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Technical Introduction:

EnviroGold Global Limited (NVRO) specialises in the
treatment of refractory, sulphidic mine waste and
tailings. NVRO uses nitric acid as a catalyst to oxidise
sulphidic ores to break the sulphide bonds and
stimulate inherent sulphur content. This approach
initiates a leaching process that liberates metals from
sulphidic tailings including gold, silver, copper, zinc,
rare earth elements (REE) and nickel. NVRO’s
efficiency in treating refractory metals targets the
optimised oxygen transfer at the slurry-air interface
where NVRO provides a proprietary cost-effective
method of oxygen transfer from sulphide tailings into
solution.

The NVRO Process
e |s a catalysed, hybrid acid leach with process

residence times of less than two hours.

e Utilises well-known and widely available
processes and equipment.

e Benefits from lower power consumption due
to operations at low exothermically generated
temperatures.

e Functions at atmospheric pressure.

e Continuously recycles reagents.

e Uses nitric acid in low catalytic quantities to
enhance the oxidation of refractory sulphide
ores particularly pyrite and arsenopyrite.

e Regenerating and recycling reagents reduces
consumables costs.

These parameters collectively reduce the scale,
qguantity and specification of plant construction
materials, significantly lowering capital and operating
costs compared to conventional methods.

NVRO technology is protected by 22 patents, three
unique process designs, 3 patents pending and
Registered Trademarks.

Summary of Sulphide Processing:

e Sulphide Oxidation: Sulphide oxidation
initiates through reaction with NVRO’s
reagent which includes a nitric acid catalyst,
yielding by-products valuable for further
process reactions.

e Sulphur Oxidation: This process generates
sulphuric acid and additional by-products
useful for ongoing process reactions.

e Ferric-Ferrous Redox Reaction: Working in
tandem with other by-products this redox
reaction regenerates nitric acid sustaining
continuous catalytic action.

e Electron Shuttle Basis: The Ferric-Ferrous
electron shuttle completes the oxidation of
the sulphides and maintains the oxidising
potential in the system.

o Selective Recycling: Efficient continuous
recycling of reagents and by-products is
central to the NVRO Process's overall
efficiency.

Test Results:

A recent confidential client case study, including a
technical report issued by Sedgman Engineering that
was based on extensive metallurgical testing,
encompassing bench and pilot plant trials,
demonstrated significant improvements in gold and
silver recovery using the NVRO Process compared
with other processes.

Metal Recovery Rates:
Primary Metals: 95%+
Secondary Metals: 80-90%
Tertiary Metals: 65%+

NVRO Process Costs per Tonne of Feedstock:
Metal Recovery — USS 11.20
Tailings Neutralisation - USS 40.60
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The NVRO Process Flow Sheet:

Operational Considerations:

Feasibility Studies: NVRO’s demonstration plant,
established in Perth, Western Australia, is an
industrial-scale testing site, expediting feasibility
assessments for customer-specific feedstocks. This
facility allows NVRO to rapidly advance customer
engagement from concept to execution, within an
engineering framework, significantly reducing
decision making timelines.

Scalability: NVRO Process plants are modular, cost
effectively designed and can be scaled by installing
multiple units in parallel, allowing flexible
deployment across mining operations. NVRO’s
modular and scalable methodology requires lower
capital investments than conventional technologies.
Scalability has been independently validated through
continuous pilot operations where the process
performed as specified under real-world operating
conditions.

Environmental Benefits: The use of nitric acid
enables enhanced control over toxic emissions. Metal
production using the NVRO Process was 96% less
carbon intensive  than traditional  mining.
Additionally, the NVRO Process converts mine waste
and tailings into valuable metal streams whilst
significantly reducing environmental liabilities and
improving social license. When integrated into a
primary flow sheet the NVRO Process significantly
improves both the metal recovery and the

environmental risk profile of the tailings by breaking
the pre-existing sulphide bonds.

Tailings/Waste Management: NVRO assesses the
customer-specific  requirements and  tailings
chemistry to determine handling needs. Following
treatment, NVRO can produce a dry stackable tailings
product suitable for environmentally sustainable
long-term disposal.

Economic Assessment:

Cost-Efficiency: The NVRO Process’s low-
temperature, atmospheric pressure, acid leach,
minimises equipment specification and energy use
contributing to lower capital and operating costs.
Limited reagent consumption is a key advantage of
the NVRO Process with NVRO’s nitric acid recycling
techniques able to reduce reagent costs by up to 80%
compared to other methods.

Profitability: Metal recovery rates are impressive
especially for gold and silver which exceed 95% using
the NVRO Process. These high recovery rates
combined with reduced operational costs yield
profitability =~ metrics that materially surpass
traditional methods ensuring attractive returns.

