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UNITS, SYMBOLS AND ABBREVIATIONS 

 

Table of Abbreviations 

Abbreviation Acronym 

AA Atomic Absorption 

AC Air conditioning 

ADIS Automated Digital Imaging System 

ADR Adsorption, Desorption, Recovery 

Ag Silver 

AGP Acid Generation Potential 

AMV Ammonium Meta-Vanadate 

ANA Agencia Nacional de Aguas 

ANFO American Nitrate Fuel Oil 

ARD Acid Rock Drainage 

As Arsenic 

ASC Aluminium Standard 

ASV Vegetation Suppression Authorization 

Au Gold 

AuEq Gold equivalent 

B.O.O. Build/own/operate 

BFA Bench face angle 

CAPEX Capital Expenditure 

CBPM Companhia Bajana de Pesquisa 

CCA Capital cost allowances 

CEA Cumulative Expenditure Account 

CEMA Conveyor Equipment Manufacturers Association 

CEPRAM State Council for Environmental Matters 

CFEM Financial Compensation by Exploration of Mineral Resources 

CIC Carbon in column 

CIM Canadian Institute of Mining, Metallurgy and Petroleum 

CO Carbon monoxide 

CO2 Carbon dioxide 

COG Cut-off grade 

CSLL Social contribution of net profit 

CSMAT Controlled Source Audio-Magnetotelluric Tensor 

Cu Copper 

CuEq Copper equivalent 

DCF Discounted Cash Flow 

DCS Distributed Control Systems 

DDIP Dipole-Dipole Induced Polarisation 

DFS Definitive Feasibility Study 

DIA Declaración de Impacto Ambiental 

DMS Dry Magnetic Separator 

EIA Environmental Impact Assessment 

EM (VLF) Electromagnetic, very low frequency 

EMPs Environmental Management Plans 

EOP End of Period 
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Table of Abbreviations 

Abbreviation Acronym 

EPC Engineer, procure, construct 

EPCM Engineer, procure, construction management 

ESIA Environmental and Social Impact Assessment 

EW Electrowinning 

FCA Free carrier allowed 

FeV Ferro Vanadium 

FOB Free on board 

FOREX Foreign Exchange 

GA General Arrangement 

GDP Gross Domestic Product 

HDPE High Density Polyethylene 

HG Hypogene 

HG Magnetite 

HSEC Health, Safety, Environment & Community 

HV High voltage 

HVAC Heating, ventilation and air conditioning 

ICP Inductively Coupled Plasma 

ID2 Inverse Distance Squared 

IDH Human Development Index 

IFC International Finance Committee 

IFS Initial Feasibility Study 

IIA Informe de Impacto Ambiental 

IMO International Maritime Organisation 

IP Induced polarization 

IRR Internal Rate of Return 

ITR Independent Technical Report 

kWh Kilowatt hour 

LAM Lithology; Alteration and Mineralization 

LI Installation License 

LL Localization License 

LME London Metal Exchange 

LOM Life of mine 

LV Level voltage 

MAG Magnetic Mass Recovery 

MCC Motor control centres 

MCE Maximum credible earthquake 

MDE Maximum design earthquake 

MG Magnetite Pyroxenite 

MII Measured, Indicated and Inferred resources 

MISC Miscellaneous 

MLI McClelland Laboratories International 

Mo Molybdenum 

MoS2 Molybdenum disulphide 

MTO Material take off 

MV Medium voltage 
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Table of Abbreviations 

Abbreviation Acronym 

MW Megawatt 

NAG Net Acid Generation 

NaHS Sodium hydro sulphide 

NOx Nitrous oxides 

NPC Net Present Cost 

NPV Net Present Value 

OK Ordinary Kriging 

OL Operational License 

OPEX Operating Expenditure 

Pb Lead 

PEA Preliminary Economic Assessment 

PFS Prefeasibility Study 

PGM Platinum group minerals 

PLS Pregnant leach solution 

PRAD Plan Rehabilitation of Degraded Areas 

PSA Pit slope angle 

PTSV Technical Project for Vegetation Suppression 

QA/QC Quality assurance/Quality control 

RIMA Relatório de Impacto Ambiental 

RL Relative Level 

RMR. Rock mass rating 

ROM Run of mine 

RQD Rock Quality Designation 

SECA Sistema de Estudo Climaticos e Ambientais 

SFC Secretaria de Conservação de Florestas 

SG Supergene 

SG Specific Gravity 

SGS Lakefield Research Group 

SOx Sulphur oxides 

SR Strip Ratio 

STK Stock Pile 

SXEW Solvent extraction electrowinning 

TBD To be determined 

TR Reference Termsheet 

UPS  Uninterruptible power supplies 

UTM Universal Transverse Mercator (coordinate system) 

V2O5 Vanadium Pentoxide 

VALE Companhia Vale de Rio Doce 

VFD Variable frequency drive 

VMSA Vandio de Maracás S.A. 

