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Walkabout Resources Ltd (ASX: WKT)

LOW COST, HIGH QUALITY NEAR PRODUCTION GRAPHITE
Walkabout Resources Ltd (“Walkabout” or “the Company”), has recently completed a 
positive, robust definitive feasibility study on its currently 70% owned Lindi Jumbo Graphite 
Project (“Lindi” or “the Project”) in southern Tanzania, and is now moving towards 100% 
ownership and development, with first production planned in 2020. The Company is currently 
concentrating activities on permitting, obtaining finance and negotiating offtake agreements. 
Lindi is characterised by having amongst the lowest operating costs and capital intensity 
amongst its peers, as well as the highest grade and one of the best quality products of those 
published in development studies for other similar planned operations.

KEY POINTS
High Grade Resource: With a mining inventory grading at over 16% TGC, and able to support 
a 20 year, 40,000tpa concentrate operation, Lindi is one of the highest grade advanced 
graphite projects globally.

Industry Leading Metallurgy: Results of metallurgical test work to date have shown the 
potential to produce high quality concentrates using standard beneficiation and concentration 
techniques – tests have shown flake size distributions with +75% of flake of large size or 
larger reporting to a clean concentrate with a grade of higher than 96% TGC that should 
demand premium pricing, and that makes the product suitable for most applications.

Low Initial Capital and Capital Intensity: The high grade resource allows for a relatively 
small plant for an equivalent concentrate production when compared to other players, 
and this will significantly reduce up-front capital – Lindi’s capital intensity is the lowest of 
any peers with published development studies – this is also reflected in a high NPV/capex 
multiple.

Low Opex: Likewise, given the grade, and despite the relatively low RoM throughput, 
estimated operating costs are amongst the lowest of the Company’s peers, and make the 
Project financially very robust and very competitive.

Resource Expansion Potential: The current mining inventory is based on Measured and 
Indicated Resources only – there is significant scope to expand these through upgrading of 
current Inferred Resources and additional expansions through drilling along strike and down 
dip of the current resource.

Exploration Potential: Exploration work has highlighted additional areas that have the 
potential to host significant additional mineralisation.

Close to Infrastructure: Lindi is only 200km from the port at Mtwara, with 60km via all-
weather dirt roads and 140km on sealed highway.

Experienced and Committed Personnel: Company personnel, including consultants, have 
extensive industry experience in varied regions and commodities, and also hold ~5.5% of the 
Company, thus aligning their aims with those of share holders.

Steady News Flow: We expect to see ongoing news flow, largely with regards to offtake, 
financing and permitting – in addition exploration at the other prospects will also be ongoing.

VALUATION - $0.62/SHARE
We have undertaken a valuation for Walkabout, using a geared, after tax NPV10 valuation for 
Lindi risked for project stage. This results in a Company value of $119 million to $212 million, 
with a midpoint of $166 million assuming 100% ownership. Using a diluted share base of 
255.6 million shares from our conceptual 70:30 debt:equity funding model results in a current 
base case midpoint value of $0.62/share.

We see upside in this with project advancement, particularly with regards to offtake and 
financing.

The  investment opinion in this report is current as 
at the date of publication. Investors and advisers 
should be aware that over time the circumstances 
of the issuer and/or product may change which 
may affect our investment opinion.

Senior Analyst – Mark Gordon
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SWOT ANALYSIS

Strengths

 � Advanced and largely technically de-risked project: With Lindi being now being in the 
financing and permitting stage, the Project is well advanced.

 � High grade resource: At a grade of 16.2% the mining inventory, sufficient to support a 
20 year 40,000tpa concentrate operation, is one of the highest in our universe of graphite 
companies.

 � Excellent metallurgy: Results of metallurgical test work to date have been positive, 
indicating that close to an industry best product can be produced and should be 
eminently saleable and demand premium pricing.

 � Low Cost: The estimated near industry low capital intensity and operating costs provide 
for a very robust project with forecast excellent returns even using conservative product 
pricing.

 � Experienced people with skin in the game: Company personnel have significant 
experience in the resources game, and between them hold around 5.5% of the 
Company.

Weaknesses

 � Current small resource when compared with peers: In our view this is actually not 
a weakness given the results of the DFS, but some judge resources on size, and not 
quality – the resource supports the Company’s strategy, and there is good upgrade 
potential.

 � Relatively narrow high grade mineralisation: Given the generally narrow (~5m) 
thickness of the high grade mineralisation, care will need to be taken when mining to 
avoid potential dilution; however on the positive side the low mining rate (~260,000tpa) 
and mineralised wall rocks should help counter this.

Opportunities

 � Expansion of current resources: Ongoing work has identified the potential to increase 
resources, which, if some are converted to reserves or mineable resources will 
help project economics, and allow for expansion through a longer mine life or higher 
throughput .

 � Downstream processing: A number of other companies are looking at the potential for 
value add downstream processing of graphite – this is an option not considered thus 
far in Walkabout’s plans, but could provide considerable financial upside to the already 
robust strategy.

Threats

 � Offtake and Financing:  Given the stage of the project these are the main threats – the 
Company is one of a large number of graphite hopefuls looking for partners and capital 
in a relatively limited pool, however Lindi is strongly differentiated given the quality of 
product and the estimated strong financial returns.

 � Tanzanian regulatory changes: We have recently seen Tanzania place a sudden ban 
on the export of concentrates, and thus look to have downstream processing in-country 
– this has been applied to gold/copper and nickel, however the status of graphite is 
uncertain at the moment – a factor to be considered is that graphite concentrates could 
sometimes be considered as a finished product as they can be directly used in some 
end-user applications. Should the laws apply to graphite the Company will need to look 
at some downstream processing which will add to required capital and project time lines, 
however on the flip side such downstream activities have the potential to significantly 
add to value - the Company will be keeping a close watch on developments with regards 
to this situation.
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OVERVIEW

STRATEGY AND PROJECT OVERVIEW

 � Walkabout’s activities are focussed on their 70% owned (soon to move to 100%) 
Lindi Jumbo Graphite Project, located within 200km of the port of Mtwara in southern 
Tanzania.

 � The Company has recently completed a definitive feasibility study (“DFS”) which points 
to a high grade, low cost operation, with, in our analysis, the lowest capital intensity and 
amongst the lowest operating costs of any of the current advanced graphite projects 
owned by ASX-listed companies.

 � The Company is looking at a relatively small (40,000tpa) start-up operation, which will 
be able to be expanded should market conditions permit – the small size and high grade 
lead to the expected low capital requirements and the potential for a quick development 
start-up – key planks in Walkabout’s strategy.

 � Walkabout also holds a 100% interest in the Takatokwane Coal Project in south-eastern 
Botswana; however this is of a secondary priority, and will not be covered in detail.

 – In 2012 the Company announced a JORC compliant Inferred Resource of 6.9Bt of 
thermal coal, with expected yields of 52.6% to a washed resource of 3.6Bt – the 
overall resource includes 478 million tonnes of Indicated Resources.

 – Due to the low coal price and lack of rail infrastructure Takatokwane operations are 
currently suspended, however Botswana, Mozambique and Zimbabwe have recently 
signed a Memorandum of Understanding (“MoU”) reviving a plan to build a railway 
linking Francistown in Botswana  to the Port of Techobanine in Mozambique, with the 
line going through Bulawayo.

 – Such a line, should it actually be built, along with other planned lines to Namibia, 
could potentially make Takatokwane viable given the right coal prices.

 � The Company also has a number of licence applications for lithium in the Strathmore 
Pegmatite Belt of central Namibia.

FINANCIAL POSITION

 � As of December 31, 2016 the Company had $0.434 million in cash and no debt.

