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EXECUTIVE SUMMARY

Sri Lanka is blessed with several valuable minerals, which are at present mostly exported as
raw materials, but which have the potential to bring in much more revenue if exported as value
added products. In addition to the gems for which the country sugnthese minerals include
ilmenite, rutile, zircon, and monazite (all from mineral sands), apatite (rock phosphate),
graphite (plumbago), quartz, dolomite and limestone, feldspar, clay (montmorillonite), and
even sea salEach of these minerals is indifferent state of readiness for value addition,
depending on factors such as available technology and market conditions.

This report was prepared after consultation with a committee consisting of a cross section of
stakeholders, including researchers frooth academia and research institutions (ITI and
SLINTEC) working in the minerals field, and representatives of the Ministry of Industries, the
Geological Survey and Mines Bureau, and the Central Environmental Authority.

Although several measures have bégken in the past to promote value addition (or inhibit
export of norvalue added products), Sri Lanka has notfiyetized a comprehensive policy

on value addition to minerals, and even the definition of value addition used in the country is
not alignel with that in other countries. A much needed step is to redefine the term value
addition (to include beneficiation), fmalize the NationalMinerals Policy which is currently
under development, and to streamline the regulations and procedures dealing with
commercialization guaranteeing medium to long term access to raw mateoigistential
investors in order to attract overseas partners.

Manufacturing valueadded products from minerals,g, single superphosphate (SSP) from
apatite or titanium dioxide from ilmenite or rutile, requires the supportlmdsicchemical
industry, and crucially, a local supply of sulphuric acid. Developingethsting chemical
industry and establishing a plant to produce sulphuric acid have been given a high priority in
the recommendations of this report.

With a supply of sulphuric acid assured and a large local demand for SSP as fertilizer from
local agricultue (~ 200,000 tames per annum), high priority is also assigned to setting up a
plant to manufacture SSP from apatite (Eppawela rock phosphate).

Sri Lanka is the only commercial producer of high purity vein graphite (most countries produce
flake graphite)Value addition to Sri Lankan graphite is well on the wagaimmercialization

with the establishment of Ceylon Graphene Technologies Ltd. as a partnership between the
LOLC Group and SLINTEC. However, production of graphene waidslorbonly a small
perentage of the total production of graphite. Research into products which would take
advantage of the properties and high purity of vein graphite would increase the value of Sri
Lankan graphite. Research is already being done on potential applicationasdubhcants

and battery electrodes. Such research should be promoted and funded.

The mineral sands found along the East coast of Sri Lanka constitute one of our potentially
most valuable resources. The major component of this is ilmenite (~ 70%), wharh
important target for value addition. Value addition of ilmenite, as well as other minerals such
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as zircon, rutile, monazite, etc., starts with beneficialitve. next stage of value addition would
be conversion tpigment gradditanium dioxide, forwhich there is asmall, steady local
demand from the paint industry, of about 5000 metric¢srper annumSLINTEC has
developed technology to convert ilmenite into 7ZiGand "off the shelf" commercial
technologies are also available elsewhArkcal sypply of sulphuric acidvould be needetb
makethis economically feasibleHowever, before this next step into value addition can be
taken, a number of ancillary problems, listed in the report, would need to be overcome.

Sri Lanka also produces very highality vein quartz. While this is sold in powder form, the
tailings are a waste stream. There is potential to convert these into items such as ornamental
products andengineering stonea relatively low-tech value additiorthat could increase the

value from USD 420 to USD 15@r tonne

Other minerals to be considered for value addition include monazite, dolomite, and limestone,
as well as sea salt. The production of chlorine@btic sodaspdium hydroxidg as well a
hydrochloric acid and sodium hypochlorifegm sea salt is an industry operated by Paranthan
Chemicalswhich fell into disuse during the civil war. There are now plans to revivehith,
together with sulphuric acid, wouldrovide the country with abasic chemical industry
Limestone is used in the manufacture of Portland cement, and sufficient quantities are available
to increase cement production using local cement from the current 15% to around 30%, which
would save foreign currency. Dolomite isedsas a fertilizer and hasveralbther applications

as additives and fillers in numerous industrigesearch is also needed to see whether locally
available monazite would be a viable source of rare earth elements, for which there is
tremendous demandternationally in the electronics industry. Overall, much research still
needs to be done to explore these and other avenues of value addition to our minerals.