VSD Variable speed drive 

XRD Mineralogical characterization 

XRF X-ray fusion 
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Units of Measure 

Unit Abbreviation 

American Dollar USD 

Bond Ball Mill Work Index (metric) kWh/t 

Brazil Real $R 

Canadian Dollar CAD 

Centigrade  

Centimetre Cm 

Chilean Peso CLP 

Cubic metre m3 

Cubic metres per second m3/s 

Day D 

Dead weight ton (imperial ton - long ton) Dwt 

Dry metric tonne Dmt 

Foot/feet Ft 

Gram G 

Gram/litre g/L 

Gram/tonne g/t 

Hour H 

Hours per Year h/yr 

Kilogram Kg 

Kilogram per tonne kg/t 

Kilometre km 

Kilopascal kPa 

Kilovolt kV 

Kilovolt amp kVA 

Kilowatt kW 

Kilowatt hour kWh 

Litre L 

Litre per second L/s 

Megawatt MW 

Metre m 

Metre per hour m/h 

Metre per second m/s 

Metric tonne T 

Metric tonne per hour t/h 

Metric tonnes per day t/d 

Micron Mm 

Milligram Mg 

Milligram per litre Mg/L 

Millimetre Mm 

Million M 

Million tonnes Mt 

Million tonnes per annum Mt/a 

Parts per billion ppb 

Parts per million ppm 
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Units of Measure 

Unit Abbreviation 

Percent % 

Second S 

Short ton T 

Square metres m2 

Tonnes per Annum t/a 

Tonnes per Day t/d 

Troy ounce oz 

Wet metric tonne Wmt 

Work index WI 

Year yr 
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Figure 1.2_1 

Maracás Project Property Map 
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Table1.2_1 

Maracás Property Exploration and Mining Permits 

DNPM 

process no 

Substance Status Requested 

Area (ha) 

Expiry Date City 

870.134/1982 V Mining permit pending 1,000.00 not applicable Maracás 

870.135/1982 V Mining permit granted 1,000.00 not applicable Maracás 

872.346/2010 V Exploration permit 977.29 25/2/17 Maracás 

872.203/2013 V Exploration permit 6.42 29/10/18 Maracás 

872.723/2013 V Exploration permit 413.71 29/10/18 Iramaia/Manoel Vitorino 

872.724/2013 V Exploration permit 495.75 29/10/18 Maracás 

872.725/2013 V Exploration permit 988.46 29/10/18 Maracás 

872.726/2013 V Exploration permit 593.75 29/10/18 Iramaia/Maracás 

873.563/2009 V Exploration permit 11.11 10/10/16 Maracás 

871.944/2010 Fe, V Exploration permit 2,000.00 Extension 
Submitted 
(31/01/2017) 

Iramaia/Maracás 

871.943/2010 Fe, V Exploration permit 1,999.87 Extension 
Submitted 
(31/01/2017) 

Iramaia/Maracás 

871.941/2010 Fe, V Exploration permit 927.00 Extension 
Submitted 
(30/01/2017) 

Maracás 

871.507/2010 V Mining permit application 1,713.88 not applicable Maracás 

871.970/2014 V Exploration permit 1,649.21 8/12/18 Maracás 

871.972/2014 V Exploration permit 1,084.92 8/12/18 Maracás 

872.092/2014 V Exploration permit 1,709.51 8/12/18 Maracás 

872.091/2015 Fe, V Exploration permit 743.70 17/12/18 Iramaia/Maracás 

871.937/2015 V Exploration permit 375.87 15/3/19 Maracás 

  Total 17,690.45   
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and an upgrade of their confidence category. The total drilling completed on the property has 

tested 7 zones with 209 holes totalling 35,286.59 m (Table 1.3_1) of which Largo has drilled 140 

holes totalling 29,371.29 m between 2007 and 2012.  

There has been sufficient drilling in this area to demonstrate the continuity of the 

magnetite-rich horizons which is also supported by the ground magnetic survey that traces the 

known zones on surface. The ground magnetic survey also has identified a number of deposits 

that had not been previously tested. 

