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EXECUTIVE SUMMARY

This report considers options for creating value from the forestry resources within the Northern
Territory and Ord Valley, specifically:

- Tiwilslands — A. mangium plantations on Melville Island.

- Douglas-Daly — African Mahogany and Sandalwood plantations.

- Ord Valley — Sandalwood plantations in the Ord River Irrigation Area (ORIA).
- East Arnhem Land — Sawmill operated by Gumatj Corporation in Nhulunbuy.

The focus of this work is the first two regions as the Ord Valley has similar outcomes to the Douglas-
Daly and a smaller forestry base and Gumatj has not yet chosen to participate in the Northern
Territory Ord Valley Forestry Hub’s (NTOVFH) activities, including this project.

The report firstly considers the available resource in the different regions with high level results
summarised in Table 1.

Table 1: Resource assessment
Region Species Resource (Stem wood)
Tiwi Islands A. mangium ~330,000m3
Douglas Daly | African Mahogany | ~500,000-960,000 m?3

Estimating the Sandalwood resource was more difficult due to Quintis being placed into receivership
in 2024 and currently being liquidated and Santanol unable to be sold with land subsequently being
sold off. Despite this, we believe there will be a viable harvest in both the Ord Valley and the
Douglas-Daly, all be it at a reduced volume than originally envisaged under these management
companies.

The second stage of the work involved an options assessment for creating value from the available
forestry resource that consider a range of potential products and processing pathways. The outcome
of the options assessment was identification of the following as viable path forwards:

- Douglas-Daly — Develop a processing hub in the region that accepted timber resource and
agricultural residues (e.g.: cotton trash) to produce:

Value added timber products — milled timber or veneers.

Renewable heat and electricity — generated from woodchip residues.

O

o Biochar for soil amendment— produced from excess wood and agricultural residues.
o Sandalwood heartwood — Processing of sandalwood to isolate heartwood.

This concept is summarised in Figure 1 showing how the hub maximises value from the incoming
biomass. There is an opportunity to co-locate the hub at a cotton gin that provides synergies for the
gin including renewable energy and waste management and improves the overall economics and
scale of the timber hub.
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Figure 1: Douglas-Daly timber hub concept

A similar concept was considered in the Ord Valley, however, there is limited timber resource (only
host trees from sandalwood) with no African Mahogany resource which makes it non-viable.

- Tiwi-Islands — Develop an integrated sawmill and activated carbon process at Port Melville
to produce:
o Timber — For local use in construction and export to high value markets.
o Activated Carbon — For sale in Australian/Asian markets.
o Biochar — In field processing of residues to claim carbon credits and improve soil.
o Renewable electricity — Production of electricity on-site and dry woodchip for other
locations in the Tiwi Islands to offset diesel generation.

For East-Arnhem land there is potential for power generation to offset diesel using wood residue
from the Gumatj sawmilling operation.

The report concludes with a list of recommendations that can support the local forestry industry in
general and to pursue the above concepts including the development of a Northern Territory specific
timber brand.



METHOD STATEMENT

After finalising the scope with NTOVFH Enerbi consulted with industry members from the Forestry

Industry Association of the Northern Territory (FIANT) and other relevant parties as summarised in

Table 2.

Table 2: Summary of contacts

Contact Affiliation Role

Andy Bubb Tiwi Plantations Corporation General Manager

Paul Andrews Plantation Management Partners (Midway) | Resource Manager

Chris Oliver African Mahogany Australia Manager

Mark Standish African Mahogany Australia Field officer

Dan Firth Apical Consulting Previous plantation manager for Quintis
Craig Philips Great Northern Plantation Owner

Mitch Morrison

Project.e

Formerly worked for Midway

Peter Connolly

Tipperary Station / WANT Cotton Gin

General Manager of Cotton gin near
Douglas Daly

Malcolm Cleeland Whynot Station Operator
Greg Drysburgh Gumatj
Glen Dowling Gumat;j

Clare Pries

Office of Sustainable Energy
Department of Mining and Energy

Remote Power Systems

Jessica Brown

Agribusiness Development Department of
Agriculture and Fisheries

Agribusiness Project Officer

Using their input and our industry knowledge/experience we explored opportunities for creating

increased value from the forestry resources in the Northern Territory. This report summarises our

key findings and recommendations of next steps.
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GLOSSARY

Acacia mangium (A. mangium) — Tree species grown on Melville Island, can be known as black
wattle, in this report it will be referred to as A. mangium as this is the most widely used designation
in industry.

ACCU - Australian Carbon Credit Unit

African Mahogany — Tree species grown in the Douglas Daly, latin name Khaya senegalensis, in this
report it will be referred to as African Mahogany as this is the most widely used designation in
industry.

ANZBIG - Australian New Zealand Biochar Industry Group.
BDMT - Bone Dry Metric Tonne, 1000kg of completely dry (no water) fibre.

Cogeneration — Simultaneous production of heat and electricity from various sources, in the case of
this report it refers to the simultaneous production of heat (hot water or steam) and electricity from
wood.

CORC - CO; Removal Certificate equivalent to 1T CO; sequestered under an approved permanent
method according to puro.earth.

DBH — Diameter at Breast Height

ERF — Emissions Reduction Fund is an emissions offsets scheme combined with government
purchase of emission reductions.

Eucalyptus globuls (E. globulus) — Eucalyptus species widely known as Tasmanian Blue Gum,
Southern Blue gum or Blue gum and is widely deployed as a fast growing plantation species for the
pulp and paper industry.

Eucalyptus pellita (E. pellita) — Eucalyptus species being considered as a replacement for A.
mangium, in this report it is referred to by its latin name.

Eucalyptus tetrodonta (E. tetradonta) — Eucalyptus species endemic to the North of Australia and
commonly known as Darwin Stringybark.

FIANT - Forestry Industry Association of the Northern Territory

GMT - Green metric Tonnes, the weight of the wood when harvested which includes the BDMT of
fibre and moisture. Typically, the moisture content ranges between 45-55%.

LGC - Large Generation Certificate, representing 1IMWh (1000 kWh) of renewable energy generation
under the Renewable Energy Target (RET) legislation.

MAI — Mean Annual Increment in m3/ha/yr is a measure of tree growth indicating how much wood
volume is being added per hectare per year.



MC - Moisture Content of wood, green basis, i.e. 50% MC is a piece of wood that is 50% fibre and
50% moisture, 10% MC is piece of wood that contains 10% water by mass and 90% fibre by mass.
This report exclusively uses green basis moisture content.

MIS — Managed Investment Scheme
MSW - Municipal Solid Waste (general rubbish)

PPA — Power Purchase Agreement, specific form of contract related to the sale of electricity.



(a) enerbi

sustanable energy solitons

INTRODUCTION

The Northern Territory Forestry industry consists of four distinct regions that are both geographically
and practically isolated from each-other as shown in Figure 2.
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Figure 2: Four distinct regions in the NT Forestry Industry

The activities in these regions can be described as follows:

e Tiwi Islands (Melville): Large scale Acacia mangium (A. mangium) plantation historically
chipped for export.

e Douglas Daly: Medium scale African mahogany (Khaya senegalensis) and Sandalwood
plantations as well as pockets of native hardwood forest.

e Ord: Medium scale sandalwood plantations

e East Arnhem: Saw milling of Darwin stringy bark from mine site related land clearing and
selective harvesting.

In addition to these regions there are also Cypress Pine plantations located adjacent to Darwin at
Howard Springs and Gunn Point as well as native hardwood trees which could be selectively
harvested in a 50km radius of Darwin.

The focus in this report will be on the Douglas Daly and Tiwi Island regions as these represent most
of the forestry resource and activity in the NT. Furthermore, solutions developed for the Douglas-
Daly are likely to be suitable for the Ord Valley.

At the time of writing this report, the Gumatj East Arnhem sawmill and forestry collective have not
shown any interest in being part of the NT forestry Hub’s activities. Gumatj did not respond to
requests to connect, therefore was not part of the consultation, however, it is considered at a
desktop level for completeness.



The major challenge facing the disparate NT forestry industry is the difficulty in reaching a scale
sufficient for economic viability. To identify potential solutions and a path forward we firstly consider
the available timber resource in each region including the harvest timeline and the likelihood of
replanting.

This resource assessment then forms the basis for an options analysis that considers different
technologies and markets that could lead to commercial viability in the relevant areas.

RESOURCE ASSESSMENT

BACKGROUND

The NT Forestry Hub have been undertaking a range of studies to assist with the development of a
forest industry plan, for the future, specifically:

e Growing the North: Infrastructure Assessment and Action Plan for the Northern Territory Ord
Valley Forest Industries, Industry Edge Pty Ltd 2024

e Grow! Process! Build! The future of Northern Australian Forestry — Supply Chain and
Infrastructure Analysis and needs assessment for the Northern Territory and Ord Valley
Forest Industries, Industry Edge Pty Ltd and Forest Works Ltd. 2023

The industry in the NT has had limited development mainly due to the sparse nature of the native
forest and discontinued early plantation programs. However, since the early 2000’s there have been
several plantation developments the most significant being on Melville Island.

TIWI ISLANDS
Melville Island has a long history of forestry activity going all the way back to 1897 with the
harvesting of a native species of Cypress Pine to provide timber for rebuilding Darwin after a cyclone.

Modern-day plantation development really commenced in 1960 when the Territory government
commenced planting Caribbean Pine which continued through until 1986 with some 4-5000 hectares
of the species being planted. These plantations were handed over to the Tiwi Land Council in 2001.
Trial plantings of A. mangium also commenced around that time.

Former mass marketed investment scheme company, Great Southern Plantations, commenced a
major plantation development in 2005 which added around 26,000 hectares (see Figure 3) but was in
receivership by 2009.
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Figure 3: Plantation locations on Melville island?

Following the failure of Great Southern Plantations the Tiwi leaders then set up the Tiwi Plantations
Corporation Pty Ltd which has overseen the management of the plantations ever since.

Tiwi Plantations Corporation was subsequently able to secure sales contracts to Mitsui, fund the
development of a new floating pontoon wharf? and purchase harvesting equipment with funding
also provided from the Aboriginal Benefit Account. Since 2015 approximately 28 shipments with a
nominal volume of 40,000 T/each have been made3. Recently, however, lower market prices and
high harvest costs have resulted in shipments ceasing’.

! https://tiwilandcouncil.com/documents/Uploads/Maps/06 Tiwi-Islands-Forestry-Map.pdf

2 Indigenous Islanders win Japanese Contract, 2016, CreditorWatch available
https://creditorwatch.com.au/blog/indigenous-islanders-win-japanese-contract/

3Tree Traditions: New plantation model for Tiwi Island Forestry, Landline, 2023
https://www.abc.net.au/news/rural/programs/landline/2023-07-02/tree-traditions:-new-plantation-model-
for-tiwi/102552570
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Figure 4: Floating Pontoon wharf — Port Melville — Aerial view*

The high cost of harvesting is a result of the poor growth and bad stem form® in much of the A.
mangium plantations. This poor performance is partly due to inherent soil limitations demonstrated
by native forest stands® but primarily long dry spells creating water stress®. This low yield and poor
tree form lowers recovery making the wood more expensive than wood from eucalyptus
plantations’. These issues are compounded by the remote location, fire and cyclone damage and
wood deterioration with the remaining 12,000ha very unlikely to be commercially viable for pulp
chip.

To address these issues and evaluate the viability of a second planting, a $4.6 million dollar research
program known as Maximising Northern Tropical Forestry is currently underway with funding from
the CRCNAZ,. This research program is focused on transitioning the 30,000ha estate to Eucalyptus
pellita which produce higher value chip or hardwood logs and grow faster.

A recently published paper® resulting from the work undertaken in the CRCNA project assessed the
growth of both E. pellita and A. mangium since 2006 on adjacent plots as shown in Figure 5.

4 https://www.abc.net.au/news/rural/2014-10-28/tiwi-islands-prepare-for-historic-timber-harvest/5845442
5 Hutapea, F.J., Volkova, L., Mendham, D.S., Weston, C.J., Eucalyptus Pellita substantially outperforms Acacia
Mangium in tropical savannah ecosystems of Australia, but strategies are needed to maintain soil nutrients,
2024, Forest Ecology and Management.

8 Forestry on the Tiwi Islands, Ken Eldridge, 2008 available online.

7 Conversation with Paul Andrews in September 2024 — Plantation Management Partners Pty Ltd.

8 Maximising Northern Territory Tropical Forestry, available https://crcna.com.au/projects/maximising-
northern-tropical-forestry-linking-communities-and-cutting-edge-technology/
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Figure 5: Location of trial plots (A), Eucalyptus pellita (B), Acacia mangium (C) and native forest (D)

The yields from Eucalyptus pellita were observed to be substantially higher than Acacia mangium on
equivalent soil types as summarised in Table 3.

Table 3: Mean Annual increment (MAI) E.pellita vs A. mangium based on 13,14 and 16yr old trial plots®

Species MAI Range MAI Average
(m>/ha/yr) (m>/ha/yr)
A. mangium 2.8-14.6 7.8
E. pellita 13.1-31.2 19.5

12



Using the data from this study we have estimated mass yields of the two plantation species as shown

in Table 4.
Table 4: Estimated weight yield
Conversion Annual Assumed MC
Species factor (Vol increment | yield at 15 (green BDMT
>GMT® GMT/ha/yr | yr harvest basis)
A. mangium 1.1 8.5 127.5T 45% 70T/ha
E. pellita 1.1 21.4 321T 45% 176T/ha

The poor growth of A. mangium is likely associated with climatic water deficits. A. mangium is under
water stress when rainfall is below 100mm/month and dry seasons longer than 2 months reduce
growth — prolonged dry seasons (5-6 months) can lead to dieback ®. There is also potential for
heart/root fungal diseases, in South Sumatra large losses were sustained in A. mangium plantations
due to Ceratocystis fungal wilt disease resulting in a change of plantation species to E. pellita®.

If this yield improvement of E. pellita on Melville can be replicated across the plantation, then it is
highly likely that re-planting with E. pellita will yield better commercial outcomes than the current A.
mangium estate which is only viable when chip prices are at their peak. The challenges with
conversion of the plantation estate to E. pellita are threefold:

- Optimising the variety of E. pellita with evidence that yields can significantly increase with
optimal varieties®

- Financing the second rotation may be difficult, with returns at least 15-25 years away from
planting and current assets of limited commercial viability. However, positively, Midway has
been in negotiations with River Capital to secure funding for the 2" rotation on Melville, it’s
status is considered promising®!, especially considering that a recent scheme of arrangement
with RCM BidCo (River Capital) for acquisition of all Midway issued capital has been accepted
by Midway shareholders®? .