One of the strengths of the Sri Lankan minerals industry is the high quality and purity lgf local
available minerals. This could be used as a marketing tool, perhaps as a way of obtaining better
prices, but doing so needs scientflg valid dataacceptablenternationally. Such data could
emanate fronone or moreaccredited laboratas, fully equpped and expertly staffed, to
obviate the need to send samples overseas for testingle®uchtores, if set up, could serve

other purposes as well, and could be established within the existing institutes such as the ITI or
SLINTEC, leveraging their egting equipment and expertise. The establishment of such a
support facility is the final recommendation of this report.
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INTRODUCTION

Even without taking in to account thetherto unproven offshore reserves of petroleum or
natural gas in the Mannaa&in, Sri Lanka is blessed with considerable natural resources, in the
form of several key minerals, such as ilmenite, apatite, and graphite. Since historic times, Sri
Lanka has been a source of high quality gemstones, and the excellence of its iraeland st
industry since the Anuradhapura period has been well docum'ethi@aigh largely forgotten.
However, in modern times, industries based on value addition to these resources have been
slow to develop. Many of these substances have simply been exported as raw materials or ores,
to supply industries in other countries.

During the last 20 years or ,soonsiderable research has been carried out by Sri Lankan
scientists into these mineral resource@sme of this research has besmmarizedy Prof.

Gamini Rajapakse in a recent review artfcespite the relatively small amount of money
spent on reseeh and development in Sri Lanka (around 0.11% of GDP in recent years), a fair
amount of research into value addition has been carried out in Sri Lankan institutions in recent
times, and several technologies developed at institutions such as SLINTEC .ddqweygress
towardscommercializatiorhas been slow.

Statistics show that in recent decades, the mining and manufacturing sector has contributed a
fairly consistent @ - 29% of the country's GOPof which the mineral sector contributes about

2%. In andof itself, this figure is comparable to that of a developed nation. However, with
regard to exports that could boost earnings of foreign exchange, Sri Lanka has remained low
on the value addition chaikVhile part of the reason for this is the slow progresR&D due

to the low priority given to funding (groskbomesticexpenditure on research and development
(GERD) is over 1% of GDP in many developing countries; in countries focused on rapid
technological advancement, such as South Korea, Finland, aellitsspproaches 4%), other
factors are also playing a major roléese include

1 The near absence of venture capital.

1 Skilled manpower shortages at many levels, including researchertin(iekkquivalent)
per capita.

1 Communication between the researchers and industry is inadequat®taadough
industry driven researdh carried out

1 Regulatory barriers to establishing new industries, compared to competing nations,
making it difficult to attract not only foreign dice investment, but even local
investment, and giving rise to corruption.

1 An averseness to ridlaking on the part of both the financial sector and the industry.

1 The failure of the government to promote selected industries, as well asrR&iDst
areaswith suitable incentivessuch as the now removed 300% tax deduction on R&D
expenditure.

1 Perceived difficulties of breaking into wedktablished markets.

1 The nonavailability of key locally sourced chemicalgjch assulphuric acid caustic
soda, chloringand hydrochloric acigd which are essential for certain manufacturing
processeto be coseffective

1 Inadequacyf facilities/funding to scale up research results to the pilot jeaet
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Countries which have developed rapidly via R&D, innovati@ommecialization of
technologies, and higtechnology exports, have created an "ecosystem" in which universities,
research institutions, industries (including industrial R&D facilities), and government
bureaucracies work seamlessly together. Thus far, Sridlaska nation has failed to do that,
though a few bright spots exist. Creating such a system is the challenge we face. Value addition
to mineral resources would be just one step in this process.
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METHODOLOGY

In preparing this report, a committee wassembled composed of representatives from a
number of relevant institutions and government entities. These include

The Sri Lanka Institute of Nanotechnolo@@BLINTEC)

The Industrial Technology Instituér)

The University of Peradeniya

The Open University of Stianka

The Ministry of Industries

The Geological Surveynd Mines Bureal{GSMB)

The Central Environmental Authori{CEA)

The National Science and Technology Commis$dASTEC)

= =4 4 4 4 -5 -5 4

The committee had a number of meetings to obtawigws of its members and to collect data,
including relevaninformation from the institutions they represented. Information collected
included

1 Available technologies
Technologies undergoing research and development
Market prices ominerals faw mateials,
Prices(where availabledf products at different stages of value addition
Availability of required inputs
Other relevant information, such as waste disposal/environmental issues and barriers to
investment.