The NVRO Process Vs Alternative Technologies:
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Competitor Analysis

- The NVRO Process Commercial Process A Commercial Process B Commercial Process C Commercial Process 4

Oxygen
Requirement

Speed

Reagent Usage

Environmental
Impact

Energy
Consumption

Capital Costs

Operating Costs

Suitability for Ore
Types

Oxidative Power

Environmental
Equipment

Infrastructure
Simplicity

Reagent
Efficiency

Overall Cost
Efficiency

Without additional Oxygen delivery, relies
on nitric acid catalysis and ferric-ferrous
closed-loop reactions, with NO recycling to
regenerate Fe** ions and NO, used in nitric
acid regeneration.

Fast. 1-2 hr residence time to achieve full
oxidation.

Minimal nitric acid as a catalyst; sulfuric acid
generated in situ; NO and ferric ions
recycled in closed-loop, NO, used in nitric
acid regeneration

Very low NOx emissions; closed-loop
minimizes waste; NO reused in ferric
regeneration, NO; used in nitric acid
regeneration reduces the need to add nitric
acid.

Low; no ultrafine grinding or external added
oxygen delivery; NO used in ferric
regeneration and NO, for Nitric Acid
regeneration reduce energy needs.

Lower due to absence of external oxygen
delivery system and ultrafine grinding; NO
and ferric recycling, NO, used in nitric acid
regeneration minimize reagent needs.

Low; nitric acid used only catalytically, NO
used in nitric acid regeneration, with NO
assisting in ferric regeneration to sustain
oxidation.

Suitable for various refractory sulfides;
adaptable to complex ores with ferric-
ferrous cycle.

High; initial nitric acid oxidation, NO, used to
regenerate nitric acid, followed by NO
catalysed ferric-ferrous cycle and sulfuric
acid leaching.

Minimal gas scrubbing required due to low
NO, emissions; NO reused in ferric
regeneration, NO, used in nitric acid
regeneration limits environmental impact.

Simple; closed-loop system with minimal
external input requirements; NO reused in
ferric regeneration, NO, used in nitric acid
regeneration adds sustainability.

Very high; nitric acid regenerated, NO
reused in ferric regeneration, NO; used in
nitric acid regeneration, ferric ions recycled,
and sulfuric acid generated in situ.

Very high; low reagent, capital, and
operating costs, sustained by NO catalysed
ferric-ferrous cycle and NO, used in nitric
acid regeneration.

Requires continuous
oxygen injection

Slow 12 - 48 hours.

Uses sulfuric acid but
requires ultrafine
grinding for reactivity

Low emissions; energy
use from grinding and
oxygenation

High; energy-intensive
grinding and oxygen
supply

High; requires IsaMill
grinding and oxygen
infrastructure

Moderate to high;
grinding and oxygen
drive up costs

Effective for a wide
range of refractory ores
but needs fine grinding

Moderate; relies on
ultrafine particle
exposure to oxygen

Standard emission
controls for grinding
dust

Moderate complexity;
needs oxygen delivery
and grinding systems

Moderate; all reagents
consumed directly

Moderate; high initial
costs but effective for
many ores

Requires oxygen for
oxidation

Fast 1-2 hrs but
requires external
oxygen to avoid sulfur
by-product formation

High nitric acid
demand; continuous
oxygen supply

High NOx emissions;
requires gas scrubbing

Moderate to high;
depends on nitric acid
and oxygen handling

High; requires oxygen
and NOy scrubbing
systems

High; nitric acid and
gas scrubbing increase
expenses

Best for complex,
highly refractory ores
needing strong
oxidation

High; strong oxidation
via nitric acid and
oxygen

Intensive gas
scrubbing for NOx

Complex; requires
oxygen delivery and
NOx management

Low; high nitric acid
consumption and
oxygen dependency

Lower; high reagent
costs and
environmental
management

Requires external
oxygen supply for
combustion reactions

Slow to moderate
depending on ore type
and temperature
(several hours)

Requires fuel or sulfur as
reagents, producing
sulfur dioxide

High sulfur dioxide
emissions; requires
scrubbing for SOz

High energy demand
due to heating
requirements

High; extensive
infrastructure for
furnaces and gas
scrubbing

Moderate to high; fuel
costs and emission
control add expenses

Suited for sulfide ores;
less effective for
refractory and complex
ores

Moderate to high; relies
on thermal oxidation

Extensive gas scrubbing
for sulfur dioxide

High infrastructure
complexity; requires
furnaces and gas
handling systems

Moderate; sulfur is
consumed as reagent

Moderate; high capital
and energy costs, but
effective for many
sulfide ores
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Does not require
oxygen but requires
high-pressure acid and
steam

