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Pacific Green Technologies (PGT) strategy 
is to use innovative approaches to emission 
control as a means of staying ahead of the more 
stringent emission regulations being introduced 
by governments worldwide. Our technologies 
are designed not only to pass today’s toughest 
regulations, but also those of the future.

Pacific Green has acquired the worldwide 
marketing rights for Envirotechnologies Inc. 
(ENVI) innovative emission control systems. ENVI 
has designed and has filed international patent 
applications for wet scrubbing systems whose 
unique approach makes them highly effective 
in the removal of particulate matter, acid gases 
and selected heavy metals from the combustion 
flue gases of coal, biomass, waste to energy and 
diesel processes. The attributes that make the 
ENVI systems unique include multiple turbulent 
scrubbing heads working in series with the 
capacity to process 100% of the flue gas; high 
efficiency horizontal head design; small and 
flexible footprint, on-demand reagent addition 
and low capital and operating costs. Each of the 
systems is designed to handle specific emission 
reduction requirements. ENVI has branded its 
systems the ENVI-Clean™ and ENVI-Pure™ 
Emission Control Systems.

The operation of wet scrubbing systems is 
based upon the interaction between the flue 
gas and a scrubbing solution to transfer the 
particulate matter from the gas to the solution 
and neutralize the acid gases into compounds 
that are precipitated and removed as solids 

Pacific Green Technologies 
is dedicated to development 
of solutions to help address 
the world’s need for clean 
and sustainable energy. 
A significant part of this 
commitment is focused on the 
development of new ideas, 
products and processes for 
the emission control industry in 
order to expand our portfolio 
of patented cutting edge 
technologies. Pacific Green’s 
objective is to create a cleaner 
and more sustainable energy 
supply for future generations.

Pacific Green 
Technologies
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in the dewatering process. The effectiveness 
of the transfer of particulate matter and the 
neutralization of acid gases is a function of 
interaction energy and residence time between 
the flue gas and neutralized scrubbing solution. 
Pacific Green Technologies unique approach 
optimizes the complete interaction process. 

Pacific Green Technologies research and 
development program developed a new and 
innovative approach to turbulent wet scrubbing 
that is more efficient; smaller; cost effective to 
build and operate and capable of removing a 
broader range of pollutants in a single pass. At the 
heart of the ENVI systems is ENVI’s turbulent wet 
scrubber featuring multiple horizontal scrubbing 
heads that cover the entire cross-section of the 
scrubber body insuring that all of the flue gas 
is subjected to multiple interactions with the 
scrubbing fluid. The horizontal orientation of the 
head allows the scrubbing area to be any shape. 
Because the head covers the entire area 100% of 
the scrubber footprint is devoted to the removal 
of pollutants. Each head level has the capability 
of operating with a different scrubbing solution 
which provides the capacity to remove multiple 
chemical compounds in a single pass or act as a 
polishing step for the primary process. 

The ENVI-Clean™ system uses the turbulent wet 
scrubber for flue gas desulphurization and diesel 
applications.

The ENVI-Pure™ system is specified in 
applications where a broader range of emissions 
and more restrictive regulations are in effect. The 
ENVI-Pure™ system adds a Wet Electro-Static 
Precipitator (WESP) and Granular Activated 
Carbon (GAC) filter to the ENVI-Clean™ system 
to achieve greater that 99.5% removal of 
particulate matter, removal of dioxins and a wide 
range of metals. 

The ENVI system also incorporates a Gas 
Conditioning Chamber (GCC) of ENVI’s design 
to cool the incoming flue gas prior to treatment 
in the ENVI™ systems. Other components of 
the system are manufactured by others and are 
selected for their compatibility and serviceability 
with the ENVI™ system.



The Technology

Both the ENVI-Clean™ and ENVI-Pure™ 
emission control systems utilize the traditional 
elements of wet scrubbing systems in a non-
traditional arrangement. The arrangements 
were designed for high emission removal 
efficiency, simplicity of operation and 
control, flexibility of arrangement, 
compactness of size, long service life 
and minimized cost for consumables.

The resulting ENVI™ systems have the 
following operating attributes:
Upflow Design
The design allows for the stacking of multiple 
scrubbing heads, in series, as the gas rises 
within the scrubber body. The multiple heads 
add residence time, improve overall removal 
efficiency and facilitate the removal of a broader 
range of pollutants through the use different 
scrubbing media at each level.

SYSTEM ATTRIBUTES
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The ENVI system’s 
patented TurboHead™ 
technology insures 
high energy turbulent 
interaction between the 
flue gas and scrubbing 
reagent. 

Horizontal Scrubbing Head
The horizontal orientation of the turbulent head 
allows the entire cross-section to be devoted 
to scrubbing. This minimizes the footprint of 
the scrubber and allows its configuration to be 
altered to suit the space available. The preferred 
configuration is circular using multiple cylinders 
working in parallel. Each scrubbing cylinder 
is capable of operating independently with 
dampers to seal it off should maintenance be 
required.

The 14-foot maximum diameter is chosen 
because it can be factory built on a mandrill at 
significant savings compared to site built tanks.

Multiple Reagents
In acid gas control applications the ENVI 
systems use ground limestone in slurry form on 
the primary head and polishing heads. When 
required by high acid gas loading or restrictive 
standards, the polishing head can be operated 
using hydrated lime or magnesium enhanced 
hydrated lime as its neutralizing reagent. When 
hydrated lime is used, this approach uses the 
low cost limestone slurry on the primary head 
to remove the majority of the acid gases (SO2 
and HCl). The remaining acid gases will be 
removed with the more expensive and reactive 
hydrated lime reagent. This approach achieves 
the primary goal of very high pollutant removal 
rates at the lowest cost.

Positive And Complete Contact
The ENVI system’s turbulent head insures high 
energy turbulent interaction between the flue 
gas and scrubbing reagent. The head design 
creates approximately 16” of turbulence which 
provides the interaction time to deliver high 
efficiency removal of both particulate and acid 
gases. The turbulent interaction is followed by an 

additional interaction zone to polish the primary 
target pollutant. Typical systems would specify 
pack bed media for acid gas polishing and an 
additional turbulent head for particulate removal. 

Three Points Of Interaction
The rate at which acid gases, including SO2 and 
HCl, are absorbed depends mainly on three 
factors: the gas/liquid contact area, contact time 
between the flue gas and the scrubbing liquid, 
and the alkalinity maintained in the scrubbing 
fluid by dissolution of replacement limestone as 
it is used up by neutralization. The contact time 
and area are optimized by the ENVI design, with 
adjustment by changing process parameters 
such as pump flows. The alkalinity depends on 
the rate at which limestone can be dissolved 
due to feed rate, slurry concentration, limestone 
particle size, limestone quality and constituents, 
and chloride concentrations.

The ENVI system optimizes these absorption 
factors by incorporating three points of interaction 
between the flue gas and scrubbing media. 

The first interaction is in the Gas Conditioning 
Chamber (GCC) where the hot flue gas is 
quenched to the 130°F (55°C) range using 
limestone based slurry as a quenching liquid. 
This step reduces the flue gas volume to be 
scrubbed, moistens the gas prior to scrubbing 
and provides interaction between the acid gases 
and reagent in a similar manner as a spray tower. 

The second point of interaction is the system’s 
patented horizontal scrubbing head. The head is 
located in the scrubber body above the scrubber 
fluid reservoir and the air plenum. The head is 
flooded with neutralizing reagent solution which 
is supported in a highly turbulent mixing zone 
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by the flue gas as it rises through the patented 
head. The energy of the interaction on the head 
ensures complete mixing of the limestone-based 
reagent and the flue gas as it passes through 16” 
of turbulence. Reagent is distributed above the 
head via a network of distribution nozzles at a rate 
that will provide sufficient reagent to neutralize 
the amount of acid gas in the system at that 
time. The reagent addition is controlled through 
continuous readings of the pH of the solution 
returning from the head to the fluid reservoir. 
This feedback provides immediate response to 
changes in the amount of acid present in the flue 
gas.

Particulate will also be removed at this point of 
interaction. Efficiency is greater for particles 
larger than one micron, however a portion of the 
sub-micron emission will be removed as well.

The third point of interaction is the polishing head 
which may consist of 10 feet of packed bed 
media flooded with reagent solution for acid gas 
removal systems or alternatively, an additional 
turbulent head when particulate removal is 
desired. As with the packed bed media, the pH of 
the returning solution is continuously monitored 
to minimize the amount of consumables in the 
reagent required to deliver the emission control 
rate required.

Material Selection
Long service life in an acidic environment 
requires the use of materials that are inert to 
corrosion and wear. For this reason ENVI has 
specified fiberglass for the ductwork, tanks, 
scrubber bodies and components, and fans. 
Fiberglass was selected because it has a 
history of long service life in wet scrubbing and 
FGD applications. Fabricators cite facilities that 
continue to operate after 35 years of service. 

Because fabricators are familiar with the service 
requirements of FGD systems their components 
are made using systems and resins specifically 
designed to cope with this environment.

Auxiliary tanks for fluid mixing, oxidization and 
slurry preparation will be polyurethane or other 
suitable non-reactive plastics. Interconnecting 
piping for these components will be Schedule 
40 or 80 PVC or other non-reactive materials as 
appropriate for the application and operating 
environment.

Hydrocyclones will be polyurethane with PVC 
manifolds with threaded or Victaulic fittings.