= =4 -4 -4 A

Based on these and the expert opiniohthe participants with respect to feasibility, market
demand, barriers to progress, etc., a set of key projects was identifigdi@ittzed These
could be furthecategorizeds shorto medium term, anchediumto long term. Together they
constitute gathfor a significant contribution to national development through value addition
to Sri Lanka's mineral resources.
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RESULTS AND ANALYSIS

Overview and Policy Implications

Theproposed\ational Mineral Policy, which has not yet bderalized, defines the term "value
addition" as follows: Value addition" refers to any process, such as selective mining,
beneficiation, processing, and product development, as well as identifying marketiofties

that increase the value of a mineral relative to itsh@td value in bulky fornBeneficiation,

which can involve crushing, grinding, or gravity, magnetic, or flotation separation, refers to
processes which result in a more concentrated aaiolaiorm of the ore, as well as a waste
stream.Under the current definition used in Sri Lanka, beneficiation does not come under the
definition of value addition, but in many other countries it dddss report will consider
beneficiation to be value adition.

According to the Geological Survey and Mines Bureau, the true competitive advantage of Sri
Lankan mineral resources is their qualitihe high quality and purity of many Sri Lankan
minerals has been stresdggla number of sources. To take advantage of this for marketing
purposes, scientific data from chemical analysis is required. A long felt need, therefore, is an
accredited laboratory, fully equipped with instrumentation capable of obtaining analytical data
of a standard that would be acceptable in the international marketflatteng up such a
laboratory or laboratories, at SLINTEC and/or theisTihcluded in the recommendatiofi$ie
location would make use of advanced instrumentation and facilitiesalieglace at those
institutions.

Seven minerals to which value addition is possible have been identified by Prof. Rafapakse.
They are graphite, quartz, ilmenite, apatite, dolomite, clays, and feldspar. Other minerals for
possible investigation includeanazite, zircon, and rutil@ll of which are found, together with
ilmenite, in the mineral sands at Pulmoddad elsewherdt has been suggested that value
addition to the point of developing new produ@sy( the conversion of ilmenite or rutile into
pigment gradditanium dioxide) is not practicable in the world marketplace, where supply
chains are set up such that technology is seldom transferred to the "periphery,” and value added
products are controlled by the major mul#tional companies in thécentre." Thus,
beneficiation, the first stage of value addition, should be the immediate goal for many
minerals in Sri Lanka. And this approach is strongly recommended, as it sacrifices nothing.

At the same time, if we never explore the next stage ofevatidition, Sri Lanka will forever
remain a "developing" country, low on the value addition chain. Therefore, the Government
should explore ways of technology transfer through foreign direct investment or partnerships
with foreign corporations, with theenessary safeguards and compromises to ensure that
national interests are protected and foreign currency continues to flow into the country. At the
same time, suitable investment should be mad@mhcation orientedesearch, to develop our
ownintellecual propertyhaving commercial valuén this regard, many advances have already
been made by Sri Lankan scientists in SLINTEC, the ITI, and elsewhere. These initiatives need
to be expanded, not only with a view to developing new technology, but alduihen
resources and expertise that will be needed.
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Guaranteed availability of raw materials is another important issue from the point of view of an
investor. Since the mineral rights are owned by the government, any private investor (foreign
or domestic) oeven a publiprivate partnership, would have to be assured of a continuing
supply of the raw material, as well as the right to export any prodiietanitial benefication

subject of course to regulations regarding repatriating earnings in foraigency. A
significant barrier to the development of mineral resources has besorttevhaicounter
productive 2012 Cabinet paper, which set minimum levels of value addition for various
minerals before export could be permitted, but then created excefirocertain companies,

such as Lanka Mineral Sands, effectively creating a monopoly, removing incentives for
investing in value addition, and inhibiting other companies from participation.

In summary, in order to embark on a series of value additigaqtspa comprehensiwational
Minerals Policy would need to be established, which would cover all the points discussed
above. Since private sector investment, either foreign or local, would be needed to establish the
manufacturing facilities, the poliayould have to cover the following points as well:

1 Procedures for selecting the investor. In most cases there would be room for only one
investor to make enough profit for the investment to be worthwhile, so selection must
be done carefully and certain efita would have to be met. Foreign investors would
probably come through the Board of Investment (Bol), which would have to be involved
in the Policy.