 � Since January 1, 2016, the Company has raised $4.823 million (before costs) in four 
raisings:

 – Q1, CY2016 – A placement ($216,000), SPP ($403,750) and SPP shortfall placement 
($445,553) all at $0.0032/share pre-consolidation – this is equivalent to $0.0736/
share post the December 2016 23 for 1 consolidation.

 – Q2, CY2016 – An oversubscribed placement to sophisticated and professional 
investors raised $1.292 million at $0.005/share ($0.115/share post consolidation).

 – Q4, CY2016 and Q1, CY2017 – A 1 for 4 rights issue and shortfall placement of 
$1.761 million at $0.004/share ($0.092/share post consolidation) – this included one 
free attaching option, with an exercise price of $0.006 ($0.138 post consolidation) 
and an exercise date of on or before October 18, 2017.

 – - Q1, CY2017 – A placement to sophisticated investors raised $0.704 million under 
the same terms as the preceding rights issue.

 � Although not currently in the money, the 26.8 million $0.138 options have the potential to 
bring in $3.7 million should they be converted.

 � Over the 12 months to December 31, 2016 Company spent $2.346 million on exploration 
and development activities, and $0.746 million on staff and administration costs.

LINDI JUMBO GRAPHITE PROJECT (WKT – 70%, MOVING TO 100%)

Location and Tenure

 � Lindi comprises four granted Prospecting Licences (“PL”) for 325km2 in south-eastern 
Tanzania (Figure 1). The tenements are located some 75km west of the coastal town of 
Lindi, and around 200km by road to the Port of Mtwara. The westernmost tenement is 
contiguous with Magnis Resources’ (ASX: MNS) Nachu Project, held under an SML.
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 � The Company initially signed an option to Joint Venture the four tenements with a 
Tanzanian national in November 2014, with exercise of the option announced on May 
13, 2015. Under the agreement Walkabout can earn 70% in each of the tenements 
through the estimation of a JORC (2012) compliant Inferred (or better) Mineral Resource; 
however, there is no obligation to accept all tenements.

 � The JV partners are free carried to a decision to buy them out at a predetermined price 
of US$1m per licence. The “Buy-Out” decision is severable, with all licences treated 
separately, and hence it is possible that the Company may only purchase one or two 
licences and release the rest. 

 � The Company can exercise its “Buy Out” option of any tenement at any time, but until it 
does the agreement also specifies the following payments:

 – US$50,000 on signing of JV agreement – paid.

 – 1st year anniversary of signing - US$100,000 per licence that the Company decides 
to proceed with, payable 50% in cash and 50% in shares at a price equivalent to the 
14 day VWAP prior to the payment date – paid.

 – 2nd year anniversary of signing - US$150,000 per licence that the Company decides 
to proceed with, payable 50% in cash and 50% in shares at a price equivalent to the 
14 day VWAP prior to the payment date – due May 2017.

 – 3rd year anniversary of signing - US$250,000 cash per licence that the Company 
decides to proceed with – due May 2018. 

 � The Company has now earned 70% of the Project, with the transfer of the Licences 
completed by the Ministry of Mines in Tanzania.

Figure 1: Lindi Project location map

 �
Source: Walkabout

Work by Walkabout

 � As far as the Company is aware, no previous exploration for graphite has been carried 
out in the Project area.

 � The Company has made excellent progress at Lindi since executing the MoU to acquire 
the Project in May 2015, having now completed a DFS within two years of acquisition. 

 � Initial work completed by Walkabout included geological mapping and geochemical 
sampling, which identified extensive areas of graphite mineralisation, from which two 
priority areas for follow up by airborne VTEM surveying were selected – the VTEM survey 
areas are annotated as “Phase 1” and “Phase 2” in Figure 2. 

 � The VTEM surveying has proved to be an excellent exploration tool, highlighting areas of 
graphite mineralisation.

 � Of these, Phase 1, situated immediately to the east of Magnis’ Nachu Project, was 
selected for the initial drilling programme, which comprised 21 reverse (“RC”) circulation 
holes for 1,256m and three diamond (“DD”) holes for 215m.

 � This formed the basis of an initial Mineral Resource Estimate (“MRE”), released to the 
market in January 2016, with estimated Inferred Resources of 15.3Mt @ 10.1% TGC.
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 � This was followed by a second resource expansion and infill drilling programme, which 
included 19 RC drillholes for 1,393m and five DD holes for 343m, which was used for the 
December 2016 resource upgrade (29.6Mt @ 11.0% TGC, detailed later).

 � Other work has included ongoing metallurgical test work which has returned very 
positive results.

 � The results of this and ongoing engineering work have been used in the scoping study 
(completed in June 2016) and the DFS (February 2016, discussed below).

 � Other work has included trenching (three trenches) over the proposed Gilbert Arc 
area starter pit (which has confirmed grades and thicknesses of mineralisation), and 
exploration work over the Phase 2 eastern geological and EM anomaly.

Figure 2: Lindi tenements and key target areas

Source: Modified from Walkabout

Geology and Mineralisation

 � The regional geology includes units of the Paleoproterozoic Usagaran Belt, with an age of 
between ~2,000 and 800Ma, which outcrops to the west of the Project area, occurring 
on the eastern side of the Tanzanian Craton. 

 � This was deformed by the Pan-African Orogen, which has an age of between ~600 and 
~500Ma, and occurred as a result of the closing of the Mozambique Ocean, with the 
orogenic areas termed the Mozambique Belt, over which the Project lies. 

 � In addition to the reworked cratonic units, the Mozambique Belt also contains granites, 
rift margin sediments and passive margin metasediments from the early Neoproterozoic 
continental margin, with ages of between 1,000 and 541Ma.

 � Lithologies in the region are dominated by undifferentiated metasediments, graphitic 
schist and gneisses, amphibole and biotite gneisses and quartzites, all metamorphosed 
to amphibolite and granulite grade. Minor units include ultrabasic intrusives, pegmatites, 
marbles and limestones.

 � Graphite mineralisation at the main “Gilbert Arc” area (which hosts the Company’s 
JORC-compliant Mineral Resources) is hosted largely in graphitic schists and graphite-
biotite gneisses, which structurally form  an antiform that defines the “arc”.

 � The defined mineralisation is located on the western, west dipping limb of the antiform, 
with dips varying from near horizontal to ~45° (Figures 3 and 4) 

 � The overall graphitic package contains three discrete high grade domains, as highlighted 
in Figure 4 – these stratigraphically controlled zones are up to 10m thick (Figure 4) and 
contain very high grades, as shown in Table 1.
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Figure 3: Lindi drill hole collars on VTEM image – the western area hosts the JORC resources

 �
Source: Walkabout

Figure 4: Lindi cross section – refer to Figure 5 for section location.

 �
Source: Walkabout

Drilling and Resources

 � As mentioned earlier, the Company now has completed two campaigns of drilling, 
including 40 RC holes for 2,649m and eight DD holes for 558m.

 � Drilling has intersected thick, shallow high grade zones of graphite mineralisation from 
surface, with some examples including, but not limited to:

 – LJRC010 - 29m @ 19.7% TGC from 31.0m, including 17m at 27.1% TGC from 36.0m.

 – LJRC017 - 34m @ 16.4% TGC from 49.0m (D1), including 17m at 20.7% TGC from 
58.0m.

 –  LJRC028 – 43m @ 15.8% TGC from 58m, including 9m @ 34.9% TGC from 66m.

 � Given the orientation of the mineralisation and drillholes, down hole intercepts will 
approximate true widths of mineralisation.

 � Resource definition work also included the digging of three trenches across strike in the 
high grade starter pit area – these confirmed the tenor of the grade and thickness of the 
mineralisation, with results including:

 � LJTR03 – 18m @ 26.4% TGC, including 9.3m @ 33.1% TGC and 4.5m @ 29.3% TGC.

 � This drilling has enabled the Company to define Measured, Indicated and Inferred 
Resources of 29.6Mt as defined in Table 1 below, with details also shown in Figure 5.
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 � Mineralisation remains open along strike and down dip.

