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Orbite Aluminae Inc (TSX:ORT; OTCQX:EORBF) has developed a unique technology 
to produce alumina from clays and is less than 6 months away from proving the 
technology is feasable.

■Orbite’s HpA facility is fully funded. We estimate that Orbite would generate 
$68M in revenue in 2013 (all HPA) and $527M in 2015.  

■We expect Orbite to start the operation of the full-scale smelter grade alumina 
(SGA) plant by 2015; as such, it will likely start construction of the plant in 
late 2013, contingent upon its successful design, mining permit approvals and 
access to funds. The preliminary economic assessment estimated operating 
costs of $211/tonne for Orbite SGA refinery is below the 2011 global average 
cost of $266/tonne. According to industry reports, the average cost of alumina 
production is now above $310/tonne.

■With the start of the SGA plant, Orbite would be able to produce a number of 
specialty materials including rare earths and scandium – all highly sought 
after elements. We estimate that by-products revenue will account for 35% of 
the total revenue in 2015.

■contrary to the traditional Bayer process, the Orbite process should be 
adaptable for the processing of low quality bauxite, nepheline and other high 
silica aluminous ores. High silica ores are usually processed using alternative- 
Bayer processes. At similar capital cost, the Orbite process is expected to 
require lower operating costs than alternative Bayer processes and produce 
no toxic waste. If the process viability is proven, we expect to see an increased 
interest in the Orbite process as the need for new alumina refineries arises, 
particularly in locations with low quality bauxite and  access to cheap fossil 
fuels, such as Russia and China.

■We expect Orbite to publish the SGA plant’s feasibility study by the first half 
of 2013, which will offer potential future licensees and joint-venture partners 
a more detailed assessment of the process economics, and help the company 
finalize strategic agreements with Rusal and Nalco.

■We only modeled one plant as per the PEA.  Compared with current prices, our 
assumptions for the rare earths and rare metals prices are quite conservative. 
Furthermore we didn’t include potential licensing revenue for either SGA 
production or red mud remediation, which could offer further upside to Orbite’s 
stock.  We initiate coverage of Orbite Aluminae Inc. with a Speculative Buy 
recommendation and a 12-month target price of $8.00 per share.

INvESTMENT HIGHLIGHTS

Source: Capital IQ

Market Cap $518.78

Net Debt -$57.89

 Cash & Short Term Investments $60.24

 Debt $2.35

Enterprise Value $460.90

Basic S/O (M) 180.13

Fully Diluted (M) 207

Avg Daily Volume (3mo, k) 734

52 Week Range $3.81 - $1.28

MARkET DATA (AS OF SEPTEMBER 17, 2012)

$000s 2013F 2014F 2015F 2016F 2017F

Revenue  68,250 121,371 526,959 557,073 557,825

EBITDA 38,955 74,130 325,536 342,564 343,872

EBIT 36,674 60,403 295,630 312,059 312,758

EPS 0.16 0.07 0.82 0.89 0.93

FCFPS -1.33 -1.66 0.59 0.89 0.96

kEY FINANcIAL METRIcS (c$)

PRODUCTION ESTIMATES

tonnes 2013F 2014F 2015F 2016F 2017F

Alumina 
HPA  1,050 1,750 1,750 1,750 1,750

Alumina 
SGA  -    -    493,658 531,766 531,766

Ferric 
Oxide  -    -    175,799 189,370 189,370

Scandium  -    -    28 30 30

Gallium  -    -    89 95 95

Magne-
sium  -    -    32,196 34,682 34,682

Silica  -    -    1,133,233 1,220,714 1,220,714

REO  -    -    813 875 875

VALUATION

$000s 2013F 2014F 2015F 2016F 2017F

EV/EBITDA 45.8x 29.8x 6.5x 5.7x 5.2x

ROIC 8.5% 6.3% 25.4% 25.5% 25.1%

P/E 50.8x 111.4x 9.7x 8.9x 6.5x

P/S 23.3x 14.5x 3.3x 3.2x 3.2x
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Orbite Aluminae Inc. is a clean chemical processing company based in Quebec, Canada. The company 
is developing a new alumina refinery process for the production of higher purity alumina and smelter 
grade alumina that does not produce red mud. The Orbite process can also be adapted for the 
treatment of red mud and other raw materials with alumina content of about 18% or higher. Orbite 
owns a number of mineral clay deposits in Quebec, consisting of 1,074 claims covering 610km2. 
Orbite also has a number patents pending associated with the processing and extraction of rare 
earths and hematite. The company expects to start producing high purity alumina in 2013.

EXEcUTIvE SUMMARY
It is no coincidence that the Orbite process, potentially the most advanced alumina technology in 
more than 100 years, is being developed in Quebec, Canada, as the region is the world’s third largest 
producer of aluminum. The provincial government has made significant investments to preserve its 
industry, and Orbite has benefited from that. Furthermore, Quebec has the extensive and unique 
high-grade aluminous ore that would be the feedstock for the Orbite process.

As potentially the lowest cost producer of high purity alumina, Orbite could become a price setter and 
gain a fair share of the market.  We anticipate that the HPA business could become an acquisition 
target for an established lighting or electronics company with high future demand for HPA.

An Orbite smelter grade alumina business in Quebec could become the alumina solution for the 
aluminum smelters in the region who have to purchase most of their alumina from Jamaica and 
Brazil at high transportation costs. An Orbite process refinery would not only decrease the smelter’s 
raw material costs but also offer a more controlled production quality. Quebec is the largest alumina 
consuming region in the world, with circa 6.0M tonnes per year demand, which is expected to grow to 
8.0M tonnes in the next 10 years.  Orbite’s first plant is expected to have 0.54M tonnes capacity; thus 
if the Orbite process proves successful, the company will have the opportunity to grow its business 
significantly. Additionally, as part of the SGA processing technology, Orbite could become the first 
primary producer of heavy rare earths and scandium in North America. 

Orbite’s memorandums of understanding with United Company Rusal and National Aluminum 
Company (Nalco) are a validation of the potential of the Orbite process. We expect Orbite to sign a 
definitive agreement with Rusal and Nalco before the completion of the feasibility study, and attract 
more aluminum smelters as joint venture partners in the SGA business. 

In addition to all the alumina and rare metals products that Orbite could sell, if the patents are 
granted, the company could potentially license its technology in countries that are currently using 
more expensive processes (e.g. the Bayer-Sinter process) and have to manage or are interested in 
remediating their toxic red mud.  The Orbite process could be used to process different feedstocks 
(e.g. red mud, REE-rich ores, etc.) for the recovery of common and minor metals. Thus we conclude 
that Orbite’s SGA and the HPA businesses, and ultimately its processing technology, could position 
the company as one of the world’s leading suppliers of alumina products and rare metals.

Quebec is the largest 
alumina consuming 
region in the world

Orbite could become a 
low-cost producer and 
price setter of High Purity 
Alumina

Orbite could become 
the first primary producer 
of refined heavy rare earths 
in North America



3www.europac.ca

September 2012 Orbite Aluminae Inc.

ALUMINA - INDUSTRY OvERvIEW 4
 Alumina and Aluminum 4
 Aluminous Ores 4
  Clays and Clay Minerals 4
  Bauxite 5
  Nepheline 7
 Alumina Refining Technologies 7
  Bayer Process 7
  Sinter Process 9
  Combined (Bayer-Sinter) Process 10
  Nepheline Process 10
 Alumina Market Overview 11
  Smelter Grade Alumina 12
  High-Purity Alumina 12
  Quebec’s Aluminum Industry 14
 Alumina Prices 16
 Alumina Cost Curve 17
 Bauxite Waste Residue (Red Mud) 17
RARE METALS OvERvIEW 19
 Gallium  19
 Scandium 20
 Rare Earth Elements 21
 Magnesium 22
INITIATING cOvERAGE - ORBITE ALUMINAE INc. 24
 Company Description 24
 Mineral Properties 24
 Orbite’s Processing Technology 25
  Background 25
  Process Description 26
   Processing Cost Estimates 29
   Capital Costs Estimates 32
  Project Risk 33
  Technology Adoption: The Potential 34
   Advances in Energy Consumption 35
   Potential Licensing Regions 36
   Orbite could make Russia the lowest cost producer 36
   Stopping Red Mud Production in India 38
  Environmental Benefit 39
 Patents  40
 Financial Outlook 41
 Valuation  47
 Management Team 49
 Risks - Above Average 53
 Conclusion and Recommendation 54

APPENDIX 1:  Company Financials 55

All share prices as of Septmber 17, 2012.
 

TABLE OF cONTENTS



September 2012

4

Orbite Aluminae Inc.

www.europac.ca

Alumina Industry Overview

ALUMINA AND ALUMINUM
Alumina is aluminum oxide (Al2O3) and is main feedstock for the production of aluminum metal, 
as aluminum does not occur in nature in the metal form but instead as an oxide. It is the third 
most prevalent element on Earth (~8% by weight) after oxygen and silicon. In addition to its 
metallurgical application, alumina is particularly suitable for electrical applications and thermal 
insulation, for cutting tools and abrasives and for anti-corrosion applications because of its 
physical and chemical properties. Alumina is also widely used as a ceramic; and as it is syn-
thetically manufactured, many of its properties can be modified in a controlled manner. It can 
be found in varying degrees of purity and crystal structures, with different properties and costs.

ALUMINOUS ORES
There are many rocks and minerals containing aluminum; however, only few are used to produce 
alumina for the production of aluminum metal. Bauxite is the most widely used (feedstock) 
raw material in alumina production Nepheline-syenites and the nepheline-apatites are mostly 
used in Russia. High-alumina clays and kaolins have also been extensively researched for the 
production of alumina. Orbite’s raw material at Grande-Vallée is aluminous clay. Other miner-
als that can be used for the production of alumina include alunites, leucitic lavas, labradorites, 
anorthosites, cyanitic, sillimanitic and andalusitic schists.

cLAYS AND cLAY MINERALS
Clay deposits are fine-grained sedimentary soil deposits containing hydrated silicas of alumi-
num. They can be defined as residual clays when formed from the gradual weathering of local-
ized rock into very fine particles, or sedimentary clays when formed from particles of weathered 
rocks that were carried from the place in which they were formed to another, usually by streams 
of water, marshes or oceans. Clays are found mainly on or near the surface. 

INDUSTRY OvERvIEW - ALUMINA

Figure 1. Clay Mineral Deposits
Source: Company Reports, Euro Pacific Canada

Bauxite is the most widely 
used  raw material in 
alumina production
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Clay minerals belong to the phyllosilicate (i.e., sheet silicates) group of minerals and are the main 
constituents of soils. The minerals have a wide range of particle sizes from angstroms (10-9 m) 
to millimetres (10-3 m); in addition to aluminum and silicon, they also contain a variety of other 
elements, such as iron, sodium, potassium, magnesium, calcium, gallium and rare earths (the 
lanthanoids, plus scandium and yttrium). Clay minerals are some of the most common products of 
chemical weathering of rocks and are the main constituents of the fine-grained sedimentary rocks 
called mudrocks (including mudstones, claystones, and shales), which can be found worldwide 
(Figure 1). There are five dominant clay mineral groups: kaolin, smectite, illite and chlorite, and 
a mixed layer type mineral. The kaolin group has three members: kaolinite, dickite and nacrite, 
which all share the same chemistry (Al2Si2O5(OH)4) but differ in structure (i.e., polymorphs). The 
smectite group comprises several minerals, including montmorillonite, pyrophyllite and talc. The 
various minerals differ mostly in chemical content, and the general formula is (Ca, Na, H)(Al, Mg, 
Fe, Zn)2(Si, Al)4O10(OH)2 - xH2O, where “x” represents the variable amount of water. In the illite 
group, illite is the only common mineral, and is the main component of shales and other argilla-
ceous rocks. The general formula is (K, H)Al2(Si, Al)4O10(OH)2 - xH2O. The chlorite group includes a 
large number of minerals with different chemical properties. The general formula is X4-6Y4O10(OH, 
O)8, where “X” represents one or more of aluminum, iron, lithium, magnesium, titanium, nickel, zinc 
or rarely chromium, and “Y” represents mostly aluminum or silicon, but can also be boron or iron. 
Mixed-layer clay minerals are the result of interstratification.

BAUXITE
Bauxite is a rock with heterogeneous composition of various elements that include mainly aluminum 
hydroxide minerals, silica, iron oxide, titanium and aluminosilicates (e.g., argillite). It is the most im-
portant source of alumina for the production of aluminum and contains 30-60% alumina. Approxi-
mately 2 tonnes of bauxite are required to produce 1 tonne of alumina. The main minerals in bauxite 
are gibbsite (Al(OH)3, 65.4% alumina content), polymorphs boehmite (AlO(OH), 85.0% alumina con-
tent) and diaspore (Al(OH), 85.0% alumina content). Bauxite also contains iron oxide, goethite and 
hematite, the clay kaolite and small amounts of anatase (Figure 2).  

Bauxites are usually divided into two types: the lateritic type, also referred to as equatorial, and the 
karst type. As suggested, lateritic bauxite is usually found in equatorial climates and represents most 
(>85%) of the current world bauxite economic reserves. These deposits are usually characterized 
by a top layer of bauxite lying on top of an often clay aluminosilicate base formed from the top layer 
through leaching silica. Thus, the lateritic bauxite usually has low silica content. The aluminous miner-
als are goethite and less often boehmite. The main silicate mineral is kaolinite, which is commonly 
associated with the iron mineral goethite.   

The karst bauxites are mostly found in Eastern Europe and Northern Asia, and tend to have a different 
mineral composition compared to the equatorial bauxites. Karst bauxites contain carbonates in the 
parent rock and are subject to different weathering conditions. The dominant aluminous minerals 
are boehmite and diaspora. The silica minerals are also kaoline but often contain more difficult-to-
process silica minerals such as chamosite. Karst bauxites usually have higher silica content. The dif-
ferences in their mineral compositions have dictated the way they are processed. The lateritic baux-

Bauxites are usually 
divided into two types: the 
lateritic and the karst type. 
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ites are usually easier to digest and are treated by the Bayer process, using less severe conditions of 
caustic concentration, temperature and holding times. Karst bauxite is usually processed using the 
Sinter and/or the modified Bayer-Sinter technologies.

According to the United States Geological Survey (USGS), Guinea has the world’s largest bauxite 
reserves (7.4B tonnes), followed by Australia (6.2B tonnes), Brazil (3.6B tonnes), Vietnam (2.1M 
tonnes) and Jamaica (2.0M tonnes). It has been estimated that 55–66% of the world’s bauxite is not 
included as reserves, as it is not economic using current methods due to the high silica content. If the 
Orbite process were to be adopted on a global scale, bauxite reserves may increase.   

The top bauxite producing nations in 2011 were: Australia (67.0M tonnes), China (46.0M tonnes), 
Brazil (31.0M tonnes), India (20.0M tonnes), Guinea (18.0M tonnes) and Jamaica (10.2M tonnes).

Although most of the “good-quality” bauxite is found in the equatorial regions, the largest alumi-
num producers are China, Russia and Canada. Not incidentally, these countries are also the largest 
producers of cheap hydroelectric power essential for the aluminum industry. Thus, the transporta-
tion cost of moving the raw materials to the smelters has always been a challenge and a burden for 
the aluminum industry. The Orbite process has the potential to alleviate the transportation issue 
for a number of nations.

Figure 2. Classification of Bauxites and Major Bauxite Resource Locations
Source: Company Reports, Euro Pacific Canada

Element Lateritic (Equatorial) Karst

Al2O3 Gibbsite, Boehmite Boehmite, Diaspore

SiO2 Kaolinite, Quartz Kaolinite, Quartz, Chamosite, Illite

Fe2O3 Goethite, Hematite Hematite, Goethite Maghemite, Magnetite

TiO2 Anatase, Rutile Anatase, Rutile, Ilmenite

CaO Calcite, Apatite Calcite, Apatite, Crandallite

90 - 99.6 Fine/Coarse Open

80 - 90 Fine/Coarse Open

The largest aluminum 
producers are China, 
Russia and Canada
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NEpHELINE
Nepheline syenite is a rock composed of sodium and potassi-
um feldspars and nepheline, and usually contains the follow-
ing mineral composition: 48–54% albite, NaAlSi3O8; 18–23% 
microcline, KAlSi3O8; 20–30% nepheline, (Na,K)[AlSiO4]; and 
biotite, hornblende, magnetite and pyroxene as accessory 
minerals (Figure 3). 

The dominant elements in nepheline syenite include silica 
(SiO2, 50-56%), alumina (Al2O3, >18%), sodium (Na2O, >8%) 
and potassium (K2O, >5%). Nepheline syenite is commonly 
used in the manufacturing of glass and ceramics, and offers 
the same benefits as feldspar; it is also a source of alumina 
production. Canada, Norway and Russia are the largest pro-
ducers of nepheline syenite. 

In Canada, Unimin Canada Ltd. is the sole producer of nepheline and operates two plants in Blue 
Mountain, Ontario. Nepheline syenite in Norway comes from the underground mine on the arctic 
island of Stjernoya, operated by North Cape Minerals AS.

In Russia, nepheline syenite is obtained as a by-product of apatite mining at Khibiny Mountain in the 
Kola Peninsula and is used for alumina production. More than 40% of the alumina produced in Rus-
sia is from nepheline ore. In Iran, nepheline syenite is the raw material in the Iran Alumina Company’s 
new alumina refinery in Sarab. There are several other nepheline projects in Brazil, China and Turkey, 
but mainly for feldspathic uses.