Pumps will have stainless steel housings and 
impellers or alternative non-reactive materials to 
provide long service life. Company maintenance/
operations policies for pump specifications will 
be followed at the time of final specifications.

On-Demand Reagent Addition
The approach to reagent addition is to have 
continuous reading on the pH of the fluid returning 
from the scrubber. In this way the system will 
have immediate response to any changes in the 
acid gas content in the flue gas. Only enough 
reagent is added to return the scrubbing fluid 
to its set point before it is recirculated to the 
respective head.

Long service life in an 
acidic environment 
requires the use of 
materials that are inert 
to corrosion and wear.
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Major Components of the ENVI-Clean™ System

The hot flue gas from is drawn into the scrubbing 
system by an ID fan equipped with a variable 
speed drive. The ID fan is located on the outfeed 
of the scrubber which places the entire system 
under negative pressure. This location is less 
contaminated and will ensure that no gas 
escapes the system.

As it exits the breaching the gas is quenched with 
scrubbing fluid (limestone slurry) to reduce the 

ENVI-Clean™ 
Process Description

temperature from approximately 410°F to 140°F 
and condition the gas with moisture in advance 
of the scrubber. The pH of the scrubbing solution 
is continuously monitored and limestone slurry is 
added to the scrubbing solution as required to 
maintain the set-point pH. Make-up water is also 
added at the quench point to balance the water 
leaving the process as water vapor up the stack 
and to prevent dissolved solids build-up in the 
effluent water.

The ENVI-Clean™ system is both highly efficient and cost-
effective at removing acid gases. The system utilizes 
its highly efficient patented TurboHead™ and a further 
polishing head, both of which use fluid recirculation 
and an on-demand approach for reagent addition.
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The ENVI-Clean™ system 
has proven in site tests that it 
is capable of delivering acid 
gas removal rates with the 
best in class in the most cost-
effective manner. 

The ENVI-Clean™ system 
meets its design objectives 
of having low capital and 
operating costs and a simple 
operating format using proven 
materials and operating 
assumptions that are 
supported by both literature 
and industry experience.

ENVI-CLEAN™ 
SYSTEM SUMMARY

The cool wet gas is ducted to the plenum which is 
oriented horizontally between the scrubbing fluid 
tank in the base of the scrubber and the turbulent 
scrubber head above. Above the plenum level 
each scrubber contains two levels of scrubber 
heads, with the primary turbulent head being 
near the bottom of the module and the polishing 
head located above it. 

The primary head is flooded with scrubbing 
fluid containing limestone slurry that reacts with 
the gas in a turbulent mixing zone as the gas 
is forced through the head into the scrubbing 
fluid. The SO2 which is absorbed by water in the 
scrubbing fluid produces sulfurous acid which 
is then neutralized by reaction with dissolved 
limestone. 

After the flue gas leaves the turbulent mixing 
zone it rises to a second TurboHead™ to polish 
the flue gas. 

Each of the heads is serviced by pumps to re-
circulate reconditioned scrubbing fluid over 
the head. The fluid levels on the heads are 
maintained by overflows. 

After passing through the polishing head, the 
cleaned flue gas is directed through demisters 
to remove entrained mist produced by the 
scrubbing. The demisters are equipped with fresh 
water spray nozzles for wash-down purposes, a 
detail omitted for clarity. The dried flue gas is the 
ducted to the stack.
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Gas Conditioning Chamber (GCC)
This device is of Pacific Green Technologies 
design in order to be compatible with the system. 
Its function is to cool the incoming flue gas to 
a temperature in the 50 to 60°C range prior to 
entering the scrubbing system. The chamber 
uses spray nozzles to saturate the incoming gas 
and wet the particulate matter to make it more 
reactive in the scrubber. The fluid used in the 
GCC is the same neutralized fluid that is supplied 
to the scrubber tanks.

ID Fan(s)
The flue gas is delivered to each scrubber 
by a system blower. The blower is sized to 
accommodate the volume of gas to be processed 
by the system and provide the pressure required 
to offset the pressure drop across the entire 
system which can range from 6 to 10 inches 
of water depending on the configuration of 
heads specified to meet the pollutant removal 
requirements.

ENVI-CLEAN™ SYSTEM OPERATING COMPONENTS

Scrubber Body
The horizontal orientation of the ENVI system’s 
head allows the footprint to be any configuration 
with a round shape as the preferred configuration 
for scrubber bodies. 

The ENVI scrubbing system incorporates an up-
flow configuration. 

Fluid Reservoir
The lowest portion of the body acts as a reservoir 
for reacted fluid from the scrubbing process. 
The flue gas enters the scrubber body above the 
reservoir. 

Receiving Plenum
The receiving plenum is deep enough to provide 
equal distribution of the flue gas under  the first 
head. 

The scrubber operation was developed in a manner to require 
a minimum of support devices and control mechanisms. 
There are no moving parts within the scrubber to simplify 
both the process and maintenance. The supporting 
devices necessary for the continuous operation of the 
scrubber are made by others and are not part of the unique 
design approach contained within the scrubber itself. 
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First Head
The first head is located above plenum. It is a 
horizontal plate filling the entire cross section 
of the scrubber body. The head contains the 
required area and configuration of ports. On 
top of the head the accelerator plates and slosh 
baffles are installed to enhance and stabilize the 
turbulence in the reaction zone.

Fluid Distributor Array
Fluid is uniformly distributed through low 
pressure nozzles in the area above the heads. 
The fluid from the reservoir has been cleaned 
using hydrocyclones and neutralized as required 
to effectively remove both particulate and acid 
gases. 

Second Head
The second head is located above the fluid 
distribution array.

Upper Fluid Distribution Array 
A fluid distribution array is installed above 
the second head to distribute cleaned and  
neutralized fluid above the interaction zone.

Fluid Circulation 
The scrubbing fluid is circulated from the 
reservoirs. The fluid containing the suspended 
solids is pumped from the bottom of the fluid 
reservoir and processed through hydrocyclones 
to remove particulate matter and other 
suspended solids. The underflow goes directly 
to the solids settling tank. The overflow from the 
hydrocyclones is returned to the scrubber tanks.

Lime Solution Storage Tank
Lime slurry is continuously mixed in a storage 
tank. The slurry is added to the scrubbing fluid at 
a point ahead of the fluid distribution array. The 
amount of slurry added is determined by the PLC 

based on pH readings taken from the overflow 
headers from each of the reaction zones.

Solids Settling Tank
 Scrubbing fluid from the GCC, underflow of the 
hydrocyclones and a portion of the circulation 
flow from the fluid reservoirs is directed to the 
solids settling tank. The tank has a residence 
time which allows the solids to settle to the 
bottom for pumping to the dewatering station or 
disposal with the bottom ash. The upper level of 
the tank is relatively solids free and overflows into 
the decant tank.

Solids Separation
There are several options for solids separation 
and dewatering depending on the customer 
requirements. The basic separation is through 
settling in the solids settling tank. The denser 
settled solids can be pumped to a centrifugal 
separator or vacuum belt filter to create a low 
moisture content sludge for disposal with the 
bottom ash or use in such applications as filler in 
non-structural concrete products. 

Programmable Logic Controller
The system is controlled by a programmable 
logic controller. Set points for pressure, depth 
and pH are set on the system and maintained 
using the data relayed by sensors at strategic 
control points in the system.
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Major Components of the ENVI-Pure™ System

The technologies are highly compatible because 
of their wet format and the requirement that 
the WESP operate in an acid free environment 
which is achieved by the highly efficient acid 
gas removal of ENVI’s turbulent scrubber. In 
combination, these technologies are capable 
of meeting the most stringent acid gas and 
particulate emission standards with a 75% margin 
for future reductions in the emission regulations.

Jurisdictions with highly restrictive air emissions 
frequently limit metals, dioxins, furans and 
other volatile organic compounds in addition 

ENVI-Pure™ 
Process Description

to acid gases and particulate matter. Both the 
ENVI-Clean™ and ENVI-Pure™ systems are 
compatible with available technologies using 
granular activated carbon (GAC) to absorb these 
contaminants.

The ENVI-Pure™ system process flow begins 
with the flue gas passing through the GCC where 
the gas will be quenched with scrubber water 
spray with some fluid loss through evaporation in 
the cooling process. In addition, a volume equal 
to approximately 50% of GCC flow is pumped to 
a bank of hydrocyclones for solids removal prior 

The ENVI-Pure™ system follows the same flow as the 
ENVI-Clean™ system but adds a WESP immediately 
after ENVI’s turbulent wet scrubber and a Granular 
Activated Carbon (GAC) filter following the WESP. 
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to recirculating to the GCC. The volume pumped 
from the GCC tank is balanced by fluid returning 
from the GCC, overflow returning from the 
hydrocyclones and make up from the hydraulic 
connection to the scrubber oxidization tank.

The gas is then directed through the turbulent 
wet scrubber. The scrubbing fluid is pumped 
from the scrubber reservoir to a spray distribution 
system located above each of the TurboHeads™. 
The fluid will be dosed with reagent solution 
as determined by the PLC input from the pH 
readings taken at various points in the scrubbing 
process.

The on-demand reagent dosing was shown in an 
independent engineering study to be the most 
significant contributor to the system’s OPEX 
savings of £3.918 million (US$6.5M) compared 
to a dry sorbent system specified for the same 
facility. The fluid returns to the scrubber tank 
through the primary head.