Table 1.3_1 

Total Maracás Drilling 

Area Program No of Holes Total Metres 

Campbell 1981-87 53 5,152.57 

 2007 45 11,195.94 

 2011-12 11 3,117.61 

Total  109 19,466.12 

Gulçari B 1981-83 7 270.28 

 2011-12 10 1,367.81 

Total  17 1,638.09 

Gulçari A Norte 2007 3 566.40 

 2008 1 211.00 

 2011-12 12 1,766.73 

Total  16 2,544.13 

Gulçari B Sul 2011-12 6 1,150.00 

Total  6 1,150.00 

São Jose 1983 2 115.15 

 2008 9 2,209.50 

 2011-12 14 2,389.75 

Total  25 4,714.40 

Novo Amparo 1983 7 377.30 

 2007 9 1,502.10 

 2008 1 285.00 

 2011-12 2 357.95 

Total  19 2,522.35 

Novo Amparo Norte 2011-12 17 3,251.50 

Total  17 3,251.50 

Grand Total  209 35,286.59 
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1.6 Recovery Methods 

The process selected for the Maracás vanadium recovery plant was based on 

metallurgical test work compiled by SGS Lakefield Research Group Limited (SGS) in 2007, a 

study undertaken by IMS Processing plant in 1990, a feasibility study completed by Lurgi in 1986 

and a detailed Technical study produced by Engenharia e Consultoria Mineral S.A. (ECM) in 

1990. 

The Maracás vanadium recovery plant was commissioned in 2015 and has been in start-

up mode for much of that time ramping up to near design capacity. At the time of writing this 

report, the plant produces up to 800 t/ month, equivalent to a production rate of 9600 tpy of V2O5. 

The current process flow sheet comprises the following: three stages of crushing, one 

stage of grinding, two stages of magnetic separation, magnetic concentrate roasting, vanadium 

leaching, ammonium meta-vanadate (AMV) precipitation, AMV filtration, AMV calcining, and 

fusing to V2O5 flake as final product. A simplified process flow diagram for the production of 

vanadium pentoxide is presented in Figure 1.6_1. 

Originally sized to process 960,000 t/a run of mine (ROM) the plant will be capable, after 

due modification, to process 1,900,000 t/a of feed ore with an average grade of 1.14% V2O5 and 

produce 13,200 t/y V2O5 by 2020. The plant is designed to operate 365 days per year, 7 

days/week, 24 hours/day with an on-stream factor of 87%.  

Overall recovery from ore of V2O5 has reached 76%. 
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Figure 1.6_1 

Conceptual Process Flow Sheet - Vanadium Pentoxide 
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Table 1.6_2 provides a summary of key process design parameters used for the process 

design as compared to actual data during the recent months. Estimated overall recoveries vary 

between the different ore deposits within a range of +3% and -8% from the base case. Blending 

of magnetite and magnetite-pyroxenite bearing material is planned to occur at the crusher. 

The final magnetic concentrate is thickened and filtered. The filter cake is fed to the 

roasting section of the plant. The nonmagnetic tailings fraction from the beneficiation plant are 

thickened, filtered and conveyed to the tailings pond. 

An off-gas control system collects any dust entrained inthe gas from the roaster. To meet 

local environmental regulation, an electrostatic precipitator is installed to remove such 

particulates. The quantity of sodium sulphate added to the kiln is controlled and reduced in order 

to ensure compliance with the emission limits for SO2. Since the sodium sulphate dosage is 

already maximized for the base case, additional sodium carbonate will be added to the kiln in the 

expanded case to ensure efficient extraction of vanadium and the excess sodium sulphate 

produced in the evaporator is stockpiled in a sealed area. 

Table 1.6_2 

Summary of Key Process Design Criteria 

Criterion Units 2017/2018 Production  
2020 

 onwards  

Average Ore Processing rate t/a 1,415,000 1,900,000 

V2O5 Production t/a 9,600 13,200 

Average V2O5 head grade % 1.09 1.16 

 Plant availability % 87% 87%  

Plant Operating hours h/y 7500 7500 

Average plant daily ore throughput t/d 3900 3900 

Number of crushing stages # 3 3 

Crusher product size (80% passing) mm 12 12 

Number of grinding stages # 1 1 

Grind product size microns 150 150 

Magnetic Product solids yield % 30 30 

Average magnetic concentrate V2O5 content % 3.21 3.21 

Roasting reaction zone residence time h 1 1 

Leach retention time h 2 2 

Average roasting/leach V2O5 conversion % 81% 81 

AMV precipitation V2O5 recovery % 98.8 98.8 

Total average recovery to V2O5 % 76.0 76.0 
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The processing plant was constructed to the northwest of Campbell where natural 

elevations range from 300m to 325m. The extraction process results in the need to provide 

several tailings storage facilities and waste piles as noted below. Tailings generated by the 

process include leached calcine from the processing kiln discharge, filter cake from the de-

silication process, chloride control purge from the evaporation circuit and primary inert tailings 

originating from magnetic separation. 