 � This only includes resources on the western flank of the deposit – those on the eastern 
side (4.1Mt @ 4% TGC) were considered too low grade to be economically viable.

Table 1: Lindi JORC 2012 Mineral Resource Estimate – 5% TGC cutoff

Lindi JORC 2012 Mineral Resource Estimate – 5% TGC cutoff

Domain Tonnage 
(tonnes) TGC % Contained Graphite 

(tonnes)
Measured

1 3,900,000 7.1% 276,900

3 900,000 13.2% 118,800

7 (HG) 500,000 20.7% 103,500

8 (HG) 500,000 24.9% 124,500

9 (HG) 700,000 24.1% 168,700

Sub-Total 6,400,000 12.2% 780,800

Indicated

1 3,600,000 6.9% 248,400

3 700,000 12.0% 84,000

7 (HG) 400,000 20.9% 83,600

8 (HG) 400,000 21.8% 87,200

9 (HG) 500,000 23.0% 115,000

Sub-Total 5,500,000 11.0% 605,000

Inferred

1 11,800,000 8.4% 991,200

3 2,700,000 12.2% 329,400

6 1,300,000 9.9% 128,700

7 (HG) 500,000 19.7% 98,500

8 (HG) 300,000 22.8% 68,400

9 (HG) 900,000 24.9% 224,100

Sub-Total 17,600,000 10.6% 1,865,600

Total 29,600,000 11.0% 3,256,000

Source: Walkabout (note rounding errors may occur)

 � The MRE above contains high grade domains (7, 8 and 9) with resources of 4.7Mt @ 
22.8% TGC.

 � Our analysis indicates that the average thickness of the combined Domains 1, 7, 8 and 9 
is in the order of 30m, including a combined average thickness of 10m for the three high 
grade zones.

 � We note that the three high grade zones had been previously referred to as “Domain 
2” – further work, and the definition of the three discrete zones has subsequently led to 
them being separated into the three domains referred to here. 
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Figure 5: Lindi resource outline and confidence details

 �
Source: Walkabout

Metallurgy

 � The results of metallurgical test work have been very positive, indicating good recoveries 
to a high grade, high quality concentrate – the work has been carried out at NAGROM 
Laboratories in Perth.

 � Test work has been targeted at preserving flake size and concentrate grade as much 
as possible – given the grade of the mineralisation some losses in recovery can be 
withstood to allow the aims to be met.

 � Examples of the flake sizes and purity from optimised flotation tests are given in Table 2.

 � In Table 2 we have also given an indicative basket valuation using conservative graphite 
prices as used in the DFS (discussed later).

 � These demonstrate the ability to produce a “best in class” flake size distribution product 
to a high grade, low purity concentrate – this shows a very high proportion of the total 
product with sizes of >180µm (>70%), including high percentages of the premium 
“super jumbo” product.

 � Importantly this also shows the potential to produce a saleable high grade concentrates 
from simple attritioning and flotation only – this obviates the need for expensive and 
environmentally damaging chemical or thermal treatment onsite.

 � The vanadium does not report to the graphite – it is understood that it is in micas that 
report to the tails – this is critical in producing a high purity concentrate free of any 
deleterious elements.

 � Metallurgical test work has been ongoing, and is discussed further, along with plant 
design in the section on the DFS.

 � The product has also been shown to be suitable for use in the high value expandable 
graphite and graphite foil markets, with test work (16 tests) carried out in a German 
laboratory.

 � Some of the tests reportedly returned the largest expansion volumes for any material 
that the laboratory has tested, with rates at multiples of results received from material 
from China.

 � Generally, the larger the flake size the larger the expansion ratio, and considering 
Walkabout’s size distribution and expansion test work results, they are also in a prime 
position to supply premium product to the expandable as well as the battery markets.

 � A two tonne sample has recently been sent to a Chinese technology institute to optimise 
and finalise the flow sheet, and to provide additional samples to prospective customers.
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Table 2: Examples of Lindi flotation results

Examples of Lindi flotation results

Flake Size Sieve Size 
(µm) % Mass % TGC Walkabout DFS 

Price
Basket Price 

(US$/t)

Domain 2, 21% TGC head grade diamond core

Super Jumbo >500 25.7 95.6 3,500 899

Jumbo 300-500 33.6 94.4 1,750 588

Large 180-300 26.5 92.8 1,000 265

Summary +180 85.8 94.3 1,753

The Rest -75-180 14.2 89.9 750 106

Total 100 93.6 1,859

Domain 1, 9.1% TGC head grade diamond core

Super Jumbo >500 5.6 97.1 3,500 196

Jumbo 300-500 33.2 96.6 1,750 581

Large 180-300 32.3 96.4 1,000 323

Summary +180 71.1 96.6 1,100

The Rest -75-180 28.9 94.8 750 217

Total 100 96.1 1,317

Domain 2 outcrop, 32.7% TGC head grade

Super Jumbo >500 16.45 97.2 3,500 576

Jumbo 300-500 28.75 98.48 1,750 503

Large 180-300 30.79 98.81 1,000 308

Summary +180 75.98 98.34 1,387

The Rest -75-180 24.02 98.33 750 180

Total 100 98.34 3,500 1,567

Source: Walkabout

Environmental Studies and Social Engagement

 � The Company has been advised that the Environmental Impact Assessment (“EIA”), after 
passing through various levels of Government approvals, is now with the Minister for 
endorsement and signature.

 � Approval of the EIA will then allow Walkabout to submit the Mining Licence Application 
for approval.

 � Walkabout will be applying for a Mining Licence (“ML”), rather than for the more 
stringent Special Mining Licence (“SML”) – this will expedite approvals,

 � Good progress has been made on the relocation assistance programme (“RAP”), which 
is a legislative requirement standardising compensation negotiations between the 
Company, landholders and land users who may be affected by the proposed operation – 
it has been stated that this is ~80% complete.

 � Social programmes are a key part of operating in Tanzania, and recently, as part of their 
ongoing social commitments, the Company, on direct request of the Prime Minister of 
Tanzania, has provided materials to assist in the construction of a new high school at the 
nearby town of Ruangwa.

Regional Exploration and Upside Potential

 � The Company has undertaken preliminary ground exploration work on the “Phase 2” 
exploration area some 20km east of the Gilbert Arc (location shown in Figure 2), with this 
work returning very positive results.

 � Recent activities, along with the previous VTEM survey, have defined a target zone with 
a strike length of >4km, with limited rock chip sampling (17 samples) returning up to 
36.6% TGC in outcropping graphitic schists, as shown in Figure 6.

 � The results of this work highlight the strong correlation of VTEM anomalies with graphitic 
stratigraphy.

 � Should results of future work prove positive, the Company will look at developing this 
area as a parallel processing site.
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Figure 6: Phase 2 exploration area showing rock chip sample locations on VTEM image

 �
Source: Walkabout

Definitive Feasibility Study

 � Following the completion of a scoping study in June 2016, the Company proceeded 
directly into a DFS, which was completed in February 2017.

 � The Company’s principles regarding the proposed operation at Lindi are:

 – A high feed grade operation – this will result in lower capex for a given product 
output.

 – Produce premium products that will be sought after even in depressed markets.

 – Have a manageable scale operation (both in physical size and cost), that can be 
relatively easily funded, and then fast tracked to production.

 � This has resulted in the completion of a DFS for a 20 year, 40,000tpa concentrate 
operation, which used conservative graphite prices, resulted in an ungeared pre-tax NPV 
of US$323 million, with an IIR of 97%, and a post-tax NPV of US$230 million, with an 
IRR of 85.9%.

 � Results included on-site operating costs of US$292/tonne of concentrate (with an 
additional US$60/tonne required for transport to the port at Mtwara), and up-front capital 
of US$38.7 million.