The gas leaving the wet scrubber enters 
the WESP for fine particulate collection at 
approximately 55°C. The WESP uses 69kV to 

create a force field between the particles in 
the flue gas and the WESP tubes. The particles 
collected on the WESP tubes are washed to 
the WESP sump by the moisture carryover 
(no demisters in turbulent scrubber) from the 
turbulent scrubber. The WESP used in ENVI tests 
was an up-flow design so the washing and air 
flow were in opposite directions to increase the 
residence time. Moisture carryover from the tube 
walls is collected in the WESP sump and diverted 
to the scrubber oxidization tank. 

After exiting the WESP the flue gas can be 
ducted to the stack or if desired, ducted to a 
GAC chamber where it passes through beds 
of granular activated carbon to remove organic 
compounds and gaseous phase metals such 
as mercury. Following its traverse of the GAC 
the same temperature and volume of flue gas is 
ducted to the stack.
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ENVI-PURE™ SYSTEM 
COMPONENTS

General
The testing at London Waste demonstrated 
the compatibility and effectiveness of the 
combined ENVI-Clean™ and WESP emission 
control systems. The ENVI-Pure™ system 
achieved class leading emission reductions 
for acid gases, particulate and the regulated 
spectrum of dioxins, VOCs, furans and metals. 
The demonstration also highlighted the need for 
a system that is capable of resisting the highly 
corrosive environment created by the combustion 
of a wide spectrum of materials. For this reason 
the component material specifications include 
fibreglass, reinforced plastics, glass reinforced 
epoxy (GRE) and alloys with corrosion resistant 
properties.

Gas Conditioning Chamber (GCC)
• quench spray nozzles will be 

serviced with neutralized fluid 

• Preferred materials of construction will 
be fibre-reinforced plastic with corrosion-
resistant fasteners as required 

ID Fan
• ID fan has appropriate power 

and variable speed drive 

• Fan will be capable of producing 40 
mbar pressure at design flow 

• Fan impellor and shroud will be made 
of fibre-reinforced plastic with silicone 
carbide reinforced blade faces for abrasion 
resistance 

ENVI-Clean™ Wet Scrubber 
• Floor mounted 

• Scrubber has two gas processing areas

• Heads are patented flooded design 

• Scrubbing fluid is conditioned through an 
array of hydrocyclones for solids removal. 
Overflow is carried to the scrubber reservoir.

• Scrubber water is pumped through an 
array of hydrocyclones for solids removal 
prior to conditioning and recirculation to 
the scrubber. Overflow at the is carried to 
a distribution tank where it is conditioned 
with lime slurry and piped to an array of 
12 spray heads above the second head.

• Scrubber fluid overflow will be ducted from 
the turbulent zone above the heads.

• Scrubber tank, heads and ductwork will 
be constructed of fibre-reinforced plastic

• Other components will be constructed of 
materials such as fibre-reinforced plastic 

• Access for operation and maintenance 
hatches from ground level and upper 
platforms 

Wet Electrostatic Precipitator
• collection section containing 

tubes and electrodes

• extended deck at upper level for 
electrical equipment and fan

• Wash water collection incorporated into the 
WESP base with hydraulic connection to 

• When desired, provision for ambient 
air to circulate between the outer wall 
and the tubes for flue gas cooling

• Fabricated from corrosion resistant 
materials such as stainless steel

• The stack ID fan is appropriately 
powered with variable speed drive

• Fan provides 40 mbar pressure boost to 
system 
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Granular Activated Carbon Chamber
• Sealed chambers 

• Access doors for inspection and 
changing of activated carbon

• Chamber contains layered 
trays of activated carbon

• Condensate drains to scrubber tank  

Flue Gas Ducting To Stack
• Materials of construction will be fibre-

reinforced plastic or GRE for corrosion 
resistance 

Lime Concentrate Tank
• Tank out feed is controlled by a progressive 

cavity pump for proper mixing of concentrate 
and fresh water from town or plant sources.

• Tanks are fitted with agitators to maintain 
uniform consistency 

Lime Slurry Tank And Accessories
• Lime slurry tank sized as required for 

period of operation without outside 
supplies during maintenance

• Slurry is comprised of 3 parts fresh 
water and one part concentrate to 
achieve a 15% lime solution.

• Fresh water from plant or town supply 
is added at regulated pressure and flow 
through a flow meter and metering valve 
to achieve required slurry concentration

• Concentrate is added via 
progressive cavity pump 

• Delivery to scrubbers is achieved 
with a constantly circulating loop 

• A pneumatically activated control 
valve with on/off control based on 
pH located at each scrubber for on 

demand delivery of lime slurry.

• Tank materials of construction will be fibre-
reinforced plastic (FRP) 

Solids Separation And Dewatering
• Hydrocyclone processes sludge rich 

fluid from scrubber reservoir

• Hydrocyclone overflow goes to the 
treatment water holding tank

• Hydrocyclone underflow consisting of 
solids rich slurry goes to vacuum belt filter 

• Vacuum belt filter processes solids rich 
fluid from dewatering holding tank and 
from the hydrocyclone underflow 

• Filtrate water from the vacuum belt filter is 
sent to the water treatment holding tank

• Underflow from the vacuum belt filter 
is comprised of solids at approximately 
10% moisture content. This underflow 
is destined for disposal off site.

• Water treatment holding tank supplies 
recirculated fluid to the scrubbers 

Motor Control Centre 
• MCC panels can be located 

with other motor controls

• All electrical components are sourced to 
meet local electrical standards 

Process Control and Instrumentation
• Process control station in plant control 

room with repeater at the scrubber site

• Process control computer will be networked 
to PLC cabinet near each scrubber system

• Instrumentation will include pressure, 
temperature, pH, flow and level monitors 
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Documentation
• Process control programming 

documentation will be supplied

• Piping and instrumentation 
diagrams will be supplied

• General arrangement construction 
drawings will be supplied for 
approval prior to construction

• Installation documentation, including module 
assembly instructions, will be supplied 

• Operations and maintenance manuals, 
including parts lists, will be supplied

16



Case Studies

“...ENVI-Clean™ 
technology has now 
been demonstrated 
to achieve high SO2 
removal efficiencies 
(>99%) under real-
world conditions. .” 
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The ENVI-Clean™ Flue Gas Desulphurization 
(FGD) system installed for the Lianxin Steel 
Group at their facility near Yancheng in China is 
designed to remove sulphur dioxide (SO2) from 
the new power boiler exhaust. 

The boiler uses blast furnace gas and coke 
oven gas as fuel (previously they were flared) to 
produce steam that powers a turbine to generate 
93 MW of electricity. The exhaust gas from the 
boiler contains up to 250 mg/m3 of SO2 that the 
FGD system is designed to remove. 

The FGD system is centered around a 10m (32ft) 
diameter 28m (91ft) tall absorber vessel that uses 
a slurry containing limestone in a froth produced 
by PGT’s patented head technology to capture 
the SO2 by absorption. The limestone neutralizes 
the acids that result from SO2 reacting with 
water to form gypsum as precipitated solids. 

YANCHENG 
STEEL PLANT

The gypsum is removed on a continuous basis 
by pumping slurry from the absorber reservoir 
to hydrocyclones to concentrate the solids and 
then to a vacuum belt filter to produce a gypsum 
cake. The gypsum can be landfilled or sold.

Ancillary systems supporting the absorber 
include a gas quench and conditioning zone at 
the entrance to the absorber, a demister section 
at the exit of the absorber prior to the 32m 
(104ft) stack mounted on top of the absorber, a 
limestone slurry tank and limestone powder silo 
and feed system, a recirculation pump system, 
an oxidation air system, various sumps, water 
tanks and pumps, a process control system and 
a continuous emission monitoring system.
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KATATHEON FARMS 
BIOMASS SYSTEM

The ENVI-Clean™ system shown above was designed to 
remove particulate from biomass combustion in Katatheon 
farms 6 MWt boiler. The system is comprised of 3 modules 
capable of operating independently. The modules are 
controlled by a Programmable Logic Controller (PLC) which 
operates the 3 units based on gas pressure readings taken 
at strategic points. The system is capable of operating over 
a wide range of operating conditions as demand for heat in 
the greenhouses changes. In addition to gas pressure and 
temperature the system collects data on solution pH and 
water depth and adjusts those criteria to maintain the set point 
ranges. The system has been in continuous operation for more 
than 17,000 hours.
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GRANT TOWN ENVI-CLEAN™ FLUE GAS 
DESULPHURIZATION SYSTEM

Pacific Green Technologies 
set up and operated a 
demonstration ENVI-
Clean™ scrubber designed 
to remove sulfur dioxide 
(SO2) from the flue gas of 
coal-fired power plants. 
The installation took place in July, 2010 at the 
American Bituminous Power Partners waste coal 
power plant near Grant Town, West Virginia. 
Ports were installed on the breeching prior to 
the smokestack to allow a slipstream of actual 
flue gas to be processed by the scrubber and to 
demonstrate real-world results.

The scrubber was designed to accommodate 
2,000 actual cubic feet per minute of flue 
gas, which is approximately the emission 
corresponding to 1 MW of electricity production. 
The scrubber was equipped with two proprietary 
scrubbing heads that generated and supported 
the turbulent mixing zone of scrubbing solution. 
Hydrated lime was used as the scrubbing agent, 
mixed with plant process water. 