- Nutrient removal associated with Eucalyptus and the need for careful management and
potential impacts on second rotation yields. A. mangium is nitrogen fixing and drops
significant litter, while Eucalyptus typically remove nitrogen, the full effect on this on future
rotations is unknown.

9 GMT — Green Metric Tonne

10 Hardiyanto, E.B. et al. Eucalyptus pellita Coppice vs. Seedlings as a Re-Establishment Method in South
Sumatra, Indonesia, 2022, available from https://www.mdpi.com/1999-4907/13/7/1017#B1-forests-13-01017
and Hardiyanto, E.B. et al. Productivity of Eucalyptus pellita in Sumatra: Acacia mangium Legacy, Response to
Phosphorus, and Site Variables for Guiding Management,2021 available from https://www.mdpi.com/1999-
4907/12/9/1186

11 Midway Limited, 28 November 2024 Chair’s and CEQ’s Presentations to Annual General Meeting
https://company-announcements.afr.com/asx/mwy/176dae7b-ad10-11ef-a265-129c363ce81b.pdf

12 https://www.listcorp.com/asx/mwy/midway-limited/news/scheme-effective-3147885.html|
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As of 2024 there has anecdotally been 28 shipments with nominal value of 40,000T each which
translates to ~1,000,000 GMT, however, it is likely that actual shipments are closer to 700,000 GMT
as some shipments were at 35,000T and others were for pine logs.

All the better stands of A. mangium have already been harvested with approximately 12,000 ha
remaining on island. These remaining plantations are low quality with fire damage, cyclone damage
and dieback, as a result it is estimated that they will yield only 30T/Ha of fibre'3, yielding a total
resource of 360,000 GMT or ~330,000m3. This number is an estimate as there is high chance that
several of the remaining plantations will be further damaged by weather/fire/rot, however, this is
partly counteracted by regrowth in existing plantations.

The small scale and low quality of the remaining resource places the export pulp market out of
reach, and we have focused on smaller scale valorisation approaches to provide cashflow and
income while the next rotation is established (minimum 15 years before thinning).

13 Discussions with Hanna Lillicrap and Andy Bubb, General Manager, Tiwi Plantations Corporation.
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DOUGLAS-DALY

Significant plantings of African Mahogany, started in the Douglas-Daly region around 2007 with the
last major planting undertaken in 2015, Most of these plantations are managed by African
Mahogany Australia, with a map of the plantations shown below in Figure 6.
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Figure 6: Plantation locations in the Douglas Daly?®

¥ NTT Mahogany Project and NTT Mahogany Project 2006-2008 Milling Trial Interim Report, Facsimile from
The Huntley Group, available from

http://www.huntleygroup.com.au/assets/documents/investorpage/4/file 1617063774 628.pdf

15 Taken from Silvicultural Systems to optimise value from northern Australian Mahogany plantations,
November 2022, Forest and Wood Products Australia, available from https://fwpa.com.au/news/optimising-
mahogany-plantations-in-northern-australia/

15


http://www.huntleygroup.com.au/assets/documents/investorpage/4/file_1617063774_628.pdf
https://fwpa.com.au/news/optimising-mahogany-plantations-in-northern-australia/
https://fwpa.com.au/news/optimising-mahogany-plantations-in-northern-australia/

(’) enerbi

‘sustanatie energy soltor

The total area under management is approximately 12,500ha. When established the plantations
were proposed to reach maturity in less than 16 years, however, longer than usual annual dry
seasons and drought years have resulted in slower than expected growth with maturity requiring at
least 18 and more likely 25-35 years for quality saw logs. In 2016 a 5-year comprehensive research
project was launched to optimise the silvicultural practices and investigate value adding markets for
the Mahogany resource’®.

This comprehensive study®® investigated a range of trial sites within the Douglas Daly highlighting a
major link between growth rates and water constraints, which are exacerbated by poor site choice.

In short, extended dry seaso’ns and drought years resulted in permanent damage to trees including
mortality. Initially, optimum stocking density was identified as 400 stems/ha, with other reports
indicating thinning was undertaken to ~320 stems/ha from the original 800 It also highlighted that
fertiliser application should occur every 4-5 years.

Further research has indicated that stocking rates of less than 250 stems/ha are optimal. The
stocking rates have been adapted to site specific conditions. The reduced stocking is aiming to
produce larger individuals (especially diameter) rather than total biomass. On northern sites with
heavier soils, final stocking of ~180 stems/ha has been implemented, whilst on the drier sandier soils
in the southern part of the estate, stocking is closer to ~150 stems/ha.

Figure 7 shows one of the more productive plantations with thinnings left on the ground. The
branches from the thinning have rotted quickly, but the logs may still be suitable for sawing.

Figure 7: Mahogany plantation with thinning left on ground that has rotted

16 https://fwpa.com.au/news/optimising-mahogany-plantations-in-northern-australia/
7 Information provided by Chris Oliver 20/3/25
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Detailed analysis of different tree plots within the plantation highlights observed growth rates that
range from 3.3 to 14.0 m3/ha/yr for unfertilised trial plots and 8.2 to 22.5 for fertilised m3/ha/yr®.
Seasonal dry weather and dry years (droughts) resulted in damage to trees including mortality.

Our observations combined with satellite imagery indicate that there is significant difference

between different plantation areas.

Figure 8: Comparison between dry and wet plantations in the Douglas-Daly (Southern plantations -
Mentabie on left is very dry and Northern plantations is KBC very wet)

The study also investigated the impacts of silvicultural practice on stem wood quality and processing
performance, namely saw log and veneering. Results suggested the potential for high value products,
however, there were challenges with log geometry and defects from pruning/thinning in veneers as
well as lengthy and involved sawmilling, racking and drying processes to prevent poor product
outcomes (i.e. warping/splitting).

One of the core recommendations of the study was that the phenomena causing veneer
compression and distortion in saw boards was not well understood and further research is required.
Our own research suggests these problems may be manageable with appropriate sawn dimensions
and better drying technologies as well as new generation spindleless lathes.

18 plots 4-12 years hold with 300/400 stems/ha.
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However, it is also likely that timber colour will play a major role in determining the value of any
veneer or sawn product and it is known that colour comes from age (greater than 30 years).

Resource Assessment

It is difficult to accurately gauge the resource potential due to the wide variation in plantation
productivity. As outlined earlier annual growth rates can range from 4-22m3/ha/yr in the first 10
years with strong dependencies on stocking density, fertilisation intervals and rainfall patterns.

At this stage the oldest stands are approaching 16 years with potential to commence harvest of the
most productive stands in 2026. It was suggested that stem volumes from productive plantations will
yield 0.5m?3 of sawlog, @ 320 stems/ha this is a harvest of ~170m3/ha*.

It is hard to verify this number as there are examples of poor stem formation, water stress induced
low yield and tree mortality, however, African Mahogany Australia expects that ~80% of the
12,500ha will be economically viable to harvest if left to mature to 25-30 years.

Figure 9: A number of the trees do not have good lengths for traditional saw logs — short boles, less than
3m prior to crown break that are better suited to veneer of furniture.

We have made some estimates on potential fibre volume based on two approaches, the first is based
on growth rates and is summarised in Table 5. The low and high growth rates are obtained from the
aforementioned study?®.
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Table 5: Estimate of wood volume available

Area 10,000* | ha
Initial planting 800 Stems/ha
Thinning 180 Stems/ha
Thinning 9 years
Maturity (Average) 21% years
Growth rates Low High

3 8 (m3/ha/yr)
Volume before thinning 3 8 m3/ha
Stand volume at thinning 27 72 m3/ha
At harvest (2026 onwards) 6.075 16.2 m3/ha
Total volume (over life of harvest) 42.1 112.2 m3/ha
Annual log Harvest volume (21 years) 420,750 1,122,000 m3/ha

The second approach is to estimate a processable log (saw or veneer billet) from each stem. The
interim report suggested 0.5m3/stem, however, as outlined above our observations indicate that
0.3m3/stem is more likely (300mm DBH?). In this method 180 stems/ha on 10,000ha @ 0.3 m3/stem
yields 540,000m3.

It is difficult to estimate this volume and for the sake of conservative economic estimates we have
considered 500,000 m? of harvestable timber for processing purposes (~25,000m3/yr for 20 years). If
it is higher, i.e. approaching the 1,200,000m? the economics will improve. In the harvest process we
have made the following assumptions:

e Trees are harvested by thinning, i.e. productive plantations are ‘thinned’ at ~21 years with
every second row removed. Leaving other rows to continue growing.

e logs are harvested at 5.6m lengths or longer if possible

e If not possible 2.6m billets or longest billet possible is harvested

e The remainder of tree including tops and branches are in field chipped, with an estimated
30T (green) of residue per ha available.

If we consider a shorter rotation length (16-18 years) years, there will initially be a faster rate of
harvest but ultimately limited long term supply. At the proposed rate, the last stand will be
harvested while the first one has regrown.

This is a small volume of timber even in Australian market terms so finding the highest value
opportunities and finding processing synergies will be critical to making this a viable long-term
proposition. As identified in previous work the opportunities for both sawn timber and veneer
include:

- Flooring,
- Architectural feature wood,

1980% of 12,500ha

20 This is hard to estimate as some are ready at 16 years and others at 25-30 years, we have selected 21 years
as a middle ground between 16 and 25.

21 Diameter at breast height
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- Furniture manufacture,
- Decorative veneer,
- Musical instruments

SANDALWOOD - Douglas-Daly, Ord Valley, Katherine and Mataranka
Sandalwood (Santalum album) is one of the most valuable timbers in the world due to it containing
aromatic oils that are highly sought after particularly in India. Australia has native sandalwood
species but only two have been grown commercially. Indeed, the first exports of sandalwood from
Western Australia occurred back in 1845 and the volume had reached 1335 tonnes by 1848 which
was mostly exported to China.

An interesting historical note about this is that sandalwood exports were reported to be around 45%
of WA’s export trade at the time and were returning 40% more income than the states wool exports.

Australia has been a major player in the international market and given an ever-increasing demand
and decreasing supplies in India it looked like plantation development of sandalwood was viable.
Initial plantation development of approximately 2000 ha of the S. spicatum were established in the
wheatbelt region of WA and a further 2000 ha were planned.

The development of further sandalwood plantations was driven by the MIS industry which saw the
establishment of large plantations in the Ord and Douglas-Daly regions. The total plantation area in
the Ord, NT (Douglas Daly, Katherine and Mataranka) and the Burdekin approximately is 14,000 ha?.
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Figure 10: Quintis plantation areas in Ord/NT/QLD?
These mostly consist of S. album (Indian Sandalwood) and host trees, typically planted at a ratio of 2

long term hosts to one sandalwood stem?2. The most common long term host species are:

1. Cathormion umbellatum — Bean tree
2. Senna siamea — Cassia or ‘Pheasant wood’
3. Dalbergia lanceolaria — A type of rosewood

D. lanceloaria is most prolific, with indicative growth rates at least double the other host species?.
Both the ‘Rose wood’ and the ‘pheasant wood’ represent interesting opportunities due to the high
quality and desirability of their wood.

22 |EA Bioenergy, 2021, Integrated biomass residue management in Sandalwood plantations, Available from
https://www.ieabioenergy.com/blog/publications/integrated-biomass-residue-management-in-sandalwood-
plantations-in-australia/
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Figure 11: Sandalwood with host tree shading sandalwood (Left) and Sandalwood with dead host tree
(right) in Douglas Daly region
In late 2023 and during 2024 the large sandalwood plantation management company - Quintis was
placed into receivership and is currently being liquidated. The other company, Santanol, was offered
for sale, however, no buyer was found, and their land is being sold. During 2024, Federal court
decisions resulted in the land leased by Quintis to be returned to growers with the trees. This results
in three potential outcomes for the trees on returned land?:

1. High performing mature plots (2-4 years from harvest) will be purchased or managed by
committed landowners (e.g. Indian Sandalwood Australia)

2. Middle aged plots (6-10 years from harvest) that are in reasonable condition can be
managed to maturity if innovation in management costs can make it viable. An example
would be the management company Apical being engaged to manage plantations in the
Douglas-Daly to maturity.

3. Young, poor performing plots will likely be chained and converted to other crops.

For example, Ron Greentree?* recently purchased ~500ha of land in the Ord Valley region for $7
million from Quintis giving them until October 31 to harvest it before he would bulldoze it and
prepare it for other crops?®. The Sandalwood plantations in the NT were planted between 2012-2017
and these are not performing as expected, worse than those in the Ord Valley — which are worse
than Quintis indicated to investors?.

2 Blackrock Sandalwood company Quintis in receivership, available from
https://www.agriinvestor.com/blackrock-sandalwood-company-quintis-in-receivership/

2 Australia’s largest wheat grower who has recently moved into the cotton industry.

% Sandalwood movements in the Ord Valley,
https.//www.indiansandalwoodaustralia.com.au/post/sandalwood-movements-in-the-ord-valley
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Poor performance has been caused by several factors including:

- Poor weed control including woody weed infestation (e.g. Leucaena)®.

- Sunburn and water stress with extended dry periods causing death

- Death or stunted growth by shading caused by Rosewood trees®,

- General lack of maintenance, especially in 2023 and 24 due to being placed in receivership

and managed by administrators.

The combination of lower-than-expected yield, i.e.: 1-3T/ha of heartwood vs 6-7T/ha and the lower
price, i.e. $20,000 not $80,000/T contributed strongly to the downfall of the large plantation
companies built on MIS schemes. Sandalwood Properties (Quintis MIS) chairman Kent Burwash,
summarises this in response to questioning “With the benefit of hindsight, too many trees were
planted in the period when these schemes were launched as compared with the current global
market demand”?®

Despite these conditions it is possible that the price will recover post 2026 making it more likely that
the better performing plantations in the Ord and NT can be profitable. The challenge facing the
different regions is outlined in Table 6. The data for the Ord Valley was taken from Indian
Sandalwood Farming, which is seeking to develop an approach to maintain the better plantations
until harvest. The maintenance and harvest costs in the Ord Valley are the capped prices offered by
this company and it is possible they could be 60-70% of this quoted management cost. The values for
the NT are based on our observations of the plantations and the average value of Dan Firth’s
estimates of maintenance and harvest costs?’. The financial calculations are ‘simple’ in that they do
not consider the time value of money which would make them less attractive.