 � Study inputs and outcomes are presented in Table 3.

 � These are for 100% of the Project – Walkabout is in the process of executing the option 
to acquire the 30% of the Project held by the current partner.

Table 3: Parameters and results, Lindi 2017 DFS

Parameters and results, Lindi 2017 DFS

Parameter Unit Value

Plant Nameplate Capacity Ktpa 300

Processing Rate Ktpa 260

Average ROM grade (IIR analysis) TGC % 16.1%

Mill Recovery % 90

Concentrate Grade % 96-98

Average Annual Concentrate Production t 38,000

Strip Ratio Waste : Ore 3.30 :1

Operating Costs (exc conc. transport) US$/tonne conc 292

Operating Costs FOB Port of Mtwara US$/tonne conc 352

Royalty (as per other operations) % of revenue 3

Capital Costs (pre-production) (inc cont, EPC, Duties) US$m 38.7

Sustaining Capital US$m 5.6

Average Basket Price US$/tonne 1,687
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Parameters and results, Lindi 2017 DFS

Parameter Unit Value

Average Annual Free Cashflow US$m 35.8

Life of Mine Revenue US$m 1,259

EBIDTA average annual US$m 47.7

Pre Tax NPV10 US$m 323

Pre Tax IRR % 96.4

Post-Tax NPV10 US$m 230

Post-Tax IRR % 85.9

Operating Margin % 79

Payback Period Months 22

Source: Walkabout

 � The diluted mineral resource inventory was based around high and medium grade zones 
as defined in the 2017 MRE update – this includes Measured and Indicated Resources 
only – this presents the opportunity to increase the mine life and/or throughput through 
upgrading of Inferred Resources.

 � This was based on pit optimisations using a cut-off grade of 8% TGC, with a production 
rate of a maximum of 40,000tpa of concentrate over a minimum of a 20 year mine life.

 � We have adapted the inventory as presented in the Company’s DFS market release to 
that presented as Table 4 below.

 � In this we have included the high and medium grade material as mill feed, and both 
low grade mineralisation and actual waste as waste – it may be that the low grade 
mineralisation  be stockpiled separately from the waste to be used as potential mill feed 
in the future.

 � This results in the figures below, including a mining inventory of 5.016Mt @ 16.14% TGC, 
and waste tonnage of 16.556Mt, to give a LoM strip ratio of 3.30:1 over the proposed 
four stage operation.

 � The first three stages include some +20% TGC very high grade resources that can be 
used as a sweetener to cut costs in the all-important initial period of the operation.

Table 4: Lindi 2017 DFS - mining inventory

Lindi 2017 DFS - mining inventory

Description Unit Stage 1 Stage 2 Stage 3 Stage 4 Total

High and Medium Grade - Mining Inventory

High Grade - Tonnage t 113,039 102,808 16,066 0 231,913

High Grade TGC (%) 23.7 22.9 22.2 0 23.2

Contained Graphite t 26,790 23,543 3,567 0 53,900

Medium Grade - Tonnage t 266,055 374,424 1,489,168 2,654,883 4,784,531

Medium Grade TGC (%) 13.8 14.3 14.2 17.1 15.8

Contained Graphite t 36,716 53,543 211,462 453,985 755,705

High and Medium Grade Combined

High & Medium Grade Tonnage t 379,094 477,232 1,505,234 2,654,883 5,016,443

Feed TGC % 16.8% 16.2% 14.3% 17.1% 16.1%

Contained Graphite t 63,506 77,086 215,029 453,985 809,605

Low Grade and Waste

Low Grade Tonnage t 302,000 959,779 3,407,154 4,798,619 9,467,552

Low Grade - TGC % 5.7 5.2 5.5 5.5 5.5

Contained Graphite t 17,214 49,909 187,393 263,924 518,440

Waste Tonnage t 419,693 668,534 2,394,442 3,606,240 7,088,909

Low Grade & Waste t 721,693 1,628,313 5,801,596 8,404,859 16,556,461

Strip Ratio - (Low Grade + Waste) : (High Grade + Medium Grade)

Strip Ratio w:o 1.90 : 1 3.41 : 1 3.85 : 1 3.17 : 1 3.30 : 1

Source: Walkabout, adapted by IIR
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 � The Company has used figures in Table 5 when considering its product mix and pricing – 
plans are to produce four different quality products for sale.

 � Conservative prices have been used – these have been estimated from a blend of 
forecasts from different sources.

Table 5: Lindi product mix and pricing

Lindi product mix and pricing

Product Type % of Total Sales Price 
(US$/tonne)

Annual Sales 
(tonnes)

LoM Revenue 
[US$m] % of Revenue

Super Jumbo (+500µm) 19.6% 3,500 8,000 513 40.7%

Jumbo (+300µm / -500µm) 35.0% 1,750 13,300 457 36.3%

Large (+180µm / -300 µm) 19.0% 1,000 8,200 142 11.2%

The Rest (-180µm) 26.4% 750 10,500 148 11.7%

Total 100.0% 1,687 40,000 1,259 100.0%

Source: Walkabout

 � Planned operations include the following:

 – Contractor free dig (+- bulldozer ripping) in oxide, and then drill and blast mining,

 – On-site beneficiation and concentration in a contractor supplied “Build-Own-
Operate” (BOO) plant.

 – Transport of concentrate 200km to the port at Mtwara for re-bagging and then 
loading on ships for export.

 � A breakdown for the estimated capital and operating costs as used by the Company are 
given in Tables 6 and 7 below – Walkabout states that, given the accuracy of the DFS, 
that these are within 10 and 15% of expected.

 � We have compared these, including using economies of scale multipliers, to figures from 
other graphite developers that have completed development studies, and the figures 
appear reasonable, and are consistent with others.

Table 6: Capital cost estimate, Lindi 2017 DFS

Capital cost estimate, Lindi 2017 DFS

Capital Cost [US$ million] LOM Total Initial Start Up Ongoing or 
Deferred

Mining $0.08 $0.08 $-

Processing $18.82 $18.82 $-

Accommodation Camp $1.40 $1.40 $-

Shared Infrastructure $6.50 $5.63 $0.86

Storage Facilities $6.36 $2.17 $4.19

Power Supply $2.64 $2.64 $-

Water Supply $1.48 $1.48 $-

Logistics $2.21 $2.21 $-

Indirects $4.80 $4.21 $0.59

Total $44.29 $38.65 $5.64

Source: Walkabout

Table 7: Estimated operating costs, Lindi 2017 DFS

Estimated operating costs, Lindi 2017 DFS

On-Mine Operating Cost LOM Total [US$ million] Unit Cost [US$/t ROM] Unit Cost [US$/t conc]

Mining $81.43 $16.23 $106.95

Processing $88.02 $17.55 $115.61

Shared Services $52.20 $10.41 $68.57

Storage Facilities $0.69 $0.14 $0.91

Total On-mine $222.35 $44.32 $292.04

Transport to Port $4.57 $9.11 $60

Total $226.92 $53.43 $352.04

Source: Walkabout, IIR Analysis
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Mining

 � In the oxide mining will be largely free dig, and then move to drill and blast in fresh 
material - the Company has engaged, subject to final negotiation, a Tanzanian contractor 
to carry out this work.

 � Given the use of a contractor, the Company envisages that the only capex required for 
mining are the contractor mobilisation costs, estimated at US$0.08 million.

 � A four stage pit has been designed and modelled, with the various resources as 
presented in Table 4, and as shown diagrammatically in Figure 7.

Figure 7: Proposed pit stages

Source: Walkabout.

 � Overall pit wall angles range from 40 degrees to 48 degrees, with face angles ranging 
between 60 degrees and 80 degrees.

 � Bench heights are 5m for the first bench and 10m for the rest, with a berm width of 5.5m 
and ramp width of 18m.