Flue gas from the inlet port on the breeching 
was first cooled in a gas conditioning chamber, 
then drawn into a blower and forced through 
two proprietary scrubbing heads and a demister 
prior to being returned to the outlet port on 
the breeching. The scrubbing heads provide 
a turbulent zone for high efficiency contact 
between the scrubbing fluid and the flue gas. 
The scrubbing fluid consisted of water and 
hydrated lime, which produced a calcium sulfite 
and calcium sulfate precipitate that settled out in 
external tanks. 
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Grant Town Desulphurization Test Conclusions

The ENVI-Clean™ technology has now been 
demonstrated to achieve high SO2 removal 
efficiencies (>99%) under real-world conditions. 
The technology is suitable for mitigation of 
SO2 emissions from coal-fired power plants.

Parameter Test 1 Test 2 Test 3 Average

Average Inlet SO2 Concentration (ppm) 175 162 136 157

Average Inlet SO2 Concentration (ppm) 3.05 0.50 0.41 1.32

SO2 Removal (%) 98.3% 99.7% 99.7% 99.2%

Grant Town Test Results
Independent third-party testing was provided by Test Inc., a Pennsylvania environmental testing firm. 
Continuous monitoring of SO2 concentrations at both the inlet and outlet of the scrubber system was 
performed using standard EPA methods and procedures, including system calibrations before and 
after each test. 

The results of the three test periods are summarized in the table, with the average of the three tests 
also shown. Tests 2 and 3 demonstrate the SO2 removal efficiencies possible with the ENVI-Clean™ 
technology.
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ENVI-PURE™ DEMONSTRATION TESTING 
AT LONDONWASTE ECOPARK

Executive Summary
Pacific Green Technologies has developed and 
has patents pending on a novel wet scrubbing 
system to remove particulate and acid gases from 
the flue gases of combustion processes. Prior 
to the latest demonstration, it had successfully 
demonstrated its technology on biomass and 
coal processes. Pacific Green Technologies 
proposes to enter the waste-to-energy (WtE) 
sector with a solution that incorporates several 
wet emission scrubbing technologies to achieve 
results that surpass the results of the leading 
competitive technologies. To that end, Pacific 
Green Technologies conducted a series of 
performance tests covering a complete spectrum 
of regulated air pollutants using exhaust gas from 
Boiler #5 at the LondonWaste EcoPark facility in 
Edmonton UK. 

The pilot-scale equipment was assembled in 
the UK in November and December of 2011 
and commissioned on site in January 2012. The 
performance testing took place in mid-February 
and produced the results summarized in Table 1. 

Based on the successful test program, Pacific 
Green Technologies will now proceed with its 
planned entry into the WtE market.

Substance Monitored                    Units
Average 

Inlet 
Result

Average 
Outlet 
Result

WID 
Emission 

Limit

Average 
Removal 
Efficiency

Monitoring 
Method 

Reference

Particulate Matter mg/Nm3 1767* 1.9** 10 99.9% BS EN 13284-1

Hydrogen Chloride mg/Nm3 247 <1.8 10 >99.2% BS EN 1911

Hydrogen Fluoride mg/Nm3 <0.4 <1.1 1 n/a ISO 15713

Sulphur Dioxide mg/Nm3 88.4 5.9 50 90.9% BS EN 14791

VOC as Carbon mg/Nm3 5.7 2.2 10 62.1% BS EN 12619

Cadmium & Thallium 
and their compounds mg/Nm3 1.0 0.0012 0.05 99.9% BS EN 14385

Mercury and its 
compounds mg/Nm3 0.048 0.0023 0.05 93.6% MID 14385

Sb, As, Pb, Cr, Co, Cu, 
Mn, Ni and V and their 
compounds

mg/Nm3 21 0.068 0.5 99.7% BS EN 14385

Dioxin and Furan TEQs 
after GAC treatment

Dioxin & Furan Maximum TEQs 
Average of ITEQ, WHO Birds, 

WHO Fish, and WHO Humans & 
Mammals (ng/Nm3)

1.5 0.0083 0.1 99.4%

PCB TEQs after GAC 
treatment

PCB Maximum TEQs - Average 
of WHO Birds, WHO Fish, and 

WHO Humans & Mammals 
(ng/Nm3)

0.015 0.0016 0.1 93.7%

BS EN 1948

Table 1 - Performance Test Results Summary 

* Average of Tests 2 & 3, considered most representative 

** Average of 8 tests, including commissioning tests, results minus uncertainty 

(All results corrected to 1 atmosphere, 0°C, dry basis, 11% oxygen)
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Project Background
Pacific Green Technologies, Inc. is a Canadian 
company based in Vancouver, British Columbia, 
and is the operating subsidiary of the Delaware 
registered parent, Pacific Green Technologies, 
Inc. The Company’s mandate is to be a world 
leader in the development, manufacture and 
marketing of environmental products. Foremost 
among its products is its patent-pending ENVI-
Clean™ scrubber that was developed by 
Pacific Green Technologies engineers to lead 
the product sector with a unit that is compact 
in size, has a highly flexible footprint suitable 
for retrofit applications, is more efficient than 
competitive products, has the ability to scrub 
out multiple contaminants and is engineered 
for simplicity of operation and manufacture. The 
resulting multi-head scrubber has demonstrated 
its ability to remove particulate and acid gases 
from flue gases generated by biomass and coal 
combustion. The unique design of the ENVI-
Clean™ scrubber makes it capable of removing 
additional pollutants with the addition of more 
heads and the use of different neutralizing 
reagents.

Pacific Green Technologies has incorporated 
other compatible technologies to develop ENVI-
Clean™ emission abatement systems for various 
applications. Among them is a highly effective 
wet electrostatic precipitator (WESP) that 
complements the ENVI-Clean™ scrubber when 
very low particulate levels must be achieved. The 
combination of the two technologies is deemed 
to be capable of removing particulate to less 
than 2mg/Nm3, it is marketed as the ENVI-Pure™ 
Emission Abatement System. The ENVI-Clean™ 
scrubber precedes its WESP counterpart with 
the purpose of removing greater than 95% of the 
particulate and 99% of the acid gases to allow 
the WESP to extract virtually all of the remaining 

particulate in an acid gas free environment. In 
addition, the system incorporates known granular 
activated carbon (GAC) technology for removal 
of dioxins, furans, VOCs and vaporous metals. 

The demonstration at LondonWaste’s Edmonton 
EcoPark was undertaken to prove that the ENVI-
Pure™ Emission Abatement System using the 
ENVI-Pure™ scrubber and its WESP companion 
is capable of meeting the regulated standards for 
incinerators in the UK and EU. The demonstration 
used combustion flue gas from LondonWaste’s 
facility as the input to the ENVI-Clean™ Emission 
Abatement System. Third-party monitoring 
provided by Northumbrian Water Scientific 
Services sampled both the inlet and outlet gas 
for particulate, acid gases, combustion gases, 
dioxins, VOCs and metals.

Project Description
Pacific Green Technologies installed a pilot-scale 
scrubbing system on Boiler #5 at LondonWaste 
EcoPark. The system was comprised of a 
multicyclone, the ENVI-Clean™ scrubber, a wet 
ESP and a granular activated carbon filter. The 
pilot abatement system was fed by a sidestream 
of raw flue gas from Boiler #5. Flue gas sampling 
at the inlet and outlet of the pilot system was used 
to determine the concentrations of contaminants 
being treated and the overall removal efficiencies. 
The scrubbed flue gas was returned to the boiler 
system prior to the plant’s air pollution control 
equipment. In addition, samples of the scrubber 
ash and liquid effluents were collected and 
analyzed following each test session.

The pilot test unit was set up to draw flue gas 
from one side of Boiler #5’s economizer outlet 
breeching and return it after scrubbing to 
the other side. At the 400 mm port installed 
on the breeching, an isolation damper and 
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then a 400 mm vertical duct was connected 
to the multicyclone. A sampling platform was 
assembled above the multicyclone to provide 
access to stack sampling ports on the vertical 
duct for scrubber inlet sampling purposes. From 
the multicyclone outlet a 350 mm duct connected 
to the gas conditioning chamber (GCC) where 
the hot gas was quenched and humidified.

The GCC outlet connected to a blower to draw 
the gas from the GCC and direct it into the ENVI-
Clean™ wet scrubber where the majority of the 
particulate and virtually all of the acid gases were 
removed. From the outlet of the ENVI-Clean™ 
scrubber the gas was ducted into the WESP 
for fine particulate removal and then through 
a second blower equipped with exit ducting 
suitable for outlet sampling. The gas was then 
returned to the other side of the economizer outlet 
breeching through a second isolation valve.

The major components of the pilot system are all 
skid-mounted, with most on pallet-sized skids. 
The WESP was the largest single component, 
mounted on a 6’ by 8’ skid and connected to two 
associated smaller skids. The photo in Figure 1 
shows the Boiler #5 ESP breeching area where 
the pilot equipment was set up. The first isolation 
valve was located on the far side of the breeching 
and the smaller equipment skids were located 
underneath the breeching. The WESP was 
located on the near side of the ductwork corner 
support. The outlet sampling stack was used to 
return the exhaust gas to a port on the near side 
of the breeching as shown in Figure 2.

A number of plastic tanks were placed in the area 
to hold scrubber water reagents and effluent. A 
generator was used to deliver power to the US 
equipment (480V 60Hz) and a site office was 
located for test records and storage.