The area designated for the disposal of the non-magnetic tailings in ponds is located 

south of the processing plant. The ponds will be partially surrounded by waste dump material as 

shown in Figures 1.7_3 and 1.7_4. 

The first waste pile is located southwest of the processing plant. The Chloride Purge 

Tailings Pond is to be located south of the processing plant and the Leached Calcine Tailings 

Stack to the north. 

The new Non-Magnetic Tailings Pond design consists of a series of ponds formed by 

rock-fill structures sealed by compacted clayey/saprolitic material, as illustrated in Figure 1.7_2.  

Figure 1.7_2 

Typical Cross-Section of the Non-Magnetic Tailings Pond 

 

 
The proposed arrangement will be applied to the construction of the various ponds 

outlined in Table ES_9. 

Table ES_8 presents a summary of key tailings pond design characteristics. 
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Table 1.7_1 

Summary of Key Non-Magnetic Tailings Pond 3 Design Aspects 

Design Aspect Measurement 

Maximum height (m) 20 

Length of stack structure (m) 300 

Width of stack structure (m) 250 

Maximum crest elevation (m) 325 

Minimum downstream elevation (m) 305 

Center road width (m) 10 

Height of slopes between berms (m) 10 

Tailings capacity - (m3) 600,000 

Maximum area occupied (m2) 740,000 
 

The layout of the Non-Magnetic Tailings Pond is shown in Figure 1.7_3 and Figure 1.7_4. 

The schedule of pond construction and usage if outlined in Table 1.7_2. Further study is required 

to expand the tailings facilities to adequately meet the storage requirements of the remainder of 

the project life. 

Figure 1.7_3 

Layout of Non-Magnetic Tailings Ponds 
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Figure 1.7_4 

Close Up Layout of Non-Magnetic Tailings Ponds 
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Table 1.7_2 

Schedule of Non-Magnetic Tailing Pond Construction and Usage 

 

 
The leached calcine tailings are discharged into the Leached Calcine Tailings Stack. The 

de-silication reject and chloride control purge tailings will be deposited in the Chloride Control 

Purge Pond. The intended construction location for these ponds is northwest of the open pit, close 

to the processing plant.  

The dikes were built using compacted earth and their base areas are leak-proofed using 

a double-layer geomembrane liner featuring a leak detection system. The construction consists 

of clearing vegetation from the areas to be occupied by the ponds, removal of organic material, 

and excavation of material inappropriate for foundations. The perimeter of each pond will be 

protected by rock-fill channels.  

The area designed for the open pit intercepts of the João Creek and three direct 

tributaries. Consequently, this warrants the installation of a protection system to impede the influx 

of surface water runoff into the pit to enable mining activities to proceed. 

For the initial phase, VOGBR, a Brazilian geotechnical consultant, envisaged the pit 

protection system to consist of dikes and channels. The reason for the selection of this alternative 

provided a good balance between the volume of the required cuts and landfills. However, 

following ensuing Project development Vanádio de Maracás decided to use a system of protection 

ridges, because of the proximity and usage of material from within the open pit, which was 

considered to be more economic. 

This system consists of a pair of ridges located around the open pit, denominated as the 

Northern Ridge and the Southern Ridge. The objective is to redirect the waters to points 

downstream from the open pit. The protection ridges form a barrier around the open pit to intercept 

the watercourses and to raise their water levels, so they can naturally surpass the topographical 

elevations variations and flow by gravity bearing the surface runoff downstream from the open pit. 

The protection ridges will be installed pursuant to the mining activity plan defined for the 

open pit. The Northern Ridge should be completed by the close of Year 2 while the Southern 

Ridge will be required for mining activity development as of Year 3. 
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The use of overburden material from the open pit was considered as a premise when 

dimensioning the protection ridges. Accordingly, the ridge structures were conceived consisting 

of rock fill, transition material and compacted earth (residual soil/saprolitic material). 

The borrow materials that will be used for the ridge construction are to be obtained from 

the open pit, the actual ridge location and the processing plant area. Rocky overburden 

(processed material) is envisaged for use as transition material within the ridges. 