Processing

 � A standard, off the shelf processing route will be used, and will be delivered and 
operated on a “BOO” basis by a third party.

 � Walkabout has recently appointed ADP Marine and Modular (“LAPD”), a Cape Town 
based metallurgical practice majority owned by Australian domiciled Lycopodium as the 
preferred partner supplier for the design, delivery and construction of the plant and other 
infrastructure.

 � The design basis for the plant is 1,000tpd for 300 days per year, with an availability of 
92% - this gives a running time of 6,600 hours per year, or a throughput of 275,000tpa.

 � The proposed processing route includes the following:

 – ROM bin and apron feeder. 

 – Crushing - a primary jaw crusher and secondary cone crusher. 

 – Drum scrubber with trommel screen (trommel screen oversize to secondary 
crushing). 

 – Milling – a primary rod mill. 

 – Sequential rougher/scavenger flotation. 

 – Regrind cleaner flotation – four stages of concentrate attrition regrinding and cleaner 
flotation. 

 – Filtration and concentrate drying. 

 – Screening of final product concentrate. 

 – Bagging of concentrate. 

 � The Company will be looking at sourcing plant from China.

 � As mentioned earlier, a two tonne sample has recently been sent to a Chinese 
technology institute to optimise and finalise the flow sheet.
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Figure 8: Proposed treatment plant schematic

Source: Walkabout

Tailings Storage Facility

 � The design for the tailings storage facility (“TSF”) is ongoing, with initial plans for an 8m 
high earth starter wall sufficient for initial operations.

 � The TSF will be constructed in phases, with a rate of rise of ~2m/year, and a final design 
area of 17ha.

Other Infrastructure and transport

 � Surface infrastructure to support the mining and processing has been conceptually 
designed and includes:

 – Dewatering arrangements for the open pit.

 – Bulk power supply – on site generation by diesel driven generators pending 
connection to a high reticulation feed, with a connected load of 3,160kW, peak load 
of 2,000kW and average load of 1,400kW.

 – Bulk water supply from a bore field in close proximity to the mine – the Company 
has defined sufficient water for the proposed operation.

 – Potable water supply.

 – Camp and accommodation facilities to be built owned and operated by others – the 
Company has, subject to final negotiations, selected and appointed a Tanzanian 
contractor to supply these facilities (and some other site services) on a full outsource 
basis.

 – Offices and stores.

 – Workshop for both plant and mining fleet maintenance

 – A minor stream diversion which is required to divert an ephemeral stream around 
the proposed open pit - this is deferred to years 3 and 4.

 – A road diversion around the proposed pit.

 – Site roads and storm water control.

 – Surface vehicles to support the operation.

 � It is planned to truck concentrate 200km to Mtwara using a local contractor – the route 
includes 60km of all-weather dirt road and 140km of sealed highway.

Current and Planned Activities

 � Activities are now targeted at finalising the design of Lindi, as well as advancing 
negotiations and finalising offtake and financing.

 � To date samples have been provided to 13 potential customers in China, Japan and 
Europe, with final product material from the current pilot scale test work to be able to be 
used to provide additional representative samples to potential customers.

 � Walkabout is in advanced negotiations with one potential offtake partner, who has 
requested a second sample of product for additional analysis.

 � The Company plans to lodge the Mining Licence Application once they have received the 
signed and endorsed EIA from the Minister.
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 � It is planned to continue exploration work on the other areas  after the post-wet season 
burn-off.

PEER GROUP ANALYSIS
 � There are a number of ASX-listed graphite hopefuls on the ASX. as listed in Table 8.

 � We have only included those that are operating in Africa, and that have completed 
development studies on their projects – these are presented in Table 8 and Figure 9.

 � What is clear in the comparisons are the natural advantages of Walkabout when 
compared to peers:

 – High grade mining inventory – equivalent with Syrah’s published high grade reserve, 
and of higher grade than the others.

 – Low capital intensity, by virtue of the small operation size.

 – Low forecast opex per tonne of concentrate production, largely by virtue of the high 
grade - this is the lowest of its peers with the exception of Syrah, which has an 
advantage by virtue of economies of scale.

 – Relatively high basket price – either highest or second highest depending which 
value is used.

 � Also what is clear is that Walkabout’s EV is significantly lower than any than most of the 
others, as well as the NPV/EV – this is ~3x the average of the others (excluding Syrah 
which is more advanced).

 � Be aware that some NPV’s are post-tax and some pre-tax – changing from post- to pre-
tax will increase the multiple, however generally trends will remain similar.

Table 8: WKT peer group comparison

WKT peer group comparison 

Company Syrah Walkabout Graphex Black 
Rock Magnis Battery 

Minerals Sovereign Kibaran

ASX Code SYR WKT GPX BKT MNS BAT SVM KNL

EV (A$ million) $450 $11 $23 $36 $261 $25 $14 $33

EV (US$ million) $337 $8 $18 $27 $196 $19 $10 $25

Project Balama, 
Mozambique

Lindi 
Jumbo, 

Tanzania

Chilalo, 
Tanzania

Mahenge, 
Tanzania

Nachu, 
Tanzania

Montepuez, 
Mozambique

Duwi, 
Malawi

Epanko, 
Tanzania

Nameplate 
Annual 
treatment 
Tonnage

2,000,000 260,000 630,000 500,000 5,000,000 1,500,000 1,500,000 434,000

Reserve/ 
Inventory Grade 16.2% 16.2% 10.9% 10.5% 4.8% 8.8% 7.5% 8.6%

Basket Price 
(US$, Calc) $865 $1,687 $1,099 $1,013 $1,619 $974 $1,277 $1,152

Basket Price 
(US$, Study) $1,000 $1,687 $1,217 $1,236 $2,350 $798 $1,304 $1,446

Headline 
Annual Con 
Production

313,000 40,000 69,123 52,000 240,000 100,000 110,000 40,000

Mine Life (yrs) 42 20 10 25 15 30 20 25

Initial Capex 
(US$ million) $200 $39 $74 $57 $269 $126 $146 $78

Project NPV 
(US$ million) $1,125 $323 $200 $286 $1,686 $146 N/A $197

Basis Post-tax Pre-tax Pre-tax ? Post-tax Pre-tax N/A Pre-tax

NPV/EV 3.34 27.38 11.38 10.61 8.61 7.74 N/A 8.04

Status Const DFS DFS Scoping Financing DFS Scoping Financing

Source: IRESS, Company reports

 � The most advanced is Syrah, which is currently constructing its Balama project, with the 
next advanced being Kibaran, with offtake agreements in place and in the process of 
finalising project financing through European financiers.

 � We have included production parameters as used in the studies, and the level to what 
the studies have been taken.
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 � Resources/reserves in the table are those as used to provide mill feed in the studies – 
they are not global reserves and resources as published elsewhere by the companies.

 � We have included two “basket prices” – one as used by the companies in their studies 
and one based on pricing used in Walkabout’s DFS so as a direct comparison can 
be made – this has been based on flake size distributions published by the relevant 
companies.

 � We have also include a metric giving the ratio of the project NPV estimated in relevant 
studies to the Company’s current enterprise value (“EV”, defined as current market 
capitalisation less cash plus debt) – we have converted the AUD denominated EV to USD 
using an exchange rate of 0.75.

 � In Figure 9 the average capital intensity and operating costs are weighted for tonnages 
– Syrah’s proposed operation therefore will have a large effect on this given the relative 
size of their proposed operation.

Figure 9: Capital intensity and operating cost comparison

Source: IRESS, Company reports

VALUATION

Summary

 � We have completed a valuation for Walkabout as presented in Table 9, with a mid-point 
valuation of A$0.62/share.

 � This includes a post-tax, geared DCF valuation for Lindi using a discount rate of 10%, and 
current/nominal figures for the other assets.