The flue gas was typically 190°C at the system 
inlet and the static pressure was approximately 
-85 mmWC. Given the negative pressure, care 
was taken at sampling ports to prevent air 
ingress during testing. When testing was not 
underway isolation valves at the plant breeching 
were closed to prevent condensation and 
contamination in the pilot system ducting. 

Plant water and power were utlilzed as required 
from outlets in the immediate area. The plant 
water is treated plant effluent that has undergone 
secondary treatment. 
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Multicyclone
The multicyclone receives hot flue gas and 
extracts large particulate matter using centrifugal 
separation. This component was used to 
evaluate the concentration of large material in the 
combustion flue gas. It provided an opportunity 
to collect and sample the physical and chemical 
make-up of this segment of the flue gas.

Gas Conditioning Chamber (GCC)
The gas conditioning chamber subjects the hot 
gas to a neutralized water spray to reduce the 
system operating temperature to approximately 
55⁰C. The cooling water is neutralized by 
adding hydrated lime slurry to the GCC reservoir 
below the spray sections to maintain the pH 
of the spray water in the range of 6.5 prior to 
being recirculated to the GCC spray nozzles. 
As required intermittently, GCC water was 
transferred from the reservoir to an effluent tote 
to maintain the desired reservoir volume.

Blower
The scrubbing system blower provides the gas 
pressure boost required to draw the gas through 
the cyclone and GCC and push it through the 
ENVI-Clean™ scrubber and the WESP. The unit 
provided approximately 350 mmWC pressure 
boost within the system.

ENVI-Clean™ Scrubber
Gas was directed from the blower through flexible 
hoses to a distribution area below the submerged 
lower scrubbing head and then forced through the 
head and turbulent scrubbing zone comprised of 
neutralizing scrubber water. The gas then flowed 
upwards through the second head, which was 
also flooded with neutralizing scrubber water. 
Overflows returned excess fluid from the second 
head to the scrubber reservoir where the pH was 
corrected by adding hydrated lime slurry. The 

scrubbing fluid was recirculated continuously 
via distribution sprayers to the turbulent zone 
above the heads. As required to maintain the 
proper scrubber water level, scrubber water was 
intermittently transferred to the GCC reservoir. 
After exiting the second head the gas passed 
through mist eliminators to remove any entrained 
water and then on to the WESP.

WESP
The gas exited the top of the ENVI-Clean™ 
scrubber and was carried by ductwork to the 
WESP entry which is located at the base of the 
WESP. The gas flowed up the WESP through 
tubes containing proprietary systems to maintain 
an electrically charged field within each tube. 
The WESP is very efficient at removing the 
fine particulate matter remaining in the gas. 
Condensate and flush water collected from the 
WESP were collected and sampled during each 
test.

Exhaust Fan
The WESP was equipped with a small ID fan 
to exhaust the WESP and provide any required 
push for the gas to move up the sampling stack 
and back into the plant’s breeching.

Sampling Stack
The demonstration system included a sampling 
stack to route the gas from the exit of the WESP 
to its return port in the plant’s breeching. The 
sampling stack contained the ports required 
for extractive and CEM sampling at locations 
appropriate for each.

GAC Test Chamber
A 100 Am3/h side stream of scrubbed gas was 
extracted from the WESP outlet ducting for 
further treatment using granular activated carbon 
(GAC) for VOC, dioxin and mercury capture. Gas 

PILOT SYSTEM 
COMPONENTS

The pilot system extracted 
approximately 3,000 Am3/h 
at 190°C from the economizer 
outlet breeching. The gas 
was then processed by the 
following components installed 
for the demonstration:
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sampling locations were located at the GAC 
chamber’s exit.

In addition to the major components listed the 
demonstration unit included:

Tanks
• Hydrated lime - 45% commercial solution

• Lime slurry at 15% by weight

• WESP effluent sampling

• Accumulated scrubber effluent  

Pumps
• GCC circulation 

• Head #1 circulation 

• Head #2 circulation 

• Lime slurry mixing/distribution 

SAMPLING PROCESS 
DESIGN

The sampling process was designed to provide 
adequate information to prove the performance 
of the Pacific Green Technologies technology 
on several levels. The primary objective was to 
prove the outlet emission concentrations would 
be below the UK Waste Incinerator Directive 
(WID) emission limits as well as Pacific Green 
Technologies’ own projected performance 
levels. Further confirmation of the system 
performance was attained by sampling at the 
inlet of the scrubbing system in order to obtain 
the removal efficiencies for the contaminants 
being measured. As well, sampling of scrubber 
inputs and effluents at intermediate points in the 
system were undertaken to provide information 
about where various contaminants were being 
removed. 

A schematic of the pilot-scale system is shown 
in Figure 3, with sampling locations and general 
sampling parameters identified. The sampling 
program consisted of three performance tests 
running within 10-12 hour periods once per day. 
Sampling and analysis included the following:

Boiler #5 flue gas from the Economizer 
exit taken from the plant’s breeching 

• Location A – Continuous emission 
monitoring for O2, CO2, CO, SO2, 
NOx, HCl, HF, NH3, VOCs.

• Location B – Isokinetic extractive 
sampling for particulate, metals, 
dioxins/furans/PCBs, PAHs.

• Location C – Extractive gas sampling 
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for SO2, NH3, HCl, HF.

• Test durations: full day for CEM gases, 2 
hours for particulate and metals; 6 hours for 
PAHs and dioxins/furans/PCBs; 1 hour for 
SO2, NH3, HCl, HF. 

Multicyclone Ash 
• Location D – Total ash, 

metals, some SVOCs.

• One sample per test at end of each day. 

Liquid from GCC and scrubber 
• Location E – Metals, SVOCs, filterable solids, 

TDS and chloride, sulfate, carbonate ion. 

• Pre-test samples for each test followed by 
aggregated 15-minute samples to end of 
test. 

Liquid samples from lime slurry tank 
• Locations F – Filterable solids, TDS, Ca, Mg 

• Pre-test samples for each test. 

Liquid samples of make-up water
• Location G – Filterable solids, 

TDS, NO3, PO4

• Pre-test samples for each test. 

Liquid samples from WESP sump
• Location H – Metals, SVOCs, filterable solids, 

TDS and chloride, sulfate, carbonate ion.

• Pre-test and post-test samples for each test. 

WESP outlet
• Location I – Continuous emission 

monitoring for O2, CO2, CO, SO2, 
NOx, HCl, HF, NH3, VOCs.

• Location J – Isokinetic extractive 
sampling for particulate, metals, 
dioxins/furans/PCBs, PAHs.

• Location K – Extractive gas sampling 
for SO2, NH3, HCl, HF.

• Test durations: full day for CEM gases, 2 
hours for particulate and metals; 6 hours for 
PAHs and dioxins/furans/PCBs; 1 hour for 
SO2, NH3, HCl, HF. 

GAC sidestream exit
• Location L – Dioxins/furans/

PCBs. Hg and VOC sampling were 
considered but not performed. 

• One three-hour sample per test.

Sampling Locations 

and Parameters
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Stack Gas Sampling
Continuous Emission Monitoring

The CEM system was certified by Northumbrian 
Water Scientific Services (NWSS) to meet 
MCERTS requirements with respect to 
analysis methods, calibrations and instrument 
specifications. There are a number of equivalent 
methods for performing CEM measurements and 
some duplication of analysis as shown in Table 2 
below.   

Parameter NWSS 
Method

Reference 
Method

Description Accreditation

Carbon Monoxide A44 BS EN 
15058:2006

Direct measurement of carbon 
monoxide using infra-red 
analyser.

MCERTS

Sulphur Dioxide A44 EA TGN M21 Direct measurement of 
sulphur dioxide using infra-red 
analyser.

MCERTS

Oxides of Nitrogen A44 BS EN 
14792:2005

Direct measurement of 
oxides of nitrogen using 
chemiluminescent analyser.

MCERTS

Oxygen A44 BS EN 
14789:2005

Direct measurement of the 
concentration of oxygen in 
the gas stream using a Horiba 
Analyser.

MCERTS

Hydrogen Chloride A56 TGN M22 Direct measurement of 
hydrogen chloride, carbon 
monoxide, sulphur dioxide and 
oxides of nitrogen using FTIR.

MCERTS

Carbon Monoxide

Sulphur Dioxide

Oxides of Nitrogen

SAMPLING METHODS

Table 2 - CEM Reference Methods

28



Extractive Stack Sampling
Sampling for particulate matter, metals, dioxins/
furans/PCBs and PAHs employ modified Method 
5 sampling trains where particulate is captured 
isokinetically on a filter and gaseous components 
are captured on resin beads or in impinger 
solutions. Extractive sampling for VOCs, SO2, 
NH3, HCl and HF is non-isokinetic using either 
portable instrumentation or wet method impinger 
solutions. The methods used by NWSS are 
outlined for each parameter in Table 3.

Liquids And Solids Sampling

NWSS provided appropriate liquid and 
solids sampling containers to Pacific Green 
Technologies staff to fill with solid and liquid 
effluents. The cyclone ash was the only dry solids 
sample collected. Representative 3L samples of 
GCC effluent were aggregated every 15 minutes 
for sampling at the end of the day.

Parameter NWSS 
Method

Reference 
Method

Description Accredit.

Particulates A55 BS EN 
13284-1 2002

A representative sample is extracted 
from the gas stream under isokinetic 
conditions. The particulate matter is 
trapped by a quartz filter.