The material originating from the open pit, which will be placed on the waste pile or the 

ore stockpile, is predominantly rock consisting of boulders of varying sizes. The area designated 

for the waste pile covers approximately 47 ha. 

In addition, Largo has retained Mineral Engenharia em Meio Ambiente Ltda. (Mineral) to 

complete an environmental audit incorporating the requirements of Equator Principle n° 04. This 

audit resulted in an Action Plan that incorporates the programs necessary for compliance with 

Brazilian laws and regulations and applicable environmental performance standards and 

Environment, Health and Safety (EHS) guidelines. 

The results of this audit are presented in Section 20.8 Current Activities and Plans. 

The Mine Closure and Reclamation Plan calculated for Campbell totalled US$ 12.4 million 

and involved the following expenses: covering the mine site, plant, stockpile, tailing dams, waste 

disposal area, buildings and facilities. 

Table 1.7_3 

Mine Closure Costs 

Mine Closure Costs Costs in US$ 

1. Adminstration $829,531 

2. Disassembly $7,880,029 

3. Earth moving $56,426 

4. Rehabilitation and revegetation of impacted areas $818,184 

5. Environmental monitoring program $329,383 

6. Communities comunication program $90,939 

7 Contingencies $ 2,400,000 

Total 12,404,495 
 

 

A review of the Brazilian permitting process is presented as follows: 

When a Class II mineral extraction project (as defined by the Mining Code) is presented 

for development a multidisciplinary technical review team is appointed by the State Council for 

Environmental Matters (CEPRAM) to review the project. The team sets the Terms of Reference 

for the Environmental Impact Assessment (EIA) and the Relatório de Impacto Ambiental (RIMA). 

The RIMA is a document that summarizes the full impact assessment for review by the public. 
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The Terms of Reference for the EIM/RIMA include a social impact, alternatives and 

archaeological assessment for the Project, in addition to the basic physical and biological 

environmental impact assessment. 

Environmental permitting in the State of Bahia is the responsibility of the Instituto do Meio 

Ambiente e Recursos Hídricos (INEMA), which is the institution that regulates, approves and 

issues the environmental permits or licenses. INEMA replaced the Instituto de Meio Ambiente 

(IMA) by state decree on May 4, 2011. 

The permitting process in Bahia takes into consideration the nature and size of the 

projects and activities under consideration, the characteristics of the affected ecosystem and the 

supporting capacity of the area being impacted. 

The following types of environmental licenses are necessary for the Project: 

�x Location License (LL): The LL is granted in the preliminary planning phase of the 

project or operation, and it approves the location and the conceptual design of the 

project, attesting its environmental feasibility and determining the basic requirements 

and conditions to be observed in the subsequent permitting stages; 

�x Installation License (LI): The LI is granted so that the project or operation can be 

installed (or constructed), in accordance with the specifications presented in the 

plans, programs and project specifications proposed by the environmental studies 

that were approved, including the environmental control measures and other 

conditions; 

�x Operational License (LO): The LO is granted for the project to commence the 

operational phase, after the fulfillment of all the requirements of the previous licenses 

have been confirmed and the conditions and procedures to be observed during the 

operation are defined. 

At this time, the Project is fully licensed. 
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1.8 Capital and Operating Costs 

1.8.1 Capital Cost Estimate 

 Sustaining Capital Cost 

All capital expenditures (Capex) are treated as sustaining Capex for purposes of this 

report and the related cash flow analysis, and was estimated for the whole Project at US$ 71 

million, where US$ 9 million is related to production expansion to 960 t/month in 2019 and US$ 

12 million is related to production expansion to 1,100 t/month in 2020. A constant value of US$ 3 

million per year was provided for plant maintenance, spare parts, calcine dams with exception of 

2017, which costs were estimated at US$ 5 million, since in 2017 Largo expects to invest an 

additional US$ 2 million in plant improvement projects. 

Additional sustaining capex of US$ 1.5 million was estimated for mine drainage, US$ 4.3 million 
was estimated for exploration, and US$ 8.8 million for non-magnetic dams and chloride ponds.  
 

1.8.2 Operating Cost Estimate 

GE21 summarized the operating and administrative costs, based on real costs that are 

regularly incurred by Largo.  

Table 1.8.2_1 shows the average operating costs projected after all investments. 

Table 1.8.2_1 
Average Operating Cost Summary  

Operating Cost US$ /lb 
 

Mining (US$/t) 2.45 
Processing (US$/lb) 1.78 
General and Admin (US$/lb) 0.18 
Royalties and Commissions 0.34 
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 Mining Cost 

Unit mining costs are based on contract mining.  Rates as currently negotiated with local 

drilling and blasting contractors US$0.79/t.  Loading and haulage operations are assigned to a 

separate contractor with rates expressed as a function of one-way haul distances as summarized 

in Table 1.8.2.1_1. 