1 Regardless of whether the investor was foreign or local, there would have to be
regulations to ensure tiepatriation of revenue in foreign currency to Sri Lanka. There
should be a mechanism to monitor remittances.

1 The investor shouldin addition to providing employmerior skilled labour, hire
technical and scientifimanpower locally

1 The technology braght in by an overseas investor shouldb#iciently hightech and
environmentally sound (low water/energy intensiless polluting et§. Import of
outdated/environmentally unsound technologies should be prohibited.

1 Environmental impact assessment qass should be speeded up to minimize
unnecessary delays in the approval process, while safeguarding the Sri Lankan natural
resources that are unique and have intrinsic value.

1 The State, which owns the mineral resources, should commit to giving medioing to
term access to raw materials to the investor, in dhdgithe return on investment (ROI)
is adequate to attraictvestment.

1 Royalties should be reasonable, consiseamibased on piheadvalues

Sulphuric Acid

Value addition to many of theseinerals, as well as many other industrial processes, requires

a small but vibrant chemical industry. Unfortunately, the Sri Lankan chemical industry has not
recovered its full capacity since the end of the civil war in 2009. In particular, the Paranthan
Chemicals Co. is only now beginning to recover the manufacturing capabilities it lost during
the war. A key chemical that would be needed for certain types of value addition to ijmenite
graphite, and apatite, as well as other processes, is sulphuric abgl.availability of
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inexpensive, locally produced sulphuric acid would make many chemical processes feasible.
This report recommends that the highest priority should be given to the establishment of a
sulphuric acid manufacturing facilitas an essentiailgredient in a number of value addition
technologiesA single investor should be selected, local or overseas, to ensure economies of
scale, and the location should be selected with access to the key raw material, sulphur, in mind
as well asavailability of water Sulphur may either be imported or obtained as-prbguct of
petroleum refining (if done on a sufficiently large scale), so Trincomalee may be a suitable
location for the plant.

Apatite

Eppawela rock phosphate consists of the mineral apatitelatively insoluble form of
phosphate. While phosphate has many uses, the most important one for our purposes is in
agriculture, where more soluble forms of phosphate are essential fertilizers. A proposal has
already been made to convert apatite intalsirsuperphosphate (SSP), a soluble form of
phosphate, which can be used in Sri Lankan agriculfime.product has the potential to save

USD 35,000,000 per annum in import costs, based on a report written i(L20&@& Phosphate

Ltd.), which estimatedhie local market at 200,000 togs per annum

This documentassigns a high priority to value addition to apatite, via conversion to SSP,
because of its impact on Sri Lankan agriculture. It should be noted that sulphuric acid is a
required input for this piess so the location of the plant should be close to the sulphuric acid
plant Other inputs (for a plant capable of producing 700 tonnes of SSP per day) include land
(about20 ha) and water (1750 cubic metres per day).

Mineral Sands

The principalminerals found in the mineral sands of the east coast of Sri Lanka are ilmenite
(70 - 72%), rutile (8%), zircon (8 - 10%), and monazit€0.3%) Separation of the sand into
these components is the first step in value addition. Currently, Lanka Mineral [Sdndke
stateowned company licensed to mine this product, has an annual production of 90,000 tons
of ilmenite (50% TiQ), 4000 tomes of httitanium ilmenite (61% Ti@), 9000 tomes of rutile

(95% TiQy), 5500 tomes of zircon (65% Zr@), and 100 tones of monazite. These are sold

by aspecial procedure approved by the Cabinet

The first step in value addition to these raw materials is benefici@tmrcentration to ra
approximately90% level) especially with regard to ilmenite, and this needs tolb@ded up.
The extent of value addition can be understood if we compare the benchmarlperitmme
of rawlocalilmenite andutile, given in Table 1 belowwFor comparison purposes, the pride
pigmentgradeTiO2, which can vary considerably, is also included.