MCERTS

Heavy 
Metals

A61 BS EN 
14385:2004

A representative sample is extracted 
from the gas stream under isokinetic 
conditions. Particulate matter is trapped 
by a quartz filter and vapour phase 
metallic components are absorbed into 
acidic hydrogen peroxide.

MCERTS

Mercury A59 BS EN 
13211:2001

A representative sample is extracted 
from the gas stream under isokinetic 
conditions. Particulate matter is trapped 
by a quartz filter and vapour phase 
components are absorbed into acid 
dichromate solutions.

MCERTS

Dioxins and 
Furans, 
PCB

A47 BS EN 1948-
1:2006

A representative sample is extracted 
from the gas stream under isokinetic 
conditions. The Dioxins, Furans and 
PCBs are collected in an absorbent 
trap containing XAD-2 resin. To avoid 
contamination the adsorbent trap and 
XAD-2 resin are prepared by our organic 
laboratory prior to going to site. This 
involves, cleaning, drying and spiking with 
surrogate standards. 

MCERTS

PAH A46 ISO 11338-
1:2003

A representative sample is extracted 
from the gas stream under isokinetic 
conditions. The PAHs are collected in an 
absorbent trap containing XAD-2 resin. 
To avoid contamination the adsorbent 
trap and XAD-2 resin are prepared by our 
organic laboratory prior to going to site. 
This involves, cleaning, drying and spiking 
with surrogate standards. 

MCERTS

Table 3 - Extractive Sampling Reference Methods
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Parameter NWSS 
Method

Reference 
Method

Description Accreditation

Hydrogen 
Fluoride 

A64 ISO 
15713:2006

A representative sample is extracted 
from the gas stream, and vapour 
phase fluoride is absorbed into sodium 
hydroxide.

MCERTS

Hydrogen 
Chloride

A48 BS EN 
1911-1:1998

A representative sample is extracted 
from the gas stream. Vapour phase 
HCl components are collected into 
relevant absorbing solutions.

MCERTS

Ammonia A65 Based on 
BS EN 
14791:2005

A representative sample is extracted 
from the gas stream, and ammonia is 
absorbed into sulphuric acid.

MCERTS

Sulphur 
Dioxide

A62 BS EN 
14791:2005

A representative sample is extracted 
from the gas stream, and sulphur 
dioxide is absorbed into hydrogen 
peroxide.

MCERTS

Volatile 
Organic 
Compounds

A57 BS EN 
12619:1999

Direct measurement of VOC using a 
Flame Ionisation Detector (FID).

MCERTS

Volatile 
Organic 
Compounds

A58 BS EN 
13526:2002

Direct measurement of VOC using a 
Flame Ionisation Detector (FID). 

MCERTS

Volatile 
Organic 
Compounds

A58 BS EN 
13526:2002

Direct measurement of VOC using a 
Flame Ionisation Detector (FID). 

MCERTS

Table 3 - Extractive Sampling Reference Methods 

-- continued
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NWSS provided certified personnel to perform 
stack gas sampling, and all sample handling 
and record keeping relating to the stack gas 
sampling was solely their responsibility. Liquid 
and solids samples collected by Pacific Green 
Technologies staff were turned over to NWSS 
staff immediately upon collection. Samples were 
stored securely overnight and shipped to the 
NWSS lab the following day. 

Analytical Methods
The analytical methods proposed by 
Northumbrian Water Scientific Services are 
outlined in Table 4 on the following page. All 
methods are UKAS accredited.

Quality Control
Because standard methods are often vague 
or incomplete in specifying QC requirements, 
simply relying on the cited method to provide this 
information is usually insufficient. QC activities for 
the field and the laboratory include, but are not 
limited to, the use of blanks, duplicates, matrix 
spikes, laboratory control samples, surrogates, 
or second column confirmation. 

A Quality Assurance Project Plan was prepared 
prior to undertaking the project. There were no 
significant deviations from the plan and the data 
and results obtained met the plan’s data quality 
objectives.

 

SAMPLE HANDLING 
AND CUSTODY Determinant NWSS 

Method
Reference 
Method

Description UKAS 
Accred.

Particulates H174 BS EN 13284-1 Particulate matter is trapped on to a 
pre-weighed filter paper. The paper 
plus the particulate sample are dried, 
desiccated and weighed (P1). The 
sampling probe is rinsed with acetone 
and de-ionised water. The acetone/
water washings are filtered onto a pre-
weighed filter paper and after drying 
and desiccation the particulates are 
measured gravimetrically. (P2) The total 
particulate weight is equal to P1+P2.

YES

Heavy Metals 
(includes Hg)

H191 BS EN 14385 The sample is digested with HF. The 
digest is analysed by Inductively 
Coupled Plasma - MS.

YES

Halides H165 Manufacturers 
Instructions

Fluoride in the sample is analysed by 
ion chromatography.

YES

Hydrogen 
Chloride

H090 BS EN 1911 Chloride in the sample is separated by 
ion chromatography.

YES

Dioxins and 
Furans, PCBs

O55 BS EN 1948 Solvent extraction from sampling filter, 
XAD-2 resin and impinger solutions 
followed by extract clean up and 
analysis by high resolution GC/MS.

YES

PAHs O49 BS ISO 11338 Solvent extraction from sampling filter, 
XAD-2 resin and impinger solutions 
followed by extract clean up and 
analysis by high resolution GC/MS.

YES

Ammonia H152 Source 
Document In-
house

The samples from the impinger 
solutions are analysed for ammonia by 
using a Dionex ion chromatograph.

YES

Table 4 - Analytical Reference Methods
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Performance Test Results 
And Discussion
The performance testing took place on February 
14, 15 and 16, 2012. The continuous gas monitor 
calibrations were performed while the scrubber 
system was brought on line and warmed up to 
optimal operating conditions. Once that was 
accomplished, the periodic extractive gas 
sampling was started at both the inlet and outlet 

locations. The first sampling trains to run were 
the particulate and metals trains, which each 
sampled for two hours. The same inlet and 
outlet sampling ports were then used to sample 
for dioxins/furans/PCBs and PAHs (again two 
separate trains), with sampling continuing for 
six hours. Over this total time period, additional 
periodic sampling was conducted for acid gases 
(HCl, HF, SO2 and ammonia) from separate ports 
at the inlet and outlet. The results of the periodic 
sampling at the inlet and outlet, and the calculated 
removal efficiencies, are shown in Table 5. All 
results are corrected to one atmosphere, 0°C, 
dry basis and 11% oxygen.

Periodic Sampling Results
Examining Table 5, the particulate sampling 
results at the outlet show a decreasing trend from 
8.3 mg/Nm3 for Test 1 to 1.3 mg/Nm3 for Test 
3, with an average 99.5% removal efficiency. 
All three results are below the WID limit of 10 
mg/Nm3. The second and third tests are more 
indicative of the system’s capabilities, averaging 
approximately 2 mg/Nm3. Previous sampling at 
the outlet during the eight commissioning tests 
showed a similar pattern of decreasing outlet 
results as the testing progressed (see Figure 
4) indicating that there may be some start-up 
issues for the pilot-scale system after periods of 
inactivity. As well, the first particulate test at the 
inlet was the first time sampling was undertaken 
there (commissioning tests were at the outlet 
only) and the high concentrations encountered 
may have caused some inaccuracy in the result, 
which is substantially lower than the following two 
results. Using the most representative results (C3 
– C8, P2 and P3) produces an eight-test average 
concentration of 1.9 mg/Nm3 at the outlet and an 
average 99.9% removal efficiency.

Outlet Particulate Concentrations (mg/Nm3)
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Figure 4 - Outlet Particulate Test Result Trends
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Table 5 - Performance Test Periodic Results

Substance Monitored                    Run Units Date of 
Sampling 

Start and End 
Times   

Inlet 
Result     

Outlet 
Result     

Removal 
Efficiency

Average 
Removal 
Efficiency

Monitoring 
Method 

Reference

1767 1.9 99.9% BS EN 13284-1Representative Particulate Tests including Commissioning Tests 
C3 - C8 and Performance Tests P2 and P3 (mg/Nm3) Average Values

0.0013 91.2%

0.00061 96.7%

0.00031 99.0%

0.0000035 100.0%

0.0010 95.9%

0.0024 93.9%

98.6%2 15-Feb-12 12:50 - 18:50 0.017

3

13:45 - 19:45 0.018

12:10 - 18:10 0.010

PCB TEQs after GAC 
treatment

1 PCB Minimum TEQs - Average 
of WHO Birds, WHO Fish, and 

WHO Humans & Mammals 
(ng/Nm3)

14-Feb-12

16-Feb-12

3 16-Feb-12 12:10 - 18:10 0.010

2 15-Feb-12 12:50 - 18:50 0.017

0.0047

0.0075

0.013

PCB TEQs after GAC 
treatment

1 PCB Maximum TEQs - Average 
of WHO Birds, WHO Fish, and 

WHO Humans & Mammals 
(ng/Nm3)

14-Feb-12 13:45 - 19:45 0.018

1.2

2.0

16-Feb-12

12:10 - 18:10

15-Feb-12 12:50 - 18:50 1.3

1.3

12:10 - 18:10 1.2

93.7%

99.4%

0.0022

Dioxin and Furan TEQs 
after GAC treatment

1 Dioxin & Furan Maximum TEQs 
Average of ITEQ, WHO Birds, 

WHO Fish, and WHO Humans & 
Mammals (ng/Nm3)