Table 9: Walkabout valuation

Walkabout valuation

    Discounted for resource status  

Full NPV 
100%

Low 
37%

Mid 
52%

High 
67% Notes

Lindi 100% $311 $114.93 $161.65 $208.37 10% DR

Lindi Exploration $15.6 m $15.6 m $15.6 m $15.6 m 5% of Lindi NPV

Head Office -$17.4 m -$17.4 m -$17.4 m -$17.4 m 10% DR

Takatokwane $5.0 m $5.0 m $5.0 m $5.0 m Nominal

Cash - Estimated $0.8 m $0.8 m $0.8 m $0.8 m Est March 2017

Total $315 $119 $166 $212
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Walkabout valuation

    Discounted for resource status  

Full NPV 
100%

Low 
37%

Mid 
52%

High 
67% Notes

  Per share valuation  

Lindi 100% $1.17 $0.43 $0.61 $0.78

Lindi Exploration $0.06 $0.06 $0.06 $0.06  

Head Office -$0.07 -$0.07 -$0.07 -$0.07

Takatokwane $0.02 $0.02 $0.02 $0.02

Cash - Estimated $0.00 $0.00 $0.00 $0.00  

Total $1.18 $0.45 $0.62 $0.80  

Note: The per share valuation is based on final shares on issue of 266.5 million – the current shares on issue have been 
diluted for our estimate of equity raises associated with ongoing activities and our project financing scenario.

Source: IIR analysis

 � An alternative indicative valuation methodology may be a comparison with peers, as 
presented in the previous section.

 � Our view, given the similarity between a number of projects, would be to use the NPV/
EV multiple as an indicative method to value Walkabout.

 � In doing so, we have selected Graphex, Black Rock, Battery Minerals and Kibaran, given 
that all NPV figures are pre-tax, and planned operations are broadly of a similar size to 
that for Walkabout.

 � These companies have an average NPV/EV multiplier of 9.44 x.

 � Applying this to Walkabout’s published NPV of US$323 million gives an EV of US$34.2 
million, or A$45.6 million at current exchange rates.

 � Adding back December 31, 2016 cash of A$0.4 million results in a market capitalisation of 
A$46 million, or A$0.395/share.

 � This is broadly similar to our low NPV per share valuation as presented above.

 � We may expect that this valuation would be low, given the quality of Walkabout’s 
graphite assets; in addition the market may be undervaluing projects with respect to the 
value of their underlying assets.

Lindi DCF Modelling

 � NPV modelling has been done in US dollars, with the final figure being converted at the 
current exchange rate of 0.75 to Australian dollars for use in the final valuation table.

 � This also includes estimated values for Lindi exploration, Takatokwane and current cash 
in Australian dollars.

 � Our model for Lindi foresees construction commencing in CY2018, a two year 
construction period, and first production in 2020 followed by a 20 year mine life with a 
nominal output of 40,000tpa of 96-98% graphite concentrate.

 � This has used an indicative funding model, which results in a diluted ordinary share 
structure of 266.6 million shares.

 – 70:30 debt :equity for our expected capital requirements of US$50 million, 
which include the up-front project capital (US$40 million), working capital and 
miscellaneous requirements (US$10 million).

 – This includes a US$15 million (A$20 million) at US$0.20 (A$0.267) per share raising, 
which will result in the issue of 75 million shares.

 – We have also allowed for additional raisings of US$7.5 million (A$10 million) at 
US$0.10 (A$0.01334) per share prior to this, to cover ongoing activities – this also 
results in 75 million shares being issued.

 – The raisings result in forecast diluted ordinary shares of 266.5 million, on which our 
per share valuation is based.

 – We have assumed US$35 million in project finance at a 7% interest rate, repayable 
over five years.

 � The above equity raisings include an allowance for the purchase of the Company’s 
partner’s 30% interest in Lindi – as mentioned earlier the Company has an option to 
purchase the four tenements at US$1 million per tenement, with these being severable.
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 � We have used inputs as provided in the Company’s February 2017 DFS – we considered 
these reasonable – these are as presented in earlier tables – this also includes using the 
staged pits as presented in mining inventory (Table 4).

 � The base case has been calculated on Walkabout’s estimated basket price of US$1,687/
tonne for Walkabout’s product mix, and discounted for the weighted average of 
contained graphite in Measured and Indicated Resources and confidences:

 – Measured Resources are weighted at 50% to 80%.

 – Indicated Resources are weighted at 20% to 50%.

 � This results in a risk multiple of between 37-67% with a mid-point of 52% for Lindi which 
is applied to the NPV.

 � Financial outputs in USD are presented in Table 10 – as expected these are very close to 
those as presented by Walkabout.

Table 10: Lindi DCF modelling production and outcomes (USD) - 100%

Lindi DCF modelling production and outcomes (USD) - 100%

Financial Outcomes (AUD) Peak Annual Total Per Tonne 
Concentrate

Revenue $70 m $1,280 m $1,687

Operating Costs -$15 m -$276 m -$364

Royalties -$2 m -$37 m -$49

Initial Capex N/A -$43 m -$56

Sustaining Capex N/A -$6 m -$7

Total Free Pre-Tax Cash Flow $40 m $655 m $863

NPV N/A $234 m $308

IRR N/A 86% N/A

EBITDA $54 m $967 m $1,274

Diluted shares on issue 266.5 million

Resource Parameters Annual Total Mine Life

ROM Mined 260 ktpa 5.0 mt 20 years

LoM Product Sales Production Revenue (USD) Revenue/Tonne 

Graphite Concentrate 759 kt $1,280 m $1,687

Source: IIR analysis

 � As part of our analysis we have completed a sensitivity analysis – this shows that, 
given the grade, Lindi is very robust, and can withstand reasonable adverse changes in 
graphite prices and operating cost, (to which it is the most sensitive to), as well as capital 
costs.

 � This is presented in two tables below – firstly Table 11, which shows the sensitivity of 
Lindi alone in USD, and Table 12, which shows the sensitivity to the share price in AUD, 
with the USD value of Lindi being converted to AUD at an exchange rate of 0.75.

 � Note that the per share figures are based on the share capital diluted for estimated 
raisings.

 � Also, on the most pessimistic case presented in Tables 10 and 11, the Lindi Project NPV 
is still at an attractive multiple of >3 to the estimated initial capex.

Table 11: Opex and Sales Price Sensitivity – Lindi NPV - 100% Basis (USD)

Opex and Sales Price Sensitivity – Lindi NPV - 100% Basis (USD)

    Change in Opex

Lindi NPV $234m -20% -10% 0% 10% 20%

Graphite Price

$1,250.00 $165m $158m $151m $143m $136m

$1,500.00 $213m $205m $198m $191m $184m

$1,750.00 $260m $253m $246m $238m $231m

$2,000.00 $307m $300m $293m $286m $279m

$2,250.00 $355m $348m $340m $333m $326m

Source: IIR analysis
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Table 11: Opex and Sales Price Sensitivity – Lindi Risked Per Share (AUD)

Opex and Sales Price Sensitivity – Lindi Risked Per Share (AUD)

    Change in Opex

WKT/Share $0.60 -20% -10% 0% 10% 20%

Graphite Basket 
Price

$1,250.00 $0.42 $0.40 $0.39 $0.37 $0.35

$1,500.00 $0.55 $0.53 $0.51 $0.49 $0.47

$1,750.00 $0.67 $0.65 $0.63 $0.61 $0.59

$2,000.00 $0.79 $0.77 $0.75 $0.74 $0.72

$2,250.00 $0.92 $0.90 $0.88 $0.86 $0.84

Source: IIR analysis

CAPITAL STRUCTURE
 � Walkabout currently has 116.5 million shares and 26.80 million uptions on issue.

 � The options are exercisable at a price of A$0.138 on or before October 18, 2017, and have 
the potential to bring in A$3.7 million.