* lankamineralsands.com/products/
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Table 1: Benchmark prices of TiO

Product TiO2 Content Benchmark Price
(purity) (USD / tonne)
[Imenite 48 - 50% 327
Rutile 95-97% 2027
TiO2 pigment grade 2400- 3400 (variable)

Conversion ofilmenite into pure
TiO2 has been discussed in S

rassee
r

suseeo
n

N

Mineral Sand Deposits in Sri Lanka 3
W AN E
x %0

S

Lanka over many years
Technology for thisconversion

using a sulphate process th
requires an input of sulphuric acic
has been developed by SLINTEC N
and taken to the pilot plant scalt ; ,
However, many baiers exist to ] T, g T
commercialization These have S : s B4 N
been discussed in a 2018 report | |} '
SLINTEC,® which includes a wa :
detailed analysis of the globe 3) - T e L Ny
supply chain situation. They | =l A T §' ;.£
includethe absence (up to now) ¢ é, i A £
a local supply of sulphuric acid, th |; ,
small size of he local market for Yz

TiO2 (ca. 5000 tons per annum \
the paint industry the fact that the
global market is dominated b Q
large international companie ||
which have the advantage o L =
economies of scale, the problem ; i
waste disposal or, alternatively o TR o
finding applications and market; | (2o -
for the ferregypsumor iron oxide

by-producs, and the high cost of power in Sri LanKéese issues would have to be addressed
beforea decision could be made to proceed it next step of value addition, conversion to

TiO2.

R

Monazite, a relatively minor component of mineral sands, also has potential for value addition,
as it is a source of rare earth elements such as cerium, lanth@@adymium praseodymium,
samarium dysprosium, angadolinium as well as the radioactiveeahent thorium, which is

being developed in India as a nuclear fuel. The rare earths are in high demand, being essential
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components of the electronics industry, with the world market being dominated by Siina.
Lankan monazite has been shown to contagnitant amounts of cerium, lanthanum, and
neodymium, so that further research can be recommended to determine its potential for export
as a source of rare eartladter concentrating them via fractionati@@urrently, monazite is
produced in such smallugntities that export occurs at irregular intervBiscause of its high
content of radioactive thorium, stringent safety precautions should be taken when concentrating
it.

Graphite

Sri Lanka produces a higburity = e e
variety of graphite known as vei -
graphite, and is the only supplier ¢ A O
vein graphite in the world. Othe i : o
sources supply flake graphite, arn
most technological applications alf
intended for this variety. Graphite hg
many value addedapplications, such
as lubricants, vehicle brakes, battery
electrodes, fillers in the rubber
industry, etc, many of which are
already in  production locally] | {5
Currently some of thenined graphite e T e
is exported to India for separation int e | -
individual powder fractions and,| R - I W
brought back to Sri Lanka for furthe Vs T .= N
value addition for exporfThe pivate N o | oy~ [T
sector should be encouraged to inve N =y
in relevant technology to undertak \ : , ,
the intermediateprocessinglocally, By o [RF Y S -
thereby savingsignificant amount of : s
foreign exchange.

gq
i
—
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®  Graphite Location
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i
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Conversion of graphite into product T

such as carbon nanotubes, graphe — -
and graphene oxide has become an important source of value addition, and much research has
been done in Sitianka by the ITI and SLINTECThese processes also require sulphuric acid.
SLINTEC has joined with LOLC to form a company called Ceylon Graphene Technologies
(Pvt) Ltd., tocommercializethe results of this research. Considerable progress has thus been
made with respect to value addition to graphite, which can therefore be considered a partial
success story. However, only a small percentage of the graphite pr¢dud¥®) can beised

in this process, and the gains frammmercializatiorremain to be detarined.Other value

added products need to be investigatadd muchresearchstill remains to be done.
Furthermore, the mining technology currently in use is outdated and needs to be upgraded, to

10
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avoid contaminating the graphit€hereis a room to expanthe productivity of the existing
mines as well.

Quartz

Like many other Sri Lankan mineral resources, the vein quartz (silicon dioxide) found in Sri
Lanka is of very high purity. It is currently sold in powdered form at about 4EIper tome
Theminable reserves have been estimated by the GSMB at 2.7 millioest@gnpossible low

tech value addition is to make use of the tailings from mining, currently a waste material, to
manufacture products suchesgineered stone (USIH00 per tonnednd orramental objects.
Tailings can be reduddrom current 40% to about 20% by using an optical sorter, and this
should be implemeatl by the quartz mining industrgs a way of increasing productivi#s

with graphite, considerable potential remains for valddition, and focused research in this
area is recommended.