Table 6: Comparison between Ord Valley plantations and NT plantations post Quintis

Ord Valley NT
Stocking 300 200 | stems/ha
Heartwood/stem 10 8 | kg/stem
Yield per ha 3 1.6 | T/ha
Harvest value $20,000 | $20,000 | $/T
Harvest value $60,000 | $32,000 | $/ha
Maintenance cost $7,000 | $3,250 | $/ha
Time to harvest 3 8 | years
Maintenance $21,000 | $26,000 | $/ha
Harvest cost $10,000 | $8,000 | $/ha
Total cost $31,000 | $34,000 | $/ha
Simple Net Margin $29,000 | -$2,000 | $/ha

26 Taken from Paul Mock, Plantation Condition Report, 2024, Indian Sandalwood Farming, available from
https://cdn.prod.website-

files.com/662efb256c32223398e49485/66b189e73f9f99¢c830c468a5 Plantation%20Condition%20Report.pdf
27 Dan Firth, Previous regional manager for Quintis Sandalwood and now owner of Apical consulting who
manages some of the existing sandalwood plantations for owners, conversations Dec 24 to Jan 25.
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In 2023 Sandalwood Properties, the responsible entity for MIS sandalwood plantations managed by
Quintis, engaged KPMG to assess the financial viability of taking them to harvest?. The outcome of
this assessment is that it would result in a net loss of $30 million to investors to grow the trees to
harvest as the proceeds of heartwood sale would not cover the cost to maintain, harvest and sell the
heartwood.

Considering this negative assessment, the opportunity for the Sandalwood industry in the Northern
Territory and Ord Valley is to manage the best performing plantations to harvest, potentially using
innovative management practices to keep these costs low. It is also possible that the sandalwood
price will recover due and thus deliver returns for the plantations that can be managed over the
coming decade.

The numbers in Table 6 suggest that if the Sandalwood price were to increase (e.g. $40,000/T) and
the lower maintenance costs achieved through innovation in management practices by land owners
and other management companies continue to be realised, there is a possibility to generate returns.

In the Ord, it is possible that at least 1000ha and potentially 2000 ha will survive this tumultuous
period and be managed until post 2026 harvest. In the NT it is possible that 2000-4000ha will be
managed to completion, however, this is more challenging due to the mid-life status of the
plantations and the lower-than-expected performance. In both regions the irrigated land will be in
the sights of cotton farmers eyeing expansion after the 2023 and 2024 completion of the Katherine
cotton gin and the Kununurra cotton gin®°.

A further opportunity in the Douglas Daly is that the sandalwood plantations contain significant
quantities of rosewood, which is a sought-after timber for high end use and valuable for making
charcoal. It is estimated that if the land was clear felled there would be approximately 3T/ha of
sandalwood (whole tree not just heartwood) and 15Tha of rosewood. If there were a potential
processing facility this resource could be harvested and transported rather than being raked and
burned in harvest or when existing plantations are converted to other crops.

THE FUTURE

Based on the information gathered during preparation of this report and from earlier work we see a
centralised processing hub in the Douglas-Daly region as the best approach to maximising value for
existing forestry assets. If this could be established, it would provide the foundation for a sustainable
forest industry in the Douglas Daly or the Ord by creating value from:

- Sandalwood.

- Host wood trees, particularly Cassia and Rosewood.
- African Mahogany

- Agricultural residue.

28 Quintis to dump Managed Investment Scheme sandalwood projects after KPMG review finds them unviable,
https://www.abc.net.au/news/2023-12-19/quintis-managed-investment-scheme-sandalwood-deemed-
unviable/103247772

2% Ord Gin build starts, NT’s near commissioning, https://www.graincentral.com/cropping/cotton/katherine-
gin-nears-commissioning-build-starts-at-kununurra/
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In recent years there have been some large-scale agricultural development in these regions
especially in cotton (see Figure 12). Ideally the centralised hub for forestry processing would be co-
located with agricultural industries to maximise co-benefits for the developing agri-businesses and
create a ‘win-win’ scenario for NT forestry, NT cropping, the NT environment and NT cattle farming.

The cotton industry has developed significantly over the past 5 years with large plantings on
properties such as Tipperary Station (see Figure 12) and commissioning of the Western Australian
and Northern Territory (WANT) Cotton / Louis Dreyfus Company (LDC) joint venture cotton gin
(2023) in Edith, near Katherine - capable of processing 150,000 bales/yr%.

The development of cotton farming and the gin presents both a challenge and an opportunity to
existing forestry in the NT. The challenge is that the poor performing forestry assets, especially
Sandalwood on irrigated, cleared land certified for agricultural use will be very attractive to cotton
farmers who may purchase and choose to remove forestry and replant with cotton.

On the positive side, the cotton industry development provides an opportunity for the forest
industry through possible co-location of processing facilities at the cotton gins. The potential
synergies include:

- Potential large offtake for renewable electricity and heat produced from residual wood.
- Availability of cotton gin trash to increase scale of manufacturing of biochar.
- Available infrastructure and economies of scale for transport etc...
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Figure 12:Cotton crop and prospective areas for cotton growth in the NT30

A hub provides the opportunity to use residues from timber processing (milling/Veneering) for
power and heat generation to power the gin with renewable energy. Furthermore, plantation
harvest residues, excess timber processing residue, clearing residue and cotton trash not required
for power generation can be converted into a custom biochar that will return nutrients to the soil,

30 Cotton in the Northern Territory Facts and Stats,
https://industry.nt.gov.au/ data/assets/pdf file/0005/1062518/cotton-facts-and-stats.pdf

25


https://industry.nt.gov.au/__data/assets/pdf_file/0005/1062518/cotton-facts-and-stats.pdf

ultimately improving soil health and long term yields and creating a new income stream from high
value carbon credits.

It is possible that further and large additional land clearing will occur in the coming years. If this does
occur, the hub will provide the potential to extract value from the cleared hardwood and convert this
into valuable timber products, renewable energy and soil amendment instead of it being burnt.

If a hub was to go ahead, it will be necessary to provide a consistent resource to provide return on
capital investment. To achieve this, we have proposed the following strategy:

1. Harvest African Mahogany over a 21-33-year cycle and systematically replant ~10,000 ha
with high performance cultivars and other tropical hardwoods>! that can be sold into high
value markets (furniture, instrument, flooring and decorative veneer). This ensures long term
sustainable supply and maintenance of an industry (planting, maintenance and harvest).

2. Use by-products of sandalwood processing (Heartwood removal) and host trees (e.g.:
Rosewood) as an additional timber resource.

3. Further supplement timber resource with selective native hardwood harvest and timber
from land clearing.

The first three points hinge on the development of an integrated processing hub in a central
location, that could be at the Cosmo mine, Adelaide River or the WANT cotton gin, with the latter
representing the best opportunity due to co-located energy demand. Details of this processing hub
are provided in the following sections.

Alternative Forestry

In addition to maximising value of the existing forestry resources and thus making the best case for
replanting, we also considered alternative fibre crops that are potentially better suited to the
savannah climate of the Douglas Daly.

One option identified in our research was Giant clumping bamboo3? which can be converted into
multiple products, generates annual harvests (income) 4-5 years after establishment and due to high
growth rates can sequester significant quantities of carbon at rates equivalent to or as fast as some
of the best performing Eucalypts in ideal conditions (see Appendix 1).

A 5000ha area of bamboo in the Douglas Daly could produce between 75,000-100,000T* of fibre
every year (from year 5). This volume is sufficient to establish a local processing facility that can
manufacture prefab construction systems to supply sustainable housing materials into local and
Southern Australian markets. Alternatively, the bamboo can provide a substrate for flooring that
uses the local hardwood veneers (African Mahogany, Rosewood etc...). Appendix 1 provides a more

31 Hybridised Darwin Stringybark, Rosewood, however, this requires further research.

32 Various varieties have potential including Dendrocalamus sinicus, Dendrocalamus asper (used in Brazil
savannah) or Dendrocalamus giganteus, best variety requires further research and trial plantings.

33 Based on a targeted annual yield of 15-20T/ha/yr (Green matter), expected values are up to 25T/ha/yr of dry
matter in well managed established plantations from Bamboo, Analyzing the potential of Bamboo feedstock for
the bioeconomy, NL Agency, Ministry of Economic Affairs, 2013, available from https://edepot.wur.nl/381054
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detailed evaluation of Bamboo’s potential as an innovative forestry system for the Northern
Territory.

East Arnhem land
The Gumatj Corporation runs a small sawmill at Nhulunbuy and is looking to expand its forestry
operations with the development of a spoke and hub approach.

This region has been dependent on the Rio Tinto bauxite mining but this will close in 2030 so
development of alternative industries will be important for the region and forestry could play an
important role.

The key opportunity for this region is:

e The potential for selling the hardwood from this sawmill under a common Northern Territory
brand, and
e Using sawmill residue for local renewable energy generation.

OPTIONS ASSESSMENT

The resource assessment provides insight into the challenges faced by the different forestry sectors
in Northern Territory. In our view industry development has been hampered by a combination of the
following:

e Limited resource scale,

e Undeveloped infrastructure,
e Distance from market, and
e Lack of human resources.

With these limitations in mind Enerbi have undertaken a comprehensive options analysis to identify
the optimum product or product mix to create value from the forestry assets in the different regions.

Figure 13 provides a high-level snapshot of the different processes that could be considered in the
different regions.
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Figure 13: Options Overview for valorising wood fibre

Table 7 provides a brief overview of each of these different processing options before they are
considered for each of the different regions.
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Table 7: Overview of processing pathways for timber resources in NT

PROCESS PRODUCT MARKET OVERVIEW
Sandalwood oil Currently sandalwood from the Ord Vally or Douglas-Daly is in danger of
I I ¢ being bulldozed or at best chipped as a whole stem to international markets.
E - To create higher value a processing facility should at the very least separate
; Export the heartwood from the sapwood and provide co-processing options for the
sapwood and host trees. There may also be the potential to generate energy
EXTRACT for extraction of oil for export.
It is possible to carbonise wood fibre to produce a range of products that
have high fixed carbon contents. Carbonising takes place in a low oxygen
environment at high temperatures and typically results in a mass yield of 25%
of incoming wood on a dry basis. The production process for the 3 different
f \ products is conceptually similar, however, they require different biomass
r‘rE‘,3 O inputs, different processing conditions and further processing steps. All the
| three processes typically produce excess heat which could be used in other
“ ﬁ Biochar / Biocoal / Activated co-located operations like sandalwood extraction or veneer drying.
Domestic / B|o-char represents the lowest Yalug product with sale prlcg linked to the
Export perceived/proven agricultural yield increases and carbon prices. Our

. J

BIO-CHAR / BIO-COAL /
ACTIVATED CARBON

experience indicates a wholesale price of between $400-600 $/T including
carbon credits (at scale). Bio-char processing can take a larger range of
biomass including bark, leaves, cotton gin waste, gamba grass etc... as the
minerals typically enhance the char. If biochar was produced at scale in the
NT it would be necessary to optimise the process and post-treatment to
ensure the biochar resulted in soil improvements. Significant research has
been done in the development of soil specific biochars and the market for
these products is growing. This could also lead to a lowering of fertiliser costs
in NT cropping.
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Bio-coal is a high fixed carbon content charcoal produced from mainly stem
wood, it typically has low ash content and is densified after carbonisation to
produce a marketable product of consistent density and size. Market scale is
large and customers include steel, manganese and silicon smelters in
Australia and around the world. The high specification of the final products
requires quality control of incoming fibre — mainly stem wood, control of the
carbonisation process to ensure adequate fixed carbon content and control
of the densification process to achieve size and hardness specifications. Bio-
coal has medium value between $700-1000/T depending on current
Metallurgical coal price and the value of the carbon reduction. Market
potential is large with > 300,000T potential in Australia alone (~2 million T of
raw biomass). There is also an option to divert some bio-coal to the domestic
bbq charcoal market (Darwin/Adelaide).

Activated Carbon is a specialty product that requires further processing than
bio-coal with an activation step post carbonisation. Due to its high adsorption
properties, Activated Carbon has multiple markets including mineral
processing and contaminant removal (liquid/gas streams. Activated carbon
has the lowest yield and highest quality control requirements, however, is the
highest value product with market prices ranging from $1500-2500/T

-
o o o

| |
DENSIFY — PELLET /

BRIQUETTE

Pellets / Briquette

Domestic /
Export

Globally residues from forestry or timber processing are valorised by
densification. The two major products are wood pellets and wood briquettes.
Wood pellets are typically 6 to 8mm in diameter and are amenable to bulk
handling (i.e. transport in ships — 25,000T loads), while wood briquettes are
typically produced locally as firewood replacement. The wood densification
process includes:

- Grinding (hammer milling)

- Drying

- Conditioning

- Densification (pelleting or briquetting)

- Packaging or bulk storage
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Traditionally low value saw dust from sawmills was the primary feedstock for
wood pellets, however, the scale of the market today requires the use of
whole logs to meet demand. Wood pellets are a global traded commodity
with large markets in Japan, Korea and Europe. To be competitive on a global
market scale is required (>150,000T/yr), at this stage there is only one export
scale pellet facility in Australia, Altus in QLD, this recently went into
receivership but has been restarted by new owners — it’s feedstock source is
sawdust from pine sawmills in the Gympie region of QLD. Another large-scale
plant (Plantation Energy — 150,000T/yr in Albany WA) using E. globulus
plantations in South Western Australia was also unsuccessful.

Enerbi partly owns a domestic pelleting mill in Bell Bay Tasmania (Ecopellets
Tasmania) that processes wood chip screen residue and sawdust to meet
demand from domestic markets across the eastern seaboard.

Due to limited demand in the NT or SA it would be necessary to target export
markets, and it is unlikely that there is sufficient scale of low-cost feedstock
to make this process viable.
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BIOENERGY

Electricity / Heat

Local

Biomass can be converted into electricity and heat to be used in processing or
sold via the electrical network. Bioenergy is an established industry with
extensive examples globally and in Australia. A range of technologies exist to
convert the chemical energy in biomass to electricity or heat — they can be
broadly categorised into two areas:

- Combustion: The biomass is combusted to produce heat, and the
heat is either used directly or to drive a working fluid (e.g.: steam or
refrigerant) through a thermodynamic cycle to produce work and
ultimately electricity. Biomass combustion to generate steamin a
boiler which drives a steam turbine generator is the most typical
form of this but requires scale of at least IMW.

- Gasification: Partial oxidation of biomass in a limited oxygen
environment produces synthesis gas (‘Syn-gas’ or ‘Wood-gas’) that
contains Carbon Monoxide and Hydrogen. This wood gas can be used
in a variety of ways including:
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o Combustion in a gas engine to produce power.

o Chemical catalysis to produce liquid fuels (Fischer Tropsch
process).

o Fermentation to produce liquid fuels (e.g.: Lanza-tech)

Combustion can be used at multiple scales to meet heat demand in domestic
and industrial contexts, however, gasification for chemical and fermentation
processes requires significant scale to be viable (>300,000T/yr of biomass).
Small scale gasification for power generation using woodchips has proven
successful below 100kW. We see potential application for this technology in
processing hubs and communities/pumping load centres where woodchips
are available as a by-product of timber processing.