 

Table 1.8.2.1_1 
Contract Loading & Haulage Costs  

Haul Distance (m) Load/Haul ($) 
0000 - 0200 0.83  
0201 - 0500 0.90  
0501 - 1,000 0.97  
1,001 - 1,500 1.03  
1,501 - 2,000 1.10  
2,001 - 2,500 1.18  
2,501 - 3,000 1.28  
3,000 - 4,000 1.49 
4,000 - 5,000 1.72  
5,000 - 6,000 1.98  
6,000 - 7,000 2.28  
7,000 - 8,000 2.63  
8,000 - 9,000 3.03  

9,000 - 10,000 3.49  
 

 Processing Cost 

Unit processing costs and recovery assumptions used in the net present value model are 

summarized in Table 1.8.2.2_1. 

  
Table 1.8.2.2_1 
Process Costs 

Item Value US$/lb 
Power 0.19 

Rehandling 0.08 
Production Inputs 1.23 

Maintenance 0.11 
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 General and Administration Cost 

The general and administrative costs (G&A) include all costs relating to administration, 

management wages, HR, Procurement, Technology, HSSE, Communication, restaurant, 

employee transportation and security. 

The overall annual G&A costs are currently estimated in US$ 4.8 million. 

1.9 Economic Analysis 

 Economic Assumptions 

A cash flow scenario was developed to evaluate the Project based on economic-financial 

parameters, the results of the mine scheduling and on the OPEX estimate.  

 The table 1.9.1_1 shows the selling prices and taxes that were taken into account. 

Table 1.9.1_1 
Selling Prices and Taxes 

Selling Price 

Product  Sell Price (US$/lb) 

Product V2O5 

9.00 
(in 2018 and 2019) 

6.34 others years 

Taxes 

CFEM 2.0% 

INCOME TAX 25% (Discount of 75% 
until 2024) 

INCOME TAX* 9% 

Financial Parameters 

WACC 8.0% aa 

NPV  Based on middle the year 

Royalties 

Surface Royalties 2.0% 

* The total Income taxes has two components: (i) IRPJ: Regular rate is 25%, but VMSA has a tax incentive which results 
in a discount of 75% and (ii) CSLL : 9%. This results in an aggregate effective rate of 15.25%. 
 
Discounted at 8% per year, the Project base case results in a net present value of US$542 
million. 
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Table 1.9.1_2 

Base Case Life of Mine Annual Cash Flow 

 

Year 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Total Lavrado (Mt) 5.0                     6.8                   8.8                    9.8                   10.9                  9.7                    9.3                    8.9                   4.1                   3.8                 2.2                       0.6                  -                  
High Grade 1.17                   1.25                 1.59                  1.93                 1.87                  1.91                  2.01                  2.06                 1.89                 1.82               1.52                     -                  -                  
Low Grade -                     -                   -                    -                   -                    -                    -                    -                   0.1                   0.0                 -                       0.6                  -                  
Waste 3.79                   5.56                 7.26                  7.85                 9.05                  7.76                  7.24                  6.85                 2.15                 2.00               0.69                     -                  -                  
V2O5 Product (t) 6 357.8             10 497.9         11 497.4          13 319.5         13 680.6          13 465.9          13 383.4          13 313.3         13 257.1         13 854.1       14 703.8             2 135.0          -                  
OPEX (US$ mi) (44.3)                 (69.4)               (73.5)                (76.6)               (81.1)                (77.9)                (76.8)                (76.8)               (67.3)               (69.0)              (69.2)                    (17.2)              -                  
Mine (US$) (11.7)                 (15.9)               (19.7)                (21.4)               (24.6)                (22.2)                (21.4)                (21.7)               (12.5)               (11.8)              (8.9)                      (4.5)                 -                  
Mine (US$) (5.9)                    (8.1)                  (10.5)                (11.6)               (14.0)                (12.4)                (11.9)                (12.4)               (6.1)                  (5.7)                (3.8)                      (0.6)                 -                  
Drilling and Blast (Ore+Waste) (3.3)                    (4.5)                  (5.8)                   (6.5)                  (7.2)                   (6.4)                   (6.2)                   (6.0)                  (3.0)                  (2.8)                (1.7)                      (0.5)                 -                  
Costs (Payroll,Topography,Auxiliar Equipaments,etc) (1.8)                    (2.6)                  (2.6)                   (2.6)                  (2.6)                   (2.6)                   (2.6)                   (2.6)                  (2.6)                  (2.6)                (2.6)                      (2.6)                 -                  
Drilling and Blast (Fixed Costs) (0.7)                    (0.7)                  (0.7)                   (0.7)                  (0.7)                   (0.7)                   (0.7)                   (0.7)                  (0.7)                  (0.7)                (0.7)                      (0.7)                 -                  
Process (29.6)                 (48.8)               (49.1)                (50.4)               (51.8)                (51.0)                (50.7)                (50.4)               (50.2)               (52.5)              (55.7)                    (8.1)                 -                  
Plant (29.6)                 (48.8)               (49.1)                (50.4)               (51.8)                (51.0)                (50.7)                (50.4)               (50.2)               (52.5)              (55.7)                    (8.1)                 -                  
G&A (3.1)                    (4.7)                  (4.7)                   (4.7)                  (4.7)                   (4.7)                   (4.7)                   (4.7)                  (4.7)                  (4.7)                (4.7)                      (4.7)                 -                  
Gross Revenue (US$ mi) 81.5                   191.1              209.3               175.1              182.1               179.2               178.1               177.2              176.5              184.4             195.7                   28.4                -                  