Dolomite and Limestone = = =

Vein Quartz Deposits in Sri Lanka

Dolomite, a 1:1 mixture of calciun g e\ w@r
and magnesium carbonates, is ,‘_,f :
abundant mineral in Sri Lanka, an
already has a number c |} “J |
applications.Dolomite is used in _s .. T
the cerang and glass industries, a i ; LE = !

a fertilizer, in the construction T e =
industry, in animal feedand as a '
filler in the cosmetics, plastics anc |
PVC, rubber and paint industries.
Considerable potential for valus o | 2 ,
addition exists in the pharma \| =Ndm AT A
ceutical industry as  well. e O oy
Rajapakse and eweorkers at |¥ = s - 0 L P _ ‘
Peradeniya have  develope e \ 4
methods to separate the calciu
and magnesium salts and conve . ;
them into nanoparticles for variou = '
applications? K i %

3 o
e

The main use of limestont ¢
(calcium carbonate) is in the L
construction industry, as slake | (D e
lime and as a critical raw materieu

in the production of Portland cement. At present only about 15% of the cesedin Sri
Lankais produced locally using lodglavailablelimestone, and the GSMB has estimated that
available quantities suffice to increase this to at least 30%. While this would not contribute to
exports, it would save a significant amount of foreign currepeshaps an additional USD 25

11
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million per annum. It should also be mentioned that this limestone is currently being supplied
to cement manufacturers at a very low price.

Others

Other minerals to which value addition is possible include sea salt, feldspar, and clay
(montmorillonite). The corersion of salt (sodium chloride) to chlorine acaustic soda
(sodium hydroxidgby electrolysis is the subject of a current proposal by Paranthan Chemicals,
which essentially revives an industry that fell into disuse during the civilMsar availability

of chloring hydrochloric acid,sodium hydroxideand sodium hypochlorifeand ancillary
products such as bleaching powderuld be a boost the country's chemical industry, and even
in the absence of an export market, would help conserve foreign curkémegver, other
simple approaches to value addition in the salt industry itself may be possible, suafe as
VacuumDried (PVD) salt. Also, the concentrated liquid frodesalination plantsould be
directly used for electrolysis, as is done in India, theiacreasing efficiency.

The wellestablished Sri Lankan ceramics industry is based on the availability of high quality
clay; unfortunately, the sources of clay are now being depleted. Further research into value
addition is neededreldspar is currentlysed as a refractory material in the ceramic and glass
industries and may also be a target for value addition or research into new products.

12
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CONCLUSIONS

Despite its history of producing high quality steel, gems, and graphite since ancient times,
modernSri Lanka has failed to develop its natural mineral resources, and therefore remains a
source of raw materials rather than vaadeled products. Since int@tional markets in these
products are controlled by others, the longer we wait, the more difficult it will become to break
into them.This report identifies a possible path to upgrading the Sri Lankan economy by
making better use of these mineral resosirce

In order to make full use of these opportunities, an integrated system of industry, finance,
regulation, marketing, and research is needed. Sri Lanka has deficiencies in each of these areas,
and such improvements and investments as have been madeebay@dremeal. A carefully
planned, concerted investment would neetiganade in all areas to promote the success of
each projectThe private sector would play a key role, axistng barriers to investment

should be removedeveloping a comprehensive National Minerals Policy incorporating many

of the points discussed would be an important component of this.

An effective chemical industry is an essential part of this system, and sulphuric acid is a key
chemical in many of théeveloped or envisaged technologiesulphuric acid plant to support
these technologies should be established. Revival or expansion of formerly important local
industries, such as the Portland cement industry or the chlorine / sodium hydroxide industry
would also boost the country's industrial capacity and save foreign currency.

Another component is the establishmentwal-equipped and accredited analytical testing
laboratores Some of the facilities needed already exist at SLINTEC, the ITIgaadsome

of the universitiesand developing and upgrading the existing laboratories at SLINTEC and the
ITI would take advantage of the wealth of equipment and expertise already there.

