that the
preferred site is unsuitable, other acceptable sites within close proximity that would not have a
material impact on Project viability will be considered, and the appropriate authorities informed as
required.
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5.2.2.2 Power Plant Design

From a high-level perspective, several types and sizes of power units were considered for the
power plant. PNG Power initially (in 2012) requested a proposal via a tender process for 30 to

40 MW of power at Lae. As the capital cost in $/MW reduces with size, the initial proposal to PPL
was for a 36 MW dispatch unit, later modified to a 30 MW unit. However, it was evident during
negotiations that the uncertain nature of demand growth and timing of resource project customers
with loads in the 10 to 30 MW range required a power solution configuration with smaller units.
This would minimise the cost to PPL for unused capacity and would have the attendant benefit of
new units not exceeding the existing largest generation unit size on the Ramu grid (15 MW),
which facilitates grid management.

In order to minimise the cost for power and to allow operational flexibility, MVB assessed the
capital costs, fuel use and operation and maintenance costs for 10 MW and 15 MW units, to
determine whether a 3 x 10 MW or 2 x 15 MW unit would provide an optimal solution. The
outcome of this assessment was that a 1 x 15 MW unit with an option over a multi-year time
period for PPL to take up a second 15 MW unit provided the best solution from a power price and
network operation perspective.

As a consequence, the two units in the current Project design have been sized to match the next
largest individual units currently on the Ramu grid, i.e., the 5 x 15 MW turbines of Ramu 1 (hydro),
and meet PPL's preferred maximum 15 MW unit size and the terms of the PPA. Each 15 MW unit
will be able to operate independently and provide power to the grid in the event that the other unit
is offline for reasons such as maintenance.

At a more detailed and technical level, the design of the power plant has involved consideration of
alternatives for the main plant components. These include:

¢+ Fuel log delivery:
— Debarking at the log storage facility rather than at the harvesting site.
— Log storage options with, rather than without, stanchions.

¢+  Fuel log storage, preparation and chip storage system:

— Initially using a 100% capacity fuel train for the screen/hog and stacker conveyor system
rather than a 200% system.

— Having the chip storage area (partially) covered to prevent weather affecting chip
quality.

¢+ Fuel supply to boiler:
— No alternatives to the preferred system.
¢+  Boiler and auxiliary systems:

—  Start-up burner or manual ignition, given that the boiler will start only a few times per
year.
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— Location of the ID fan before or after the electrostatic precipitator (ESP).

— Installing a condensate preheater in the back end of the ESP to reduce the stack
temperature by around 20°C, thereby further increasing the efficiency of the overall
power plant and reduce the fuel consumption.

¢  Steam turbine generator and condenser systems:

— Using an On Line Tube Cleaning System (OLTCS) or a ball cleaning system for the
condenser.

¢ Cooling tower and cooling water systems:

— Using auxiliary cooling water pumps that are designed as booster pumps on the
discharge side of the pumps rather than having their own suction system.

¢+ Raw water supply and water treatment system:

— Rain water collection basin, well water or treated water from the raw water tank as
sources of nursery water.

— Sizing of the pre-treatment plant and the demineralise water plant.
¢  Wastewater system:

— No alternatives to the preferred system.
¢  Electrical system:

— Smaller transformers, switchgear and main distribution board.

— Equipping the pumps and fans with a power consumption higher than 200 kW with 11 kV
motors, with no auxiliary transformer and no 6.6 kV board.

In each case, evaluation of the alternatives has led to a preferred option based on consideration
of engineering, financial, environmental and worker safety factors. These will be revisited and
revised during FEED and detailed design as additional information becomes available.

5.2.2.3 Power Plant Construction

Planning the construction phase of the power plant has involved consideration of a range of
alternatives, with perhaps the most significant being the adoption of a 'modularise and pre-
assemble' philosophy as opposed to 'stick built' whereby construction occurs largely (or entirely)
on site. Factors such as the power plant location and its proximity to Lae favour the optimisation
of modularisation and pre-assembly, which is expected to save on costs and risk to time
schedule, investment costs, site infrastructure requirements, coordination efforts, equipment and
manpower requirements. Examples of equipment that may be delivered as modules or pre-
assembled include pipe bridges, small bore piping, building floor and wall slabs, and various
tanks and vessels.
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5.2.2.4 Plantation Species

A key determinant of economic return for a biomass plantation project is the product yield and the
time to mature harvest. During the Project development phase, demonstration plantations and
progeny orchards were established to select the most productive, fast growing and adaptive
species in the Markham Valley. The optimum species was identified as Eucalyptus pellita, a
species that is native to the Western Province of Papua New Guinea (and elsewhere). This is a
well-known commercial species that is often planted in large plantations because it develops
rapidly, has a high density and is known to coppice. Demonstration plots and pilot plantations in
the Project area have shown that E. pellita has an average growth height of approximately 4 m at
twelve months.