ALUMINA REFINING TEcHNOLOGIES
There are four main technologies for the refining of alumina. The traditional Bayer process is the most 
common; we estimate that it accounts for about 65% of the global alumina production. The other 
three alternative technologies are the Sinter process, the Combination (Bayer-Sinter) process and the 
Nepheline process. Most of the alumina is then further processed, using the Hall-Héroult process, to 
produce aluminum. Usually 2 tonnes of alumina are needed to produce 1 tonne of aluminum, and it 
depends on the silica content of the bauxite and refinery efficiency. 

THE BAYER pROcESS
The Bayer process has not changed much since the first plant opened in 1893. It can be divided into 
five main stages: bauxite preparation, digestion (caustic leaching), precipitation and calcination. The 
ore is usually first washed and then crushed and milled to reduce the particle size to better expose 
the minerals to the extraction reagents. During the extraction process, the bauxite ore is dissolved us-
ing caustic soda (sodium hydroxide – NaOH). The insoluble part of the bauxite (the “red mud” waste) 
is removed and the alumina component is precipitated. The product is then calcinated (heated) to 
produce alumina (Figure 4). 

Figure 3. Nepheline Mineral
Source: Company Reports, 

Euro Pacific Canada

More than 40% of the 
alumina produced in Russia 
is from nepheline ore

There are four main 
technologies for the 
refining of alumina
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Bauxite preparation: The bauxite is first crushed and mixed with caustic soda, and then 
pumped into large digesters.

Digestion: The minerals in bauxite – gibbsite, böhmite and diaspore – are extracted by dissolv-
ing them in a solution of caustic soda under high temperature and pressure conditions. The 
concentration, temperature and pressure conditions within the digester are set according to the 
properties of the bauxite ore.  

Gibbsite (135°C - 150°C):
Al(OH)3 + Na+ + OH- ---> Al(OH)4- + Na+

Böhmite (205°C - 245°C) and Diaspore (250°C at pressure of 35 atm)
AlO(OH) + Na+ + OH- + H2O ---> Al(OH)4- + Na+

Only alumina and silica dissolve in caustic soda; all the other elements (e.g., iron oxide and titanium 
oxide) do not dissolve, and with silica and the remaining iron and alumina they form a red mud. The 
Bayer process produces about 1.5-2 tonnes of red mud for 1 tonne of alumina produced (see section 
Bauxite Waste Residue).  

Clarification: After the extraction stage, the insoluble red mud solution is separated from the alumi-
num-containing liquor by a process known as settling, in which the residue drops to the bottom of the 
settling tank and is pumped out. The red mud is then thickened and washed to recover the caustic 
soda, which is recycled back into the process. The red mud is then sent to a waste management area, 
where it is permanently deposited, affecting the local environment.

Figure 4. Schematic of the Bayer Process
Source: University of the West Indies
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precipitation: Crystalline aluminum trihydroxide is precipitated from the digestion liquor by lower-
ing the temperature and inserting seed crystals of pure alumina to reduce the precipitation and 
crystallization time.

Al(OH)4- + Na+ ---> Al(OH)3 + Na+ + OH-

calcination: In this process, the aluminum tri-hydroxide is dried and heated (1010–1260°C) 
to form alumina:

2Al(OH)3 ---> Al2O3 + 3H2O

The final product is dry white powder with particle sizes of 0.5-10µm. The last step needs to be care-
fully controlled, as it dictates the quality of the final product. 

SINTER pROcESS
In the Sinter process, the aluminous ore is usually heated together with an alkaline chemical in 
a rotating furnace at a temperature of 1150°C or higher. The sintering is designed to produce 
various calcium aluminum silicates that are amenable to leaching in an alkaline solution (e.g., 
sodium carbonate). Aluminum hydroxide (gibbsite) is then recovered by seeding or carbonation 
to regenerate the sodium carbonate for leaching. There are two main sinter processes: the lime 
sinter process, in which the alkaline chemical is a calcium salt (e.g., calcite), and the lime soda 
sinter process, in which calcite and soda ash (sodium carbonate) are used. Figure 5 presents a 
schematic of the process. 

The flowsheet of alumina production from high-silicon bauxite by a sintering method. 1—crushing; 2—wet grincing; 
3—correction of pulp; 4—sintering; 5—leaching; 6—first desilication; 7—thickening; 8—filtration; 9—second desilicatin; 
10—carbonization; 11—thickening; 12—filtration; 13—precipitation; 14—thickening; 15—evaporation; 16—filtration; 
17—evaporation; 18—calcination; 19—silo for alumina.

Figure 5. Schematic of the Sinter Process
Source: TMS

There are two main sinter 
processes: the lime sinter 
process and the lime soda 
sinter process
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The Sinter process, or variations of it, is commonly used to process diasporic bauxite, clays or other 
high silica aluminous ores, mainly found in China and Eastern European countries, such as Russia, 
Turkey and the Ukraine. This process produces a good-quality alumina but it is more energy intensive, 
as it requires an average 40GJ/tonne of alumina compared to 10-15GJ/tonne for the regular Bayer 
process, and  it produces larger amounts of red mud.

cOMBINED (BAYER-SINTER) pROcESS
The Bayer-Sinter process (Figure 6), as the name suggests, first uses the regular Bayer process, which 
is used to extract as much alumina as possible at a low temperature and pressure. A significant 
amount of the caustic soda and alumina (18% to 40%) is lost in the residue, which is then subjected 
to a lime–soda sinter process, as described above, to recover the lost alumina. The regenerated 
leach solution from the Sinter process is usually recycled back to the beginning of the process for the 
Bayer stage. The combined process consumes relatively less energy than the single Sinter process. 
As mentioned, these methods are used to process diasporic bauxite and other high silica aluminous 
ores, as the regular Bayer process would be a more expensive option, due to the loss of caustic soda.

Refineries that still use the Sinter or combined processes include the Zhongzhou, Nanting and Shan-
dong refineries in China; the Bogoslovsk, Tikhvin and Kammensk refineries in Russia; and the Dnjepr 
refinery in the Ukraine. 

NEpHELINE pROcESS 
The Nepheline process was developed by Russian scientists, with the first commercial-scale plant built 
in 1952. The technology was developed to treat nepheline concentrate, which was obtained as a by-
product of a beneficiation factory that produced apatite concentrate, and contained 28% Al2O3 and 44% 
SiO2. Figure 7 shows the detailed flow sheet of the process, which includes an initial sintering at the lime-
stone stage. The production method enables complete recovery of cement, soda, potash and alumina. 
Refineries in Russia using the Nepheline process include Achinsk, Pikalevo (currently offline) and Volkov.

The flowsheet for alumina production from nepheline ore. 1—crushing; 2—wet grinding; 3—correction of pulp; 4—
sintering; 5—leaching; 6—thickening and washng; 7—desilication of liquor; 8—thickening of white mud; 9—filtration of 
white mud; 10—carbonization of liquor; 11—thickening of seed; 12—precipitation; 13—thickening; 14—filtration; 15—
calcination; 16—silo for alumina.

Figure 6. Schematic of the Nepheline Process
Source: TMS
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ALUMINA MARkET OvERvIEW
Alumina is widely used in a variety of applications. It is characterized by high heat resistance, 
high electrical isolation, abrasion resistance and high corrosion resistance. Approximately 90–
95% of the alumina currently produced is used for the production of aluminum through smelt-
ing, and is usually referred to as smelter or metallurgical-grade alumina. The remaining alumina 
is sometimes referred to as non-smelter or chemical alumina and is used for a wide variety of 
refractory and ceramic applications (Figure 7). Non-smelter alumina is used in the production 
of refractory bricks, ceramics, adhesives, catalysts, fire retardant fillers for fabrics and plastics, 
whiteners for pulp and paper, and to purify water. 

Orbite plans to target the smelter-grade alumina market as well as the high-purity alumina (>99.9% 
purity) market, a niche market within the chemical-grade alumina.  According to the USGS, global 
alumina production has grown from 65M tonnes in 2005 to 85M tonnes in 2010. Figure 8 shows 
the breakdown per country, and illustrates that production volumes in Australia and other leading 
producers have been fairly constant. China is the exception, overtaking Australia in 2007 as the 
world’s largest alumina producer.

Figure 7. Other Alumina Applications
Source: Euro Pacific Canada

Figure 8. Alumina Production per Country
Source: USGS
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SMELTER GRADE ALUMINA
According the World Aluminum Organization, smelter grade alumina production increased from 48M 
tonnes in 2000 to 86M tonnes in 2011, about 80% growth. Most of the increase in alumina produc-
tion has come from China, which grew its production from 4M tonnes in 2000 to 28M tonnes in 2010. 
In 2011, China accounted for 37% of the global metallurgical-grade alumina production, and it is the 
world’s largest consumer. 

According to industry estimates, alumina demand is expected to increase by an additional 80% by 
2020, with China demonstrating the most growth (Figure 9). As expected, this estimate is based on 
a similar growth profile for aluminum, which may be driven in part by growth in the global automotive 
and infrastructure sectors, particularly in China, India and Brazil. The economic growth in Europe 
and North America is likely to stay weak in the short term, plagued by the lingering sovereign debt 
problems in the West. Growth in the emerging markets is expected to continue to drive demand for 
commodities albeit at relatively lower rates than seen in the last decade. 

SMELTER GRADE ALUMINA – pRODUcTION AND DEMAND FOREcAST 

HIGH-pURITY ALUMINA
Total use of non-smelter grade alumina was estimated at 4.5M tonnes in 2009, 5.6M tonnes 
in 2010 and <6.0M tonnes in 2011. The size of the highly pure alumina market is difficult to 
determine and in 2010 was estimated to be between 7,000 and 10,000 tonnes per year. HPA 
is predominantly produced in China (~55%) and Japan (~40%). Sumitomo Chemical Company, 
Ltd. (TYO:4005) in Japan is believed to be the largest HPA producer with a capacity of 3,200 
tonnes per year; the Chinese market is fairly fragmented with more than 10 producers. Other 
companies include Sasol Germany GmbH, Coorstek with headquarters in the U.S. and the Bai-
kowski Group in France.

A study performed by Secor-KPMG concluded that demand for HPA is expected to increase from 
10,000 tonnes in 2012 to 25,000 tonnes by 2015, driven by the demand for LED lights and smart 
devices. Prices are however expected to fall.

Figure 9. Alumina Production and Forecast
Source: Hydro presentation 2011
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AppLIcATIONS 
HPA is used as fillers for magnetic media and composite resins to boost thermal conductivity, and in 
ceramic parts and substrates for semiconductor manufacturing equipment and electronic compo-
nents. It is also used in the production of sapphire substrates for electronic applications, mainly for 
gallium nitrite-based LED and RF devices, used in mobile phones. HPA can also be used as a coating 
material in lithium-ion batteries and battery electrodes. The HPA market is expected to grow consider-
ably in the near future, driven by the anticipated market expansion for electric vehicles, hybrid cars, 
electrical appliances, smartphones and LED lighting. For instance, many countries, including those 
in the European Union, Switzerland, as well as Brazil and Australia have already started to phase 
out incandescent light bulbs. Canada started this year and the United States is expected to start the 
phase out in 2014. This move to more efficient lighting has been legislated in many regions including 
China, North America and Europe, providing a strong catalyst to the LED market. According to industry 
estimates, HPA demand for LED lights application is expected to more than double.

pROcESSING METHODS
High-purity alumina producers usually purchase alumina liquor from alumina refineries and process 
it using various methods. Some of these methods are well known while others are proprietary. Some 
of the common processes include: thermal decomposition of ammonium aluminum carbonate hy-
droxide (AACH), underwater spark discharge with aluminum and vapour-phase oxidation processes. 
Sapphire, the ultra-pure alumina (99.9999% Al2O3), is usually produced using the Verneuil process. 
Sumitomo uses the hydrolysis of aluminum alkoxide process to produce HPA. These are all physical 
phase processes that are by design expensive to operate.

The HPA market is relatively small, but can be lucrative because HPA prices are quite high, as a result 
of the high capital and operating costs. Smelter grade alumina currently sells for about $320/tonne, 
while high-quality HPA can be sold for $200,000/tonne. The current production costs of high-quality 
HPA are also relatively high, usually exceeding $40,000/tonne, depending on the level of purity and 
particle size. Some barriers of entry to the HPA market include access to alumina feedstock,technology 
and high initial capital costs. The feedstock for an HPA plant is usually ammonium aluminum or alu-
minum sulphate, which tends to be pricier than SGA alumina. 

Figure 10. High Purity Alumina Demand and Price Forecast
Source: Secor-KPMG; Company reports; Euro Pacific Canada
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With an operational SGA plant, Orbite would be able to produce HPA from its Grande Vallee clays 
and thus be in better position than its peers, which have to compete with aluminum companies 
to purchase feedstock from alumina refineries . Orbite expects to produce high purity alumina 
for less than $15,000/tonne.  As previously mentioned, current HPA costs are estimated at 
more than $40,000/tonne for producers of highly pure alumina. Orbite’s model would be very 
attractive and companies with aluminous clay resources may consider exploring the HPA market 
with Orbite’s technology. 

Orbite plans to start producing 1 tonne per day of HPA in 1Q 2013, increasing this gradually to 5 
tonnes per day, depending on demand and its ability to capture the market. The company has signed 
a letter of intent with Amalgamet Canada, which specializes in the marketing and distribution of 
minerals, metals, chemicals and high-purity materials. Orbite is currently consulting with several HPA 
end-users, including sapphire producers, to adjust its process in order to achieve the best quality 
product too meet  users’ specifications.

QUEBEc’S ALUMINUM INDUSTRY
According to the USGS, global aluminum production level stood at 44M tonnes in 2011. Quebec 
(Canada) is currently the world’s third-largest producer of aluminum, after China and Russia. In 2010 
and 2011, Canada produced 2.96 and 2.97M tonnes of aluminum, respectively. Quebec produces 
more than 98% of Canada’s total aluminum. Although the province does not have bauxite reserves, 
its low energy costs are a great attraction for aluminum smelters that have been struggling with in-
creasing global energy costs for years. The second-highest component of aluminum cost is alumina 
(Figure 11). In Quebec, it is estimated that alumina costs represent the highest costs for the smelters 
and account for about 37% of the total aluminum cost.

Usually, circa 2 tonnes of alumina are required for every 1 tonne of aluminum produced; thus, we 
estimate that aluminum smelters in Quebec consumed nearly 6M tonnes of alumina in 2010–2011. 
There is only one Bayer-based alumina refinery in Quebec, the Vaudreuil plant, which was built in 
1936 with a 1.5M tonne capacity. The Vaudreuil plant, which employs over 1,000 people, has faced 
risk of closure in the past due to high operating costs and pollution issues. In recent years, invest-
ments in that plant have improved operational standards and costs.

For many years, Quebec has been investing in R&D in order to reduce aluminum production costs, 
due to the imminent threat of high alumina prices and supply constraints that could disrupt its alu-

 Figure 11. Alumina Production Costs Breakdown
Source: Company Reports, Euro Pacific Canada
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minum industry. Thus, the Orbite process has garnered enormous attention, as well as support, from 
both the Quebec government and Canada’s aluminum industry. Orbite is planning to build its alumina 
refinery plant in the Gaspé region, located across the river from major aluminum smelters (Figure 12).

The potential savings on transportation costs that these smelters could realize means that they could 
reduce alumina costs by up to 30%, or total aluminum production costs by 10%. At the same time, 
they could more easily secure alumina supplies and plan for production without the risk of disrup-
tions. In essence, with an Orbite alumina production, smelters in Quebec will be virtually free from any 
future alumina supply constraints and related cost increases. Also, as Orbite could potentially become 
a low-cost producer, it should be able to guarantee supplies even in a scenario where prices are fall-
ing. World aluminum demand is forecast to grow (Figure 9) and Canadian smelters are also likely to 
increase their production to full capacity in the coming years, which should drive demand for alumina.

Figure 12. Aluminum Smelters in Quebec
Source: Natural Resources Canada 2011
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The Orbite process could strengthen Canada’s position as the world’s third-largest producer of alu-
minum, and potentially position the country as one of the lowest cost producers of aluminum in 
the world. The aluminum industry in Quebec accounts for nearly 10% of the province’s GDP and is 
important for Canada’s manufacturing industry. Additionally, an alumina refinery would create more 
jobs in the Quebec province. 

ROSY FUTURE FOR ALUMINA pRIcES
Spot prices from 1994 to 2011 for aluminum and metallurgical-grade alumina obtained from Bloom-
berg and S&P Capital IQ are presented in Figure 13.

Alumina and aluminum price increase was interrupted by the recent 2008–2009 recession, a trend seen 
with most commodities. Alumina prices have correlated well with aluminum prices in certain periods, es-
pecially from 2008 to present. The average ratio of aluminum to alumina price in the last 10 years is about 
7x (Figure 14). Figure 15 shows our forecasts for alumina prices, based on the World Bank’s  price forecast 
for aluminum and  assuming a fixed 7x coupling ratio. We use this alumina price forecast in our model. 

Figure 16 illustrates the alumina cost curve. The estimates exclude transportation costs to an alu-
minum smelter. The lowest-cost producers are those that are near high-quality bauxite and oper-
ate efficient refineries. As alumina demand increases, fewer economic refineries will need to come 
online, and based on demand estimates of >100M tonnes of alumina by 2016, average production 
costs are expected to rise and stay above US$300/tonne. In 2011 average alumina production costs 
were ~US$266/tonne. From our discussions with AME Group, a leading independent consultant in 
the aluminum sector, most of the alumina producers are currently ‘underwater’, as the sale price of 
alumina is considerably lower relative to their production costs. In 2Q2012, production costs were 
between $310-$315. We expect Orbite’s future processing costs at Grande-Vallée to be below the 
current estimated global average cost (see Processing Cost Estimates section). 