EBITDA (US$ mi) 37.2                   121.7              135.8               98.6                 101.0               101.4               101.4               100.4              109.1              115.4             126.5                   11.2                -                  

DEPRECIATION (US$ mi) (29.0)                 (30.5)               (34.7)                (39.0)               (39.9)                (40.8)                (40.4)                (38.4)               (25.4)               (24.6)              (13.5)                    -                  -                  
EBIT (US$ mi) 8.2                     91.2                 101.2               59.6                 61.1                  60.5                  60.9                  62.0                 83.7                 90.8               113.0                   11.2                -                  
IRPJ (25% in R$ 0.24 mi/ year)+75% Discount (SUDENE Incentive) 
untill 2024 (0.015)               (0.005)             (0.005)              (0.005)             (0.005)              (0.005)              (0.005)              (0.005)             (0.011)             (0.011)           (0.011)                 (0.011)            -                  
Operating Profit  Discount  (30%) 2.45                   27.37              30.35               17.88              18.34               10.00               
AIR (24% sobre Exc R$ 0.24 mi/ano do EBIT) +75% +75% Discount 
(SUDENE Incentivea untill 2024)

(0.3)                    (4.0)                  (4.4)                   (2.6)                  (2.7)                   (3.1)                   (3.8)                   (3.9)                  (20.9)               (22.7)              (28.2)                    (2.7)                 -                  

CSLL (9% sobre EBIT) (0.5)                    (5.7)                  (6.4)                   (3.8)                  (3.9)                   (4.5)                   (5.5)                   (5.6)                  (7.5)                  (8.2)                (10.2)                    (1.0)                 -                  
CBPM (3% sales revenue) (2.4)                    (5.7)                  (6.3)                   (5.3)                  (5.5)                   (5.4)                   (5.3)                   (5.3)                  (5.3)                  (5.5)                (5.9)                      -                  -                  
CFEM (2% of MAG cost * 30%) (US$ mi) (0.5)                    (0.7)                  (0.7)                   (0.8)                  (0.8)                   (0.8)                   (0.8)                   (0.8)                  (0.6)                  (0.6)                (0.6)                      (0.1)                 -                  
ROYALTIES FOR LAND OWNER (0.1)                 -                  
ROYALTIES (2%) (1.6)                    (3.8)                  (4.2)                   (3.5)                  (3.6)                   (3.6)                   (3.6)                   (3.5)                  (3.5)                  (3.7)                (3.9)                      -                  -                  
Net Income (US$ mi) 2.7                     71.3                 79.2                  43.7                 44.7                  43.1                  41.9                  42.9                 45.8                 50.1               64.3                     7.2                  -                  
Depreciation (US$ mi) 29.0                   30.5                 34.7                  39.0                 39.9                  40.8                  40.4                  38.4                 25.4                 24.6               13.5                     -                  -                  
Residual Value (US$ mi) -                     -                   -                    -                   -                    -                    -                    -                   -                   -                 -                       -                  -                  
Free Operating cash flow (US$ mi) 31.7                   101.7              113.8               82.7                 84.6                  83.9                  82.4                  81.3                 71.3                 74.7               77.8                     7.2                  -                  
CAPEX (US$ mi) (6.0)                    (14.4)               (17.1)                (4.6)                  (4.6)                   (4.0)                   (3.6)                   (3.6)                  (4.6)                  (4.2)                (4.1)                      (0.4)                 -                  
Mine (0.9)                    (0.4)                  -                    -                   -                    (0.1)                   -                    -                   -                   (0.1)                -                       -                  -                  
Plant (5.0)                    (12.1)               (15.2)                (3.0)                  (3.0)                   (3.0)                   (3.0)                   (3.0)                  (3.0)                  (3.0)                (3.0)                      -                  -                  
DAM -                     (1.2)                  (1.5)                   (1.5)                  (1.0)                   (0.5)                   (0.5)                   -                   (1.2)                  (1.0)                (0.5)                      -                  -                  
Exploration (0.11)                 (0.63)               (0.40)                (0.09)               (0.58)                (0.40)                (0.09)                (0.58)               (0.40)               (0.09)              (0.58)                    (0.40)              -                  
Others Costs (US$ mi)
Mine Closure -                     -                   -                    -                   -                    -                    -                    -                   -                   -                 -                       (11.0)              (1.4)                 
Working Capital -                     (3.0)                  (1.6)                   2.1                   -                    -                    -                    -                   -                   -                 -                       7.7                  -                  
Cash Flow(US$ mi) 25.7                   84.4                 95.1                  80.1                 80.0                  79.9                  78.8                  77.7                 66.6                 70.6               73.7                     3.6                  (1.4)                 