BIOFUELS

Liquid fuels — Methanol, Ethanol,
SAF, Renewable diesel Etc...

Domestic /
Export

Biofuels are currently produced at scale from starch or sugar (Ethanol) or
from animal fats or oils (biodiesel or Renewable diesel). In the coming decade
there will be continuing developments in the processing of non-food biomass
into liquid fuels especially in the SAF (Sustainable Aviation Fuel) Market.

There are currently 4 pathways to convert wood fibre/residues into liquid
fuels that are either commercially deployed or at large demonstration scale:

- Cellulosic ethanol — Three commercial facilities in Brazil using
sugarcane bagasse and demonstration scale facilities in India using
bamboo.

- Fischer Tropsch — Gasification of woody biomass to produce syngas
which is subsequently transformed into liquid fuels over a catalyst.
There are limited examples of commercially successful F-T plants
using biomass.

- Fermentation — Gasification of woody biomass to produce syngas
which is fermented via micro-organisms to produce ethanol which
can be used directly as a fuel or processed into SAF/Renewable
diesel. There are currently at least 3 plants under commercial
development.

- Pyrolysis — Conversion of wood into bio-oil via pyrolysis (e.g.: BTG
bioliquids) and subsequent upgrading of bio-oil in a refinery. This has
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been demonstrated in Europe, however, has limited commercial
application.

The potential to produce liquid fuels from processing residues in the NT is
highly attractive, however, requires significant scale (>200,000T/yr) which is
not currently feasible.

VENEER

Raw Veneer or building products

Domestic /
Export

Veneering is the process of ‘peeling’ or slicing thin veneers from logs. The
veneers are either used decoratively to cover low value wood (e.g. MDF) or
further processed by gluing and pressing to produce plywood or LVL products
for the building market.

In the NT, the nature of the African Mahogany resource lends itself to Veneer
production for decorative markets (e.g.: engineered flooring) in high-end
Australian markets. Veneering makes it possible to get greater recovery from
the small logs and produce a high value product that can be dried and
transported in container.

Developing a veneering line may also allow the rosewood (host trees from
sandalwood) to be processed for high value decorative markets.

Sawn Timber

Domestic /
Export

Processing of logs to produce sawn timber has precedent in the NT with
several sawmills historically operated on Melville Island and a sawmill
currently operating at Nhulunbuy.

Due to the small scale, the focus needs to be on high value markets including
wood flooring and furniture. The major challenge for sawmilling operations in
the NT is scale of suitable timber. The Nhulunbuy sawmill utilises Darwin
stringybark from mine-site clearing or selective logging to supply furniture
and decking markets in Australia, however, struggles with scale and distance
from market.

Potential exists in the Daly region to process African Mahogany, however, the
availability of quality saw logs (size and long-term harvest) to reach sufficient
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scale will be challenging. If pursued the focus will need to be on high value
domestic markets.

Pulp chip

Export

Wood chipping stem logs to produce chip for the pulp industry is a major
export industry in Australia with chipping processes and ports active in WA,
SA, Tas, NT and NSW.

It is the current market for A. mangium on Melville Island; however, market
conditions and production costs have made this financially non-viable.

Although this remains an option for the NT industry it typically requires scales
> 1 million T/yr to be globally competitive (e.g.: E. globulus out of Southern
WA and Tas). Although Melville Island has potential to produce >100,000T of
pulp chip per year it represents the lowest value outcome for the industry
with limited value adding in Australia.
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CARBON CREDITS and LARGE GENERATION CERTIFICATES (LGC’s)

In addition to the products listed in Table 7 it is possible that further income streams can be realized
through environmental incentives, including Large-Scale Generation Certificates (LGC), ACCU’s
(Carbon credits) and CORC’s (CO, Removal Certificates).

It is understood that existing plantation owners or managers have already claimed the relevant
carbon credits applicable to plantations and forestry operations, however, Table 8 outlines the
potential to claim further incentives related to the products. Further details of these incentives are
provided below

Table 8: Potential Environmental Incentives

PRODUCT INCENTIVE COMMENT

Bioenergy ACCU or LGC ACCU could be claimed for fossil fuel offset
in existing processes. LGC could be claimed
for each MWh of electricity produced from

biomass.

Biochar CORC CORC’s will be critical to the viability of
biochar

Biocoal / Activated Carbon ACCU or CORC Typically, the carbon benefit associated with

these products will transfer to end users,
however, how this works is important to
their marketability.

Building products CORC Carbon locked up in building products has
(Veneer/Timber) the potential to claim long term carbon
storage under some puro.earth
methodologies — this will be a bonus to core
viability.

Pellets/Briquettes/Biofuels NA These will typically be claimed by the end
user — and will require tracking of carbon
intensity during harvesting and production.
Chip / Sandalwood NA It is unlikely that any incentives can be
claimed for these products, however,
carbon intensity tracking across their supply
chain will need to be known and traceable.

Large Generation Certificate (LGC)

The Renewable Energy Target (RET) is an Australian Government scheme that aims to reduce
greenhouse gas emissions in the electricity sector and increase renewable energy generation. The
RET sets a target to deliver an extra 33,000 GWh of electricity from renewable sources every year
from 2020 to 20303 . Within the RET there are 2 certificate schemes, the Large-scale Renewable
Energy Target (LRET) and the Small-Scale Renewable Energy Scheme (SRES). The LRET is designed to
incentivize investment in renewable energy power stations, while SRES is for domestic and small-
scale applications (e.g.: <100kW Rooftop solar PV).

Renewable power stations accredited under the LRET scheme can create LGC’s for renewable
electricity generated. An LGC is IMWh of renewable electricity (For reference an average Australian

34 https://cer.gov.au/schemes/renewable-energy-target
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household with 4 people uses 7.8MWh/year of electricity)®®. LGC’s can be retained and surrendered
or sold to liable entities or voluntary markets and essentially create an additional revenue stream for
renewable energy generators.

The LRET must be met by liable entities (essentially electricity retailers) who purchase LGC’s based
on the renewable power percentage calculated by the CER3® (in 2023 the renewable power
percentage is 18.96%). These costs are passed on to consumers as renewable energy charges in the
bill and typically account for between 4-11% of total energy costs.

The LGC price can fluctuate between $20 and $70/MWh and is currently trading at a spot price of
$34.75%

It was predicted that after 2020 the LGC price would crash (i.e., <$10/certificate), however, even
though more solar and wind has been built and the target has been exceeded, the price has
remained stable and even increased. This has been driven by purchase and surrender of LGC by
governments and corporates to meet their self-imposed clean energy targets. It is estimated that
5.8 and 8 million LGC’s were purchased and surrendered in 2021 and 2022 respectively®s.

It is not clear if this current trend, driven by voluntary demand will be sustained and many forward
predictions indicate the price will continue to drop (512 by 2030)* due to renewable projects
continuing to be commissioned at an accelerated rate and the LRET liability (majority of demand)
finishing in 2030.

Electricity generation from biomass in the NT will qualify for the LGC and this will become an
important revenue stream for the viability of the stand-alone power stations or cogeneration
systems (simultaneous production of heat and electricity) incorporated into processing hubs.

Although there is a short horizon for the LRET (2030) it is possible that the government will extend or
modify the scheme to continue incentivizing investment in renewable energy generation.

Australian Carbon Credit Unit (ACCU)
The Emissions Reduction Fund (ERF) offers landowners, communities, and businesses the
opportunity to operate projects that either:

- Avoid the release of greenhouse gas emissions, or
- Remove and sequester carbon from the atmosphere.

The ERF also includes a safeguard mechanism to ensure emissions reductions don’t cause a rise in
emissions elsewhere in the economy. Under the safeguard mechanism the largest emitters (215 sites
around Australia > 100,000T/yr) are required to reduce their emissions by 4.9% /yr relative to a

35 Based on national average household of 4 consumption 21.355kWh/day
https://www.econnex.com.au/energy/blogs/average-power-consumption-for-australian-households

36 Clean Energy Regulator

37 https://www.ecovantage.com.au/large-scale-generation-certificates/

38 https://reneweconomy.com.au/no-surrender-how-renewables-markets-got-lgc-price-completely-wrong/
and https://www.cleanenergyregulator.gov.au/Infohub/Markets/Pages/qcmr/june-quarter-2022/Large-scale-
generation-certificates-(LGCs).aspx

3 https://www.ecovantage.com.au/large-scale-generation-certificates/
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baseline. To achieve these emissions the large polluters can make on-site reductions or purchase
ACCU'’s or international credits to make up the balance.

The safeguard mechanism has recently been reformed with the reforms being implemented on July
1, 2023. In addition to the reforms associated with the safeguard mechanism the current
government are also planning to implement all recommendations from the Chubb review to ensure
the quality and reliability of ACCU’s and prevent them from losing value through questionable
reforestation projects.

Under the ERF a range of activities are eligible to generate Australian Carbon Credit Units (ACCU’s)
which are equivalent to one tonne of CO; emissions stored or avoided. A potential activity relevant
to the NT is the ICER method which allows for ACCU’s to be created by changing fuels in industrial
processes, e.g. the cotton gin at Katherine:

“Changing the fuel sources used by emissions-producing equipment, for example switching from coal
briquettes to biomass in a solid fuel boiler” and

“Installing electricity generation equipment such as co-generation equipment or solar panels to:

- Provide existing equipment that would otherwise consume electricity obtained from an
740

electricity grid with electricity that is less emissions-intensive than the grid electricity.
The future value of these credits is hard to predict, however, it seems probable that there will be
continued demand for ACCU’s due to*!:

- Safeguard Mechanism Reforms ~4.9% reduction/yr of current baselines, annually to 2030,
likely to result in material demand for ACCU’s relative to the existing market (ceiling of
$75/ACCU due to government held ACCU’s).

- Progression along the abatement cost curve —i.e. low hanging fruit, low cost (<S50/T)
sequestration/offset/abatement options diminishing leaving higher cost options.

- Rising adoption of Net Zero commitments by Australian corporates by 2025.

- Delays in realization of LGC's through Renewable Energy Projects.

In our report we have assumed that the forestry management companies (e.g.: Midway/African
Mahogany Australia etc.) have claimed all possible credits related to the assets under management.

CO, Removal Certificates (CORC’s)

CO, Removal Certificates (CORCs) were developed by puro.earth (Finland) as a tradable digital asset
representing a tonne of CO; that has been physically removed from the atmosphere and stabilised in
durable storage. CORC’s are created by companies who have demonstrated*? that they have
removed and stored CO; using engineering carbon removal methods that include:

1. Biochar: Production of a solid form of carbon that can be stored long term in the soil.
2. Terrestrial storage of biomass: Burying large quantities of biomass to lock in carbon.

40 Industrial and Commercial Emissions Reduction Method 2021 — Simple Method guide, User guide for
industrial and commercial emissions reduction projects V1 2021.

4 https://image.research.nab.com.au/lib/fe3b11727564047¢711371/m/16/b40a9dc4-05ab-4396-81da-
454862c9e486.pdf

42 0n the basis of independently audited life cycle analysis
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3. Carbonated Materials: Locking up CO;in the form of mineralised carbonates in building
materials.

4. Enhanced rock weathering: Accelerating the reaction between water, silicate rocks and CO,
to store CO; as bicarbonate and increase soil fertility.

5. Geologically stored carbon: Capturing CO; and installing it permanently in underground rock
formations where it is trapped under impermeable rock formations.

More information is available from https://puro.earth/carbon-removal-methods

The first two methods are currently being used in Australia to claim CORC’s and these will be
relevant to Northern Territory projects as they offer an independent income stream.

It is important to understand that CORC’s are part of the voluntary carbon market and are therefore
not subject to legislation and not used to meet safeguard mechanism liabilities. That is, CORC’s are
purchased by governments, corporations or individuals who after reducing their carbon emissions
(‘insets’) and meeting local legislative requirements are looking to reliably and credibly offset the
residual.

The current price for CORC's is outlined in Figure 2, to be conservative Enerbi typically applies a value
of 70 Euro for CORC’s when considering project viability.

For biochar, a multiplier is used to convert the carbon content in the char into the equivalent
quantity of CO,. This multiplier is determined in the life cycle assessment/audit process and range
between 2-2.8, the theoretical maximum is 3.6 due to the relative weight of carbon in carbon
dioxide.

An estimated emissions offset value of biochar can be calculated below, in this calculation we have
used a multiplier value of 2 to convert from char to CO,:

CORC value x Multiplier = 70 EURO x (0.6 Euro/Aud) x 2 = $233/T of biochar buried in the ground

This high value is critical to the viability of commercial biochar operations.

CO2 Removal Certificate Weighted Index Family (CORCX)
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Figure 14: CO2 Removal Certificate Weighted Index Family*3

43 https://www.nasdag.com/solutions/carbon-removal-platform
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A future opportunity related to carbon credits is the potential for the storage of carbon in innovative
building products vs traditional building materials, including concrete/steel and sawn timber from
long rotations species. This is especially the case for a fast rotation crop like Bamboo which stores
significantly more carbon due to its annual harvest profile (see Appendix 1). This source of funding
could be used to fund plantation development.

BIOENERGY

Our observation from around Australia is that most successful bioenergy projects are linked to a
higher value product manufacturing process:

- Manufacture of high value core product — For example hardwood flooring, decorative
veneer, sandalwood oil, Activated carbon etc.

- Bioenergy generation — Residual materials (e.g.: chip, sawdust etc.) produced in core
process are used to generate heat and power on-site.

Using the residual materials on-site reduces operating costs (controls energy price risk) and reduces
waste disposal costs. If excessive residues are available, e.g.: harvest residue it is also possible to
produce biochar for soil amendment and supplementary income.

Traditionally biomass has been combusted and converted into steam which is then used to drive a
steam turbine to generate electricity (Figure 15).

. Steam Supply
Biomass Electricity

Steam Boiler

Steam condensate Exhaust steam

return to boiler r

\

Hot water supply and return

for drying/industrial use

Figure 15: Basic flow diagram for Steam based Rankine cycle

In cogeneration applications the exhaust steam from the turbine is used to fulfill the heat demand
(see Heat exchanger in Figure 15).

The major point of difference between different vendors is the type of combustion system that
provides heat to the boiler. In more recent years there has been a range of projects implemented
using Organic Rankine Cycle (ORC) turbines, in these systems the steam is exchanged for a
refrigerant or organic working fluid. The motivation in these cases is that it can reduce operating
costs and provide higher reliability.