Figure 13. Historical Prices of Aluminum and Alumina 
Source: Metal Bulletin, Bloomberg, S&P Capital IQ, Euro Pacific Canada

Figure 14. Aluminum and Alumina Historical Price Ratio  
Source: Metal Bulletin, Bloomberg, S&P Capital IQ, Euro Pacific Canada

Figure 15. Aluminum and Alumina Price Forecast
Source: World Bank Development Prospects Group, Euro Pacific Canada
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Production costs at both Chinese and Russian refineries are positioned in the third and fourth quartile of 
the cost curve as they typically use the Sinter and Combined (Bayer-Sinter) processes, which are signifi-
cantly more energy intensive than the regular Bayer process. The Orbite process is less energy intensive 
than the Sinter and the Combined processes and, contrary to the regular Bayer process, is suitable to 
process the high silica low-quality bauxite found in those regions. The Orbite process has the potential to 
be more economic than the regular Bayer process in many countries, especially in those countries with 
aluminous ores with high aluminum and silica content (>8%) and relatively cheap energy costs (see Po-
tential Licensing Regions section).

BAUXITE WASTE RESIDUE (RED MUD)
Bauxite residue, usually referred to as red mud, is a by-product of the Bayer process. It has been esti-
mated that  ~120 million tonnes of toxic red mud is produced every year (Figure 17).  The residue has 
a red colour due to the high concentration of iron oxides, which could make up 60% of the material 
depending on the feed bauxite ore.  The red mud has a characteristically high pH (alkalinity) of 13 or 
higher, due to the residual amounts of caustic soda from 
the processing that remains in the material after filtra-
tion. The residue is usually washed out to maximize the 
recovery of alumina and to extract as much caustic soda 
from the bauxite residue as possible. The recovered caus-
tic soda is then recycled back into the Bayer process as 
part of a closed loop system. In the early days of the Bayer 
process, the red mud used to be discharged to deep-sea 
locations; however, this approach is no longer acceptable 
and is rarely performed. After washing, the red mud is 
usually stored in special facilities known as bauxite resi-
due disposal/storage areas.

Figure 16. Alumina Cost Curve
Source: Euro Pacific Canada

Figure 17. Historical Red Mud Production
Source: Hydrometallurgy, Vol. 108, June 
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The red mud is commonly treated either by dry stacking, dry disposal or wet disposal 
method. The dry disposal method reduces the storage area but have higher installation 
costs and require expensive filtration plants. In the wet disposal method, washed red 
mud slurry containing about 10-30% solids is pumped into an open pond that allows 
the moisture to evaporate gradually for several years (Figure 18). The ponds consist of 
constructed clay-lined dams lined with soil and bentonite which limits liquor leakage to 
the underlying water. When the mud has dried to an appropriate solid consistency it is 
covered with dirt or mixed with soil to remediate the site. This process requires the low-
est capital costs and reduces dust problems associated with the dry method; however 
it is more hazardous to the environment, humans and wild life.  Unfortunately, red mud 
ponds accidents have occurred in a number of countries. For instance in August 2012, an affiliate 
company of the Aluminium Corporation of China closed down temporarily due to environmental con-
cerns. In 2011, frequent leaks of a red mud pond in Orissa State in India prompted Amnesty Inter-
national to alert authorities that millions of locals were facing serious health risks. In 2010, the red 
mud accident in Hungary injured more than 100, killed nine people and affected the local rivers and 
flora. Incidents involving red mud ponds have also been reported in Canada, Russia, China and Brazil.

During the Bayer process, only alumina and silica are dissolved. The iron, titanium and most of the 
trace elements, which may include arsenic, beryllium, cadmium, chromium, lead, magnesium, mer-
cury, nickel and naturally occurring radioactive materials, such as thorium and uranium, remain in 
the residue. Unfortunately, despite research efforts conducted by companies and government orga-
nizations, no viable and economical process for recovering these elements has been devised. Other 
than a small amount of red mud that is used commercially, such as colouring for masonry, there are 
no significant applications for this toxic material. Thus, the Bayer process residue remains a serious 
liability for the entire aluminum industry. Contrary to the evolving standard, the high cost of rehabili-
tating the muds is not taken into account in the operational cost of the Bayer process.

Orbite’s alumina refinery process does not produce toxic waste, and would therefore be, by definition, 
more efficient. It is not yet clear, but it is possible that in the future the Orbite process, as the red-mud 
free option for the production of alumina, may deem the Bayer process as environmentally unsuitable 
in some countries.

THE ORBITE SOLUTION FOR THE RED MUD
As billions of dollars have been spent to build the current alumina refineries, it could take decades be-
fore a successful Orbite process replaces the existing inefficient alumina refineries. However, Orbite 
has also filed a patent related to the remediation of red mud. According to company disclosures, the 
Orbite process can be adapted to remediate red mud by recovering a number of valuable elements 
commonly found in the residue, such as alumina, iron, gallium, while reducing the toxic Bayer waste 
to an environmentally neutral residue made up of mainly silica and titanium, and that is less than 
10% of the original red mud volume (Figure 19). Orbite has performed numerous tests with various 
red mud samples, and the company now intends to license its technology to Bayer refiners that want 
to eliminate the risks associated with the red mud storage while reducing their operating costs, by 
recovering and selling the alumina and other by-products from the residue.

Figure 18. Red Mud Pond
Source: Redmud.org

Figure 19. Orbite Samples of Red 
Mud before and After Processing

Source: Company Reports
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Orbite’s main product is alumina; however, as part of its process, it will be able to produce by-products 
gallium, the highly sought after rare earth elements (i.e., lanthanoids, yttrium and scandium), high-
purity ferric oxide, magnesium and silica. As previously stated, Orbite’s production costs are expected 
to be below the average global production costs of alumina. Orbite has also filed a separate patent in 
which the Orbite process is adapted to produce rare earths and rare metals. In this section we pres-
ent a concise market review for gallium, scandium, REE and magnesium. 

GALLIUM
Gallium is a post-transition metal delin-
eated by the atomic number 31. It is fairly 
common, but occurs in very small concen-
trations with economic deposits of gallium 
difficult to find. Gallium is mostly produced 
as a by-product of alumina and may also be 
produced from zinc-processing residues. 
Gallium is usually used in the form of galli-
um arsenide (GaAs) or gallium nitrite (GaN).

The leading gallium-producing countries 
include China, Germany, Kazakhstan, Ukraine, Japan and Russia. In China the largest producer 
is Chalco, and in Japan the largest producers are Sumitomo Chemicals and Dowa Mining Ltd. 
(TYO:5714). The Canadian and Quebec based company 5N Plus (TSX:VNP) controls over 50% of 
the gallium market outside China. The company purchases gallium from Asia to produce high-end 
gallium products that is sold mainly to Western end-users.   

Gallium is mostly used in the electronics industry and can be found in integrated circuits and 
optoelectronic devices, including laser diodes, light-emitting diodes (LEDs), photo detectors and 
solar cells. Gallium products are essential for the aerospace industry, consumer goods industry, 
medical equipment and telecommunications (e.g. smartphones). 

Most gallium sales contracts are confidential long-term contracts; thus it is difficult to identify 
the exact average price of gallium. Asianmetal posts gallium prices based on interviews with 
selective traders, producers and consumers. The current price for gallium (99.99% purity) in the 
United States is $340/kg. Gallium demand is expected to grow in the long term and is currently 
strongly tied to growth in smartphones, tablet computers, high-efficiency photovoltaic cell (solar 
energy) and LED markets.

Orbite’s deposit contains about 42 ppm of gallium oxide. At a 6,977-tonne throughput per day we 
estimate that Orbite’s annual gallium production would be 89 tonnes, assuming 94% net recovery.

RARE METALS OvERvIEW

Figure 20. Gallium (Ga)
Source: 
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ScANDIUM
Scandium is usually included in the 
family of elements referred to as rare 
earth elements, together with yttrium 
and the lanthanoids (rare earths), as 
they are commonly found together and 
share some chemical and physical 
properties. Like the rare earths, scan-
dium is abundant in the earth’s crust 
but is often found in minute uneco-
nomic quantities. Scandium’s atomic 
number is 21 and its melting point is 1541°C. Scandium is recovered from the Bayan Obo 
iron mine, where a significant volume of rare earths are produced as by-products. However, 
most rare earth deposits currently under development outside of China do not seem to have 
“enough” amounts of scandium. Resource reports from rare earth junior mining companies do 
not usually disclose scandium figures. Scandium occurrences are found in Australia, China, 
Kazakhstan, Madagascar, Norway and Russia. In Russia and Kazakhstan, scandium is found in 
uranium deposits. In Norway and Madagascar, it is found in pegmatite. The former Soviet Union, 
as well as the U.S., extracted scandium from uranium production; however, they no longer pro-
duce scandium in this fashion and the economics of that process are not clear. In Australia, it 
has been estimated that the Nyngan deposit has 12M tonnes of measured and indicated re-
sources at a grade of 261 ppm. Scandium chemical extraction is usually complex, as is the case 
for most rare earth elements, which has been an obstacle to commercialization. Currently, the 
main sources of scandium are military stockpiles from the former Soviet Union with very little 
mining production. Scandium is exclusively obtained as a by-product from tantalum residues, 
tungsten processing waste and tin slags.

Scandium metal is lighter than most metals, and has a high resistance to corrosion and heat. 
Given that scandium is a relatively rare material, it has few commercial uses. Scandium has 
been identified as a powerful alloying agent for aluminium, as it doubles its strength and sig-
nificantly improves its weldability. In the past, scandium-aluminum alloys were extensively used 
by the Soviet Union in military applications, and are currently used in the aerospace industry 
and in sports equipment. Scandium alloy’s strength and density are comparable to titanium and 
can have far more applications in aerospace; however, titanium is more common and thus more 
widely used. Scandium also has key applications in lighting, electronics and fuel cells. Com-
panies producing scandium products include Goodfellow Corp. and GFS Chemicals Inc. Some 
aluminum companies, such as Alcoa and Hydro, produce scandium-aluminum alloys.

Annual production of scandium is estimated at 2,000–10,000 kg; however, the potential de-
mand is forecast to be 10 times higher. Like most rare metals, scandium sale contracts tend 
to be long term, unknown amounts at confidential prices. According to some industry sources, 
scandium oxide is currently selling for more than $4,000/kg. 
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Scandium oxide occurs at approximately 26 ppm at Grande-Vallée. At a 6,977-tonnes through-
put per day we estimate Orbite’s initial scandium production of 28 tonnes. This amount is sev-
eral times higher than current estimated world production.

We believe that given scandium’s unique properties in the metallurgical and electronics indus-
try, there is the possibility of a large unmet market demand. However, potential end users will 
likely only feel comfortable adopting scandium if and when it becomes evident that sustainable 
scandium sources at reasonable prices will be available. Furthermore, large-scale industrial 
adoption may involve some capital expenditures and a building period. Large scandium sources 
could also shift the market of alloy materials and the market for some of the rare earth ele-
ments that can be substituted by scandium.

RARE EARTH ELEMENTS
China controls over 90% of the global rare earth oxides (REO) market. The country is fortunate to have 
the largest (36%) reserves in the world and owns some of the most economically extractable rare earth 
resources currently known. Other countries, such as the U.S., South Africa and Brazil, were significant pro-
ducers of rare earths in the past; however, increasing regulations, environmental concerns and pressures 
from China‘s low-cost producers changed the supply landscape of these resources, positioning China as 
the ultimate producer. As rare earth production from China continued to increase, overcapacity caused 
prices to collapse. In 1999, China introduced the first export quotas on rare earths. Exports fell almost 25% 
between 2005 and 2009 and 40% in 2010, compared to 2009. It has been estimated that these drastic 
cuts have caused an overall undersupply of rare earths in 2010. China has been heavily criticized by various 
nations, particularly the U.S. and Japan. Nonetheless, China seems determined to stay on course with such 
restrictions and insists that it is not in violation of any World Trade Organization (WTO) rules or regulations. 

China’s reduction in exports has been motivated by the need to manage internal demand, as it is the larg-
est consumer of rare earth elements (REE), to expand into downstream manufacturing industries to create 
more jobs and to better control the environmental impact of mining and processing of these materials. Most 
believe that China’s policy actions are not only meant to protect the environment but are also aimed at gen-
erating economic growth. The global REO production industry has been estimated at about US$5–$10B; 
however, the industries relying on these materials are reportedly worth over US$4.8T.

Rare Earth production outside China is expected to rise next year, with new REE production from Mount 
Weld in Australia, a property owned by Lynas Corp. (ASX:LYC), and increasing production from Molycorp, 
Inc. (NYSE:MCP). However, these two deposits have mainly light elements, meaning that the supply of ele-
ments, such as terbium and dysprosium, is likely to stay tight until deposits with higher percentages of 
heavy elements come to production, which may take five or more years. Orbite deposit contains about 
465 ppm of rare earths (including yttrium). At a 6,977-tonne throughput per day, we estimate that Orbite’s 
initial rare earth production would be about 1,000 tonnes of REOs. We estimate the ratio of heavy rare 
earths to total rare earths (HREE/TREE) is about 20%, based on company’s disclosure. Orbite could be in 
a unique position should it decide to refine these elements. Rare earth recovery is part of the hydrochloric 
acid regeneration loop sub-process, which means the company will likely be able to produce rare earths as 
early as 2013 from the SGA system to be built as part of the HPA plant in CapChat, and be a significant first 
mover in the market.

Figure 22. Dysprosium (Dy)
Source: Periodictable.com

Figure 23. Terbium (Tb)
Source: Periodictable.com

Figure 24. Yttrium (Y)
Source: Periodictable.com
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MAGNESIUM
Magnesium (chemical symbol Mg) is the 
ninth most abundant element in the Earth’s 
crust, its atomic number is 12 and its melting 
and boiling points are 650 °C and 1090 °C 
respectively. Magnesium is present in more 
than 60 minerals, but it is only commercially 
extracted from a few, including dolomite and 
magnesite ore, as well as seawater and natu-
ral brines. Magnesium has significant indus-
trial applications and is the third most com-
monly used structural metal behind iron and 
aluminum. The leading use for magnesium is 
as an alloying agent. Aluminum-magnesium alloys for instance are primarily used in the packaging 
and transportation industries. In the automobile industry magnesium alloys are desirable because 
of their strength, lightness and resistance to sparking, and are used to produce steering wheels, en-
gine blocks, support breaks, steering columns, instrument panels, pedals and numerous other parts. 
Structural uses of magnesium include castings and wrought products. Pure magnesium is extremely 
light and strong and could be used as a substitute for most aluminum application if it was not for its 
higher price. Magnesium alloys are also used in the aerospace industry due to their high strength and 
corrosion resistance and were used for German military aircrafts as early as World War I. Magnesium 
can also be used to remove sulfur in the production of iron and steel and to produce titanium via the 
Kroll process. In addition to being used as a metal, magnesium also has significant applications as 
a compound. Magnesium compounds such as magnesium oxide are used as a refractory material in 
furnace lining for producing iron, steel, nonferrous metals, glass and cement, and are also used in the 
agricultural, chemical and construction industries. 

According to the International Magnesium Association, the global production of primary magnesium 
was approximately 802,000 tonnes, a 24% increase from 2009. The top magnesium producing coun-
tries are China, United States, Russia, Israel, Kazakhstan and Brazil. The United States has histori-
cally been a major world supplier of magnesium with 45% of the world supply in 1995. Currently, the 
U.S. accounts for about 7% of the world supply and has only one main producer, U.S. Magnesium 
in Utah. In contrast, China only accounted for 4% of the total worldwide production in 1992, but in 
2010, it produced 654,000 tonnes of magnesium, which accounted for more than 85% of the global 
production. Given the importance of magnesium in its manufacturing industry, the U.S. has imposed 
antidumping tariffs on imported magnesium from China and Russia since the late 1990s.

The U.S. and other nations tend to use the electrolytic process to produce magnesium metal, but 
Chinese producers use mostly the Pidgeon process, an energy and labour intensive form of thermal 
reduction. China, as part of its mining industry restructuring efforts, is consolidating its mining 
industry, tackling illegal mining and improving environmental standards. Thus in 2011 the Chinese 
government set new regulations that require magnesium plants to have a minimum production ca-
pacity of 20,000 tonnes per year and consume no more than 5.5 to 6.0 tonnes of coal per tonne of 
magnesium produced. The goals of the new regulations are to eliminate small plants that produce 

The top magnesium 
producing countries are 
China, United States, 
Russia, Israel, Kazakhstan 
and Brazil

As the Chinese government 
regulates its mining 
industry, standards are 
expected to increase but 
so are costs

Figure 25. Magnesium (Mg)
Source: Periodictable.com

$0

$1,000

$2,000

$3,000

$4,000

$5,000

$6,000

$7,000

Magnesium 99.9%min FOB China USD/mt

Source: Asian Metal



23www.europac.ca

September 2012 Orbite Aluminae Inc.

substandard magnesium and to reduce emissions, as some plants have consumed as much as 
11 to 18 tonnes of coal per tonne of magnesium. As the Chinese government regulates its mining 
industry, mining standards are expected to increase but so are costs, while total production is likely 
to fall in the short term.

Although magnesium and aluminum have many similar characteristics, magnesium has been histori-
cally about 20% more expensive than aluminum due to its high processing costs. In the U.S., tariffs 
on Chinese produced magnesium mean that magnesium prices are sometimes almost double that 
of aluminum. Magnesium consumption has decreased globally due to the recent economic reces-
sion and increasing concerns about the automotive markets, causing prices to fall. In 2011, average 
magnesium price was $2.35 per pound in the U.S. and $3,300 per tonne in China. According to Asian 
Metals, magnesium China FOB prices are currently $3,280 per tonne.