VPL (WACC = 8%) (US$ mi) 542                     9.15 59.24 59.2                 

Campbell

VPI (US$ mi)
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GE21 received from Largo, per the guidance of its geotechnical consultant, the definition 

of a single angle of 70º interramp for the final pit. For operational purposes GE21 considered the 

general angle of 60º for pit optimization exercises. 

Due to its location in the arid region, there were no studies of groundwater interference 

in the pit optimization. 

Reserves are reported using a sales price of $ 6,34/lb of V2O5. Details of the assumptions, 

parameters and methods used in the preparation of the reserve estimate and mining schedule 

are presented in Tables 16.1 through 16.7, and as described in Section 16 (below). 

The mineral reserves were estimated by Porfírio Cabaleiro Rodriguez of GE21, who is a 

qualified person under NI 43-101 and a Member of the Australian Institute of Geoscientists, and 

result in 17.57Mt of Proven Reserves, at 1.14%V2O5, with a magnetic recovery of 29.66% at a 

grade of 3.21% V2O5, and 1.44 Mt of Probable Reserves, at 1.26%V2O5, with a magnetic 

recovery of 33.89% at a grade of 3.20% V2O5, totalling 19.01Mt of Proven Reserves, at 1.15% 

V2O5, with a magnetic recovery of 29.89% at a grade of 3.21% V2O5. 

Currently, Largo has a mining fleet contract with Fagundes Construção e Mineração 

Ltda., which consists of 3 CAT 336 hydraulic excavators equipped with a 2.5 m3 bucket and a 

total of 22 Mercedes Benz 36-tonne capacity trucks. The contract drilling fleet consists of three 

Sandvik Ranger DX800 rotary drill rigs. A fleet of ancillary equipment is also available for mine 

maintenance and eventual plant services. 

The Maracás vanadium recovery plant was commissioned in 2015 and has been in start-

up mode for much of that time ramping up to near design capacity. At the time of writing this 

report, the plant produces up to 9,360 t of V2O5 equivalent per year with a trend approaching 

design capacity. Except for unanticipated downtime, and subject to completion of the two 

expansions contemplated herein, production is expected to reach 13,200 t/a V2O5 in 2020.  

The current process flow sheet comprises three stages of crushing, one stage of grinding, 

two stages of magnetic separation, magnetic concentrate roasting, vanadium leaching, 

ammonium meta-vanadate (AMV) precipitation, AMV filtration, AMV calcining, and fusing to V2O5 

flake as final product 

The base case vanadium pentoxide price used in the economic analysis of the Maracás 

Project is US$9.00/lb V2O5 for 2018 and 2019, and then US$6.34/lb V2O5 until the end of the mine 

life, GE21 also assessed two other scenarios where it used a flat price of US$6,34/lb V2O5 and 

US$ 7.37/lb V2O5, respectively. 

Based on an existing and ongoing operation, with no additional investments in new plant 

capacity ,other than what has been discussed in the Sustaining Capital Costs. These will results 

in the anticpated increase in production as discussed above. All investments were considered as 

Sustaining Capital Costs.  














































































































































































































































































































































































































































































































































































