Value addition to mineral sand could start with separation into its compomeerals (already

being done), beneficiation, and concentration of ores, to improve marketability and price. The
feasibility of converting ilmenit€and rutile)into titanium dioxide, using already available
technologies on a commercialisable scalan be explored but significant barriers exist,
making this a londerm goal Conversion of apatite into SSP is already technically feasible,
and proposals to do so have been made and should be supported. Value addition to graphite is
already a partial sucss story, withmany value added products already being manufactured by
Bogala Graphite Lanka PLC, amtlde establishment of Ceylon Graphene Technologies (Pvt)
Ltd. to commercializesome of the technologies developed, but much more needs to be done.
Researclinto possible applications based on the properties and high purity of Sri Lankan vein
graphite is neededther targets for value addition include vein quartz and monéasta
potential source of valuable rare earth elements). More research needsldneben the
technical feasibility as well as the market for these products.
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RECOMMENDATIONS

The following recommendations are made based on the foregoing andssnmendation
1is a policy recommendation, while recommendation3 &e productiori commercialization
related, and deal with technologies alreadyailable backed by a local demand.
Recommendationd - 7 are longer term, andimed attargeted research and development
testing facilities andexportorientedmarket development

1. Issue: Removing regulatory barriers to investment
Recommendation:

A National Minerals Policy should baalized, incorporating the points discussed on
page 6 of this report. It should alsmend the applicable Cabinet decision of 2012,
redefining "vale addition” to include beneficiation, and where appropriate, allowing
reasonableompetition among investors, rather than promoting a mondpdbfate
Owned Enterprises (SOES)

Rationale

The current regulations inhibit investment, particularly by seas investors, in a
situation where there may not be sufficient local (state or private) capital to commence
operations. Attracting a certain amount of overseas capital is probably necessary for
the success of these activities. Also, the current defindfd'value addition” seems

to preclude beneficiation, a step which would in fact add vahree the policy
changes were in place, value addition to a number of minerals through beneficiation,
concentration, etc., could be carried,@rtd foreign invests attracted more easily

2. lIssue Establishment of a sulphuric acid plant.
Recommendatian

Encourage and provide necessary inputs for the establishment of a plant to
manufacture sulphuric acid, in sufficient quantities to meet all the projected afeeds
the country, including value addition to rock phosphate, ilmenite, and graphise.

may be implemented bgny local or interested overseas invesas a short term
project The sulphur needed as a raw material for this p&duld initially be
imported, but later sourced locally once the logadtroleum refiery is expanded, as
sulphuris a byproduct of petroleum refining. Trincomalee, with a harbor and
pleniful water supply has been identified as a suitable location to ke ygant.

Ratiorale

A dependable and adequate supply of sulphuric acid, locally available at minimal cost,
is necessary in order to make many other proposed initiatives feasible-effeosve.

The lack of such a supply is one of the barriers to investment in sogctstThis
includes value addition to apatite and graphite, as well as, potentially, ilmenite and
monazite.
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Issue Conversion of rock phosphate (apatite) to single superphosphate (SSP)

Recommendatian

Encourage and provide necessary inputs foregtablishment of a plant to convert
rock phosphate into SSP, in sufficient quantities to meet all the projected needs of the
agriculture sector of the countffhis may be implemented by any local or interested
overseas investor, as a short to medium faject.A long term agreement to supply
apatite to the potential investor is a must to attract investment.

Rationale

Because of its relevance to agricultupayticularly rice cultivationthis should be
considered a high priority project. Tihechnology is well understood, and once the
sulphuric acid supply is available, the necessary chemical inputs would be in place. At
a minimum there would be considerable savings in foreign currency.

Issue Value addition to ilmenite

Recommendation

lImenite is the major component of mineral sands, and therefore this report
recommends that ilmenite should d&@ importanfocus of value addition. In the first
instance this should be done by beneficiation and concentration aipotd90%.

Further value ddition by converting tgigment gradditanium dioxide is a longr

term prospect, even after the necessary supply of sulphuric acid is assured, because of
the other issues discussed on page 6 of this report. Investigations into finding
comprehensivéechncal and commercial solutions to these issues should continue, as
well as opportunities for value addition to titanium dioxide itself.

Rationale

lImenite is a valuable and abundant resource, which is not contributing as much as it
could to the country'sconomy. The proposal above, making usaraple and readily
accessiblgechnologies, would be an important step towandseasing the market
price of local ilmenite The nanochemistry of T¥) which has been extensively
researched, offers further opparities for value addition.

Issue Value addition to graphite

Recommendatian

The establishment of Ceylon Graphene Technologies Ltd. demonstrates that value
addition by conversion to graphene and graphene oxide is already undendayher
valueadded products are also being manufacturexvever this is only a small part

of total graphite production, and many initiatives to add value to vein graphite need to
be taken, including upgrading mining technolpggxpanding productionand
developing newalue added products. Research into products such as electrodes for
different types of batteries, lubricants, carbon nanotubes satmjdbe carried out,
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with a view to developing intellectual propertigr which adequate funding is
recommended.