Industry reports estimate that China and U.S. account for 30% and 20% of world demand for mag-
nesium respectively, followed by Japan, Canada, Italy and Germany. Magnesium consumption corre-
lates well with the performance of the transportation industry and the overall global economy.
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cOMpANY DEScRIpTION

Orbite Aluminae Inc. is a clean chemical processing company based in Quebec, Canada. The 
company is developing a new alumina refinery process for the production of higher purity alu-
mina and smelter grade alumina that does not produce red mud. The Orbite process can also 
be adapted for the treatment of red mud and other raw materials with alumina content of about 
18% or higher. Orbite owns a number of mineral clay deposits in Quebec, consisting of 1,074 
claims covering 610km2. Orbite also has a number patents pending associated with the pro-
cessing and extraction of rare earths and hematite.   The company expects to start producing 
high purity alumina in 2013.

Orbite’s Grande-Vallée property is located in eastern Quebec in the Gaspé region. It is about 20km 
south of the Grande-Vallée village and is easily accessible by road to the town of Murdochville, lo-
cated 32km northeast. The property consists of 1074 claims: 119 claims related to Grande Vallée, 
covering 66.7 km2; 952 claims in the Rimouski Cap-Chat property covering 543.2 km2; 6 claims 
near Quebec City covering 1.77 km2.  Other mining rights include LE TAC and PRIVAT, both in the 
Abitibi region, Quebec. LE TAC consists of 177 claims covering 3790 hectares and PRIVAT has 20 
claims and covers 1562. Grande-Vallée is the main exploration target. 

Orbite now owns a substantial portion of the unique aluminous shale bearing Orignal Forma-
tion, which is characterized by lithological assemblages consisting of mudstones, red and green 
claystone, siltstone and slate. Historical work performed by the previous owner, Poly-Vein Ex-
ploration Inc., revealed that the Orignal Formation zone has areas with relatively high levels of 
alumina that could vary from 23% to 26% Al2O3 (alumina).

Orbite’s main exploration target is the Grande-Vallée property and according to the NI 43-101 
technical report, the main minerals found in that deposit are kaolinite (28%), quartz (21%), 
feldspar (16%), mica (15%) and chlorite (10%).

In May 2012, Orbite published an updated NI 43-101 preliminary economic assessment re-
port, which confirmed the presence of highly homogeneous aluminous clay with 1.04B tonnes 
of indicated resources at an average grade of 23.13% alumina, as well as fairly homogenous 
distribution of rare earths and rare metals. The current resources are sufficient to supply all 
the current aluminum smelters in Quebec for 50 years. The estimates were based on an as-
sumed mineralized depth of only 100m, but Orbite is confident that the mineral zone could be 
extended further to 300m depth, which could triple the size of the resource. Orbite is currently 
performing in-fill drilling work at Grande-Vallée to upgrade its resources to measure category 
ahead of the definitive feasibility study of the SGA plant, expected early next year. The company 
has also initiated exploratory work at new claim areas including a zone in Cap-Chat, where the 
construction of the first SGA system and HPA plant will be built.

MINERAL pROpERTIES
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BAckGROUND
As discussed above, the industrial method of processing aluminous ores into alumina (i.e., alu-
minum oxide) is carried out using the mostly unchanged 130-year-old Bayer process, which is 
used exclusively to process alumina from bauxite ore. It has also been found to be unsuitable 
for processing aluminous ores with high silica content. 

In the past century, high demand for aluminum during war times or periods of high global 
economic growth caused an increase in the depletion rate of good-quality (gibbsitic) bauxite 
reserves. Given the high occurrence of aluminous clays in North America, and many other 
parts of the world, aluminous clays have been targeted as potential alternative sources of 
alumina. Several sintering and acid-extraction methods have been investigated. For instance, 
in the 1970s and 1980s, the United States Bureau of Mines conducted several studies on 
processing methods and capital costs associated with treating U.S. domestic low-grade alu-
minum clays. Four distinct methods for the processing of clays were explored, including the 
hydrochloric acid-isopropyl ether extraction and the hydrochloric acid-ion exchange processes. 

Figure 26. Orbite Claim Locations
Source: Company reports

ORBITE’S pROcESSING TEcHNOLOGY
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Some of the processes are in fact very similar to what Orbite has developed; those scientists, 
however, repeatedly concluded that it was uneconomic to recover alumina from clays, because 
they failed to resolve numerous issues including excess water, high energy, high reagent costs 
and equipment degradation.

Sulfuric acid has also been investigated for the production of alumina from clays. It was de-
termined that sulfuric acid extracts somewhat less quantity of alumina per tonne compared to 
hydrochloric acid. Hydrochloric acid has been preferred over other acids for leaching alumina 
because of the ease of filtration of slurries, the ease of iron removal and the insolubility of ti-
tanium dioxide, which is often present in clays. The use of hydrochloric acid in hydrometallurgy 
was avoided for many years because it is highly corrosive. The invention of chemical vessels 
and tanks made of corrosion-resistant plastics and the development of glass-coating technology 
has eliminated the corrosion issues. Again, many have tried to recover alumina from clays, and 
numerous academic papers have been published on the subject. However, an economic process 
has not yet been fully developed or used on an industrial scale. Orbite has developed a unique 
process to produce alumina from clays and plans to build a smelter grade alumina facility as 
part of its HPA plant in 2013.  
  
THE BEGINNING 
The development of the Orbite process started in 2005; Orbite later contracted Quebec’s Cen-
tre for Chemical Processing Studies (CÉPROCQ – Centre d’études des procédés chimiques du 
Québec) to support the completion of the preliminary alumina extraction process. In 2007, 
Orbite was able to produce the first batch of high-purity alumina at pilot scale and filed for its 
first patent. With partnerships and funding support from various private and government or-
ganizations, including Aluminerie Alouette, the National Research Council of Canada Industrial 
Research Assistance Program (NRC-IRAP), Quebec’s Ministry of Economic Development, and 
Innovation and Export Trade (MDEIE), Orbite was able to build a commercial scale pilot plant. 
In February 2011, the company announced the production of 1 tonne of high-purity alumina. 

Orbite’s processing technology was initially developed for the production of high-purity alu-
mina (>99.99% Al2O3). The process, from the onset, has been designed to produce limited 
amounts of non-toxic waste. Thus the process also allows for the recovery of commercial-type 
silica, hematite (iron [ferric] oxide), magnesium as well as gallium, rare earths and scandium. 
Orbite alumina refineries will be built based on the process that is associated with a family of 
11 patents that have been filed, from which five individual patents have been granted and 22 
individual patents are pending. 

pROcESS DEScRIpTION
The Orbite process can be summarized in five steps: clay preparation, acid leaching (diges-
tion), crystallization, calcination and acid recovery, iron recovery and acid regeneration, and 
by-products recovery (Figure 27 next page). 
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1. clay preparation: The clay is mechanically crushed and grinded. The micronization provides a bet-
ter surface area for the reaction with the acid, reducing reaction times. This step will be a dry process 
instead of a slurry-based one, due to the already high content of moisture in the clay and water in HCl 
solution, thus minimizing energy costs at the early stage of the process.    

2. Acid leaching: The grinded clay is then acid-leached with hydrochloric acid at high temperatures 
(150–170°C) for two to four hours. During this process, alumina, iron and most of the impurities are 
dissolved. Some of reactions occurring during the leaching process are presented on the next page. 
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Figure 27. Schematic of the Orbite Process
Source: Company reports, Euro Pacific Canada
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Al2O3 + 6HCl  →  2AlCl3 + 3H2O
Fe2O3 + 6HCl →  2FeCl3 + 3H2O
Sc2O3 + 6HCl →  2ScCl3 + 3H2O 

Aluminum trichloride (AlCl3) and ferric chloride (FeCl3) are formed, and most elements are also trans-
formed to a chloride form. The insoluble elements, such as silicon and titanium, stay in a solid state and 
are separated from the liquid by filtration and washed. The silica material constitutes about 53% of the 
original clay mass. The silica, once neutralized, could be sold as a high-purity (99.9%) by-product.

The liquid solution from the leaching process (i.e. residual leachate) plus the washing water is then fur-
ther processed to recover alumina and the various by-products.

3. crystallization:  According to work carried out by the U.S. Bureau of Mines and numerous related 
studies, aluminum could be recovered from the liquor by increasing the HCI acid strength as high 
as possible at an appropriate temperature. Using this method, the aluminum chloride hexahydrate 
(AlCI3∙6H2O) is precipitated while most of the impurities, yet very little aluminum, is solubilized. The 
AICI3∙6H2O can be crystallized from the solution by injecting HCI gas. AlCl3∙6H2O can then be filtered 
from the iron-rich liquor. 

4.  calcination and acid recovery:  Two crystallization steps will be performed to reach purity of the crystal 
and then alumina (Al2O3) would finally be recovered by calcining AlCl3∙6H2O at 900–950°C. This step will 
also generate highly concentrated HCl gas that can be reused, virtually eliminating HCl gas costs. 

5. Iron recovery and acid regeneration:  First, the ferric chloride-rich liquor would be 40% pre-con-
centrated by low-temperature vacuum to evaporate free HCl and H2O. The hydrothermal regeneration 
process that follows consists of hydrolysis of ferric chloride (already in this form in the liquor) and 
hydrolytic distillation of HCl:

2FeCl3 + 3H2O --> Fe2O3 + 6HCl 

The process results in the formation of ferric oxide (Fe2O3) powder and HCl gas, which formulaically is 
the reverse reaction from the initial leaching. The process is run at a temperature below 180°C with 
all the reactions occurring in the liquid phase, which facilitates the formation of controlled ferric oxide 
crystal growth – another advantage over conventional methods.  

The ferric oxide powder produced from this method is a highly pure, black and fine-grained powder 
that can be used in the production of advanced ferrite materials, catalysts and highly pure ferrous 
sulphate used for water treatment applications. It also has high bulk density, which means that it re-
quires less storage space and is more economical to transport than the ferric oxide produced through 
conventional methods. The potential commercial value of this ferric oxide is likely higher than the 
common ferric oxide produced from pyrohydrolysis. The HCl that is recovered from the hydrothermal 
regeneration process is fully re-utilized. Conventional pyrohydrolysis methods usually have a recovery 
rate higher than 99.8%; similar results are expected from the hydrothermal process. As part of the 
new process, heat is also recovered, resulting in significantly lower energy consumption. Below, we es-
timate the energy costs for the hydrothermal acid regeneration system as part of the Orbite process.
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6. By-products recovery: Once the ferric oxide and HCl are recovered, what is left is a concentrate 
with magnesium, gallium, and rare and alkaline earths. Individual rare earths will be produced us-
ing the solvent extraction process. What follows is the magnesium oxide recovery process in which 
the alkali (N and then K) are first removed through well-known crystallization methods and then the 
magnesium chloride rich solution is processed in the pyrohydrolysis plant to produce magnesium 
oxide.  Refinery of by-products will have added capital and operating costs, but the potential rev-
enue from the sale of by-products will make the Orbite process more economic.

Orbite is developing a closed loop process in which HCl could be recycled back into the process. 
This will result in higher energy costs but will substantially lower acid and reagent costs, making 
the whole process economic, while generating economically valuable by-products that may have 
an ultimate value equivalent or superior to the alumina produced. The only significant “waste” 
material from the Orbite process is the silica by-product that is produced during the first part of 
the process; however, the company is exploring options to sell this by-product and expects it can 
be further beneficiated to reach an optical quality level. It should be noted that, contrary to the 
Bayer process, the Orbite process does not produce a toxic waste (red mud), which is currently 
the most significant environmental hazard in the aluminum industry. This process is expected 
to be fully automated.

The Orbite process needs to be adjusted depending on the quality and type of aluminous ore. The 
company has performed numerous pilot tests and it is confident the process can be applied to 
other aluminous clays around the world, as well as ores/materials with aluminum content of 18% 
or higher, such as red mud and fly ash.

HpA pROcESS
The HPA process can be performed as per the flowsheet in Figure 27. To achieve a 4N+ (>= 99.99%) 
level of purity, Orbite could run one or more re-crystallization cycles. 
  
The first step is the production of smelter grade alumina, and at the Cap Chat Pilot Plant Orbite 
produced smelter grade aluminum hydroxide first (Al(OH)3 instead of AlCI3∙6H2O) using the patented 
process. During commissioning of the HPA plant, it is possible that Orbite may use the original pilot 
plant set-up to produce the SGA first; if that is the case, the aluminum hydroxide would have to be 
first digested in HCl to generate Aluminum chloride in solution and then converted to AlCI3∙6H2O by 
increased HCl concentration, as explained above. 

In essence, The HPA process is similar to the SGA process. The main difference is that more re-
crystallization cycles are required at specific proprietary chemistry, to achieve higher purity levels.  

pROcESSING cOST ESTIMATES
In this section, we analyze and estimate the processing costs of the Orbite process. As part of our 
due diligence, we met with Orbite’s technical team on numerous occasions. We divide Orbite’s 
total production expenses into five major costs: mining, energy, labour, reagent consumption and 
maintenance. Other costs include other reagents and utility costs. 
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The key main assumptions are as follows:

■    SGA Mine throughput = 6,977 tonnes per day; 2.44M tonnes per year (350-day calendar year)
■  Average Al2O3 grade = 23.37%
■  Recovery rate = 93%
■  Alumina production = 530,736 tonnes 
■  Energy cost = $0.06/kWh (electrical), US$4.0/GJ (fossil fuel)

Labour: We assume that for an initial operation of a 7,000-tonne per day throughput (23 tonnes 
for the HPA plant), Orbite will require 211 employees for the SGA operations. We estimate that 
each employee will cost an average of US$70,000/year. The estimated labour cost per tonne of 
alumina output is US$27.8.

Mining: As per the PEA, we assume that Orbite’s mining costs will be US$3/tonne clay mined (exclud-
ing labour), which equates to US$13.0/tonne of alumina output. Orbite indicated that annual mine 
schedule will consist of nine months of stockpiling followed by a three month suspension of the mine 
operations due to the unfavourable weather conditions in winter.

Energy costs: We estimate the energy consumption and cost in each of the major steps of the 
Orbite process. 
■  In the clay preparation step, we estimate that 0.2 GJ/tonne of alumina produced will be con-

sumed, an amount close to that of the Bayer process. Assuming annual production of 530,736 
tonnes of alumina and electricity costs of $0.06/kWh, we estimate that it will cost $3.3/tonne of 
alumina to crush and grind the clay. The estimated annual cost is $1.77M. 

■  For the acid-leaching step, we estimate an energy consumption rate of 3.2 GJ/tonne of alumina 
and fossil fuel cost of $4.0/GJ, which results in $12.8/tonne for acid-leaching costs. For the pre-
cipitation process, we estimate energy consumption of 0.5 GJ/tonne, which equates to a cost of 
$2.0/tonne of alumina. 

■  During the calcination of AICI3∙6H2O, alumina will be produced and HCl recovered. This process will 
be one of the most energy-intensive steps in the entire Orbite process. It should be noted, however, 
that HCl will be recycled back into the process, lowering reagent costs. As per Orbite engineering 
results, we assume that 14.3GJ/ tonne will be consumed at a rate of $4.0/GJ. If 530,736 tonnes 
of alumina is to be calcined, the estimated unit costs are $57.2/tonne of alumina.  

■  Orbite contracted SMS Siemag AG to design an efficient hydrothermal acid regeneration process 
for the hydrochloric acid. In a 6,977-tonne-per-day operation, 291 tonnes of ore would be pro-
cessed per hour. We assume that a stoichiometric acid to ore ratio plus 5–10% will be required in 
the process, which means that about 885 cubic metres of acid per hour will be used. Considering 
that the waste acid that is regenerated would not contain silica and alumina (about 75% of the el-
ements in the clay), we estimate the total volume of waste acid generated per hour will be 953m3, 
which, after concentration (e.g. vacuum process), would be reduced to about 572m3. According 
to SMS estimates, the hydrothermal regeneration process consumes in average 1.5GJ/m3. Thus, 
we estimate the acid regeneration plant will consume about 858GJ of energy per hour, or 13.6 
GJ/tonne of alumina. The spray roaster, the most conventional method for acid regeneration of 
spent pickle liquor, usually consumes 2.7 GJ/m3. If adapted to the Orbite process, it would lead 
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to a staggering energy consumption of 24 GJ/tonne of alumina, just for the regeneration plant. 
The estimated unit cost of the hydrothermal acid regeneration plant is $54.3/tonne.  The total 
energy cost per tonne of alumina is estimated at $130.

The total estimated energy consumed during the Orbite process is 31.8 GJ/tonne of alumina 
compared to 10–15GJ/tonne for the Bayer process, and 30-50GJ/tonne for the Sinter, Combined 
and Nepheline processes. Figure 28 illustrates the energy cost breakdown for the regular Bayer 
and Orbite processes.

In a Bayer refinery, most of the costs are allocated to bauxite and energy, which together account for 
52% of the costs. The energy consumption per tonne for the Bayer process depends on bauxite prop-
erties, but most of the energy consumption occurs during the digestion (29%), evaporation (27%) and 
calcination process (31%). The settling stage for the red mud separation occurs at high temperatures 
and over several hours, a step that is not required in the Orbite process.  

Reagents: If we assume a stoichiometric acid-to-ore ratio plus 5-10%, the total amount of acid re-
quired for a 6.977-tonne-per-day operation would be 23,373 tonnes of HCl. If we assume that only 
0.5% of the HCl is lost, the total acid that needs to be replaced each year would equate to about 
40,902 tonnes. At a unit cost per tonne of HCl of $160/tonne, we arrive at a cost of $12.3/tonne of 
alumina. Our estimates are significantly higher than the amount listed in the PEA for Fresh HCl, NaOH 
and consumables. The total reagent costs are likely associated to other cost items.