14-Feb-12

2

3

13:45 - 19:45

Dioxin and Furan TEQs 
after GAC treatment

1 Dioxin & Furan Minimum TEQs 
Average of ITEQ, WHO Birds, 

WHO Fish, and WHO Humans & 
Mammals (ng/Nm3)

14-Feb-12

2 15-Feb-12

3 16-Feb-12

756

99.6%

<1.7 >99.4%

1.3

98.9%

99.8%

99.9%

n/a

n/a

BS EN 13284-11729

1806

<2.0 >99.3%

>99.0%

8.3

2.8

10:10 - 12:10

09:28 - 11:28

09:10 - 11:10

15-Feb-12

16-Feb-123

Particulate Matter 
(results minus 
uncertainty)

2

14-Feb-121

mg/Nm3

BS EN 1911

2963

158 <1.6

>99.2%2 15-Feb-12 11:15 - 12:15 287Hydrogen Chloride

14:39 - 15:39

16-Feb-12 09:10 - 10:10

14-Feb-121

mg/Nm3

0.0000018

14-Feb-12 18:30 - 19:30 <0.31 <1.2

0.57 <1.2

13:45 - 19:45 2.0

12:50 - 18:50

<0.41Hydrogen Fluoride

1

mg/Nm3

3 16-Feb-12 13:35 - 14:35

2 15-Feb-12 09:25 - 10:25

n/a

n/a

ISO 15713

<3.7 n/a BS EN 14791n/a

n/a<1.0 n/a

1.93

1.3 <3.0

2 15-Feb-12 14:25 - 15:25 <0.85

<2.9

Ammonia

17:15 - 18:15

16-Feb-12 12:20 - 13:20

14-Feb-121

mg/Nm3

Sulphur Dioxide

1

mg/Nm3

3

14-Feb-12 16:00 - 17:00 48 9.3

16-Feb-12 10:45 - 11:45 137

2 15-Feb-12 12:55 - 13:55 80 3.4 95.7%

80.8%

5.0 96.3%

99.9%2 15-Feb-12 09:25 - 11:25 1.3

0.00082 99.9%

99.7%

0.00078 99.9%

1.13

0.76 0.0020

Cadmium & Thallium 
and their compounds

10:10 - 12:10

16-Feb-12 09:10 - 11:10

14-Feb-121

mg/Nm3

Mercury and its 
compounds

1

mg/Nm3

3 0.0026 97.0%

14-Feb-12 10:10 - 12:10 0.024 0.0025

0.0019 94.2%

16-Feb-12 09:10 - 11:10 0.088

2 15-Feb-12 09:25 - 11:25 0.033

Sb, As, Pb, Cr, Co, Cu, 
Mn, Ni and V and their 
compounds

1

mg/Nm3

0.0074

27 0.033

09:25 - 11:25

14-Feb-12 10:10 - 12:10

16-Feb-12

14 0.050 99.6%

23 0.12 99.5%2 15-Feb-12

3 99.9%09:10 - 11:10

90.9%

99.7% BS EN 14385

99.8%

BS EN 14791

BS EN 1948

BS EN 14385

99.9%

100.0%

MID 1438593.6%

89.5%

99.4%

99.8%

99.5%

98.9%

PAHs - Naphthalene 
only (all other PAHs 
were below detection 
limits)

1

mg/Nm3

14-Feb-12

3 16-Feb-12 12:10 - 18:10

13:45 - 19:45

2 15-Feb-12 12:50 - 18:50 0.0011

<0.00034 0.0023 n/a

BS ISO 11338-1n/a0.00067 38.9%

0.0014 0.0016 n/a
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Table 5 Continued....

Substance Monitored                    Run Units Date of 
Sampling 

Start and End 
Times   

Inlet 
Result     

Outlet 
Result     

Removal 
Efficiency

Average 
Removal 
Efficiency

Monitoring 
Method 

Reference

1767 1.9 99.9% BS EN 13284-1Representative Particulate Tests including Commissioning Tests 
C3 - C8 and Performance Tests P2 and P3 (mg/Nm3) Average Values

0.0013 91.2%

0.00061 96.7%

0.00031 99.0%

0.0000035 100.0%

0.0010 95.9%

0.0024 93.9%

98.6%2 15-Feb-12 12:50 - 18:50 0.017

3

13:45 - 19:45 0.018

12:10 - 18:10 0.010

PCB TEQs after GAC 
treatment

1 PCB Minimum TEQs - Average 
of WHO Birds, WHO Fish, and 

WHO Humans & Mammals 
(ng/Nm3)

14-Feb-12

16-Feb-12

3 16-Feb-12 12:10 - 18:10 0.010

2 15-Feb-12 12:50 - 18:50 0.017

0.0047

0.0075

0.013

PCB TEQs after GAC 
treatment

1 PCB Maximum TEQs - Average 
of WHO Birds, WHO Fish, and 

WHO Humans & Mammals 
(ng/Nm3)

14-Feb-12 13:45 - 19:45 0.018

1.2

2.0

16-Feb-12

12:10 - 18:10

15-Feb-12 12:50 - 18:50 1.3

1.3

12:10 - 18:10 1.2

93.7%

99.4%

0.0022

Dioxin and Furan TEQs 
after GAC treatment

1 Dioxin & Furan Maximum TEQs 
Average of ITEQ, WHO Birds, 

WHO Fish, and WHO Humans & 
Mammals (ng/Nm3)

14-Feb-12

2

3

13:45 - 19:45

Dioxin and Furan TEQs 
after GAC treatment

1 Dioxin & Furan Minimum TEQs 
Average of ITEQ, WHO Birds, 

WHO Fish, and WHO Humans & 
Mammals (ng/Nm3)

14-Feb-12

2 15-Feb-12

3 16-Feb-12

756

99.6%

<1.7 >99.4%

1.3

98.9%

99.8%

99.9%

n/a

n/a

BS EN 13284-11729

1806

<2.0 >99.3%

>99.0%

8.3

2.8

10:10 - 12:10

09:28 - 11:28

09:10 - 11:10

15-Feb-12

16-Feb-123

Particulate Matter 
(results minus 
uncertainty)

2

14-Feb-121

mg/Nm3

BS EN 1911

2963

158 <1.6

>99.2%2 15-Feb-12 11:15 - 12:15 287Hydrogen Chloride

14:39 - 15:39

16-Feb-12 09:10 - 10:10

14-Feb-121

mg/Nm3

0.0000018

14-Feb-12 18:30 - 19:30 <0.31 <1.2

0.57 <1.2

13:45 - 19:45 2.0

12:50 - 18:50

<0.41Hydrogen Fluoride

1

mg/Nm3

3 16-Feb-12 13:35 - 14:35

2 15-Feb-12 09:25 - 10:25

n/a

n/a

ISO 15713

<3.7 n/a BS EN 14791n/a

n/a<1.0 n/a

1.93

1.3 <3.0

2 15-Feb-12 14:25 - 15:25 <0.85

<2.9

Ammonia

17:15 - 18:15

16-Feb-12 12:20 - 13:20

14-Feb-121

mg/Nm3

Sulphur Dioxide

1

mg/Nm3

3

14-Feb-12 16:00 - 17:00 48 9.3

16-Feb-12 10:45 - 11:45 137

2 15-Feb-12 12:55 - 13:55 80 3.4 95.7%

80.8%

5.0 96.3%

99.9%2 15-Feb-12 09:25 - 11:25 1.3

0.00082 99.9%

99.7%

0.00078 99.9%

1.13

0.76 0.0020

Cadmium & Thallium 
and their compounds

10:10 - 12:10

16-Feb-12 09:10 - 11:10

14-Feb-121

mg/Nm3

Mercury and its 
compounds

1

mg/Nm3

3 0.0026 97.0%

14-Feb-12 10:10 - 12:10 0.024 0.0025

0.0019 94.2%

16-Feb-12 09:10 - 11:10 0.088

2 15-Feb-12 09:25 - 11:25 0.033

Sb, As, Pb, Cr, Co, Cu, 
Mn, Ni and V and their 
compounds

1

mg/Nm3

0.0074

27 0.033

09:25 - 11:25

14-Feb-12 10:10 - 12:10

16-Feb-12

14 0.050 99.6%

23 0.12 99.5%2 15-Feb-12

3 99.9%09:10 - 11:10

90.9%

99.7% BS EN 14385

99.8%

BS EN 14791

BS EN 1948

BS EN 14385

99.9%

100.0%

MID 1438593.6%

89.5%

99.4%

99.8%

99.5%

98.9%

PAHs - Naphthalene 
only (all other PAHs 
were below detection 
limits)

1

mg/Nm3

14-Feb-12

3 16-Feb-12 12:10 - 18:10

13:45 - 19:45

2 15-Feb-12 12:50 - 18:50 0.0011

<0.00034 0.0023 n/a

BS ISO 11338-1n/a0.00067 38.9%

0.0014 0.0016 n/a

Hydrogen chloride is relatively easy to remove in 
a wet scrubber as long as a continuous supply 
of neutralizing agent is supplied so that the pH 
of the scrubbing solution does not drop to highly 
acidic levels. The results in Table 5 demonstrate 
this, with over 99% removal calculated based 
on detection limits for the outlet sampling. 
The average outlet concentration, based on 
detection levels, was <1.8 mg/Nm3, which is 
<18% of the WID limit of 10 mg/Nm3. The pH of 
the scrubbing solution was controlled manually, 
with small amounts of 15% hydrated lime slurry 
being added every few minutes whenever the 
pH dropped to 6.5 or lower. Automated control 
of continuous input for a larger system should 

increase the removal efficiency.