Rationale

Graphite is a very promising material for value addition, whose production was much
higher a century ago than it is now. While some new technolagéem the process

of commercialisation much more remains to be done, and research into these
posgbilities is still limited.

6. Issue Value addition to other minerals
Recommendation:

Promote research and development into value addition to other minerals, with
emphasis on quartzolomite,and monazite, with a view to initiating value addition
projects in the medium term. The research should cover developing new products from
guartz {ncluding value addition to quartz tailings via engineering stone and other
product$, improving the productivity of quartz by recovering material from the
tailings, ses of dolomite in the pharmaceutical indusaryianalysingmonazite for

rare earth content. Value addition to zircon, rutile, and clay may also be studied further.

Rationale:

These are longer term projects, which have a lower priority than those listed
previously. There is a large potential market in the international electronics industry
for rare earths, and the necessary technology already exists. However, much more
research needs to be done, withfeasibility and market studies, before
commercialisatiortan be successfudspecially given the relatively small amounts of
monazite available.

7. Issue Establishment of an analytical laboratoryto service the minerals industry.
Recommendation:

Establishoneor morefully accredited and equipped analytical labor@®rcapable of
carrying out all necessary chemical analyses on mineral samples, as well as
environmental samples and trace analy3éss should be done usinthe existing
institutions SLINTEC andbr the ITl,leveraging instrumentation and expertise already
present thereThis should be considered as a stmedium term projectThe State
should provide funding for not only purchasing additional instrumentation, if
necessary, after reviewing the facilities currently available at these institutions, but
also funding for maintenance of existing instruments, some of which are agese

labs could partner with the GSMB in completing the National Mineral Atlas initiated
some time ago, providing the necessary analytical data while the GSMB estimated
guantities.
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Rationale:

There is a need for accredited fa@igwhich arecapable of providing internationally
acceptable data regarding the quality of our mineral ressuto back up claims
regarding the latter. Having the fad@i$ in Sri Lanka would save time and money
associated with sending samples abroad for analysis, as is often doneatodlay
improve efficiency of serviceThis capabilityexists at the institubhs named, but
needs to bdéormalizedand supportedMaintenance of higlend instrumentation is

very expensive, and the costs cannot be recovered through provision of services. As
this provides an essential service to the indwestnyell as the state segtstate support

is vital.
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MINERALS

BI COST Committee me mber s of 6Val ue adadi ti on
committee

1 Dr. Ranil D. Guneratne, Consultant, National Science and Technology Commission.

(Chairperson of theommittee)

Dr. Azeez M. Mubarak, Sri Lanka Institute Manotechnology.

Prof. Gamini Rajapakse, Senior Professor, University of Peradeniya.

Dr. Iresha Kottegoda, ResearcéllBw, Industrial Technology Institute

Dr. Lahiru WijenayakeSenior LecturerOpenUniversity of Sri Lanka

Dr. Nuwan De SilvaSenior Research ScientiSiri Lanka Institute of Nanotechnology

Dr. Chanaka Sandaruwarenior Research ScientisGri Lanka Institute of

Nanotechnology

1 Mr. Ranjith WimalasooriyaAdditional SecretaryPublic Ererprises & Restructuring)
Ministry of Industries

1 Mr. Nalin de SilvaDirector (Mineral Surveys)seological Survey and Mines Bureau

1 Ms. Swarna RajapaksAssistant DirectqgrCentral Environmental Authority

E NE N

BICOST6Val ue additi on tnad Nva tngassahpardepantsur ces a

Mr. Wasantha Anuruddh®rincipal Scientific OfficerNational Science dundation
Ms. Udesha BopitiyeDirector, LANMIC POLYMERS (pvt) Ltd

Dr. Sadun Dalpadadirector, DAMSILA ReurcesPvt Ltd

Mr. J. Dinojan Mining & Processing Engineglcanka Mineral Sands Limited

Mr. Nishantha Dissaayake Senior Deputy DirectoiBoard of Investment

Mr. A. F. M. Farook, Chief operating officer, CEY Quartz MBI Pvt. Ltd

Mr. L.R.D. Gokula Asst. General ManagdParanthan Chemicals Cgany Limited
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