39



\1 4

At this stage we do not think the scale of resource or power demand justifies the use of steam or
ORC based energy generation in the Territory. The exception to this is the potential for using excess
heat produced as a by-product from charcoal manufacture to generate steam for power generation
(replacing the boiler in Figure 5), however, it is more likely that the heat available will be used for
drying purposes.

Gasification

An alternative approach to the traditional thermal power systems is to generate ‘syngas’ directly
from dry woodchips and use the syngas in a modified gas engine. This approach has the potential to
achieve efficiencies up to 28%* at small scales (<100kW) and can be scaled to up to 3MW by
cascading smaller units. The main advantage of this technology is that the thermal efficiency is
typically double steam systems of a similar scale and the maintenance and operation is within the
capability set and Human resource pool in remote communities — i.e. mechanic. It is our view that
these features make gasification technology the ideal bioenergy tech for Northern Territory
applications.

Although the generation of syngas from wood is relatively easy, it is difficult to clean, which can
affect engine operation. Despite this challenge a variety of gasifier and cleaning systems have been
developed and tested to achieve commercial outcomes. Over the last decade, strong feed-in tariffs
in Japan and Europe encouraged the development of <100kW modular gasifiers that can produce
electricity from woodchips. There are at least 10 companies, the majority of which are in Europe,
who produce modular gasifiers and engine systems in the range of 25-700kWe.

At this early stage we have selected Re2 Rethink Energy (Spanner)® as the basis for analysis. Re2 are
a German company with over 1000 installations in operation around the world (10 times the amount
of all other companies combined). Their system consists of a gasification system skid and generator
skid as detailed in Figure 16.

Figure 16: Holz-kraft HKA70, Gas generator and gas engine + generator

The individual components on these two skids include:
1. Woodchip feed from fuel bunker including gas isolation.
2. Reformer (downdraft gasifier — see Figure 17) produces low tar syngas (CO and H2).

4 Energy in wood basis
% Enerbi are the agents for Spanner, Re2 in Australia.
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3. Wood gas filter and cooler — this unit cools the gas via heat exchange and filters the gas, an
emergency filter is provided at the engine inlet.
4. Gas engine genset — this is a turbocharged 6-cylinder gas engine from Agco (Sisu).

The gasification systems are designed to run on dry woodchip but can also run on certain types of
nut shells (e.g. Macadamia and hazelnut) and can utilise up to 20% by mass of residue plastic (non-

pvc) and cardboard.

Wood chips
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Figure 17: Holz-kraft reformer (gasifier)*6

The specifications for the HKA70 unit are summarised in Table 9. The reliability of the system is
directly related to the quality of the feedstock going into the system and the attention to
preventative maintenance.

Table 9: Specifications of HKA70 equipment

HKA 70 specifications
Electric power 68kW.
Thermal power 144kWy,
Fuel Natural woodchips according to DIN ISO 17225-1:

- Size: P31S — Main fraction is 3.15 to 31.5mm (60%),
coarse fraction 6% < 45mm, max length <150mm,
cross section area of coarse fraction <4m?

- Fines content: F10 <3.15mm (<10%)

- Water content: M10 (<10%)

- Ash content: A1.0 (<1%)

Fuel consumption 55.1kg/hr

Typical metrics for a 70kW stand alone unit are shown in Table 10.

46 From Holz-Kraft https://www.holz-kraft.com/en/products/biomass-chp.html
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Table 10: Gasifier electricity generation concept at stand-alone location.

GASIFIER PRODUCTION METRICS
Gasifier operating hours 8000 | hrs/yr
HKA70 consumption 68 | kg/hr
Annual biomass usage 544 | T/yr
Electricity production 68 | kW
Annual electricity 544,000 | kWh
Heat production 144 | kW
Annual heat production 4147 | Gl/yr
Char yield 2%
Char production 1.36 | kg/hr
Annual char production 11 | T/yr

Re2 also produce 300kW and 700kW modules which consist of 4 and 9 of the gasifier modules
respectively feeding into large format gas engines. An example of the 300kW gas engine is shown in
Figure 18 and a render of a typical 300kW layout is provided in Figure 19.

Figure 18: 300kW gas engine
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Figure 19: Render of 300kWe wood gasification plant — 4 x gasifier feeding into single 300kWe. gas engine

Bioenergy integrated with Solar PV and batteries

One possible approach for processing sites in the Northern Territory is to combine solar PV, Lithium-
lon batteries and the gasifier system in a microgrid architecture. This solution can be co-located with
processing hubs and provide consistent renewable energy without the need for grid connection. The
consistent operation of the bioenergy system is combined with the low cost of solar PV generation
and the flexibility of Li-lon batteries to optimise cost of generation and useability. Excess heat from
the gas engines can also be used for drying or processing.

Enerbi is currently commissioning a system in Bundaberg to provide heat and power for a
Macadamia Drying Facility, the core components of this system are summarised in Figure 20. In
Bundaberg the system operates for 6 months of the year during the drying season, and it is currently
running on macadamia shell but can operate on wood waste. More details on these systems are
available from (www.cleanfirmpower.com.au).
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Figure 20: Solar + batteries + bioenergy at Macadamia drying facility in Bundaberg

If connected to the electrical network, this approach can also provide grid support and sale of
electricity into the Northern Territory electrical network providing a further income stream for
processing hubs. Typically, these systems can produce electricity for an all in cost of $0.14 to $0.22
/kWh (Capex and Opex over 10-year asset life) depending on the availability of biomass. This offers
substantial savings when compared to diesel generation $0.40-0.70/kWh or grid costs (dependent on
tariff). It also provides low carbon renewable energy for processing of timber products, reducing
their carbon intensity and enhancing their marketability.

It is our view that bioenergy is a key component to closing the value chain for timber processing in
the NT and we consider it an integral part of the processing hubs considered in the following
sections.
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TIWI ISLANDS

Historically sawmills have operated on Melville Island to produce timber from native and plantation
trees. In recent years Acacia Mangium, planted between 2005-08 has been chipped for export into
the pulp markets. This has recently become non-viable due to a combination of three factors:

- High costs of harvest due to reducing quality of resource — the best plantations have been
harvested.

- Low global pulp chip prices, and

- Undesirable properties of the A. mangium wood for pulp (need to bleach).

It is our view that export chip represents the lowest value for the existing forestry assets on Melville,
however, at this point it has been the only viable pathways to realising value.

TIMBER PRODUCTS

Both the A. mangium and native forestry resource (e.g.: Eucalyptus tetradonta - Darwin Stringybark)
have established timber markets domestically and globally due to their attractive hardwood
features. There are opportunities to export quality timber products for flooring/furniture markets to
Australia and South-East Asian markets. Furthermore, there are opportunities to meet on-island
construction demand.

This leads to a focus on using the existing (left-over) plantation timber resource and the native
timber resource available in the existing plantations in a ‘cut to order’ small scale sawmill
(<20,000m?3/yr) that will produce high value timber products for architectural purposes, such as:
exposed beams, feature panels, benchtops, seats, tables and musical instruments.

The main challenges to pursuing this opportunity include:

- The relatively small and low-quality saw logs available from the A. mangium resource,
especially when compared with other global A. mangium resources (i.e. other plantations,
e.g.: Philippines).

- High cost associated with selective harvesting of native hardwood for saw log.

- Isolation of Tiwi Islands to markets resulting in logistic challenges and limited access to
technical expertise.

- Service/delivery risk in taking orders and committing to delivery.

- ldentifying and establishing key offtakes to justify investment.

It is our view that the NTOVFH could work the Tiwi Plantation Corporation to assist in the following
ways:

- Providing access/links/connections to relevant sawmilling experience in isolated small
contexts and co-development of on-island training programs.

- Foster links to not for profits or government organisations seeking high value native forestry
timber products.

- Assist FIANT in developing a brand and suite of potential offtake partners (domestic focus
but also export) for high quality, indigenous sourced tropical hardwoods for architectural
purposes.
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The latter is one of our key recommendations in this report as it has relevance for almost all sections
of the NT forestry industry. Development of a brand and market for Indigenous Timber from the
Northern Territory creates a pull for hardwood timber products from the Tiwi Islands and Nhulunbuy
so that development of market becomes one less hurdle for the smaller scale sawmills.

Precedent for this can be seen in the development of the ‘Genuinely Southern Forests’ brand by the
Southern Forests Food Council. The southern Forests Food Council was established in 2010 by a
group of local growers, who saw the potential of establishing the Manjimup area as an
internationally recognised food producing region and agri-tourism destination. The food council was
formalised following a $5 million royalties for region grant that allowed them to develop the brand
and commence marketing®’.

This regional brand has gained significant traction and local food producers are able to use it to
enhance their own marketing efforts.

N
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e

Figure 21: Genuinely Southern Forests Brand*®

It is our view that under the pending extension work role, the NT Forestry Hub could outline to FIANT
the benefits of an Indigenous Timber brand. This brand and product suite will focus on leveraging the
regions core competitive advantages:

- Indigenous contribution and ownership.
- High quality, high feature hardwoods.
- Low carbon production and care for country.

This brand could be marketed to hardwood consumers in Australia for the manufacture of
benchtops, feature panels, flooring, windows, doors and furniture as well as overseas. The key
objectives of the brand include:

- Maximising market price for Northern hardwoods.

- Creating market pull and demand for high value products.

- Achievement of scale through multiple smaller scale mills (Melville, Gumatj, Douglas Daly
and potentially Darwin).

47 Summarised from https://www.gga.org.au/group/southern-forests-food-council/
48 Available from https://www.southernforestsfood.com/southern-forests-food-council-inc
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There are already Australian manufacturers like Paarhammer windows and doors who advertise
their use of hardwood from Gumatj* and we believe the brand could expand the opportunity and
improve the market offering.

BIOENERGY

Bioenergy in combination with solar PV and batteries has potential for application on Melville as an
alternative to diesel for meeting the energy demand within the island communities, wood processing
centre and potentially shipping the resource to Bathurst Island. Energy demand centres on Melville
Island include:

- Milikapiti — Community load~500-600 people

- Pirlangimpi- Community load ~400-500 people

- Port Melville — Industrial load, adjacent to Pirlangimpi

- Yapilika (forestry camp) — Unknown

- Pickertaramoor (Tiwi College) — School/community load~20-50 people during school term

The Tiwi Islands
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Figure 22: Tiwi Islands Map outlining major population centres®°.

Recently, a 1.1MW Solar PV and 3MWh Lithium-lon battery>! has been installed in Wurrumiyanga on
Bathurst Island to offset diesel consumption and achieve 50% renewable penetration. Further
renewable energy penetration requires additional investment in Solar PV and batteries; however,
this is subject to diminishing capital returns as Li-ion batteries are cycled less frequently at greater
renewable energy penetration, making it difficult to repay capital.

4 https://www.paarhammer.com.au/blog/working-with-indigenous-sawmill

50 pyblished by the Tiwi Land Council, available from
https://tiwilandcouncil.com/documents/Uploads/Maps/13_Tiwi-Islands_The-Tiwi-Islands-Map.pdf

51 https://reneweconomy.com.au/5b-begins-work-on-solar-and-battery-project-to-get-tiwi-islands-to-50-pct-

renewables/
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Figure 23:1.1MW 5B Maverick fold out solar system installed on Bathurst Island>!

This trend is seen in larger grids with the most viable batteries categorised by high power and low
energy, i.e.: 2hr or 4hr batteries. Increasing amounts of renewable penetration on small grids require
exponential amounts of battery storage that are not viable because large batteries are needed,
however, they have low usage (cycled less frequently) and thus become very expensive on a per unit
energy basis. Using locally available biomass as part of this system reduces the need for excess
capital spend on batteries. As an example, a 300kW biomass generation system provides equivalent
amounts of electrical energy to a 1.2-1.5MW solar system, however, this power is provided at all
times of day significantly reducing the need for unoptimized battery capacity.

Using locally available timber residues allows renewable energy penetration in small grids to
economically transition from 50% to 95% with the existing diesel generation system simply providing
backup or covering the last gaps. Biomass provides a local opportunity to reduce import of diesel,
generating employment and increasing self-sufficiency. Initially we see an opportunity to install the
following bioenergy systems on the Tiwi Islands.

A 300kW gasification system based on Re? technology uses ~220kg/hr of dry woodchips or 400kg/hr
of wet woodchips. Low-cost power generation can be achieved through high-capacity factor, i.e.
operating the system for >7000hrs/yr. To achieve this, the wood-based systems are typically
matched to the night-time load and can be optimised using the battery (assisting solar PV and
bioenergy continuous output to match peaks). Current estimates based on this principle are
summarised in Table 11. The heat from the system (typically a multiple of ~2 of the electrical
output) can be used to dry the incoming wood, simplifying the supply chain.

Table 11: Bioenergy on the Tiwi Islands

Location Size Operation Wood Consumption®? | Comment

Wurrumiyanga (Bathurst) 300kwW 7000 hrs/yr 3,000 T/yr Barge across

Milikapiti (Melville) 2 x 70kW 7000 hrs/yr 1,500 T/yr Truck from Port Melville

Pirlangimpi (Melville) 1 x 300kW | 7000 hrs/yr 3,000 T/yr At port, depending on
processing

52 Estimate in green T (depends on moisture content)
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Pickertaramoor 1 x 70kwW

4000hrs/yr

500 T/yr

School term — potential
local harvest and training
for students.

On an energy equivalent basis with diesel wood could cost up to $470/BDMT>3 which translates to
$200-300 for green wood . This provides a ready market on island for ~ 10,000 GMT>* wood
processing residues (saw milling or log processing), which can also be admixed with local timber

residues including single destination wood pallets and construction timber.

Furthermore, the Re? gasification systems also have the capability to co-process plastic waste (non-
PVC) and other waste materials such as packaging cardboard up to 50% (energy basis) with wood
chips (see Figure 24). Although the plastic portion of this is ‘non-renewable’ it will avoid the plastic

waste going to land fill.

Figure 24: Feeding auger to gasifier showing mix of soft plastics with woodchips

At this stage we have not considered production of biofuels on the Tiwi for three reasons:

- Globally wood fibre processing to finished liquid fuels is still in the demonstration phase. A
potential pathway is to produce a liquid intermediate via pyrolysis, hydrothermal
liguefaction or other processes. However, this is also is not commercially demonstrated and
furthermore requires a ready market (refinery) and transport infrastructure which do not

exist in Darwin.

- The scale of resource on the Tiwi is low — typically >300,000 GMT/yr is required to achieve

economies of scale.

- The cost of resource is high, with current projects focusing on municipal solid waste (MSW)

and agricultural residues.