Maintenance: We estimate maintenance expense at 2% of the plant equipment which we assume is 
60% total capex $632M plus 10% contigency. The cost per tonne is estimated at $15.8.
 
Other costs: Our estimated other costs account for other utilities costs (e.g., water and general plant 
power) and reagents. We estimate other costs at 10% of energy costs and reagent expenses, or 
$14.2/tonne of alumina.

Our estimated operating cost per tonne is $214 and within the margin of error of Orbite’s PEA results 
which yielded SGA production costs of $211. Contrary to the PEA, our cash cost estimate excludes 

*Note: The energy cost breakdown for the Bayer process does not include the costs of treating and eliminating the toxic 
red mud. The Orbite process does not produce toxic waste.

Figure 28. Energy Costs Breakdown
Source: Energy Requirements for Aluminum Production, Euro Pacific Canada
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associated with by-products
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the cost associated with the refinery of by-products and neutralization of silica. Our estimated total 
operating costs, including the processing costs of by-products at the REE solvent extraction plant and 
the pyrohydrolysis MgO plant, is $327/tonne. Figure 29 summarizes our cost assumptions. Energy 
costs account for the highest percentage of the total costs at 60.7%, and the second-highest compo-
nent of the costs is labour at 13%.  

It should be noted that the average Bayer processing cost does not include the likely costs of treating 
the red mud (Figure 30). Orbite announced recently that it can process the red mud by neutralizing 
it and recovering a number of materials, thus there may be a way of quantifying the real cost of the 
Bayer-based alumina production.

cApITAL cOSTS ESTIMATES 
Orbite has disclosed the designs of the various chemical plants that will be part of the smelter grade 
alumina facilities. We have used those designs to perform our own estimates of the total capex, and 
during this process we had discussions with Orbite’s technical team, we reviewed existing feasibility 
studies of other companies developing chemical processes and consulted independent engineers. 
However, the capital costs for mining, buildings and infrastructure were taken from the PEA. 

According to the technical report the mine capital costs (Figure 31) were determined by budgets 
submitted by equipment suppliers and from the database of Genivar (Orbite’s independent 
engineers). The total capital costs were estimated at $33.8M and include $12.4M for the pre-
stripping operations.

BREAKDOWN COSTS - SGA Cost $/t Al2O3 Unit costs
Labour 13% 27.8 $70,000/ person
Mining 6.5% 13.8 $3 per tonne milled

Energy - Electric 1.6% 3.3 0.06 $/kWh

Energy - Fossil Fuel 59.1% 1.6% 126.3 4.0 $/GJ

Energy -Total 60.7% 129.6  
Reagents 5.8% 12.3 $160 per tonne
Maintenance 7.4% 15.8 2% of Capex
Other 6.6% 14.2 10% Energy and Reagents
Estimated costs $/t 214

Figure 29. Summary of Cost Assumptions
Source: Company reports, Euro Pacific Canada

Orbite Regular Bayer*

% $/t % $/t
Feedstock/Mining 6% 13.8 25% 66.4
Reagents 6% 12.3 14% 37.2

Energy 61% 129.6 27% 71.7

Labour 13% 27.8 12% 31.9

Other 14% 30.0 22% 58.4
Average Estimated Costs 214 266

* Global 2011 average alumina production costs 

Figure 30. Orbite and Bayer Cost Breakdown
Source: Company reports, Euro Pacific Canada

Published Bayer processing 
cost does not include the 
likely costs of treating the 
red mud
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We expect the core costs of the acid regeneration and processing plants to remain below $500M. 
However, the solvent extraction plant for the production of an initial 1,000 tonne per year rare earths 
and the Magnesium pyrohydrolysis facility should add an additional $70M. Thus, we estimate that 
the total SGA capital costs could amount to $632M (before contingency) or $1,192/ tonne of alumina 
which is less than the average $1500/tonne for the Bayer process. However, the Orbite process has 
the advantage that no red mud is generated and a number of valuable by-products are produced 
making the whole process potentially more economic. We estimate in the next three years, for both 
the high purity alumina plant and the smelter grade alumina plant, Orbite could spend up to $745M 
(including a 10% contingency) in capital costs.

pROJEcT RISk
In our opinion, Orbite’s main challenge is to fully integrate the whole process in order to achieve the 
energy efficiencies and acid recoveries that it needs, while producing commercial quality smelter and 
high grade alumina. Furthermore it is imperative that Orbite finds an economic source of fossil fuel, 
as the Gaspé region, the planned location of the first fully integrated Orbite’s smelter grade alumina 
plant, does not have any developed gas sources. However, there is an advanced exploration project 
being considered in that region. Petrolia (TSXV:PEA), an oil and gas exploration company, is currently 

MINING

Pre-production Pit Stripping Operation $12,415,000

Feed Preparation and Mine Service Buildings $5,500,000

Fixed Equipment $15,925,000

Total Mining Capex $33,840,000

Figure 31. Estimated Capital Costs 
Source: Company reports, Euro Pacific Canada

BUIDING COSTS (516,749 Sq.FT x200$/Sq.FT) $103,349,800

ChEMICAL PROCESSING PLANT

SGA Equipment and Engineering Costs:

   Clay Plant Preparation (CPP) $10,000,000

   Acid Leaching Plant (ALP) $100,000,000

   Acid Purification with ACP and HARP $150,000,000

   Calcination and Acid Regeneration (CP) $120,000,000

$380,000,000

BY-PRODUCTS ExTRACTION PLANTS

MgO Pyrohydrolysis Plant $40,000,000

REE Solvent Extraction Plant (SXP) $30,000,000

$70,000,000

MINE AND ChEMICAL PLANT INFRASTRUCTURE $45,500,000

TOTAL ESTIMATED SGA CAPEx $632,689,800

SGA CAPEx PER TONNE $1,192

hPA ESTIMATED CAPEx (FULLY FUNDED) $45,000,000

CONTINGENCY, 10% $67,768,980

hPA AND SGA CAPEx & CONTINGENCY (3 YEARS) $745,458,780

We estimate Orbite capital 
costs of $1,192/ tonne 
compared to $1500/tonne 
for the Bayer process
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undergoing drilling work at the Bourque project, less than 15km from where Orbite plans to set up its SGA 
plant. Petrolia is exploring for oil but it is confident that there’s gas underground; drilling results are expected 
before the end of the year. Also developing oil and gas projects in the region and potential partners for Or-
bite are Junex Inc. (TSX:JNX) and Gastem Inc. (TSXV:GMR). We have included the capital costs associated 
with the gas line infrastructure in our model. Alternatively, Orbite could truck natural gas from the Gaspé 
region and store it onsite, which would increase the company’s energy costs significantly. The company 
has presented a number of options within the cost range presented in the PEA (i.e. $4/Gj), and prior to 
the completion of the feasibility study we expect Orbite to definitively disclose what fossil fuel has been 
designed in the process. The feasibility study should be completed by mid-2013.

The acid regeneration plants will have one of the most advanced and state-of-the-art acid recycling 
systems. The main recycling plant will be the two-stage advanced mega-calcination system that will 
calcine AlCl3•6H2O to produce alumina and recycle most of the HCl acid. The calcination is one of the 
most energy-consuming steps in the process, and perhaps one of the most complex as well. However, 
this calcination technology already exists; Orbite has unique access to it and firm agreements with 
contractors that have built similar technologies. The other critical component is the hydrothermal 
acid regeneration process, which is expected to not only recover (~15%) acid but also to capture and 
reuse the latent heat from the acid condensation generated during the process. However, this is a 
system that has to be proven at a large commercial scale using spent acid from an alumina plant.

As explained above, high purity alumina is achieved by further re-crystallizing the SGA alumina. Orbite 
has decided to build a small scale SGA plant (excluding the MgO and REE plants) at Cap Chat and 
keep the previous process as a backup during commissioning. If the construction and commissioning 
of the SGA and HPA plant at Cap Chat goes according to plan, Orbite will be able to test the perfor-
mance and efficiency of its proprietary SGA process including the acid regeneration systems in the 
next six to nine months, significantly de-risking the smelter grade alumina plant project.

We believe that technically, Orbite has all the pieces together and all the necessary people required 
to build the world’s first economic clay-based SGA plant.

TEcHNOLOGY ADOpTION: THE pOTENTIAL
The regular Bayer process has a major limitation in that it is only economic when used to process 
“good quality” low silica (A/S>8), low moisture bauxite. However, most bauxite deposits in the world 
are of low quality. The Orbite process, on the other hand, has been designed to work with the most 
complex type of aluminous ore — the clay. Clays are usually quite moist in nature, have very high silica 
content (>50%) and low aluminum content (<30%). In fact, the Orbite process has been devised to 
process various raw materials with aluminum content above 18%, including bauxite and red mud.

As bauxite has less water and less silica, it should be easier and more economical to process. Fur-
thermore, bauxite usually has a higher aluminum content, which would translate into lower cash 
costs ($/tonne) compared to clays. The possible advantages of processing bauxite instead of clays 
would likely not affect Orbite’s business plan, simply because of its strategic geographic advantage: 
it would always be the lowest transportation cost option for the aluminum smelters in Quebec, and 
Canada has virtually no bauxite resources. 

Orbite is expected to 
disclose the fossil fuel of 
choice within 6 months

The acid regeneration plants 
will have one of the most 
advanced and state-of-the-
art acid recycling systems

Orbite is currently building 
a small scale SGA plant

The Orbite process has 
been designed to work with 
the most complex type of 
aluminous ore
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ADvANcES IN ENERGY cONSUMpTION 
Relative to the aluminium-to-silica ratio (A/S), the Orbite process is extremely desirable as well 
(Figure 32). The type of bauxite influences the severity of the processing conditions, including 
leaching time, pressure and energy consumption. High moisture and silica content are the baux-
ite characteristics that influence energy consumption the most. High moisture means higher 
water content in the process that needs to be evaporated. High silica content means that more 
silica waste products are produced and less caustic soda is recovered, making the system (i.e. 
the Bayer process) less efficient. According to our estimates, the Orbite process offers the low-
est energy consumption for ores with high silica and moisture content, which is a significant 
advancement in the processing of alumina ores. 

Low-quality bauxite for the production of alumina 
is only used in selective countries, including Chi-
na, Russia, Ukraine and Turkey. In these regions, 
the Sinter and combined Bayer-Sinter processes 
have been widely adopted, as they are suitable 
for processing low-quality bauxite, but carry higher 
energy costs than the Orbite process (Figure 33). 
China and Russia have relatively low energy costs 
and their increasing alumina consumption and 
need for security of supply motivates them to use 
the higher energy processes. The Orbite process 
requires less energy per tonne than all the other 

 Figure 32. Differences in Energy Consumption for Different Refineries
Source: Liu et al 2006, Energy 31(8-9), “Analysis of the overall energy intensity of alumina refinery 

using unit process energy intensity and product ratio method”; Euro Pacific Canada

Note: Orbite’s energy consumption estimate excludes the energy requirements 
for the hydrothermal acid regeneration process (HARP). 

Figure 33. Energy Consumption of Different Technologies (in GJ/tonne)
Source: TMS, Euro Pacific Canada
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Refineries Ore types
Bauxite 

grade (A/S)
Process 

types
Energy consumption

GJ/t Al2O3
Energy cost 
percentage

World Average Gibbsitic-Boehmitic 
Bauxite 8-10 Bayer 10-15 20-25%

Grande Vallée (Canada) Clay 0.5 Orbite
18.20 (excl. Acid Reg & by-pro) 

31.80 (full)
61%

Zhengzhou (China) Diasporic Bauxite 5-7 Combined 34.15 45-55%

Shanxi (China) Diasporic Bauxite 4-6 Combined 37.28 45-55%

Guizhou (China) Diasporic Bauxite 4-6 Combined 43.31 50-60%

Zhongzhou (China) Diasporic Bauxite 4-6 Combined 52.17 60-70%

Pinguo (China) Gibbsitic and Diasporic 7-8 Bayer 15.10 30-40%

Shandong (China) Diasporic Bauxite 4-5 Sintering 40.5 50-60%

Gardanne (France) Diasporic Bauxite 7-8 Bayer 13.52 30-40%

Pinjarra (Australia) Gibbsitic Bauxite 8-10 Bayer 11.21 20-25%

Shennigola (Greece) Diasporic Bauxite 7-8 Bayer 14.86 30-40%

Straford (Germany) Gibbsitic Bauxite 8-10 Bayer 9.60 20-25%
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alternative alumina processes; consequently, it should be of great interest for countries with 
high demand profile growth for alumina and large resources of poor-quality aluminous ores. We 
estimate that currently about 35–40% of the alumina produced is through a process other than 
the Bayer process, representing about 28–32M tonnes of alumina production per year.

pOTENTIAL LIcENSING REGIONS
The Orbite process would most certainly be useful in countries that want, or already have, a 
significant aluminum industry, and have adequate aluminous ore resources, including clays, 
low-quality diasporic bauxite, nepheline and other aluminous ores, while having good access 
to cheap energy (Exhibit 24). Countries that meet these requirements include the U.S., Russia, 
China, Australia, Norway and Saudi Arabia, given that they all have adequate natural gas resourc-
es and large resources of aluminous clays and bauxite. Russia, Canada and Norway also have 
large nepheline resources. Companies operating in these regions include Alcoa, United Company 
Rusal Plc (HKG:0486), Aluminum Corporation of China Ltd. (Chalco; NYSE:ACH), Rio Tinto Alcan 
and Dubai Aluminum Company Ltd. (Dubal). 
 
We believe that Rio Tinto Alcan and Alcoa, geographically the closest companies to Orbite, could 
greatly benefit from a low-cost alumina supplier in Quebec. While the nearby smelters seem to be 
waiting for most of the technology risk to be eliminated, two leading integrated aluminum produc-
ers in Asia have signed agreements with Orbite.  On March 28, 2012, Orbite signed a non-binding 
Memorandum of Understanding (MoU) with UC RUSAL, the world’s largest aluminum producer, to 
form a joint venture (JV) for the construction of the first full scale smelter grade alumina facility in 
Quebec. Rusal is expected to offer financial and technological know-how contributions, and could 
make an equity investment of $25M for the first out of three phases of the project. The definition 
of the three phases and the capex estimates should be better defined as the definitive feasibility is 
completed. As per the agreement Rusal will have the opportunity to take up to 25% equity owner-
ship at project level. On June 27, 2012, Orbite signed a second non-binding MoU, this time with 
National Aluminum Company Limited (Nalco) of India.  Orbite is currently evaluating Nalco’s bauxite 
and red mud for treatment. According to the company there is potential for Nalco to participate in 
the development of the first smelter grade alumina plant. Licensing of the Orbite process is also 
outlined in both MoUs. The two case studies presented below expand the discussion about the 
potential significance of the Orbite process for Rusal and Nalco.

ORBITE cOULD MAkE RUSSIA THE LOWEST cOST pRODUcER
Refineries processing nepheline ore produce a significant portion of the alumina in Russia (Figures 
34–35). The nepheline process consumes about 50GJ/tonne, which results in high cash costs. How-
ever, the sale of by-products makes the process more economic. We believe the Orbite process could 
be used to treat the high silica nepheline ore in an economic fashion, contrary to the Bayer process. 
Moreover, the Orbite alumina technology is designed to recover by-products from the aluminous ores; 
therefore, the common nepheline by-products, such as gallium and fertilizer materials, would likely 
be recovered as part of the process. If Russia’s current nepheline refineries were to adopt the Orbite 
process, they could save about 20GJ/tonne and still obtain the valuable by-products that could fur-
ther improve its processing costs. The Pikalevo nepheline refinery in the Leningrad region is currently 
offline and could potentially be the  location for the first Orbite plant in Russia. 

Figure 34. Russian Adoption 
of Alumina Refinery Processes

Source: TMS Rusal, 
Euro Pacific Canada
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Most of the Bayer refineries in Russia operate with offshore alumina, which carry high trans-
portation costs and position the refineries in the third quadrant of the cost curve (Figure 32). 
Russia has one of the lowest energy costs, and we have estimated that even with a lower 
aluminum grade (e.g., nepheline ore), at low energy costs (e.g. 2.5$/GJ), Russian refineries 
could achieve production costs below $150/tonne, while eliminating transportation costs and 
competing directly with low-cost refineries in Central and South America and Africa. In this case, 
the nepheline ore or the aluminous clays in Russia could be for the Russian refineries what 
the aluminous clays at Grande-Vallée are for Orbite Aluminae – a cheaper source of alumina 
raw material. Alternatively, Russia could import the low-priced diasporic bauxite and adopt the 
Orbite process to achieve considerably low processing costs.

Figure 35. Russia Alumina Capacity and Technologies
Source: TMS, Rusal, Euro Pacific Canada

With the Orbite process 
Russian refineries could 
become the lowest cost 
producers
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STOppING RED MUD pRODUcTION IN INDIA
In 2011, India produced 3.4M tonnes of alumina, or 4.4% of total global alumina production. India’s 
bauxite deposits are located in five main geographical areas: Eastern Ghats, Central India, West 
Coast, Gujarat, Jammu & Kashmir (Figure 36). The majority of the bauxite is gibbsitic, with low silica 
content. Alumina production in India is dominated by large integrated players like National Aluminum 
Company Ltd. (Nalco), Hindalco Industries Ltd. (Hindalco) and Vedanta Resources Plc (LSE: VED). 
Other producers include Vedanta’s subsidiaries Bharat Aluminium Co. Ltd. (Balco) and Madras Alu-
minum Company Ltd. (Malco).