Slow to moderate;
typically several hours
under high pressure
and temperature

Uses sulfuric acid in
large quantities, high-
pressure steam

Moderate to high;
sulfuric acid leaching
creates acidic waste
solutions

Very high energy due
to high temperature
and pressure
conditions

High; requires
specialized autoclaves
and acid-resistant
infrastructure

High; sulfuric acid,
maintenance of high-
pressure vessels drives
up costs

Effective for laterite
ores; suitable for high-
nickel ores

High; relies on acid at
high temperatures for
aggressive leaching

Requires specialized
containment for acidic
waste solutions

Complex
infrastructure;
autoclaves and acid
handling systems
needed

Low to moderate;
large sulfuric acid
usage

High; high initial setup
and operational costs,
but effective for nickel
laterite ores
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Environmental Criteria

Environmental
Criteria

Water
Management

Waste
Generation

Energy
Consumption
(Carbon
Footprint)

Reagent
Efficiency

Risk of Toxic
Byproducts

Effluent
Treatment
Requirements

Materials
Corrosion and
Durability

Sustainability of

Inputs

Lifecycle
Environmental
Impact

The NVRO Process

Very low NOx emissions; closed-loop setup with
NO; for nitric acid regeneration and NO for
ferric ion recycling reduces gaseous byproducts.

Minimal impact; ferric-ferrous cycle and closed-
loop recycling of NO, for nitric acid
regeneration and NO for ferric ion recycling
reduce effluent.

Minimal solid waste; metal sulfates and
residues managed in solution due to closed-
loop system with NO and NO, recycling.

Low; energy-efficient NO, for nitric acid
regeneration and NO for ferric ion recycling, no
ultrafine grinding or external oxygen delivery.

Very high; catalytic nitric acid use, with NO,
recycled for nitric acid regeneration and NO
used for ferric ion recycling in a closed loop, in
situ sulfuric acid generated.

Low; NO and NO, recycling reduces escape of
NO,, and sulfuric acid is self-contained.

Low; closed-loop NOy control with NO, for nitric
acid regeneration and NO for ferric ion
recycling reduces need for effluent treatment.

Low; sulfuric acid predominates with limited
nitric acid exposure due to NO, and NO
recycling, reducing corrosion.

Very high; closed-loop recycling of NO, for
nitric acid and NO for ferric ion regeneration
minimizes reagent inputs, with in situ acid
generation.

Low; minimal ongoing environmental impact
with reduced energy, reagent use, and
emissions due to closed-loop recycling of NO,
and NO.

Commercial
Process A

Low particulate
emissions; requires
dust control from
grinding

Requires
management of
acidic wastewater
from sulfates

Some solid residues
from grinding;
sulfate-based
byproducts

High energy-
intensive due to
ultrafine grinding
and oxygenation

Moderate requires
sulfuric acid and
oxygen

Low minimal risk,
though sulfuric acid
byproducts require
handling

Moderate acidic
effluent and
particulates from
grinding require
control

Moderate requires
durable materials
for sulfuric acid and
oxygen exposure

Moderate requires
continuous input of
oxygen and sulfuric
acid

Moderate oxygen
and grinding energy
contribute to a
larger
environmental
footprint

Commercial
Process B

High NO4 emissions
from nitric acid;
requires NOy
scrubbers

High acidic and NOy-
laden effluents
require neutralization
and treatment

Significant solid waste
from NOy handling;
requires careful
disposal

Moderate to high
high energy use for
oxygen and NOy
recycling

Low high nitric acid
and oxygen demand
increases reagent
impact

High risk from NOx
gases and hazardous
handling
requirements

High NO and acid
effluents necessitate
intensive treatment

High nitric acid and
NO, increase
corrosion,
necessitating
frequent equipment
replacement

Low high reagent
consumption,
especially nitric acid
and oxygen

High significant
impact from reagent
use, emissions, and
effluent management

Commercial
Process C

High SO, and dust
emissions; requires
gas scrubbing

High water demand:
wastewater requires
neutralization

Significant solid
waste from sulfates
and arsenic

High energy demand
for roasting and
cooling

Low requires
significant sulfur
addition

High SO, production;
needs containment

High effluent
treatment required
for acidic waste

High corrosion risk;
requires frequent
replacement

Moderate
continuous sulfur
demand

High impact due to
emissions and
energy usage
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Commercial
Process D

Moderate to high CO,
emissions from acid
leaching

High water usage and
acid neutralization

High;solid waste from
residues

Very high energy due
to high-pressure,
high-temperature
leaching

Moderate requires
sulfuric acid and
additives

Moderate potential
toxic byproducts from
acid

Extensive treatment
required for acidic
effluent

High corrosion due to
high acidity

Low; requires high
sulfuric acid
consumption

High impact from
energy and acid use
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