 � In December 2016 the Company undertook a 23 for 1 consolidation.

 � Total insiders interests are ~5.45%, with the top 20 holding 29.37%.

 � The Company has over 2,105 shareholders.

RISKS
 � Offtake and Funding – Given the number of graphite projects looking for funding and 

offtake this is a risk, however in Walkabout’s case it may be somewhat mitigated through 
the low cost nature and quality of potential products at Lindi that clearly differentiates it 
from others.

 � Permitting – This is a risk facing any potential developer, however in the case of 
Tanzania is generally acceptable given the country’s mining history and with other similar 
companies being permitted to date, including the granting of an ML to Kibaran and 
an SML to Magnis, Walkabout’s neighbour. This  will change however if the legislation 
regarding the export of concentrate as discussed earlier is applied to graphite – this 
would complicate matters, and may require some sort of downstream cleaning/
processing plant to be incorporated, which would increase costs and timeframes. 

 � Commissioning: Should the Project proceed “challenges” commonly occur in the 
commissioning of plants, with these not behaving as expected – this is somewhat 
reduced with the proposed operation using industry standard techniques.

 � Costs and Prices – These are always price and cost risks in mining, however given the 
robustness of Lindi the Project will be able to more than adequately absorb any adverse 
movements, and still maintain good returns - however there could be headwinds in 
pricing, especially in the “base load” products with a lot of forecast supply coming onto 
the market.

BOARD AND MANAGEMENT

 � Mr Trevor Benson – Executive Chairman: Mr Benson has over 30 years’ experience 
within investment banking, stockbroking, large Australian corporates and the resources, 
oil and gas industry, including directorships of ASX listed companies. Prior to joining 
Strategic Capital Management as Executive Director and Executive Director of the ARIE 
FUND, an absolute return International Equity Fund, he held directorships at boutique 
investment banking organisations PCF Capital and Argonaut Capital, both based in Perth, 
Western Australia.

 He has experience on numerous ASX listed company Boards both as Chairman and 
Director, and spent 12 years with UBS, including managing a $300m resource fund 
for overseas investors, and worked within the Treasury operations of Top 10 ASX listed 
corporations.

 Mr Benson has cross border experience on Aim in UK and has listed numerous ASX 
companies including resources companies with assets in Africa, Europe and SE Asia, 
resources and oil and gas service companies, and managed and funded his own copper 
operation in Zambia.  In addition he spent 2 years with a division of The Wood Group; 
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a London based engineering oil services Company. Trevor holds a Bachelor of Science 
Degree from the University of Western Australia.

 � Mr Allan Mulligan – Executive Director: Allan Mulligan is a mining engineer with 30 
years of mine management and production experience. 

 Allan has specialised in technical assessment and production economics, feasibilities, 
project design and costing of underground mines and prospects. He has worked 
extensively in exploration, mine development and operations across Africa and Australia 
and understands the value of Australian expertise and African opportunity.

 Allan was a founding director of Walkabout Resources Pty Ltd. He has previously been 
on the board of several West Australian explorers.  

 � Mr Andrew Cunningham – Non-Executive Director: Andrew has a BSc Hons in 
Geology from the University of Stellenbosch in South Africa and is a member of the 
Australian Institute of Geosciences.

 Andrew has extensive cross discipline technical and management experience in the 
minerals industry predominantly in Africa and Australia and has worked in a range of 
commodities and geological styles including uranium, iron ore, graphite, diamonds, gold 
and base metals.

 During the last 15 years he has managed all facets of exploration and development 
projects in Africa from project generation to the completion of feasibility studies. He 
has held senior geology and exploration positions with major international mining 
companies as well as various ASX and TSX listed companies. Andrew has been working 
with Walkabout Resources since 2013 and brings a wide range of exploration, resource 
development, mine geology and management experience to the company.

 � Mr Tom Murrell – Non-Executive Director: Tom Murrell is recognised as an authority on 
investor and financial relations and has been the Managing Director of his own company, 
8M Media and Communications for the past 18 years. He has provided counsel to an 
elite group of companies listed on the Australian Stock Exchange ranging from Top 500 
companies through to start-up biotechnology, medical and exploration companies.

 He has been a Director of Investor Central, a Singapore-based financial news service 
since 2002.

 A graduate of three Australian Universities, he gained his MBA from the University of 
Western Australia and is the immediate past President of the Business School’s Graduate 
Management Association (GMA) representing UWA MBA alumni.

BACKGROUND – GRAPHITE AND MARKETS

What is Graphite and What is it Used For?

 � Graphite (chemical symbol ‘C’) was named by Abraham Gottlob Werner in 1789 from 
ancient Greek “to write/draw”. The key properties of graphite include; an excellent 
conductor of heat and electricity, the highest natural strength and stiffness of any 
material, maintaining its strength and stability to temperatures in excess of 3,600°C and 
high resistance to chemical attack. It is also one of the lightest of all reinforcing agents 
and has high natural lubricating properties.

 � If you took a very close look at a graphite pencil lead you will see layer upon layer 
of carbon atoms, multiple two dimensional planes that are loosely bonded to their 
neighbours. The reason graphite works so well as a writing material, and industrial 
lubricant, is because the layers of atoms slip easily over one another. The layered 
structure facilitates easy cleavage along the planes. Each of these single layers of atoms 
is known as graphene. Separating the individual layers of graphite sets the electrons free 
and allows carbon to behave differently.

 � Natural graphite is generally found in three forms, amorphous, flake and vein. In all cases 
graphite generally forms platy, hexagonal crystals, giving graphite its flaky appearance.

Amorphous Graphite

 � Amorphous graphite is the lowest quality material, and occurs generally as 
microcrystalline (<75µm crystal size) masses. It is commonly formed by the 
metamorphism of coal or carbon rich rocks, and is the most abundant form of graphite – 
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amorphous graphite commonly occurs as seams, with grades commonly in the range of 
30-90% Cg, and purities in the order of 60-90% C. 

Flake Graphite

 � Flake is the most abundant crystalline form of graphite, and is generally associated with 
metamorphosed graphitic and carbonaceous sediments. 

 � Generally, grades are in the range of 1-12% Cg, however higher grades are also found 
in a number of cases - graphite quality is commonly determined by flake size and 
concentrate TGC grades, with the coarser flake (>150 micron) products are generally 
more sought after due to their commonly higher TGC grades. 

Vein Graphite

 � This style of mineralisation is uncommon, and poorly understood. The best known (and 
only mined) examples are in Sri Lanka, which are high grade veins (+90% Cg) producing 
high purity (+98% carbon) concentrates. Flake size can be variable in this style, as can 
grade and purity, but are generally very coarse. 

Graphite Demand and Production

 � Traditional demand for graphite is largely tied to the steel industry where it is used as a 
refractory, including as liners for ladles and crucibles, and as a component in bricks which 
line furnaces. The second major use in the steel industry is as an additive in steel, where 
it is used to increase the carbon content. 

 � In the automotive industry it is largely used in brake linings, gaskets (for which expanded 
graphite is an important component) and clutch materials. 

 � Graphite also has a numerous other uses, including in lubricants, fire retardants, and 
reinforcements in plastics, however, it is the use in batteries (including automotive) that 
is forecast to outstrip industrial uses by many times in the near future.

 � Other potential uses currently being researched include the use of graphite and 
graphene in 3D printing, and a number of other potential uses for graphene particularly in 
electronics.

 � The current market is dominated by refractories, which comprise ~40% of the total 
market, with metallurgical applications next at ~25%. Batteries currently comprise ~8% 
of the market.

 � According to the USGS worldwide production of natural graphite (as opposed to 
synthetic graphite, but which has a similar sized market) was 1.17Mt in 2014, which is a 
similar scale to the nickel market (~1.3Mtpa). 