53 Bone Dry Metric Tonne basis wood vs diesel $1.20 taking into account generator efficiencies.

54 Green Metric Tonnes.
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Instead of trying to produce biofuels which is costly and requires extensive engineering and technical
support, we see the potential to reduce diesel consumption on island via two pathways:

- Offsetting diesel consumption for stationary power generation with biomass gasification.
- Provision of vehicle charging to facilitate systematic transition to electric vehicles — charged
by Solar+ Biomass gasification.

In this system, diesel consumption is directly offset by locally harvested wood chips and the
technology barrier to entry is relatively low, i.e. engine maintenance and material handling
equipment.

If this pathway is followed, we see a future in the Tiwi where diesel imports on island can be reduced
by >80% using locally available and locally harvested woodchips. Allowing the Tiwi people to have
greater self-sufficiency while reducing their environmental impact.

CARBONISATION ON ISLAND

Outside of small-scale timber milling and power generation to meet local demand, carbonisation (the
conversion of organic matter into biochar, bio-coal or Activated Carbon) may represent an
opportunity for Melville Island to process on-island and produce a value-added product with lower
shipping volumes. However, careful consideration will need to be given to the cost of infeed material
and volume of production.

Table 12 compares the relative value of carbonisation products based on processing 20,000 BDMT of
stem wood biomass per year (40,000-50,000T of raw biomass/yr). Based on the preceding resource
assessment this provides a possible annual consumption considering the state of the forestry
resource.

The decreasing yield reflects the higher fixed carbon content and additional processing required for
each of the products.

Table 12: Relative value of carbonisation products

Product Product Gate price
yield volume (S/T) Sales value
Biochar 28% 5,600 $250 | $1,400,000
Bio-coal 22% 4,800 S600 | $2,640,000
Activated carbon 16% 3,200 $1,700 | $5,440,000

Due to the low value of biochar and the lack of horticultural market on island it is unlikely that
biochar as a stand-alone product will be viable. It also represents a significant commercial risk if the
voluntary carbon market undergoes a major correction. It is possible that the harvesting residues
(leaves, bark, twigs etc...) which are unsuitable®® for biocoal/Activated Carbon could be processed
into biochar as a co-product. This will ensure nutrient recycle to the soil and be more viable due to
the incremental Capital and operating expenditure.

55 Due to high ash content, other contamination (sand/silica) and low fixed carbon content.
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Biocoal is a large market with offtakes in the tens of thousands of tonnes to meet the demands of
smelters in Australia and Asia. The relatively low volume of potential bio-coal production on Melville
results in this option being non-viable. Activated Carbon (AC) on the other hand is a high value/low
volume product and the consistent production of ~3,000T represents a low shipping burden from the
island.

The following sections provide a high-level mass and energy balance and financial model for
Activated Carbon production on Island. In this scenario we have considered a 5x24 operating regime
for AC. The energy system has been sized to use residues and waste streams to provide sufficient
power for the AC system with excess power sold to Pirlangimpi.

ACTIVATED CARBON

MASS AND ENERGY BALANCE

The mass and energy balance for integrated AC, biochar and energy production is summarised in
Figure 25. The basis for this model is transport of whole tree to the port location and chipping in the
port — alternatively it could be in-field chipped.

) Melville Production model
h ) .
Dryer Chip Port Melville Operation

Clean Firm Power Bark/Leaves De-barked Dryer Feeds
Cogen 0.7|MW R AC  |Biochar |Cogen Unit
stem wood
Solar 12[MW l Residue Flow 70 2.1 116 |[T/hr
Battery 6|MWh Input MC 45% 45% 45%  [Wet
Flow Fiber 5.85 1.155 0.637 |T/hr
Heat Demand
Flow Flow AC  |Biochar |Cogen Unit
> Demand 23 0.8 05 [Mwth
‘ Dryer Dryer Produced 08 16 133 [Mwth
| | | | [Met 21 0.7 08 |[Mwth
—_ —_ Balance -0.5 Mwth
Water out
2.8[T/hr
k4
( | Dryer Qutput
me AC  |Biochar |Cogen Unit
Hammer Ham r Flow 42 1.3 07 |T/hr
Mill Mill MC 9% 9% 9% |wet
Flow Fiber 3.85 1.155 0.64  |[T/hr

Products
AC_[Biochar |Cogen  [Unit
071 | 04 | 0014 [1/hr

Product

—
A—

Figure 25: Mass and energy balance for activated carbon and energy
The key assumptions in this model are summarised in Table 13.

Table 13: Mass and energy balance assumptions

Inputs
Char Yield 28%
Char machine heat rate 1.25 | kW/kg
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AC machine heat rate 0.2 | kW/kg

Cogen heat ratio 1.9 | MWu/MW,
Cogen char yield 2% | Of incoming
ACyield from char 60%

ACYield 16.8%

Cogen consumption 0.8 | Kg BDMT/kWh
Cogen MC 9%

Solar Capacity factor 23%

Dry wood energy value 17 | GJ

The shift roster, key operating metrics and electrical energy consumed in the process are
summarised in Table 14, Table 15 and Table 16.

Table 14: Melville Island AC Production Model

Melville Production Model

Operating days per year 365

Operating hours 24

Annual shutdown 30 | days/yr
Weekly shutdown 2 day/wk
Days available 239 | days/yr
Daily downtime 3 hr
Available hours 21 | hrs/day
Total annual hours 5019 | hrs/yr
Total weekly hours available for 63 | hrs/week
maintenance 2.63 | days/week

Table 15: Activated Carbon process — key metrics

Metrics

Stem Fibre feed 35,133 | T/yr
Residue fibre feed 10,540 | T/yr
Cogeneration feed 5,813 | T/yr
Total feed 51,486 | T/yr
Activated Carbon production 3,567 | T/yr
Biochar production 1,784 | T/yr
Total production with char 5,351 | T/yr
Overall Heat demand 4.3 | MWth
Electrical demand 1005 | kW

Table 16: Activated Carbon process — electrical load calculation

Electrical Sub-total Load
Equipment QrTy load (kW) (kw) Capacity (kw)
Hammer mills 2 120 240 80% 192
Dryers (cogen dryer — low power) 2.5 125 312.5 90% 281.25
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Char machine and kiln 3 150 450 75% 338
Char Sizing and press 1 100 100 70% 70
Conveyors 8 5.5 44 90% 40
Air compressor 1 37 37 50% 18.5
Lights and GPO 1 20 20 90% 18
Total 957
Losses 5%
Actual 1005

From an annual energy balance perspective, the solar, bioenergy and battery system in conjunction
with the heat available from the char kilns provides ~10% more heat than required and ~97% of the
electrical demand. As the Activated Carbon plant only runs during the 5 days of the week the energy

system is available to provide excess power (up to 0.8MW continuously) to Pirlangimpi over the
weekend. There is also potential to augment the system with another cogeneration unit to

completely remove the need for diesel power supply to Pirlangimpi.

Table 17: Energy balance

Energy
Heat Production
Cogeneration 3,513 | GJ/year
Bio-char kiln 13,175 | GJ/year
AC kiln 7027 | Gl/year
Subtotal 23,715 | Gl/year
Demand 21,624 | Gl/year
Balance 2,091 | GJ/year
Electricity Production
Cogen electricity 3,513 | MWh
Solar electricity 1,385 | MWh
Subtotal 4,899 | MWh/yr
Demand 5,043 | MWh/yr
Balance -144 | MWh/yr

COMMERCIAL MODEL

The capital cost for this integrated system has been estimated to be $20,000,000 at 30% accuracy

based on Enerbi’s experience and recent work. The breakdown of this capital cost is shown in Table

18 and Figure 26.

Table 18: Capital cost breakdown

Category Amount Comment

Activated carbon and char equipment $6,000,000 | Estimate for 0.7T/hr product
Cogeneration $3,600,000 | Based on 0.7MW

Solar $1,100,000 | Based on 1.2MW ground mount
Inverter battery $2,300,000 | 1MW and 5MWh
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Hot water boiler $600,000 | Back end

Dryers $1,200,000 | Flow dryer and rotary

Shed $3,000,000 | 2500m?2

Install $1,100,000 | Estimate for 0.7T/hr product
Project expenses $1,100,000 | Project Management

Total $20,000,000

Capital Cost Breakdown

B Activated Carbon and Char
Equipment

B Cogeneration

m Solar

H Inverter battery

M Hot water boiler

W Dryers

B Shed

H Install

B Project expenses

Figure 26: Activated carbon and energy system cost

The capital cost was used in conjunction with the mass and energy balance summarised in the
previous section and the assumptions summarised in Table 19 to undertake high level financial
modelling of this production system.

Table 19: Commercial assumptions

Inputs
Bio-char price $250 | S/T Gate value based on puro.earth Corc price buried on island
Activated carbon price $2,000 | §/T Estimate of achievable sale price in bulk bags
Biomass (fibre price) S80 | S/T Average value indicating high cost of harvest
Biochar and cogen feed cost S40 | S/T Average value indicating combination of residue and waste
Specific maintenance Cost S80 | S/T All in cost for AC and Cogen system per T of AC and char
AC Packaging cost S50 | S/T | Bulk bag plus pallet
Labour cost $94,500 | FTE Wage, including super
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The outcomes of the financial modelling are summarised in Table 20. Regarding labour cost it is
estimated that there are 12 labour units — 3 operators per shift, 1 manager and 2 maintenance
personnel on day shift. The depreciation is based on 20-year asset life. The estimate of electricity
sold to Pirlangimpi is approximate, and this could potentially be very beneficial for the community as
the cost of power from this energy system is typically half of the diesel generation cost.

Table 20: Outcome of the financial modelling

COSTS
Stem fibre cost $2,810,640
Biochar fibre cost $421,596
Cogen feed cost $232,517
Annual labour cost $1,134,000
Activated carbon packaging $267,552
Depreciation $1,000,000
Maintenance cost $428,082
Other operating costs $300,000
TOTAL OPERATING COSTS $6,594,387
REVENUE
Activated Carbon $7,134,702
Biochar $445,920
Electricity sales to Pirlangimpi $250,000
TOTAL REVENUE $7,830,622
GROSS MARGIN $1,236,235
IRR -0.9%

Due to the potential benefits of this system to the island it is highly likely that it would attract some
grant funding. It is understood that $5 million of funding has been awarded to Project E for an
Activated Carbon plant on the island. If this grant was to be allocated to a project like this the capital
cost would reduce to $15 Million with an IRR of 5%.

CHALLENGES AND RISKS
The preceding model demonstrates the very low rate of return for an Activated Carbon focused
process on Melville Island. The main challenges with this are:

e High cost of wood — with returns highly dependent on harvest and delivered cost of wood
(see Table 21).

e Resource limitations — at ~50,000T/yr there is ~7 years of resource available, as the resource
is consumed harvesting costs will increase.

e Continued operation — Running a 24/5 or 24/7 operation is challenging

e Activated Carbon Sales — Selling ~3,500T/yr of Activated Carbon could be challenging and
could lead to a lower sales price (closer to $1400/T).

e Capital cost— Construction in remote island locations can lead to capital cost blow-outs.

Table 21: Comparison of IRR in $5 million grant reduction on capital for different biomass costs
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Case Stem wood cost IRR
delivered $/T
Optimised S60/T 12%
Base S80/T 5%
Likely $100/T -3%
Anecdotal $200/T°° No Return

This table demonstrates the fragility of a project of this nature. Before finalising investment in any
Activated Carbon project, a detailed review of costs and wood volumes is required. Some
opportunities to improve the IRR include:

- Quantifying actual harvest cost and investigating more cost-effective approach —i.e. feller-
buncher and delivery of logs to port.

- Producing chip for on-island power generation (~$200/T energy equivalent to diesel cost).

- Co-locating sawmill for high value markets.

- Reducing Activated Carbon scale to match stable harvest values and high value markets.

An alternative model considering the above approach is summarised in the next section.

SAWMILL, DIESEL REPLACEMENT, BIOCHAR AND ACTIVATED CARBON

MASS AND ENERGY BALANCE
The mass and energy balance for integrated sawmill, diesel replacement AC, biochar and energy
production is summarised in Figure 27.

Port Melville Operation

Harvest
Harvest Volume 25,000 m3/yr
Harvest weight 27,500(T/yr
Harvest trash 8,250 T/yr
Dryer feeds
Trash Sawlog —ee Mangium and Native Logs AC__[Biochar [Cogen  [Unit
Sawmil Inputs Annual 9,600 6,250 10,000 |T/hr
Vol feed 5000|m’*/yr Flow 3.0 39 143 |T/hr
Mass feed 5500|T/yr l Input MC 45% 45% 45% Wet
Fibre 3025{T/yr Flow Fiber 165 215 079 |T/hr
Heat Demand
AC__[Biochar |Cogen  [Unit
Sawmill Qutputs Demand 13 16 0.6 MWth
Sawn timbe 1500 m-’fvr Produced 0.6 30 057  [Mwth
Residual 3500|m3/yr Net -0.7 13 0.0 MWth
3B50|T/yr Balance 0.6 MWth
Clean Firm Power on site
Cozen 03[mw Dryer Output
Local cogen 1650 T/fyr AC__|Biochar _|Cogen Unit
Solar 1.2|MW Flow 18 24 09 T/hr
Battery 3{MWh mC 9% 9% 9% Wet
Flow Fiber 17 21 08 T/hr
[cogen char | 33[T/r
|Field char | 12705[T/wr
Products
Biochar _[Cogen Unit
Sawn Product 0.30 0.7 0.017_|T/hr
Timber
i —_ Activated
———b Biochar
— Carbon

Figure 27: Mass and Energy balance for sawmill, AC, diesel replacement, biochar and Energy

This system also incorporates in-field biochar processing to manage the trash from harvest as it is
proposed that only logs are transported to the Port Melville site. This will be a valuable piece of

56 Conversation with Paul Andrews, Resource Forester, Plantation Management Partners.
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equipment to manage low quality residues from existing plantations. An example of this type of
equipment is shown in Figure 28.

Figure 28: Char boss, in field biochar

The key assumptions in this model are summarised in Table 22.

Table 22: Mass and Energy balance assumptions

Inputs
Ratio of trash to stem 30% | By weight
Char yield 28%
Char machine heat rate 1.25 | kW/kg
AC machine heat rate 0.2 | kW/kg
Cogen heat ratio 1.9 | MWuy/MW.
Cogen char yield 2% | Of incoming
AC yield from char 60%
AC Yield 16.8%
Cogen consumption 0.8 | Kg BDMT/kWh
Cogen MC 9%
Solar Capacity factor 23%
Dry wood energy value 17 | GJ
Sawmill yield 30% | Volume
Conversion of wood 1.1 | T/m3

The shift roster, key operating metrics and electrical energy consumed in the process are
summarised in Table 23, Table 24 and Table 25.