Some sites in the Project area have been identified where conditions are more suitable to
selected Acacia species (also native to Papua New Guinea). These species may therefore be
planted in some areas as part of the final plantation design.

It is also worth noting that oil palm and biodiesel, while possible fuel sources, represent lower
savings in terms of CO, emissions with increased technical complexity, hence the preference for
E. pellita and similar trees as a fuel source. Cash crop residues, livestock waste or forestry
residues (from harvesting and/or wood processing) are not viable options due to the quantities
that would be required as well as the specific design of the boiler.

5.2.2.5 Plantation Design and Management

A number of alternatives were considered during the plantation design process, particularly in
relation to factors such as the length of rotation (growing phase), tree planting density, use of
seedlings, propagated cuttings and/or coppicing from first rotation rootstock, and other plantation
establishment, maintenance and management requirements. The Project description provided in
Chapter 7 reflects an optimised approach that is based on the objective of growing adequate
biomass to fuel the power plant, combined with the proponent’s experience in plantation forestry
and additional information obtained during plantation trials within the Project area. This approach
will be further refined as additional information becomes available during plantation development.
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6. Baseline Environmental
Information

This section should provide environmental baseline data on environmental quality within the
proposed project location that may be affected when the activity is carried out.

(Excerpt from ‘Information Requirements for Permit Applications and Registration of Intention to Carry Out
Preparatory Work’, DEC Operational Procedure, Schedule 3, General Guidelines on the Additional
Information Required to Support a Permit Application for a Level 2B Activity)

6.1 Physical Environment
6.1.1 Geomorphology, Topography and Landscape

6.1.1.1 Geomorphology and Topography

The Project area is situated on broad, flat alluvial plains associated with the Markham River and
its tributaries, where the river flows in a generally west to east direction and forms the area's
southern border (see Figure 1.1). To the river's north, the Markham Valley is generally flat from
the river mouth at Lae in the southeast to the junction of the river's major tributaries (Maniang and
Umi rivers) in the northwest, and the valley floor rises only 400 m in over 100 km. To the south of
the river, parts of the valley are more constrained by hills and mountains, an exception being the
area near the confluence of the Watut River with the Markham River (which is also near the
Project area). The proposed plantation area is located in the broadest part (greater than 14 km) of
the Markham Valley.

The alluvial fan of the Leron River (Plate 6.1), which is the largest of this type of landform in the
general area, forms the western boundary of the Project area. The braided gravel channel of the
Erap River forms the eastern boundary. Rivers and streambeds in this region are often highly
mobile, altering course from year to year as a result of fluvial and hydrological processes, hence
abandoned channels are common. The characteristics of rivers and streams in the Project area
are discussed further in Section 6.1.5.

The Project area is positioned between about 40 m above sea level (asl) in its southeast corner
and 300 m asl in the northwest near the steep Sawteeth Hills. The power plant site is located at
approximately 58 m asl. Most of the proposed plantation area is flat to rolling land (less than 20%
slope), with the northern and northeastern parts being more undulating. To the north are steep
foothills and mountains of the Saruwaged Range more than 3,000 m high (see Figure 1.1 and
Plate 6.2), which forms the northern boundary of the Project area. The Owen Stanley Range and
the Central Range bound the Markham Valley to the south. The power plant and central nursery
site, approximately 1 km to the southeast of Ganef, is on flat land 2.6 km north of the Markham
River (Figure 6.1). Some 2.5 km southeast of the power plant site, Pyramid Hill is an isolated
feature in the otherwise flat landscape that has a highest point of about 130 m asl.
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Source: Poyry, 2012.

Plate 6.2 — Flat Plains of the Markham Valley Backed by the Saruwaged Range

Source: Poyry, 2012.
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6.1.1.2 Landscape and Visual Amenity

In terms of the existing landscape character, most of the Project area can be described as
extensive flat plains with minimal dissection or spatial definition, as shown in Plate 6.2 and

Plate 6.3. In these areas, rivers and streams are located in shallow, indistinct valleys. The
transition along parts of the northern Project area boundary from flat plains to steep hills is abrupt.
This description is also applicable to other parts of the Markham Valley and surrounds, i.e., the
visual character of the Project area is not distinctly different from that of the local region.

Plate 6.3 — Part of the Project Area with Plantation Trial Plot in Foreground

Source: AEL, 2015a

Vegetation within the landscape is anthropogenic grassland in over two thirds of the Project area,
with most of the remainder being dominated by land uses including villages and gardens,
agriculture, grazing and existing plantations, as well as areas of exotic (introduced) raintrees.
Nearly 95% of vegetation within the Project area is degraded or highly degraded. The power plant
site and the area between the site and the Highlands Highway is currently a mosaic of moderately
degraded Kunai grassland and degraded open forest dominated by raintrees. Vegetation is
discussed in more detail in Section 6.2.1 of this report.