India’s current aluminium consumption is estimated at 1.3kg per capita compared to 15-18kg in 
the western world and 10kg in China, which suggests that the aluminum industry in India is poised 
to continue to grow, driven by demand from their power, infrastructure and transportation industries. 
This growth has offered significant upside potential in the domestic aluminum and alumina industry, 
and in the recent years all the major Indian alumina players have embarked on capacity augmenta-
tion projects.  India has vast reserves of the low silica bauxite, which is easier to process. Most alu-
mina refineries in India use the traditional Bayer process, and enjoy relatively lower production costs. 
For instance, Nalco and Hindalco refineries are in the first quadrant (Figure 16) of the alumina cost 
curve. However, the disposal and storage of ‘red mud’ continue to be an environmental concern for 
the Indian government and aluminum producers (Figure 37). More recently Amnesty International 
has taken a vocal position in the matter, warning the Indian government of the health risks that some 
communities near red mud ponds are facing. 

The Indian Ministry of Mines estimates that in India 1.2-1.5 tonnes of red mud is generated per 
tonne of alumina produced. As India continues to increase its alumina production, however, more 
toxic red mud waste will be produced per year putting pressure on local refiners. 

Figure 36. India Alumina Capacity
Source: India Ministry of Mines, Euro Pacific Canada

Figure 37. Red Mud Pond
Source: Redmud.org
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Nalco, Indian’s largest aluminum producer, has signed an agreement with Orbite, and despite being 
one of the lowest cost producers of alumina in the world, Nalco is interested in the potential of the 
Orbite process. As discussed, India’s per capita aluminum consumption is expected to grow signifi-
cantly. India’s aluminum producers could expand their existing Bayer refiners or build new ones using 
the same century old process, or they could potentially adopt the Orbite process and avoid producing 
additional red mud as they expand supply.  

We believe that, if Orbite is able to prove that its process is viable and economic for the production of 
alumina from bauxite and red mud at a commercial scale, India will be a natural place for the adop-
tion of the Orbite process.  

For the fiscal year 2011, Nalco reported that it produced 1.687M tonnes of alumina. This is equivalent to 
approximately 2.3M tonnes of red mud, if we assume a 1.35x red mud to alumina production ratio. Figure 
38 shows the average content of alumina, ferric oxide, titanium dioxide and silica dioxide in India’s red mud. 
Based on that element distribution we determined that the in-situ product value of Nalco’s red mud was 
342M in 2011. If Nalco invests in the Orbite process it could potentially start by remediating the existing red 
mud pounds and reduce its environmental footprint, while generating revenue.

Figure 38. Analysis of In-situ Value of Red Mud Products
Source: Company Reports, Indian Bureau of Mines, Euro Pacific Canada
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ENvIRONMENTAL BENEFIT
The major advantage of the Orbite process over the regular Bayer process is that it does not generate 
toxic waste or red mud, but instead is designed to regenerate the leach solution and recover all the oth-
er significant elements in the aluminous ore. The major waste product produced by the Orbite process 
is the silica material. However, once neutralized, this material is not toxic and could potentially be sold.

In 1997, the Aluminum Roadmap workshop, sponsored by the U.S. Department of Energy, listed several 
improvements to the Bayer process that need to be addressed. In 2001, the first Alumina Technology 
Roadmap was published, following an industry-wide workshop coordinated by AMIRA International. The 
aim of the Alumina Technology Roadmap initiative was to bring the industry together (public and private 
organizations) to develop technologies to address the challenges the industry faces. Six major themes 
encompassing the highest-priority research and development needs were identified: Bayer process 
chemistry and alternatives, resource utilization, energy efficiency, process and knowledge manage-
ment, residue treatment and reuse, and safety/human exposure.

We believe the Orbite process addresses most of the industry’s six high-priority research and develop-
ment needs. This process is less energy intensive than that of the Bayer-Sinter and other alternative 
alumina technologies that are heavily used in the fast-growing eastern regions of the globe, and it is 
greener than the Bayer process since it does not produce toxic waste, thus eliminating the need for 
residue treatment and potential human exposure to hazardous material. The Orbite process is devised 
to process aluminous clay, an alternative resource to bauxite. Also, it seems that based on preliminary 
tests, the process should work well with high silica content bauxite and low-grade aluminum ores.

Orbite’s first patent (US 7,837,961 B2 and CA 268469) was instrumental for the major evolution of 
the Orbite process. The company currently has 11 families of patents pending, which together offer the 
potential of protecting its alumina refinery technology and some of the products emerging from it in key 
jurisdictions and for more than 20 years, as pending patents from process improvements are awarded. 

International patent applications have been filed under the Patent Co-operation Treaty (PCT). The PCT 
is an international patent law treaty with over 140 member countries. The PCT is not an international 
patent, as one does not exist, but instead an international application that results in an “international 
search report” and a written opinion on patentability. If the patentability opinion is positive, inventors 
usually proceed with filing patent applications in selective countries. Orbite has patents pending in the 
strategic jurisdictions of Australia, Brazil, China, Hong Kong, Europe, the U.S., India, Japan and Rus-
sia. These applications are independent of each other. A number of U.S. patent applications, covering 
process enhancements, are also pending. Additionally, Orbite has three other patents pending on the 
extraction of rare earths, production of hematite from clays and red mud remediation.

Although many have attempted to develop a process to recover alumina from clays, what makes the Or-
bite process unique compared to other alumina extraction methods from clay is the sequence of steps 
in combination with leaching temperature, time of extraction, concentration of hydrochloric acid, acid to 
clay ratio and the order, mix and amount of reagents used. Also important for the patentability potential 
and economics of the process is the sequence of extraction of the various valuable “impurities” and the 

pATENTS
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adoption of advanced acid recovery methodologies which, we concluded from our research, have never 
been used before collectively and in this exact sequence for processing of aluminous ores. Ultimately 
however it’s the non-obvious improvements and novel additions that Orbite made to this HCL based 
aluminous clay process that makes the process economic and unique.

(All dollar amounts are in Canadian dollars unless otherwise specified, t and tonnes are metric tonnes)

cOMpANY FINANcIALS
In the six-month fiscal period ending June 30, 2012, Orbite had a loss before finance income and 
taxes of $10.21M compared with $4.93M from the previous six-month period. The expense item is di-
vided in two:  research and development charges, which were $3.56M, and general and administrative 
charges that amounted to $5.84M. Research and development charges, which comprise of research 
and other pilot plant operating expenses, increased by $3,443,632 during six months mainly due to a 
$2,295,000 impairment charge related to pilot plant equipment. General and administrative charges 
increased by $3,342,476 in the six months ending June 30, 2012, due to employee benefits, share 
base payments to new employees and directors, the legal fees and costs related to the regulatory issues 
that have been resolved, and investor relation expenses to support the company’s increased activities. 

Cash and cash equivalents decreased by $13,585,835 during the first six months and total cash stood 
at $60.23M on June 30, 2012. Orbite’s current cash burning rate is about $868K a month, excluding 
capex. In 2010, Orbite received two non-interest bearing loans from the Government of Canada and 
Quebec’s provincial government to finance the pilot plant, payable from 2014 to 2019. However, as per 
IFRS requirements, the fair value of the loans was recorded on the balance sheet using an effective 
annual interest rate of 8%. As of June 30, 2012, Orbite had $2.35M in outstanding long-term debt on 
its balance sheet. Accounts payable and accrued liabilities increased by $2,646,360, due to increased 
expenditures related to the construction of the HPA plant. 

On June 30, 2012, Orbite had 13.18M warrants outstanding at an average price of $3.66 (potential 
inflow of $48M), and 13.9M options with an average exercise price of $1.38 (potential inflow $19.8M) - 
Figures 39 and 40. On August 13, 2012 Orbite had 180M shares outstanding with the diluted number 
of shares at 207M.

FINANcIAL OUTLOOk

Number Weighted average 
remaining contractual life

$0.10 - 0.67 7,400,000 3.0

$1.70 - 1.92 2,085,000 6.9

$2.54 - 2.66 3,125,701 9.1

$2.98 - 3.47 840,000 6.6

$4.02 - 4.47 450,000 3.9

139,000,701 5.2

Figure 39. ORT Warrants Issued and Outstanding
Source: Company reports, Euro Pacific Canada

Exercise price Expiry date June 30 2012

 $0.45 November 2012 623,138

 $0.85 November 2012 1,953,767

 $3.20 July 2013 1,078,125

 $4.50 July 2013 8,984,375

12,639,405

Figure 40. ORT Options Issued and Outstanding
Source: Company reports, Euro Pacific Canada
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REvENUE OUTLOOk
The Orbite business may be structured in four main divisions: the High Purity 
Alumina Division, the Smelter Grade Alumina Division, the Specialty Metals 
Division and a Consulting and Licensing Division. Thus, we have broken down 
the revenue streams in three, but did not forecast the potential revenue from 
licensing the technology although a licensing agreement is included in the 
Memorandums of Understanding (MOU)s that Orbite has with both Rusal and 
India’s National aluminum company (Nalco).  When the patents that cover 
the whole process and the various raw materials are granted, we expect Or-
bite to disclose more specific details about licensing fees.

Orbite’s main products are the smelter-grade alumina and the high-purity alumina, and the by-products 
that we included in our forecast were gallium, rare earths, scandium, silica, magnesium and ferric oxide. 
Orbite should also be able to recover potassium and sodium, but these were not included in our fore-
cast. We estimate that by 2015 Orbite will be able to generate revenue from all the products. In 2015, 
alumina revenue would constitute 60% of total sales, with 22% of HPA sales and 38% of SGA sales. 
We estimate total revenue to increase from an estimated $68.3M in 2013 to $558.1M in 2015. Orbite 
expects to increase HPA production gradually, as it optimizes the HPA plant. We estimate that Orbite will 
be able to reach the 5 tonnes per day production target by the end of 2013, but the average production 
for the first year will be 3 tonnes per day due to gradual increase in production. 

At constant HPA and SGA plant capacities, revenues are expected to fall at 0.14% the following three 
years as a result of decreasing HPA and rare earths prices. The four-year compound annual revenue 
growth rate (CAGR) is 69.1%.   

Figure 41. Revenue Breakdown Per Product, 2015 Forecast
Source: Company reports, Euro Pacific Canada

REVENUE BREAKDOWN

CAD (000’s) 2013F 2014F 2015F 2016F 2017F CAGR
Alumina hPA  68,250  121,371  117,730  114,198  110,772 12.9%
Alumina SGA  201,695  221,443  225,621 11.9%
    Ferric Oxide  24,172  26,038  26,038 7.7%

    Scandium  45,846  49,385  49,385 7.7%
    Gallium  55,570  59,860  59,860 7.7%
    Magnesium  14,166  15,260  15,260 7.7%
    Silica  24,931  26,856  26,856 7.7%
    REE  42,849  44,033  44,033 2.8%
Specialty Materials  207,534  221,432  221,432 6.7%
Total Revenue  68,250  121,371  526,959  557,073  557,825 69.1%

METAL PRICES

In USD 2013F 2014F 2015F 2016F 2017F CAGR
Alumina HPA ($/t)  65,000  63,050  61,159  59,324  57,544 -3.0%
Alumina SGA ($/t) 371 379 386 1.9%
Ferric Oxide ($/t)  125.0  125.0  125.0 0.0%

Scandium ($/kg)  1,500.0  1,500.0  1,500.0 0.0%
Gallium ($/kg)  570.0  570.0  570.0 0.0%
Manesium ($/t)  400.0  400.0  400.0 0.0%
Silica ($/t)  20.0  20.0  20.0 0.0%
REO Basket Price ($/kg)  47.9  45.7  45.7 -2.3%
(SGA + Specialty Metal Revenue)/SGA Volume ($/t) 700 703 710 0.7%

Alumina HpA
22%

Alumina SGA
38%

Specialty Iron
5%

Scandium
9%

Gallium
10%

REE
8%

Silica
5%

Magnesium
3%

Specialty 
Materials

35%

Orbite’s revenue is expected 
to grow from $68.3M in 
2013 to $558.1M in 2015
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PRODUCTION VOLUMES

Tonnes 2013F 2014F 2015F 2016F 2017F CAGR
Alumina HPA  1,050  1,750  1,750  1,750  1,750 0.0%
Alumina SGA  493,658  531,766  531,766 3.8%
Ferric Oxide  175,799  189,370  189,370 3.8%

Scandium  28  30  30 3.8%
Gallium  89  95  95 3.8%
Magnesium  32,196  34,682  34,682 3.8%
Silica  1,133,233  1,220,714  1,220,714 3.8%
REO  813  875  875 3.8%

Alumina (Aluminum Oxide)
We expect high-purity alumina production to start in 1Q2013 for a total of 1,050 tonnes of HPA 
in 2013. In 2014, we forecast HPA production to increase to 5 tonnes per day full capacity or 
1,750 tonnes for a 350-day calendar year. The long-term forecast demand for HPA is positive. 
As HPA demand rises and prices fall supported by expected increase supply, it is likely that 
Orbite will increase HPA capacity and sales. However, we have taken a conservative approach 
and incorporated into our model of Orbite an increase in HPA capacity and related capital costs 
only later in 2020.

Orbite is aiming to produce the highly pure HPA - 99.999% (5N) or higher - but may have to sell lower 
grade products depending on demand preferences of future clients. According to the independent 
market study performed by Secor-KPMG, the average price of 4N HPA is currently between US$30/kg 
and US$60/kg, while the 5N prices are between US$90/kg and US$120/kg, and 6N between $210/
kg and US$290/kg. Depending on other characteristics, such as grain size and distribution, prices 
could vary quite significantly even at the same purity (e.g. 5N). The very high purity alumina has been 
listed with a sales price as high as $1000/kg. We forecast that Orbite average HPA selling price will 
be $65/kg in 2013 and fall at 3% year-over-year going forward.

We expect the smelter-grade alumina plant to be completed and production to start by 2015, with an 
ore mill capacity of 6,977 tonnes per day. The main components of the smelter grade alumina plant 
will be “piloted” at Cap Chat in the next six months, which should to a certain degree de-risk the SGA 
project. Total estimated SGA production for 2015 is 493,658 tonnes, and 531,766 in 2016. Like the 
PEA, we only forecast one plant. However, to fulfill Quebec’s current alumina demand Orbite will have 
to build more than 10 plants of the same size as the first one.

 Ferric Oxide
Orbite expects to produce 175,799 tonnes of high-purity ferric oxide in 2015, assuming an ore-
milled capacity of 6,977 tonnes per day and 92% recovery. As explained above, this iron by-
product is more pure than the one obtained from conventional acid regeneration plants, which 
flooded the market in recent years. The price of this pure ferric oxide has been quoted as high 
as US$250/tonne but we assume a conservative average of US$125/tonne. We estimate ferric 
oxide revenue of $24M in 2015.

Figure 42. Revenue Forecast, Price and Productions Assumptions
Source: Euro Pacific Canada

HPA production is 
expected to start in 
1Q2013 and SGA in 2015

The main components of 
the smelter grade alumina 
plant will be “piloted” at 
Cap Chat

We estimate ferric oxide 
revenue of $24M in 2015
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Scandium Oxide
We forecast scandium production to start in 2015, with 28 tonnes of scandium oxide at 50% production 
capacity. Given that the current scandium market has been estimated to be 4-10 tonnes per year, 28 
tonnes could be a significant addition to the market, even three years from now. We assume that Orbite 
will be able to sell a large amount of scandium, but we forecast a price of US$1,000/kg compared with 
current quoted price of US$4,000/kg (Asian Metal, China domestic price). Scandium has historically 
been a highly desirable element,  it has unique uses in metallurgy for extensive applications in the aero-
space, automotive and sports industries, and can be used as a substitute for rare earth elements. We 
expect scandium revenue to be $45.8M in 2015, and $49.39 for the remainder of the forecast period. 

Gallium oxide
The world gallium production capacity is estimated at about 500-1,000 tonnes per year. Based on the 
concentration of gallium in Grande-Vallée and the expected recovery rate of 94%, we assume that in 
2015 Orbite could produce 89 tonnes of gallium oxide and grow to 95 tonnes at a 6,977-tonne-per-day 
throughput thereafter, as Orbite reaches full production. The gallium market is currently weak with North 
American prices at a slow summer level below $400/kg, and close to production cost. Demand and prices 
are however expected to pick up in the near term. We forecast Orbite will be able to sell all of its gallium 
production to consumers outside China at a sustainable average price of US$600/kg. It should be noted 
that the Quebec based company 5N Plus Inc. is one of the largest consumers of gallium and an obvious 
target client for Orbite. We forecast gallium revenue of $55.6M in 2015 and $59.9M thereafter.

Rare Earth Oxides
We expect Orbite to produce individual rare earth oxides by 2013. At a target 6,977-tonne ore-milled 
capacity, total rare earth oxides production is estimated at least 875 tonnes, assuming recovery rates 
of 75%-87%. We forecast average rare earth revenue of $44M per year, from 2016 forward. At cur-
rent prices Orbite’s weighted average basket price is US$87/kg, compared to our estimated average 
basket price of US$46/kg, or 40% below current basket price. According to Asian-Metal, current lan-
thanum oxide price is US$24/kg but our average estimate is US$6/kg; Neodymium is US$98/kg, we 
estimate US$67/kg; Europium is US$2,325/kg, we estimate US$728/kg; Dysprosium is US$1,075/
kg, we estimate US$628/kg; and yttrium is US$70/kg and we estimate US$32/kg. At our forecast 
prices REE accounts for 8% of total revenue, at current prices REE revenue would account for 14% of 
total revenues and our target price would be $9.20. 

Magnesium oxide
We estimated that at 6,977-tonnes mill capacity, Orbite will produce 34,682 tonnes of magnesium 
oxide at an average price of US$400 per tonne. We forecast average magnesium revenue of $15.3M 
per year, the smallest contribution to total revenue, accounting for only 3%. 