Table 23: Melville Island sawmill + AC production model

Melville Island operational hours
Cogen operational hours per year 7000 | hrs/yr
Sawmill operational hours (5x10x40weeks) 2000 | hrs/yr




Activated carbon operational hours 3200 | hrs/yr
Biochar operational hours 1600 | hrs/yr
Activation runs 67%

Table 24: Sawmill + AC — key metrics

Metrics

Sawmill feed 5,500 | T/yr
AC Feed 9,600 | T/yr
Biochar feed (on-site) 6,250 | T/yr
Cogen feed 10,000 | T/yr
Total raw log feed 27,500 | T/yr
Activated carbon production 975 | T/yr
Biochar production (char machine, cogen and in-field) 2,361 | T/yr
Sawn timber production 1,500 | m3/yr
Timber fuel sales (outside of port Melville) 3850 | T/yr
Overall Heat demand 4.1 | MWth
Electrical demand 404 | kW

Table 25: Sawmill + AC process — electrical load calculation

Equipment QrTy IIcE)I:;t(rII(‘\:I?II) Su(bk-‘:\(,))t 2 Capacity | Load (kW)
Chipper 1 100 100 80% 80
Sawmill 1 100 100 80% 80
Dryers 1.0 75 75 90% 67.5
Char machine and kiln 1 75 75 75% 56
Char Sizing and press 1 50 50 70% 35
Conveyors 6 5.5 33 90% 30
Air compressor 1 37 37 50% 18.5
Lights and GPO 1 20 20 90% 18

Total 385

Losses 5%

Actual 404

From an annual energy balance perspective, the co-located renewable energy system produces 60%

more electricity than required by the sawmill + AC production system, and it is likely that all this

excess could be sold to Pirlangimpi. The heat from the system is used to dry woodchips which are

sold to other communities on island for diesel replacement — see Table 11. The heat balance is

slightly negative and this will need to be worked out in the detail design.

Table 26: Clean Firm Power Energy balance

Heat
Production
Cogeneration 14,364 | Gl/year
Bio-char kiln 16,999 | Gl/year
AC kiln 6,912 | Gl/year
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Subtotal 38,275 | Gl/year
Heat Demand
Cogeneration dryer 15,120 | GJ/year
Biochar dryer 9,450 | Gl/year
AC dryer 14,515 | GJ/year
Batch kiln 500 | Gl/year
Demand 39,585 | Gl/year
Balance -1,311 | GJ/year
Electricity
Production
Cogen electricity 2,100 | MWh
Solar electricity 2,418 | MWh
Subtotal 4,518 | MWh/yr
Electricity Demand 1,778 | MWh/yr
Balance 2,739 | MWh/yr

COMMERCIAL MODEL

The capital cost for this integrated system has been estimated to be $13,000,000 at 30% accuracy

based on Enerbi’s experience and recent work. The breakdown of this capital cost is shown in Table

27 and Figure 26.

Table 27: Capital cost breakdown

Category Amount Comment

Activated carbon and char equipment $2,500,000 | Estimate for 0.2T/hr product
Cogeneration $2,200,000 | Based on 0.3MW

Solar $1,200,000 | Based on 1.2MW ground mount
Inverter battery $2,300,000 | IMW and 5MWh

Hot water boiler $300,000 | Back end

Dryer and chipper $900,000 | Flow dryer and rotary

Shed $900,000 | 1000m2 roof and concrete
Install $500,000 | Estimate for 0.7T/hr product
Project expenses $1,000,000 | Project management and shared
Field biochar $400,000 | Charboss machine

Sawmill $800,000 | Simple mill

Total $13,000,000
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Capital Cost Breakdown

B Activated Carbon and Char
Equipment

B Cogeneration

m Solar

H Inverter battery

B Hot water boiler

® Dryer and chipper

B Shed

H Install

B Project expenses

H Field biochar

B Sawmill

Figure 29: Sawmill, AC and Clean Firm Power Capital cost

The capital cost was used in conjunction with the mass and energy balance summarised in the
previous section and the assumptions summarised in Table 28 to undertake high level financial

modelling of this production system.

Table 28: Commercial Assumptions

Inputs
Bio-char price $250 | $/T Gate value based on Puro. Earth Corc price buried on island
Activated carbon price $2,000 | $/T Estimate of achievable sale price in bulk bags
Biomass (fibre price) S80 | S/T Average value indicating high cost of harvest
Trash price $20 | S/T Collect and feed in-field char system
Specific maintenance cost S80 | S/T All in cost for AC and Cogen system per T of AC and char
Sawn timber sale price $900 | /T Wharf gate price for high value architectural wood
Cogen maintenance cost $0.03 | $/kWh
Biomass fuel sales $300 | /T Dry, sized woodchip sale price for diesel replacement
Power sale price to Pirlangimpi $300 | S/MWh | 30% saving compared to diesel
AC Packaging cost S50 | S/T Bulk bag plus pallet
Labour cost $94,500 | FTE Wage, including super (average across all labour units)

The outcomes of the financial modelling are summarised in Table 29. Regarding labour cost it is
estimated that there are 8 labour units — 5 per day shift, 3 on night. The depreciation is based on 20

year asset life.
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Table 29: Outcome of the financial modelling

COSTS
Stem fibre cost (Sawlog + AC) $2,200,000
Trash harvest cost $165,000
Annual labour cost $756,000
Activated carbon packaging $48,738
Depreciation $650,000
Cogeneration maintenance cost $63,000
Sawmill Maintenance cost $45,000
Char/AC maintenance cost $200,158
Other operating costs $200,000
TOTAL OPERATING COSTS $4,327,896
REVENUE
Activated Carbon $1,949,538
Sawn Timber $1,350,000
Bio-char $590,298
Timber fuel sales $1,155,000
Electricity sales to Pirlangimpi $821,787
TOTAL REVENUE $5,866,624
GROSS MARGIN $1,538,728
IRR 8.2%

Due to the potential benefits of this system to the island it is highly likely that it would attract some

grant funding. It is understood that $5 million of funding has been awarded to Project E for an

Activated Carbon plant on the island. If this grant was to be allocated to a project like this the capital
cost would reduce to $8 Million with an IRR of 21%.

Next steps would require further investigation into:

e Currently available milling resources (A. mangium, native hardwood and other existing
plantation species) on the island to determine scale.
e Ability to finance diesel augmentation with gasification-based systems and create demand

for chip on island (see Table 11).

e Develop commercial funding model:

o

o

o

Offtake for voluntary carbon credits (puro.earth)
Offtake for Activated Carbon
Power Purchase Agreements (PPA) for electricity sales based on diesel offset.
Sawn timber offtakes.
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DOUGLAS-DALY REGION

The Douglas-Daly region is a growing horticultural region that contains the African Mahogany and
Sandalwood resources. To create value from the African Mahogany resource we have developed a
hub model as the most viable way forward. The core process in this hub is either milling or
veneering, with residues converted into energy and biochar.

The hub concept is summarised graphically in Figure 30. The aim of the hub is to create a single
location where all biomass sources are delivered and processed to maximise economies of scale and
provide a platform for future growth.

The African Mahogany, native hardwood (from land clearing) and rosewood host trees (after
sandalwood harvest) are merchandised, with quality sawlogs (>3m) sent to the sawmill. Shorter logs
(<3m) are sent to the veneering line or sold for furniture manufacturing. Chip residues from the mill
and veneering line (e.g.: flitches, end cuts, cores etc...) are sent to the cogeneration system, while
sawdust, bark and all other residues are provided as feedstock for the biochar plant.

Once there is some sandalwood available, there is potential to manually process this on the same
site to separate into heartwood and sapwood and increase value.

The hardwood mill products are produced for the Australian market to be sold as high-quality timber
products under the Northern Territory brand. The veneer would be either dried and manufactured
on-site or packed ready for transport to Adelaide for innovative manufacturing (e.g.: 3RT).
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Figure 30: Douglas-Daly processing Hub

The char system is oversized to take in harvesting residues (thinning, bark, twigs etc...) that are
chipped in field as well as cotton trash. These additional residues including others from the town of
Katherine provide increased scale for the char plant. The char is returned to the soil adding nutrients,
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carbon and structure to the soil and providing value to the horticultural producers while also
generating income through carbon credits. The heat from the biochar plant and the electricity/heat
from the cogeneration system are used within the timber processing operations (e.g.: drying) and
available to other hub members, i.e. Cotton Gin and in the case of the electricity available for sale on
the NT electricity network.

We have identified 3 locations for the processing hub:

- Adelaide River,
- Cosmo mine-site, and
- The WANT cotton gin.

Considering the overlay of transport distance, access to labour, ability to sell heat and electricity we
believe the cotton gin offers the best option, for the following reasons:

- Proximity to Katherine for labour.

- Potential offtake of heat/electricity.

- Availability of other residues i.e. cotton trash and land clearing residues.

- Existing transport operations and direct Stuart Highway access.

- Access to electricity network through existing site connection and potential for ‘behind the
meter’ connection.

- Link to growing horticultural industry for biochar use.

The following section considers the potential size and scale of this type of facility.

MASS AND ENERGY BALANCE
The mass and energy balance for the timber hub is shown in Figure 32. The key assumptions in this
model are summarised in Table 30.

Table 30: Inputs to Douglas Daly Model

Inputs
Char Yield 28%
Char machine heat rate 1.25 | kW/kg
Cogen heat rate 1.9 | MWth/MW
Cogen char yield 2% | Of incoming
Cogen consumption 0.8 | kg/KWh
Cogen wood MC 9% | Wet basis
Cogen plastic consumption 0.4 | kg/kwh
Solar Capacity factor 23%
Dry wood energy value 17 | GJ
Ratio of harvest residue to sawlog 20%
Sawmill yield from log 30%
Veneer yield from log 55%
Biomass MC 45% | Wet basis
Green conversion 1.1 | T/m3
Chip proportion of residue from mill/veneer 90%
Veneer dryer heat consumption 0.25 | MWu/m3in
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is representative of the WANT gin. These assumptions are summarised in Table 31.

Table 31: Cotton gin energy consumption

Gin energy data®’

Throughput 51 | bales per hour
Heat 60 | MJ/bale
Electricity 41 | kWh/bale
Thermal Power 850 | kWi
Electrical Power 2091 | kW
Gin throughput data®®
Cotton bale weight 227 | kg/bale
Cotton mass throughput 11.6 | T/hr
Seed 53% | Of module
Lint 37% | Of module
Trash 10% | Of module
Product Bales per module 3.8
Module weight 2331 | kg
Modules throughput 313 | T/hr
13.4 | Modules/hr
Trash 233 | kg/module
Trash/hr 3,129 | kg/hr
Plastic wrap per module 3.8% | Kg/module
Annual metrics

Season length (Mar-Sep) 2,157 hrs/year
Thermal energy 6,600 Gl/yr
Electrical energy 4,510 MWh
Cotton 110,000 | Bales/yr

24970 | T/yr
Modules 28,947 | Modules/yr
Incoming 67,486 | T/yr
Seed 35,768 | T/yr
Cotton Lint 24,970 | T/yr
Trash 6,749 T/yr
Plastic wrap 110 T/yr

Australia, Biosystems Engineering

8 Taken from https://cottonaustralia.com.au/assets/general/Education-resources/CA-resources/Education-

57 Taken from Gin F in Ismail, S.A., Chen, G., Baillie, C., Symes, T., 2011 Energy uses for cotton ginning in

Kit/2021-Education-Kit/Educational Kit Cotton Australia Chapter07.pdf and

https://polytex.net.au/product/round-module-cotton-wrap

59 https://www.crdc.com.au/keeping-eye-module-wraps-17-april-2019

In addition to these inputs, we have modelled the energy consumption of a typical cotton gin which
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For reference a bale is the final product of pure lint, weighing 227kg, while the module is the raw
harvest product containing seed, lint and trash and weighing between (2000-2300kg) as shown in
Figure 31.

Module

Figure 31: Cotton module vs cotton bale
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Sawlog

Timber product Inputs

Mill Veneer

Vol feed 12,000 10,000 [mfyr
Mass feed 13,200 11,000 |T/yr
Fiber 7,260 6,050 |T/fyr

Veneer log

Timber Qutputs

'—{ Saw mill

Veneer
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T Ki
Tfyr L J
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Biochar 924 485 [Ty
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Cogen wood 12,771
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Cogen Power cutput 1316(kW
Cogen 13 MW
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Figure 32: Mass and energy balance for timber hub at WANT cotton gin

Dryer feeds

Timber | Veneer |Biochar |Cogen Unit
Flow 1 2 5 182 |T/hr
Input MC 45% 45% 45% 45%  |Wet
Flow Fiber 0.8 12 25 100 |T/hr

Heat Demand

Timber | Veneer |Biochar |Cogen Gin Unit
Demand 0.6 0.9 1.9 0.8 0.85|MWth
Produced 0 0 3.4 25 O{MWth
Met -0.6 -0.9 1.5 1.7 -0.9 |MWth
Balance 10|MWth

Diryer Qutput
Biochar |Cogen Unit
Flow 0.8 1.3 2.7 1.1 T/hr
MC 5% 5% 5% 9% [Wet
Flow Fiber 0.8 12 25 100 |T/hr
Products

Timber | Veneer |Biochar |Cogen
Product 1.25 1.51 0.8 0.022

mfhr | m/hr T/hr T/hr
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The incoming cotton modules are covered in plastic wrap during harvest to assist in transport and

protect from weather. This wrap is a waste product that can be recycled®® by polymer processors in

Melbourne, however, the tyranny of distance for the NT gin would result in this residue being sent to

landfill. If gasification equipment was installed at the gin the waste plastic could be shredded and co-
fed with the woodchip into the gasifiers.