 � Of this production, flake accounted for 60% and amorphous 40% and some production 
from vein. China is the dominant world producer (yet is still a net importer); accounting 
for ~70% of total world output, however, the graphite is primarily amorphous and low 
grade flake. Concerns about the long term reliability of high quality graphite supply out of 
China are driving consumers to look for other sources.

Figure 10: World mine production 2014 (actual) and 2015 (estimated)

Source: USGS
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 � Industrial demand for graphite has been steadily growing at around 5% p.a. and 
significant further growth in the industry is expected from the incremental demand 
created by numerous green initiatives including lithium-ion batteries, fuel cells, solar 
energy, semi-conductors, and nuclear energy. Many of these applications have the 
potential to consume more graphite than all the current uses combined. Importantly, only 
flake graphite that can be upgraded to 99.95% purity is suitable for making lithium-ion 
batteries. 

Lithium-ion Batteries

 � Many commentators see the lithium-ion battery market, with the growing demand for 
electric vehicles and home/commercial energy storage as the key graphite demand driver 
going forward.  In a lithium-ion battery, lithium is the cathode and flake graphite the 
anode, however, 10 – 30 times more graphite is required in these batteries than lithium. 
Approximately 60% of the battery market is supplied by natural flake and 40% by the 
more expensive and less conductive synthetic graphite.

 � Electric vehicles on average each require in the order of 40kg of spherical graphite 
(‘SPG”) for their batteries, with the production of 40kg of SPG requiring 100kg of high 
grade, high purity (>99.95%) flake graphite due to losses in the production process. 
The key requirements for spherical graphite are at least a 94% TGC, and ideally a size 
of minus 150µm to optimise the costs of milling and upgrading. Traditionally larger flake 
has been used due to higher concentrate grades, with the extra cost of milling the larger 
flake being offset by the significantly cheaper thermal or chemical upgrade costs.

 � Some commentators have estimated that up to 6 million electric vehicles could be 
manufactured in 2020. This equates to a ~10% market penetration, and assuming 60% 
of demand is met by flake would require an estimated extra 360,000tpa of flake graphite, 
or approximately 60% additional to current supply of ~600,000tpa. 

 � China previously announced that it has mandated that 30% of Government vehicle 
purchases to be electric, fuel cell or hybrid by 2016, with the ratio to be raised in 
following years, with provincial governments being required to follow suit. Other 
measures reportedly being taken by China include waiving a 10% purchase tax for new-
energy vehicles.

 � Tesla, the US electric vehicle manufacturer has recently commenced construction of a 
battery manufacturing facility in Sparks, Nevada, with first battery production planned 
for 2017, in what will be the world’s largest single battery manufacturing facility. Tesla 
estimates demand for 126,000tpa of flake graphite (50,000t of SPG) on a best case 
basis, and 83,000tpa on a conservative basis to supply the plant.

 � Tesla is also developing its domestic battery production, with these being recently 
introduced into Australia.

 � The lithium-ion battery industry is currently growing at a rate of 30 – 40% annually and 
it is estimated that Lithium-ion batteries are also crucial to the consumer electronics 
industry for applications as varied as power tools, cell telephones, laptops, tablets and 
media players.

Expanded Graphite and Graphite Foil

 � Expandable graphite is used in a number of applications, including the manufacture of 
graphite foil, graphite tape and other sealant materials.

 � A large flake size and high expansion properties area  required for expandable graphite.

 � Graphite is made to expand through intercalation – this is where reagents, including an 
oxidiser, strong acid and ancillary reagent are introduced to the graphite and then heated 
– this causes the expansion through the intercalation of the reagents between the 
individual graphene layers.  

 � Graphite foil and sheet is used in a number of applications where high heat resistance is 
required – this includes in gaskets, heat sinks for laptop computers and as bipolar plates 
in fuel cells.

 � As a sealant, expandable graphite can be used as firestops surrounding a fire door or in 
sheet metal collars surrounding ductwork – during a fire the graphite will expand and 
char to prevent the spread of the fire.
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Graphene

 � Another potential demand driver is graphene, although our view is that significant 
commercial utilisation is some way off. Graphene is a single atom thick layer of graphite, 
and is the strongest material in nature, at approximately 200 times the strength of 
structural steel. 

 � Graphene was first formed in the laboratory over 10 years ago, and is now a hot topic of 
research in the scientific community and R & D laboratories. The material has a number 
of potential applications including, amongst others:

 – Used in electronic applications, transmitting electrons faster than silica

 – Included in composite materials that are potentially ten times tougher than Kevlar

 – Used as an anti-corrosion coating which would be the world’s thinnest

 – Allows plastics to conduct electricity

Outlook for Graphite

 � During 2010 the European Commission included flake graphite amongst 14 materials it 
considered high in both economic importance and supply risk while the British Geological 
Survey listed flake graphite as one of the materials to most likely be in short supply 
globally. The US government has also declared flake graphite a critical material. 

 � Concerns come from the dominance of the industry by China; however, there is also the 
view that China is rationalising its domestic industry to lower costs of production and in 
response to environmental concerns. Over the long term this may end up decreasing 
Chinese supply.

 � The following graph shows forecast short term trends in natural graphite end usage. This 
shows general 6% CAGR growth in all except batteries, with batteries being the largest 
growth area at 24% CAGR from 2012 to 2016. Extrapolating these figures through to 
2020 results in battery demand of ~460,000t, and non-battery demand of ~1,500,000t, 
for a total demand approaching 2,000,000t.

Figure 11: Forecast graphite demand by use

Source: Various

Graphite Quality and Associated Pricing

 � Product pricing is dependent upon a number of parameters, including flake size and 
purity. In general, the larger the flake size and higher the purity the higher the price 
– this is largely due to the lower cost of treating the concentrate to achieve desired 
specifications for end uses, and the common increase in grade with flake size. 

 � The most common quality parameters that prices are quoted on are large flake (>177μm) 
and high purity (94-97% carbon). Specifications higher than either of these will command 
premium prices.

 � There is a wide range of price forecasts for the different graphite products - Industrial 
Minerals has forecast large flake (+177µm) prices of around US$1,800/t and medium 
flake (150-177µm) prices of around US$1,200/tonne from 2017. 



24

Walkabout Resources Ltd (WKT)

Independent Investment Research 

 � This variability in forecasting can be seen when the above is compared with forecast 
prices from Stormcrow Capital Ltd., an independent Toronto based research firm, as 
shown below. We note that the jumbo flake pricing is based on very high purity material 
that is a potential substitute for the high cost synthetic graphite.

 � One of the key points to be noted are the expected price falls in the lower quality 
material – this will be largely due to, should a number of the planned large operations 
come on stream, a glut of this material. 

 � Therefore, size and quality will more and more be a discriminant on whether a project 
will go ahead.

Table 12: Graphite  specifications and indicative pricing

Graphite  specifications and indicative pricing

Graphite 
Product 

Carbon Con-
tent (%) Mesh Size Graphite 

Size
2015 (US$/

tonne)
Spot Prices 
11/16 (US$/t)

Forecast 2020 
Price (US$/t)

Super Jumbo 99‐99.9% +35 >500μm >$2,000 >$6,175

Jumbo Flake 99‐99.9% +35 300-500μm ~$2,000 $1,250 $6,175

Large Flake 94‐97% +80 180 ‐ 300μm ~$1,300 $850 $1,165

Medium Flake 94‐97% +100 150 ‐ 180μm ~$1,150

$675

$517

Small Flake 90-97% +200 74-150 μm ~$750 $493

Fine Flake 80‐85% ‐200 <74μm $450 $395

Synthetic 99.95% $7,000 ‐ $20,000

Source: Various, Inc. Stormcrow Capital

 � It needs to be noted that graphite is not transparently traded – prices are set between 
customers and suppliers, and prices received for similar products in the future will vary 
between the different producer/customer agreements.
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