From a visual landscape perspective, the Project area and the surrounding valley have been
substantially modified from their natural condition by the various land uses described above. The
Kunai grasslands form extensive areas of similar vegetation with few discernible patterns.
Elsewhere, grasslands are interspersed by patches of raintree forest. Where existing land uses
form a mosaic of vegetation colours and textures, these are often distinct, with sharp boundaries,
geometric shapes and long straight lines, particularly where associated with existing coconut,
sugar or oil palm plantations (Plates 6.4 and 6.5). Other vegetation and land use boundaries are
more irregular and/or gradual, providing some visual interest but rarely being distinctive. Native
vegetation is typically not evident, although raintrees may be seen as a positive focus of view.
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Plate 6.4 — Sugar Cane in the Markham Valley

Source: Pdyry, 2012.

Plate 6.5 — Oil Palm Plantations in the Markham Valley
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Landscape can be classified in terms of scenic quality based on naturalness, scenic variety and
scenic prominence, uniqueness or distinctiveness, in the context of the visual character of the
local region (FPB, 2006). Based on the above landscape characterisation, most of the Project
area (i.e., the extensive flat plains) can be considered as having low scenic quality, apart from
areas adjacent to major rivers and/or locations where there is more noticeable dissection of the
landscape by watercourses, which may be considered as having moderate scenic quality.
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Beyond the Project area to the north (visible in the background of Plates 6.1, 6.2, 6.3 and 6.4),
the foothills and mountain ranges are of moderate to high scenic quality, and provide the key
visual interest or focal point in the local area. This also applies to areas to the south and west of
the Project area on the far (southern) side of the Markham River (Plate 6.6).

Plate 6.6 — Aerial View Looking West from the Markham-Watut Junction

Source: Matsui/Google Earth, 2014.
6.1.2 Geology and Soils

6.1.2.1 Geology

The geology of the Project area is relatively young, deep Quaternary alluvial fan deposits,
consisting of rounded coarse gravels, sand and silt laid down during both the Pleistocene and
Holocene periods (Fugro, 2016) (Figure 6.2). These geological materials have been, and continue
to be, eroded from older materials in adjacent foothills and the more distant Finisterre and
Saruwaged mountain ranges to the northwest and north, respectively. The nearest foothills are
mapped as the ‘Leron Formation’ and consist of sandstone and conglomerate bedrock from the
Pliocene period (Garrett-dJones, 1979). The geology of the northern mountain ranges is older
again, including greywacke, sandstone, conglomerate and limestone from the upper Oligocene to
mid Miocene periods. Geological materials continue to be actively eroded from these areas by
rainfall and surface drainage, as well as landslides, before being deposited as alluvium in
downstream areas, including the Project area.

Near the power plant site, Pyramid Hill (see Section 6.1.1) is an isolated outcrop of bedrock
formed of Cretaceous-aged Owen Stanley metamorphic rocks including schist and/or greywacke,
which are also found to the south of the Markham River.
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6.1.2.2 Soils

Soils vary across the Project area but are generally deep alluvial deposits (Plate 6.7) consisting of
well to imperfectly drained, undifferentiated soils subject to seasonal moisture stress due to low
water holding capacity. Soil sampling undertaken within the Project area (Table 6.1) found that
topsoils are most commonly silt loams to approximately 30 cm depth, overlying coarse sands to a
depth of 1 m or more (Plates 6.8 and 6.9). Less common are clay loam topsoils (Plate 6.10).
Rounded (alluvial) gravels and pebbles are present in the subsoils of some sites, but bedrock is
not encountered in areas of Quaternary deposits. Active or recent alluvial fans are typically
composed of coarse granular material consisting of boulders, gravels, cobbles and sands with
minor amounts of silts and clay. These sediments are usually deposited in lobes or lenses and
are not uniform in thickness across the deposit (Fugro, 2016).

Plate 6.7 — Deep Alluvial Deposits Within the Project Area
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Table 6.1 — Results of Project Area Soil Sampling — July 2015

Soil Horizon ‘ Depth (cm) | Class Colour pH | EC (uS/cm)
Silt Loam — Ngaroraf D
A 0-30 Silt loam 2.5Y 6/3 7.4 -
B 30-65 Sand 2.5Y 5/2 7.3 -
C 65-130+ Sand 2.5Y 2.5/1 7.5 -
Silt Loam — Orogawi
A 0-30 Silt loam 2.5Y 5/3 7.2 86
B 30-70 Sand (coarse) 2.5Y 3.5/1 7.0 91
C 70-120+ Sand 5Y 2.5/2 7.2 90
Silt Loam — Motto
A 0-20 Silt loam 5Y 3/2 7.4 87
B 20-35 Silt loam 2.5Y 3/2.5 7.6 88
C 35-45 Sand (coars