The annual operating hours, key operating metrics and electrical energy consumed in the process are
summarised in Table 32, Table 33 and Table 34

Table 32: Douglas-Daly operational hours

Douglas-Daly operational hours
Gin Operational hours per year (Mar to Sep based on throughput) 2157 | hrs/yr
Cogen operational hours per year (24/7 with downtime) 7000 | hrs/yr
Timber and biochar operational hours per year (5x12, 48 weeks) 2880 | hrs/yr
Table 33: Timber hub at gin key metrics
Metrics
Log feed 24,200 | T/yr
Residue fibre feed 4,840 | T/yr
Total offsite feed 29,040 | T/yr
Biochar production 2,201 | T/yr
Milled Timber Production 3,600 | m3/yr
Veneer production 5,500 | m3/yr
Overall Heat demand normal 4.1 | MWy,
Overall Heat demand with gin 4.9 | MWy,
Overall Electrical demand 887 | kW
Overall Electrical demand with gin 2978 | kW
Table 34: Timber hub — electrical load calculation
Equipment Qry Ililae;t(rll(;a\ull) Su(bk-x)t = Capacity :-I?\il‘;
Hammer mills 1 120 120 80% 96
Char rotary dryer 1 100 100 90% 90
Sawmill 1 250 250 80% 200
Veneering 1 250 250 80% 200
Char machine 1 150 150 75% 112.5
Char Sizing and press 1 100 100 70% 70
Conveyors 8 5.5 44 90% 40
Air compressor 1 37 37 50% 18.5
Lights and GPO 1 20 20 90% 18
Total 845
Losses 5%
Actual 887

60 https://www.facebook.com/CottonAustralia/videos/ever-wondered-what-happens-to-your-plastic-module-

wrap-at-the-end-of-each-season/834584505187525/
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From an annual energy balance perspective, the Clean Firm Power system in conjunction with the
heat available from the char kilns provides >100% more heat than required by the hub and >64% of
the electrical energy. The excess heat is mainly from the cogeneration system running 24/7 for most
of the year and outside of the ginning season, this will most likely not be used. The electricity,
however, can be sold to the network. In the ginning season there will be insufficient capacity to meet
all the site demand, however, the combination of the cogeneration and inverter/battery will allow
the site to present a consistent load to the network and reduce demand during peak times and
charge when excess power is available. Outside of the ginning season it is likely that this system
could export power between 0.7 and 2MW for grid sales and frequency/voltage support.

Long term we see an opportunity to provide grid stabilisation functionality for NT Power and Water.

Table 35: Clean Firm Power Energy balance

HEAT
Heat Produced
Cogeneration 63,029 | Gl/year
Bio-char kiln 35,378 | Gl/year
Subtotal 98,406 | Gl/year
Heat Consumed
Timber 5,891 | GJ/year
Veneer 9,000 | GJ/year
Biochar 19,668 | GJ/year
Cogeneration 7,945 | Gl/year
Gin 6,600 | GJ/year
Subtotal 49,103 | GJ/year
EXCESS AVAILABLE 49,303 | GJ/year
ELECTRICITY
Electricity Produced
Cogen electricity 9,215 | MWh
Solar electricity 2,418 | MWh
Subtotal 11,632 | MWh/yr
Electricity Consumed
Hub 2,554 | MWh/yr
Gin 4,510 | MWh/yr
Subtotal 7,064 | MWh/yr
EXCESS AVAILABLE 4,568 | MWh/yr

COMMERCIAL MODEL

The capital cost for the timber processing hub has been estimated to be ~$26,500,000 at 30%
accuracy based on Enerbi’s experience and recent work. The breakdown of this capital cost is shown
in Table 36 and Figure 33.
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Table 36: Capital cost breakdown for Timber hub

Category Amount Comment

Biochar $1,500,000 | Estimate for 0.7T/hr product
Cogeneration $7,200,000 | Based on 1.5MW

Solar $1,100,000 | Based on 1.2MW ground mount
Inverter battery $2,300,000 | 1MW and 5MWh

Hot water boiler $600,000 | Char back end

Timber $4,000,000 | Mill and kiln

Veneer $4,166,667 | Veneer line and dryer

Shed $3,000,000 | 2500m?2

Install $1,100,000 | Electrical and mechanical
Project expenses $1,500,000 | Project management

Total $26,466,667

Capital Cost Breakdown

M Biochar

W Cogeneration

m Solar

M Inverter battery

m Hot water boiler

= Timber

W Veneer

B Shed

H Install

B Project expenses

Figure 33: Timber hub capital cost breakdown

The capital cost was used in conjunction with the mass and energy balance summarised in the
previous section and the assumptions summarised in Table 37 to undertake high level financial
modelling of this production system.
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The outcomes of the financial modelling are summarised in Table 38. Regarding labour cost it is

Table 37: Commercial Assumptions

Inputs
Bio-char price $250 | S/T
Stem wood harvest cost, delivered S80 | S/T
Residue wood harvest cost, delivered S40 | S/T
Labour cost $94,500 | FTE Wage
Sawn timber wholesale price (gate) $900 | $/m3
Veneer wholesale price (gate) $900 | S/m3
Cogen maintenance cost $0.03 | S/kWh
Timber specific maintenance $14.20 | $/m3 product
Electricity sales to grid including LGC $150 | S/MWh
Electricity sales to gin $200 | S/MWh
Heat sales to gin $20 | S/GJ

estimated that there are 18 labour units on a day shift. The depreciation is based on a 20-year asset

life.

The return on investment of >14% without grant funding indicates the benefits of this integrated

Table 38: Outcome of the financial modelling

COSTS
Stem fibre cost (Sawlog) $1,936,000
Biochar fibre cost $193,600
Cogen feed cost SO
Annual labour cost $1,701,000
Depreciation $1,323,333
Veneer and saw line Maintenance $182,000
Cogen maintenance $276,441
Biochar maintenance $100,000
Other operating costs $300,000
TOTAL OPERATING COSTS $6,012,374
REVENUE
Veneer $4,950,000
Sawn Timber $3,240,000
Biochar $550,324
Electricity sales to network $685,258
Electricity sales to gin $902,000
Heat sales to gin $132,000
TOTAL REVENUE $10,459,582
GROSS MARGIN $4,447,208
IRR 14.6%

model to utilise the Mahogany resource, it also provides opportunities to add value to the native logs
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from land clearing and rosewood from the sandalwood plantation. For this commercial model to
progress the following steps need to be taken:

- Confirm supply agreement for timber.
- Confirm offtake for hardwood timber —i.e. flooring/furniture
- Confirm offtake for Veneer — For example 3RT in Adelaide
- Develop funding model, for example:
o Cogeneration funded by power purchase agreements.
o Timber (mill and veneer) funded on the basis product offtake agreements.
o Biochar funded on the basis of carbon credit revenue.
- Determine grid revenue for providing energy and support services.
- Discuss commercial terms with WANT cotton gin for co-location, energy sales and trash use.
- Develop offtake agreements for biochar with farmers (could be symbiotic with cotton).
- Progress certification for biochar with puro.earth.
- Investigate opportunities for grant funding (Territory/Federal).

ORD VALLEY REGION

The Ord Valley region is like the Douglas-Daly, however, there is no African Mahogany resource and
more agricultural residues available.

Recent success in cotton has resulted in the establishment of a new gin in the Ord Valley region and
a likely return to row cropping over time of existing sandalwood plantations®!

It is possible that a similar hub concept could be developed in the Ord Valley, likewise, co-located
with the gin, however, there would be no veneering or timber resource. Instead, the site would
consist of a sandalwood processing site with host trees used for bioenergy — a further challenge is
that the value of the electricity is low as it is already available from the hydro-electric scheme in the
Ord Valley region.

EAST ARNHEM LAND

Nhulunbuy already has a timber mill operated by the Gumatj corporation. From all reports this
business can sell all timber produced and challenges are related to the tyranny of distance to market,
reliable labour and consistent wood supply. Although the Nhulunbuy operation is technically out of
the scope of this report, as they are not part of the hub, we believe there is a significant opportunity
for the following:

- Increase scale of timber mill throughput,

- Improve market awareness by becoming part of the Indigenous hardwoods brand.

- Use timber residues for bioenergy production that is complemented by solar PV and battery
to offset diesel generation.

It is our view that the returns will be very favourable due to the high cost of diesel generation.

51 Ord River Irrigation Area (ORIA) Farming Facts, 2024, ORDCO,
https://images.impartmedia.com/visitkununurra.com/2024/0ORIA Farming Facts Letter Head - 2024.pdf
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CONCLUSION

This report has identified potential pathways to creating value from the existing forestry assets in the
NT. We have distilled this into the following recommendations for federal government policy and
action by the hub under potential extension roles as well as actions for forestry industry
stakeholders according to the different regions:

1. Overall:

a. Engage with FIANT to outline how the development of an indigenous product/brand
for hardwoods would create market pull for high value timbers for architectural
purposes and reduce barriers to entry for potential small NT sawmills (Gumat;j,
Douglas-Daly, Darwin and Tiwi Islands).

b. FIANT to champion/drive/devote resources to the development of an indigenous
hardwood brand.

c. NT and Federal government to develop procurement policy that rewards the use of
local construction materials in building especially for government buildings and
remote communities ‘local resources for local jobs’.

2. Tiwilslands Island:

a. Federal Government department who has already provided grant (DAFF) to ensure
grant funding (Project E) considers the benefit of integrated processing outlined in
this report.

b. The NT Department of Mining and Energy, office or Remote Power Systems
Sustainable Energy Developments creates policy that preferentially procures locally
produced bioenergy over imported diesel.

c. Tiw Plantation Corporation and FIANT to support and promote the use of
demonstration equipment for gasification and power generation at the Tiwi college
(Pickertaramoor). This could also offset diesel consumption for power at this site and
provide training opportunities for students.

3. Douglas-Daly:

a. NT and federal government departments specifically (NT DAF-Agribusiness, NT
Department of Mining and Energy) and NTOVFH to support mutually beneficial
collaboration between agricultural and forestry industries, potentially through
quarterly meetings. Focusing on developing structures and/or policy that supports
mutually beneficial outcomes:

i. Identify grant funding opportunities and foster collaboration of industry
association and industrial players (e.g.: potential to seek funding for a
processing hub under the regional precincts and partnerships program —
stream 2 grant program from the federal government, this opportunity was
discussed with Jessica Brown, NTG agribusiness project officer during the
round table meeting in October 2024.)

ii. Helping farmers/landowners understand the financial and yield benefits of
recycling residues via Biochar to improve soil (e.g.: case studies, factsheets,
workshops from Australia New Zealand Biochar Industry Group (ANZBIG) in
the Douglas-Daly) etc....

iii. Supporting use and sale of renewable energy from residues (Department of
Mining and Energy).
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iv. Identifying and progressing trials of new fibre-based crops that complement
or enhance existing cropping systems (see Appendix 1).
v. Support FIANT in development of timber processing hub potentially at
WANT cotton gin under existing grant funding schemes and through
partnership with NT government departments (agriculture focused) to seek
federal funding.
vi. Progress structures for power offtake with retailers and ultimately NT power
and water for excess power at the hub.
vii. Clarify ability to use timber from selective logging and land clearing including
generation of fact sheets and information memorandums.
b. Industry partners and members of FIANT to champion lead roles in applications for
funding identified and promoted by the hub and government departments.
4. Ord Valley:
a. NTOVFH to maintain communication and support collaboration with Indian
Sandalwood Farming and Apical.
b. NTOVFH and FIANT to promote the use of processing sandalwood tree residues and
host trees for value added manufacturing — timber products, energy and biochar.
5. Gumat;j:
a. NTOVFH and FIANT to promote to Gumatj and use of sawmill residues for biomass
power to offset diesel and potential adoption of indigenous hardwoods brand.
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APPENDIX 1- Bamboo Potential in the Douglas Daly

The preceding resource assessment highlighted the challenges of growing forestry crops in Northern
Territory savannah climates like the Douglas-Daly. The high annual rainfalls characterised by long dry
seasons and short wet seasons results in challenging growth conditions for forestry.

When compared to the annual harvest from cotton, one of the major challenges with traditional
forestry species is the continued cash outflow for >20 years until harvest. Globally there has been a
shift to fast growing Eucalyptus species (like Bluegum) that can reach sufficient maturity for harvest
in 10-12 years in suitable climates. These species are not suited to the savannah climate in the Daly,
but to compete in a global forestry market and compete with cotton for land a similar yield outcome
and harvest timeline better suited to the climate in the Douglas-Daly needs to be identified.

In considering potential options, we focused on species that have high annual yields, a short time to
harvest, are suited to extended dry seasons and can be used in building products. Three species were
identified outside of traditional forestry options:

- Hemp,
- Kenaf, and
- Clumping Bamboo.

Out of these, clumping bamboo offered many benefits including:

- It produces a wood like fibre with high utilisation potential (i.e. laminated panels).

- Thereis an annual harvest after 4-6 years®,

- Itis successfully grown in Savannah climates (e.g.: Southern Amazon) and in Darwin (see
Figure 34).

- It has a high yield potential of greater than 25 T/ha (dry matter) for the right variety in the
right climate®,

- Long plantation life of 28-60 years® depending on the variety without the need to replant.

- It has a proven high carbon drawdown equivalent to fast growing Eucalypts (e.g. E. globulus)
and much better than traditional northern hemisphere sawn timber species (see Figure 35
and associated references).

- Extensive product range options including pulp (e.g. bamboo toilet paper) to innovative
building products (e.g.: Bamcore®).

62 Harvesting and yield of Bamboo, Bamboo Technical Support Group (BTSG — KFRI)
https://www.bambooinfo.in/cultivation/harvesting-and-yield-of-bamboo.asp

63 Bamboo Analyzing the potential of Bamboo feedstock for the biobased economy, 2013, NL Agency, available
from https://edepot.wur.nl/381054

54 Discussion with Berry Springs bamboo farm.

55 https://www.bamcore.com/
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Figure 34: Clumping Bamboo at the Berry Springs Bamboo farm in Darwin

It is typical to harvest 25-30% of the culms (bamboo trunks) every year once they reach maturity (4-6
years). At the Berry springs farm in Darwin we were shown culms that had grown to 5m within 3

weeks.
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Figure 35:Comparison of bamboo (Guadua angustifolia®® vs traditional American sawn timber) for CO2
removed.

% Columbian giant thorny, a type of clumping bamboo
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Bamboo is growing in popularity globally as a building material due to its high strength and
versatility. An example of this is Californian company Bamcore who uses both bamboo and
eucalyptus products in a structural panel that is used in its rapidly constructed houses. These types
of products offer genuine innovation in building reducing on-site construction time and providing
long term carbon storage due to the short rotation periods of both Bamboo and Eucalyptus®’.

By establishing the timber hub in conjunction with the cotton gin there is potential to trial bamboo
as a new, high yielding fibre source for innovative building products. A planted area of 5000ha (< % of
the current sandalwood and mahogany estate) could provide 100,000T/yr of bamboo after 7 years
which is sufficient volume to justify a panel factory for production of building panels for low-cost,
low carbon housing in the NT and Southern Australia.

Due to this high potential, we strongly recommend a trial plantation of clumping bamboo and
exploration of innovative building product manufacture in conjunction with the timber hub.

7 https://www.bamcore.com/ files/ugd/77318d ea3d51972e7440e49ba99dede6082d5e.pdf and
https://www.bamcore.com/ files/ugd/77318d 568cbad9ac2e443e87d69011ce5f48b2.pdf?index=true
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