Silica Oxide
We estimate that Orbite will produce 1,133,233 tonnes of 99.9% pure silica in 2015 and increase 
to a maximum of 1,220,714 as Orbite reaches full capacity at the first plant. The silica would have 
to be washed and neutralized with sodium hydroxide (NaOH). We estimate that Orbite will sell pure 
silica oxide at an average price of $20 for the entire forecast period, resulting in $26.9M of revenue 
per year at full capacity.

We forecast Scandium price 
of US$1,000/kg compared 
with current quoted price of 
US$4,000/kg

We expect scandium revenue 
to be $45.8M in 2015

We forecast gallium revenue 
of $55.6M in 2015

At current prices REE revenue 
would account for 14% of 
total revenues and our target 
price would be $9.20

We forecast average 
magnesium revenue of 
$15.3M per year, the lowest 
contribution to total revenue

Silica revenue is expected 
to be $26.9M per year
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OpERATING EXpENSES OUTLOOk
Our estimated unit cost for Orbite’s SGA production is US$214/tonne, starting 2015. We used a simi-
lar calculation to determine HPA costs, assuming an open loop system and we estimate US$11,000/
tonne cash costs for the first year, falling at 3% rate per year as the company reaches full capacity and 
improves efficiency at the HPA plant. Orbite expects to produce rare earths and rare metals concen-
trate from both the HPA and SGA plant and then separate them in the Rare Earth Solvent Extraction 
plant. Magnesium will be produced in the pyrohydrolysis plant. We estimate magnesium COGS as 
30% of magnesium revenue, rare earths COGS as US$25/kg, and additional unit costs of US$86/kg 
for gallium and US$225/kg for scandium.  Thus, the estimated total costs for the production of SGA 
alumina plus by-products is US$282/kg, or about US$200/kg net of by-products credits (based on 
our price forecasts for the various elements). We expect total COGS to grow from $14M in 2013 to 
$228M in 2016, when both HPA and SGA are expected to be fully operational. 

ROYALTY EXpENSE
Royalty expense is 15% of EBITDA for the mining operations. We assumed a price of US$20 per tonne 
of clay and mining cost of US$3/tonne, which resulted in $41.7M EBITDA for a hypothetical mining 
division, and $6.2M average royalty expense per year.

EARNINGS OUTLOOk
We estimate Orbite’s EBITDA to grow at a four-year CAGR from 2013 to 2017 of 72%, and 59% for 
Gross Profit. As Orbite reaches production of both HPA and SGA, we expect R&D cost and other re-
lated expenses to fall leading to higher EBITDA growth compared to Gross Profit. Most of the earnings 
growth is expected in 2014, when the SGA plant comes online. Higher finance expense in 2014 is 
expected to erode net income compared to EBITDA. If in the next two years, market conditions remain 
challenging for commodity based equities,,Orbite may be forced to finance the construction of the 
SGA facility with a higher debt component than desired. 

ExPENSES OUTLOOK

2013F 2014F 2015F 2016F 2017F CAGR
COGS (000's $) 13,831 34,266 214,994 227,744 227,774 101.4%
COGS % Sales 20.3% 28.2% 40.8% 40.9% 40.8% 19.1%
HPA Costs (US$/t) 11,000 10,670 10,350 10,039 9,738 -3.0%

SGA Costs(US$/t) 214 214 214 0%
SGA Costs incl. REE/RM (US$/t) 282 282 282 0%
SGA Costs incl. REE/RM (US$/t), Net credits 192 201 204 3.1%

Figure 43. Operating expenses Parameters
Source: Euro Pacific Canada

EARNINGS OUTLOOK

$ 000's, except EPS 2013F 2014F 2015F 2016F 2017F CAGR
Revenue 68,250 121,371 526,959 557,073 557,825 69.1%
Gross Profit 56,700 100,832 341,872 359,833 361,165 58.9%
EBITDA 38,955 74,130 325,536 342,564 343,872 72.4%

EBIT 36,674 60,403 295,630 312,059 312,758 70.9%
Net Income 31,330 15,823 182,572 198,016 206,312 60.2%
EPS 0.16 0.07 0.82 0.89 0.93 56.2%

Figure 44. Earnings Outlook
Source: Euro Pacific Canada

We included additional 
processing costs for the 
by-products and total 
production costs add up 
to US$282/kg

We expect total COGS to 
grow from $14M in 2013 to 
$228M in 2016
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MARGIN OUTLOOk
In 2013, with only the HPA plant running, Orbite could achieve the highest margins, with an estimated 
83% gross margin and 46% net margin, but as costs rise faster than revenue, gross and net margins 
are expected to fall.  In 2014, a decrease in R&D could lead to higher EBITDA margin; however, higher 
finance expense is expected to erode NOPAT and net profit margin that year. The HPA business is a 
high margin business, but the smelter type alumina is a much larger and established market. Our 
long-term EBITDA and NOPAT margins are approximately 60% and 40%, respectively.

cApEX OUTLOOk
The estimated capex for the HPA plant is about $45M (before contingency and 40% tax reimburse-
ments). We also forecast that Orbite will increase production to 10 tonnes per day in 2020 and at 
$30M expansion capex. Orbite is fully funded for the construction of the HPA plant, which is expected 
to be in commission before the end of the year. However it will need to raise funds in the next two 
years for the construction of the SGA facilities. We estimate that Orbite will spend $632M to build 
the SGA plant, including the acid purification and regeneration plants, and the by-product chemical 
plants (see section Capital Costs Estimates).

We have also included in our estimates future capitalized costs associated with exploration work in 
the various new concessions that Orbite recently acquired, infill drilling work to upgrade resources 
and the feasibility study costs for an additional $10M.  Thus all together we estimate that Orbite, from 
2012 to 2014, will spend $765M (including contingency, but before maintenance capex and taxes 
reimbursements) in capital expenditures. In the long term capex is estimated as 8.4% of revenue or 
6% net PP&E, mostly for maintenance as we only model one SGA plant.

MARGINS OUTLOOK

2013F 2014F 2015F 2016F 2017F CAGR
Gross 83.1% 83.1% 64.9% 64.6% 64.7% 101.4%
EBITDA 57.1% 61.1% 61.8% 61.5% 61.6% 58.9%
EBIT 53.7% 49.8% 56.1% 56.0% 56.1% 72.4%

NOPAT 44.5% 40.2% 41.4% 40.9% 40.9% 70.9%
Net Profit 45.9% 13.0% 34.6% 35.5% 37.0% 60.2%

Figure 45. Margin Outlook
Source: Euro Pacific Canada

CAPEx OUTLOOK

2012F 2013F 2014F 2015F 2016F 2017F
Capex (000's $) 51,500 288,410 418,218 44,859 45,757 46,672
Capex % Sales n.a. 422.6% 344.6% 8.5% 8.2% 8.4%
Maintenance Capex (% PP&E) 0.0% 1.1% 0.6% 6.0% 6.0% 6.0%

Depreciation/Capex 0.4% 0.8% 3.3% 66.7% 66.7% 66.7%

Figure 46. Capex Outlook
Source: Euro Pacific Canada

We estimate that Orbite will 
spend $632M to build the 
SGA plant

Total CAPEX from 2012-2014 
is estimated at $765M
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vALUATION

Our DCF-based fair value target price of $8.00/share is 178% above the current price of $2.88. We 
used a WACC of 12.0% based on the Company beta of 1.84 (instead of industry beta of 1.28), a risk-
free rate for Canada of 3.79% based on the 10-year average yield of a 10-year Canadian government 
bond (Source: S&P Capital IQ), a market premium of 5% and a perpetual average growth rate of 5%. 
We assumed cost of debt of 9% and marginal taxes of 27%. We used Damodaran’s metals industry 
debt-to-equity ratio of 15%. We expect Orbite to raise additional funds in the next few months for the 
construction of the large-scale SGA plant schedule for 2015 production. Operating value is obtained 
from discounting free cash flow. We have made adjustments to account for the warrants in the money, 
and used the option value method to adjust for the stock options based on Orbite’s option pricing as-
sumptions. We model only one plant (similar to the PEA), and although Orbite is in advanced discussion 
with Rusal and Nalco we did not include the potential financial contributions from neither companies 
and we will not make any adjustments to minority interest until the deals are closed. Our model includes 
the HPA business and the SGA business as well as all the by-products. We ran a separate model for the 
SGA segment and concluded that the HPA segment accounts for approximately 67% of the stock price.

With the high SGA plant related debt in 2013 and 2014 inflating the enterprise value prior to 
SGA production start in 2015, EV/EBITDA ratio is expected to be abnormally high.  The ratio 
should fall in the long term as Orbite amortizes debt and EBITDA is strengthened by gradual 
increases in smelter grade alumina prices. The model return on invested capital stays between 
22% and 27% throughout the forecast period. 

IN CAD $MLN, ExCEPT ShARES

Operating Value 1449.0
Excess Cash & Marketable Securities 10.6
Investments, Other Adjusts. & Non-Operating assets 7.0
  Less:Debt 3.8
  Less:Other Liability 1.5
  Less:Preferred Stock 0.0
  Less:Minority Interest 0.0
  Less:Stock Options 7.1
Equity Value 1454.4
Shares outstanding (Mln) 182.7
Fair value per share (CAD)  8.0 

Figure 47. Valuation Summary
Source: Euro Pacific Canada

2013F 2014F 2015F 2016F 2017F
EV/EBITDA  45.8  29.8  6.5  5.7  5.2 
ROIC 8.5% 6.3% 25.4% 25.5% 25.1%
P/E  50.8 111.4  9.7  8.9  8.5 
P/S  23.3  14.5  3.3  3.2  3.2 

Figure 48. Key Valuation Ratios
Source: Euro Pacific Canada

We model only one plant 
and exclude potential 
financial benefits from the 
JV’s with Rusal and Nalco
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JUSTIFIcATION OF TARGET pRIcE
We use the discount cash flow (DCF) approach in our model. According to the recent resource 
estimate technical report, at 7,000 tonnes per day, Orbite has more than 90 years of mine life. To 
manage the size of the model and reduce forecast error we have modeled only 10 years and added 
the continuing value term, which was calculated using the key value driver formula. The weighted 
average cost of capital of 12.0% was determined assuming a risk-free rate for Canada of 3.79%, 
company beta of 1.84 (three-year Bloomberg adjusted beta), market premium of 5%, 9% cost of 
debt and 27% marginal tax rate. We have used the company beta given that the company is not yet 
in production and has above average risk compared to the average alumina producer. Recent stud-
ies suggest that the market premium (for the last 50 years or more) is typically between 4%-6%, but 
it’s lower for shorter sampling periods.

SENSITIvITY ANALYSIS
Figure 49 below presents the stock price sensitivity to terminal growth rate and WACC assumptions. 
Once the economics of first plant are established, Orbite plans to build additional plants. Additionally, 
potential licensing revenue should drive up the growth rate of NOPAT and cash flow. As Orbite starts 
producing in line with market expectations, beta should fall closer to the industry average beta (1.28). 
If we use the 1.28 beta, WACC falls to 9.7% and stock price increases to $14.0.  Based on our model, 
the current implied market WACC is 17.6%, perhaps more appropriate for an early-stage exploration 
company. Orbite is not a mining company; at this stage Orbite is a technology processing company 
with mining assets, but it aims to become an integrated diversified metal company.  

UpcOMING EvENTS/cATALYSTS 
We expect Orbite to start producing HPA in the first quarter of 2013 and SGA in 2015. The 
company is trading at a forward EV/(2015)EBITDA multiple of ~1.5x , our estimated 2015 EV/
BITDA is 6.5x but is considerably higher in 2013 and 2014 as we forecast that Orbite will fund 
a significant portion of the project through debt financing. We anticipate the price of the stock 
to be driven by the following catalysts:

■  HPA plant commissioning 4Q2012
■  HPA production in 1Q/2Q2013
■  Agreement with Rusal in 1Q2013
■  Definitive bankable feasibility in 1H2013
■  Agreement with Nalco in 2013

Growth Rate (g)

WACC

3.0% 5.0% 7.0%
8% $16.5 $23.4 $58.1
10% $10.4 $12.7 $17.9
12% $7.1 $8.0 $9.6
14% $5.0 $5.4 $6.1
16% $3.5 $3.7 $4.0

Figure 49. Sensitivity Analysis
Source: Euro Pacific Canada
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MANAGEMENT TEAM

Richard Boudreault, M. Eng., MBA, Adm. A. – president, cEO and Director:  Serving as presi-
dent since 2007, Richard Boudreault came to Orbite with an impressive list of accomplishments 
with start-up and growth companies in the new materials sector. He holds a Master of Engi-
neering degree from Cornell University, an MBA from Université de Sherbrooke, and is a Fellow 
of the Canadian Academy of Engineering. Over the years he has worked in technology-related 
positions for numerous companies, including Sofinov (at the time a subsidiary of the Caisse de 
dépôt et placement du Québec) as venture capitalist in material, energy and industrial technol-
ogy, Oerlikon Aerospace and the Canadian Space Agency.

Jacques Bédard – vice-president Finance and cFO:  Jacques Bédard is a senior executive officer with 
over 25 years of international financial management experience in the high technology, multimedia and 
medical device sectors. In particular, he has engineered numerous mergers and acquisitions, in addi-
tion to ensuring a variety of related financing. He has brought several products and services into produc-
tion and overseen the Canadian and overseas public offerings of many of the businesses he has worked 
with. His resumé includes terms as Vice-President Finance and CFO for publicly traded companies such 
as Softimage and ART, and he has also held senior financial management positions with Microsoft, 
among others. Jacques Bédard is a member of the Ordre des CGA du Québec and the Certified General 
Accountants Association of Canada. He also holds a Bachelor in Business Administration (accounting) 
from Université du Québec à Montréal.

Denis primeau, Eng., MBA – chief Engineer:  Denis Primeau is a seasoned executive with more than 
20 years’ experience in the chemical and petrochemical industries as well as other mining-related in-
dustries. In particular, Mr. Primeau was involved in the construction, commissioning and optimization of 
various types of chemical processes and, among others, was a key player for Rio Tinto during the con-
struction and commissioning of a plant for the enrichment of minerals and in the recycling of hydrochlo-
ric-based materials. Member of the Ordre des ingénieurs du Québec, he holds a Bachelor of Science 
in chemical engineering and a Master of Business Administration (MBA) from University of Sherbrooke.

Yves Noël, Eng., MBA – vice-president Sales and Marketing:  Yves Noël is a senior executive with over 
20 years of sales and marketing experience in the field of high value-added, specialized fine chemicals, 
particularly high purity products, with companies such as Akzo Nobel, Sandoz and Clariant. His diverse 
background in mining and manufacturing industries has enabled him to cultivate exceptional expertise 
and success in negotiating trade agreements with major clients such as AbitibiBowater, Gildan, Dow, 
and Rio Tinto, as well as with various global distribution partners. Member of the Ordre des ingénieurs 
du Québec, he holds a Bachelor of Applied Science in chemical engineering and a Master of Business 
Administration (MBA) from the Université du Québec à Montréal.

Jonathan Labranche, LL.B. – Director Legal Affairs:  Mr. Labranche was called to the Bar of the 
Province of Quebec in 2000 and holds a Bachelor of Law degree from the Université de Montréal. 
Having built an impressive practice in corporate law, securities, and regulatory affairs, he has 
represented a range of large businesses at various stages of their development, providing consult-
ing services in financing, mergers and acquisitions, and investor relations, to name just a few. As 
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Director, Legal Affairs with Orbite, Mr. Labranche will act as an advisor to the management team 
and will handle all legal affairs for the Company, including the analysis of industry regulations ap-
plicable to the Company.

Guy-Louis Boucher, LL.L, BBA – vice-president Sustainability:  Guy Boucher is a senior executive 
with extensive experience in legal affairs and sustainable development, particularly within the nat-
ural resources domain. Prior to joining Orbite, Mr. Boucher spent a number of years with Domtar in 
top executive positions that included Vice-President, Sustainable Development and Vice-President, 
Legal Services and Environmental Affairs. As such, he was responsible for sustainability issues as 
well as many legal aspects of the company’s commercial activities. Mr. Boucher holds a license in 
civil law (LL.L.) and a Bachelor of Business Administration (BBA) from the University of Ottawa. He 
is a member of the Quebec Bar.

Joël Fournier, PhD – Chief Scientific Officer:  Responsible for all aspects related to the develop-
ment, scaling and implementation of Orbite technologies, Joël Fournier holds a PhD (chemistry/
physics) from Université de Sherbrooke and a postdoctorate from the INRS Energy and Materials 
Institute. He joined the National Research Council of Canada in 1996 as an industrial material 
scientist, and was founder and director of the Centre d’études des procédés chimique du Québec 
(CÉPROCQ), a Montreal-based technology transfer research centre, until 2007. It was at CÉPROCQ 
that he first participated in Orbite’s technology development, thereafter joining the company. Joël 
Fournier has published close to 40 papers, authored four patents, and completed over 30 indus-
trial research projects. In addition, he has worked as an electrochemist in many industrial projects 
related to new technologies in the aluminum sector.

André Lemieux, phD – Director for community Relations:  André Lemieux is Director for Community 
Relations and works with host communities in the Gaspé region. His mandate is to assure the harmo-
nious integration of the project in the region. Mr. Lemieux raises awareness about the company and 
ensures that the project is well understood by local communities; he focuses on the expectations and 
needs of the region; and he apprises regional stakeholders of the socio-economic benefits of the proj-
ect. He holds a PhD in Urban Studies with a specialization in regional and local development from the 
Université du Québec à Montréal and Institut national de la recherche scientifique. With more than 15 
years’ experience in this sector, Mr. Lemieux has advised and guided a number of MRCs and munici-
palities in Quebec in their efforts to revitalize their territories. He has also worked in certain economic 
ministries and has taught at the Université du Québec à Rimouski.

Marc Filion, Eng., phD, MBA – Advisor:  A veteran technical expert who holds a PhD, MBA and engineering 
degree, Marc Filion advises Orbite in key strategic areas. He was President and Chief Operating Officer of 
SGF Mineral Inc. from 1998 to 2004, and Senior Vice President, Investments for Mines, Minerals and Ma-
terials, for the Société Générale de Financement du Québec (SGF) from 2004 to 2006. He was also actively 
involved in promoting the development, financing and construction of Phase II of the Alouette aluminum 
smelter, where he served as Chairman of the Board. He therefore brings in-depth knowledge of the alu-
mina/aluminum industry to Orbite. Marc Filion obtained a BSc in geology from École Polytechnique at Uni-
versité de Montreal, a PhD in economic geology and geostatistics from the Royal School of Mines, Imperial 
College, London, England, and an MBA from École des Hautes Études Commerciales in Montreal, Quebec.



51www.europac.ca

September 2012 Orbite Aluminae Inc.Initiating Coverage

pierre Després, LL.L. – Advisor:  A seasoned public affairs and communications expert, Pierre Després 
holds a law degree from Université Laval and advises Orbite on public affairs issues while enhancing 
the Company’s presence and reputation in the community and among key business and community 
leaders, decision makers and stakeholders. Over the years, Pierre Després has garnered extensive 
executive and consulting experience with leading Canadian firms, and has served as Vice-President, 
Communications, Alcoa Global Primary Products. He is very active in the business community and has 
served on various boards of directors of business associations such as the Conseil du Patronat du Qué-
bec and the Fédération des chambres de commerce du Québec.

BOARD OF DIREcTORS
Lionel Léveillé – chairman:  Trained in electrical engineering, Lionel Léveillé was President and 
CEO of Adacel Inc., which operates in the field of aerial navigation control simulation, from Febru-
ary 2001 to July 2005. He has enjoyed an illustrious career in the military and aerospace industry, 
serving as President of Raytheon Canada, Vice-President of Bombardier, Vice-President of Oerlikon 
Aerospace, and Executive Vice-President of CMC Electronics (formerly Canadian Marconi Company).

Richard Boudreault, MEng, MBA, Adm.A. – president, cEO and Director:  Richard Boudreault 
has served as President of Orbite since 2007. He has an impressive list of accomplishments with 
start-up and growth companies in the new materials sector. He has a Master of Engineering degree 
from Cornell University in the U.S., an MBA from Université de Sherbrooke, and is a Fellow of the 
Canadian Academy of Engineering. Over the years he has held technology-related positions in many 
organizations, including SOFINOV (at that time a subsidiary of the Caisse de dépôt et placement du 
Québec), Oerlikon Aerospace and the Canadian Space Agency.

charles chevrette, LL.L., MBA – Director:  Charles Chevrette is a member of the Quebec Bar and 
holds an MBA from the University of Ottawa. He is Managing Partner of the Quebec office of McMil-
lan LLP. Over the years, he has worked on numerous corporate financings, mergers & acquisitions, 
and transfers of technology, acting for private companies, institutional investors and university 
entities. He also served in the Cabinet of Quebec Premier Lucien Bouchard, and has been involved 
in several industrial-technology enhancement projects.

Toby Gilsig, Eng., phD – Director:  Toby Gilsig has a degree in electrical engineering from McGill 
University and a doctorate from the Imperial College of the University of London, where he received 
an Athlone research grant. He is a member of the Quebec order of engineers, an honorary member 
of the Institute of Electrical and Electronics Engineers (IEEE) and a Fellow of the Canadian Academy 
of Engineering, in addition to having received the Manning Award for Innovation in 1995. Toby Gil-
sig is consulted regularly on the subject of technological products and enterprise strategies as part 
of the activities of JED International Inc., the company he founded in 1996. Previously, he was CEO 
of M3i Systems Inc., which he co-founded in December 1990. Before co-founding M3i, Toby Gilsig 
held a number of management positions at Hydro-Québec, including Vice-President of Research 
and Director of the Institut de recherche d’Hydro-Québec. 
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pierre Meunier, LL.L. – Director:  Pierre Meunier, called to the bar in 1967, is a Partner and Strategic 
Consultant at Fasken Martineau LLP. He joined the firm in 1989 after filling several important positions 
for the Government of Quebec. In particular, he was Vice President and founder of the Commission des 
services juridiques, Director of the Centre communautaire d’aide juridique de Montréal, President of 
the Office de la protection du consommateur, Deputy Minister for the Ministère de l’Habitation et de 
la Protection du consommateur, and Deputy Minister for the Ministère du Développement durable, de 
l’Environnement et des Parcs. Pierre Meunier is Chairman of the Board of Directors of the Fondation 
Muséums nature Montréal, and member of the Board of Directors of the Institut de recherche en biolo-
gie végétale (IRBV), part of the Université de Montréal.

christian van Houtte – Director:  Christian Van Houtte is a consultant with the Aluminum Association 
of Canada and, until 2009, was its President and Chief Executive Officer, a position he held for 18 
years. He has held various executive positions in the aluminum industry, including that of Senior Vice 
President of Aluminerie de Bécancour Inc. (ABI). He has also held senior management positions for a 
number of major organizations, including Canadair, the Cliche Commission, Northern Telecom and the 
Société de développement de la Baie James.

Stéphane Bertrand – Director:  Stéphane Bertrand assumed the role of Chief Executive Officer for the 
World Energy Congress – Montreal 2010 in November 2007. Between 2003 and 2007, he was Chief of 
Staff for the Premier of Québec, where his responsibilities included close involvement in the develop-
ment of Quebec’s budget and government policies. Prior to serving as Chief of Staff, Stéphane Bertrand 
was an executive with Gaz Métro Inc.

Michael Hanley, cA:  Mr. Hanley has been a Chartered Accountant since 1987 with many years’ experi-
ence in corporate governance. Between 2009 and 2011, he was Senior Vice President, Operations and 
Strategy Initiatives and a member of the Office of the President at National Bank of Canada. Prior to 
this, he spent 10 years with Alcan in positions that included, among others, President and CEO of the 
global Bauxite and Alumina business group and Executive Vice-President and Chief Financial Officer 
leading up to and at the time of the acquisition by Rio Tinto. Mr. Hanley holds a Bachelor of Business 
Administration.

Jean-Sébastien David, MpM, Geo. – Board Member:  Mr. David is a member of the Ordre des Géo-
logues du Québec and has more than 20 years’ experience in geology, sustainable development and 
the environment. He has been a member of environmental committees for both the Association Minière 
du Québec and the Association de L’Exploration Minière du Québec. From 2007 to 2011, he was Vice 
President of the Osisko Mining Corporation and sat on its management committee. He also has to his 
credit a number of achievements at many other organizations, including Cambior IAMGOLD, and Loui-
siana-Pacific Canada, where he held key management and environmental positions. Mr. David holds a 
Bachelor of Geology degree and a Masters degree in project management.
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RISkS – ABOvE AvERAGE

We view the following as risks related to our expectations of performance for ORT:

Technology: The design of the SGA plant is currently in the initial stages of development and requires the inte-
gration of acid regeneration and calcination technologies that have not been extensively tested for an alumina 
refinery. Unforeseen challenges may occur during the adaptation and integration of these technologies to the 
Orbite process, leading to project delays. 

cost:  Orbite may find unexpected but justifiable capital costs, which, if implemented, could improve plant 
efficiency and operating costs in the long term. Actual future operating costs may turn out to be higher than 
forecast, if, for instance, plant efficiency (e.g., recovery rates, acid regeneration) is lower than expected.

patent protection:  Most of the Orbite’s patents have not yet been granted. As the company discloses more 
detailed information about its technology to the market, there could be attempts to illegally reproduce the 
Orbite process in countries where it has not been protected or in regions where patent law is not adequately 
enforced. This scenario is likely to compromise the company’s future license and HPA revenue but will not 
change Orbite’s unique position in Quebec to become an alumina supplier to the regional aluminum industry.

Financing:  We estimate Orbite requires total capital expenditures of $633M for the SGA and by-product 
plants; hence the company will need to raise additional funds for the project in the next two years. In order to 
fund the project’s equity portion, we expect future equity and/or project dilution. Additionally, tight credit mar-
kets could make it difficult for Orbite to raise funds, thus delaying the project. 

Geopolitical:  Some projects in North America are under the jurisdiction of First Nations groups, which often 
involve high levels of negotiations and approvals. There seems to be significant support for Orbite’s project, as 
it could be a significant job creator in the Gaspé region.

price: Fluctuations in commodity prices could have an adverse effect on the economics of a project. Smelter-
grade alumina is sold on both spot and contract terms. High-purity markets are fairly inefficient by nature, 
as sales contracts are usually set up between the seller and the buyer and depend on the quality, purity and 
quantity of the HPA sold. If Orbite is able to produce large amounts of good quality HPA, it will likely disrupt the 
market and have a downward effect on prices, in our view. Orbite also expects to generate revenue from rare 
earths, gallium and scandium by-products. Based on our estimates, Orbite would have the capacity to produce 
record amounts of gallium and scandium, which could also affect their prices. We use conservative forecast 
prices for the HPA and rare metals. 

currency:  Commodities are usually priced in U.S. dollars; as such, companies operating outside of the U.S., 
like Orbite, will be affected by changes in the exchange rate between the dollar and their functional currency. 
We assume the USD and CAD at par up until 2015, and then we assume an exchange rate of 1.10 USD:CAD 
for the rest of the forecast period.

Takeover:  The alumina industry has experienced a significant consolidation in the recent years, influenced by 
the aluminum industry’s vertically integrated nature. Most alumina companies with strong exploration results, 
or those close to production, are usually acquired by an aluminum smelter. Accordingly, there is a high likeli-
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hood that Orbite could be acquired by one of the leading aluminum companies. If Orbite becomes the target 
of an aggressive takeover at an early stage of development and during poor equity markets, shareholders 
may not be able to fully realize the potential long-term value of the stock. We also believe that Orbite’s HPA 
business could be of interest to large consumers and/or producers of HPA.

Management:  At this stage of development, Orbite has a core team of managers and engineers that are 
instrumental to the development and implementation of its technology. The departure of the CEO, the CTO 
or any other key technical personnel could have an adverse effect on the development of the project.

We are initiating coverage of Orbite Aluminae with a Speculative Buy recommendation and one-year tar-
get price of $8.00 per share. Orbite is fully funded for the construction of the HPA business, and should 
start generating revenue from this segment in 2013. The HPA plant could be divided in two steps: first, 
smelter grade alumina is produced and then it is further refined to higher grades. The first step will in 
essence consist of a mini SGA plant, which will allow Orbite to test the main components of the larger 
SGA plant before full construction. This should de-risk the SGA project and potentially decrease the SGA 
plant commissioning period.  The SGA plant and the by-product chemical refining plants are expected to 
be commissioned in early 2015 and be in full production by 2016. We believe that the alumina and the 
rare metals demand should be stronger by 2015. However, as Orbite production capacity is consider-
ably large relative to the world production, particularly scandium, the company may have to produce well 
below capacity in the first few years until a broader market for these elements is developed. 

The Orbite process is a new clean chemical process that has never been proven commercially, 
and as such it has inherent risks common to the development of a new process. For instance, third 
party contractors that are responsible for the building and delivery of parts and equipment may face 
design/construction delays, which are out of Orbite’s control. The Orbite process also has a num-
ber of project specific risks. For instance, the process system will have to handle and recycle large 
amounts of reagents and water, while preserving and utilizing heat and energy at high efficiency 
levels to be economic. The engineering precision required for the Orbite process is quite high and 
the tolerances are significantly tight.

Commodity prices are quite volatile at times, particularly for strategic metals. Each strategic metal prod-
uct accounts for less than 11% of forecasted total revenue and, although they have a positive impact on 
the bottom line, none of them individually determine Orbite’s profitability. 

We assume that Orbite will finance its projects mostly through debt financing; however, there is high 
probability that Orbite will form joint ventures to develop the first SGA plant, and if the stock market 
recovers and its stock price strengthens, Orbite will pursue the appropriate capital structure.  

We believe that Orbite has assembled world renowned engineers in the field of chemical processing 
and is on track to develop the world’s first red-mud-free alumina refiner. In the next 12-24 months, 
as the technology risk decreases further and the volatility of the stock falls, WACC should also fall, 
granting the company much higher valuations. 

cONcLUSION AND REcOMMENDATION
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 AppENDIX 1:  cOMpANY FINANcIALS

INCOME STATEMENT 2012 2013 2014 2015 2016
Revenue
Alumina HPA 68,250 121,371 117,730 114,198
Alumina SGA 201,695 221,443
    Specialty Iron 24,172 26,038
    Scandium 45,846 49,385
    Gallium 55,570 59,860
    Magnesium 14,166 15,260
    Silica 24,931 26,856
    REE 42,849 44,033
Specialty Materials 207,534 221,432
Total Materials Revenue 68,250 121,371 526,959 557,073
Licensing  Revenue 0 0 0 0
Total Revenue 68,250 121,371 526,959 557,073
Operating Costs 0 0 0
    Alumina HPA 11,550 20,540 19,924 19,326
    Alumina SGA 0 115,990 124,944
    Specialty Materials 0 49,174 52,970
COGS excl. DD&A -11,550 -20,540 -185,087 -197,240
Gross Profit - HPA 56,700 100,832 97,807 94,872
Gross Profit - SGA 0 85,705 96,499
Gross Profit - Specialty Materials 0 158,360 168,462
Gross profit/(loss) 56,700 100,832 341,872 359,833
SG&A -6,417 -13,650 -21,847 -13,174 -13,927
R&D Expenses -5,336 -3,413 -3,641 -2,635 -2,785
Other expenses, net -56 -683 -1,214 -527 -557
EBITDA -11,809 38,955 74,130 325,536 342,564
DD&A -231 -2,281 -13,727 -29,906 -30,504
Operating profit -11,809 36,674 60,403 295,630 312,059
Royalty expense 0 -12 -20 -5,801 -6,248
Finance expense -240 -249 -45,017 -43,106 -34,551
Finance income 120 25 469 49 50
Equity Income 0 0 0 0 0
Other non-operating 0 -7 -12 -53 -56
Net profit before income tax -11,930 36,430 15,823 246,719 271,255
Income Taxes 0 -5,100 0 -64,147 -73,239
Income before extraordinary items -11,930 31,330 15,823 182,572 198,016
Extraordinary items 0 0 0 0 0
Net income/(loss) -11,930 31,330 15,823 182,572 198,016
Per share values
EPS -0.07 0.16 0.07 0.82 0.89
DPS 0.00 0.00 0.00 0.00 0.00
Outstanding shares 182,708 200,095 221,495 221,495 221,495
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BALANCE ShEET 2012 2013 2014 2015 2016
Cash and cash equivalents 10,642 309,143 29,835 37,932 87,165
Accounts receivables 4,338 9,555 16,992 73,774 77,990
Inventories 0 1,365 6,069 31,618 44,566
Other current assets 742 68 121 527 557
Total current assets 15,722 320,132 53,017 143,851 210,278
Property, plant and equipment 57,035 343,164 747,656 762,609 777,861
Intangible assets 224 224 224 224 224
Equity investments 0 0 0 0 0
Deferred tax assets 0 0 0 0 0
Other assets 5,106 5,106 5,106 5,106 5,106
Total assets 78,089 668,627 806,004 911,791 993,470
Short-term debt 7 50,019 47,895 38,390 26,619
Accounts payable 5,173 2,730 4,855 21,078 22,283
Other current liabilities 0 273 485 2,108 2,228
Total current liabilities 5,180 53,022 53,236 61,576 51,131
Long-term debt 2,760 450,174 431,058 345,511 239,575
Deferred tax liabilities 1,460 343 748 763 778
Other LT liabilities 0 68 121 527 557
Minority interests 0 0 0 0 0
Shareholders' equity 68,689 165,019 320,842 503,414 701,429
Total liabilities & stockholders' equity 78,089 668,627 806,004 911,791 993,470
Per Share Values
BVPS 0.38 0.82 1.45 2.27 3.17
Outstanding shares 182,708 200,095 221,495 221,495 221,495

CASh FLOW STATEMENT 2012 2013 2014 2015 2016
Operating profit -11,930 31,330 15,823 182,572 198,016
Depreciation 231 2,281 13,727 29,906 30,504
Amortization of intangible assets 0 0 0 0 0
Other non-cash adjustments 748 -1,116 404 15 15
Changes in working capital -415 -8,078 -9,856 -64,891 -15,869
Cash flow from operating activities -11,366 24,417 20,097 147,602 212,666
Purchase of fixed assets -51,500 -288,410 -418,218 -44,859 -45,757
Net investments 0 0 0 0 0
Other Investing activities 0 0 0 0 0
Net cash flow (used in) / provided by 
investing activities -51,500 -288,410 -418,218 -44,859 -45,757

Long-term debt issued 98 497,426 -21,241 -95,052 -117,707
Stock issued 0 65,000 140,000 0 0
Dividend paid 0 0 0 0 0
Other financing activities -414 68 53 406 30
Net cash flow (used in) / provided by 
financing activities -316 562,494 118,813 -94,646 -117,677

Net increase / (decrease) in cash & cash 
equivalents -63,181 298,501 -279,308 8,097 49,233

Forex 0 0 0 0 0
Cash & cash equivalents at the beginning 
of the period 73,822 10,641 309,142 29,834 37,931

Cash & cash equivalents at the end of 
the period 10,641 309,142 29,834 37,931 87,164
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