There was very little hydrogen fluoride in the flue 
gas at the inlet, measuring non-detect for two of 
the three test days. Continuous analysis of HF 
supported this. The concentrations measured at 
the outlet were all below detection limits as well. 
HF is similar to HCl in its ease of removal by wet 
scrubbing.

Ammonia results were similar in that the inlet and 
outlet concentrations were both very low with four 
out of the six results, including all of the outlet 
results, being below detection limits.
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Sulphur dioxide periodic test results 
demonstrated over 95% removal for the second 
and third tests and over 80% removal for the first 
test, which had the lowest inlet concentration. 
SO2 is harder to remove than HCl and HF as it is 
not as easily absorbed into water. Continuous gas 
monitoring corroborated that higher efficiencies 
were obtainable with higher inlet concentrations. 
The average of the outlet results was 12% of the 
WID limit of 50 mg/Nm3. 

The inlet and outlet results for metals sampled 
during performance testing are shown in Table 
5 in three groups: cadmium and thallium and 
their compounds; mercury and its compounds; 
and antimony, arsenic, lead, chromium, cobalt, 
copper, manganese, nickel and vanadium and 
their compounds. Since the scrubber system 
achieved very efficient particulate removal, 
metals that were present primarily in the solid 
phase (i.e. all except mercury) were also 
removed at high efficiency (>99.5% for all tests). 
The average outlet concentration for cadmium 
and thallium and their compounds was 0.0012 
mg/Nm3, which is 2.4% of the WID limit of 0.05 
mg/Nm3. The average outlet concentration for 
antimony to vanadium and their compounds was 
0.068 mg/Nm3, which is 13.5% of the WID limit of 
0.5 mg/Nm3. 

For mercury, which has a substantial vapour-
phase component, the removal efficiency was a 
bit lower, averaging 93.6%. The average outlet 
concentration for mercury and its compounds 
was 0.0023 mg/Nm3, which is 4.6% of the WID 
limit of 0.05 mg/Nm3. This result was achieved 
without granular activated charcoal (GAC) 
treatment, which would have removed more of 
the mercury vapour from the gas stream.

The results for dioxins and furans shown in 
Table 5 are expressed as toxic equivalents 
(TEQs) of the most toxic form of dioxin, 
2,3,7,8-tetrachlorodibenzodioxin. There have 
been several systems of TEQs developed over 
the years, including the International Toxic 
Equivalent (ITEQ) for dioxins and furans only, 
and the World Health Organisation (WHO) TEQs, 
which also include PCBs, and are now universally 
accepted. The WHO TEQs provide different TEQ 
factors for different classes of animals – fish, 
birds, and mammals (including humans), and 
the NWSS report included calculations for all of 
these. Table 5 shows the averages of all these 
TEQs for the inlet and GAC outlet samples, based 
on the dioxin, furan and PCB analyses. The 
averages are reported on both a maximum TEQ 
and minimum TEQ basis, the difference being in 
how non-detected congeners of the compounds 
are treated. To calculate maximum TEQs, the 
detection limit of the compound was used when 
there was none detected; in other words it was 
assumed that the compound was present at the 
detection limit. For the calculation of minimum 
TEQs, zero was used when there was none of 
the compound detected, which produces slightly 
lower TEQs.

The GAC outlet average dioxin/furan TEQs for the 
three tests ranged from a minimum average TEQ 
of 0.0000018 ng/Nm3 for Test 2 to a maximum 
average TEQ of 0.013 ng/Nm3 for Test 3. The 
three-test average of minimum average dioxin/
furan TEQs was 0.0032 ng/Nm3, while the three-
test average of maximum average dioxin/furan 
TEQs was 0.0084 ng/Nm3. These are 3.2% and 
8.4%, respectively, of the WID TEQ limit of 0.1 
ng/Nm3. The removal efficiencies of average 
dioxin/furan TEQs were 99.4% using maximum 
TEQs and 99.8% using minimum TEQs.
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The GAC outlet average PCB TEQs for the three 
tests ranged from a minimum average TEQ of 
0.0000035 ng/Nm3 for Test 2 to a maximum 
average TEQ of 0.0024 ng/Nm3, also for Test 2. 
The three-test average of minimum average PCB 
TEQs was 0.00031 ng/Nm3, while the three-test 
average of maximum average dioxin/furan TEQs 
was 0.0016 ng/Nm3. These are 0.3% and 1.6%, 
respectively, of the WID TEQ limit of 0.1 ng/Nm3. 
The removal efficiencies of average PCB TEQs 
were 93.7% using maximum TEQs and 98.6% 
using minimum TEQs. The somewhat lower 
removal efficiencies for PCB TEQs as compared 
to dioxin/furan TEQs is largely due to the much 
lower (100x) inlet concentrations for PCB TEQs.

Table 5 also shows the inlet and outlet sampling 
results for polycyclic aromatic hydrocarbons 
(PAHs). Of the 16 PAHs analysed, only 
naphthalene was detected and it was present 
only at very low levels.

Continuous Monitoring Results
The results of continuous monitoring at the inlet 
and outlet for O2, H2O, CO, NOx, SO2, HCl, HF, 
NH3 and VOCs are presented graphically for the 
three performance test days in the following six 
figures from Figure 5 to Figure 10. All non-oxygen 

results are corrected to standard conditions 
and 11% oxygen. While this provides a valid 
means for comparison between data, it can also 
produce spikes in the results when the oxygen 
concentration increases due to sample ports 
being opened or brief calibration checks. These 
artifacts of oxygen correction have been removed 
from the data and show up as brief interruptions 
in the graph lines. Other interruptions in the data 
are due either to sampling system issues or 
temporary power problems.

The most interesting aspect of the continuous data 
is the variability in the inlet gas concentrations of 
HCl and SO2 as opposed to the relatively stable 
and much lower concentrations measured at the 
outlets. For example, in Figure 5 over the period 
from 14:30 to 15:30, the inlet SO2 concentration 
rises significantly to approximately 300 mg/
Nm3 and then falls back to less than 100 mg/
Nm3. However, the outlet concentrations during 
the same period in Figure 6 show stable SO2 
concentrations of approximately 7 mg/Nm3. The 
HCl traces for the same period are similar, with 
the inlet concentration peaking at 550 mg/Nm3 
and the outlet concentration remaining steady at 
about 1 mg/Nm3.

After the graphs, Table 6 provides hourly 
averages of each gas sampled at the inlet and 
outlet.
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Figure 5 - Inlet Continuous Gas Measurement, Performance Test 1 Figure 6 - Outlet Continuous Gas Measurement, Performance Test 1

Figure 8 - Outlet Continuous Gas Measurement, Performance Test 2Figure 7 - Inlet Continuous Gas Measurement, Performance Test 2
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Figure 9 - Inlet Continuous Gas Measurement, Performance Test 3 Figure 10 - Outlet Continuous Gas Measurement, Performance Test 3
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Table 6 - CEM Hourly Averages of 

Inlet and Outlet Gases

Combustion Gas Emission Data from Scrubber Inlet @ Reference Conditions
Oxygen Oxides of Water

Nitrogen as NO2 Vapour
14-Feb-12 (%) (mg/Nm 3 ) (%)

09:00 - 09:58 13.4 25 75 1.1 188 < 0.5 385 1.2 11.7
10:04 - 10:59 12.9 22 80 0.83 213 < 0.5 353 0.9 13.2
11:00 - 11:59 13.5 32 77 0.7 195 < 0.5 300 1.1 11.5
12:00 - 12:59 13.5 34 91 0.45 212 < 0.5 359 1.0 11.5
13:00 - 13:59 13.5 34 78 0.48 181 < 0.5 424 0.9 11.6
14:00 - 14:59 14.0 39 150 6.4 219 < 0.6 408 1.0 10.7
15:00 - 15:59 14.0 44 100 8.1 200 < 0.6 348 1.1 11.2
16:00 - 16:41 13.8 40 86 8.4 202 < 0.6 308 1.1 11.7
18:11 - 18:59 12.7 20 127 7.1 195 < 0.5 391 1.3 12.8
19:00 - 19:30 13.0 31 70 6.8 174 < 0.5 269 2.2 11.2
15-Feb-12

09:00 - 09:59 13.3 18 138 0.37 147 < 0.5 221 0.5 8.7
10:00 - 10:59 14.1 38 184 0.42 149 < 0.6 307 0.4 8.5
11:00 - 11:18 13.7 40 68 4.0 131 < 0.5 164 0.4 11.2
13:41 - 13:59 13.6 23 123 6.8 178 < 0.5 359 0.0 11.0
14:00 - 14:59 13.3 9 111 6.8 211 < 0.6 387 0.1 12.1
15:00 - 15:45 13.1 10 92 6.8 184 < 0.5 360 < 0.0 10.6
16:47 - 16:59 12.6 19 86 7.2 185 < 0.5 309 < 0.0 9.0
17:00 - 17:59 12.8 20 85 7.3 215 < 0.6 289 < 0.0 9.3
18:00 - 18:30 13.5 11 59 8.0 222 < 0.6 249 < 0.0 10.0
16-Feb-12

09:00 - 09:58 13.7 6 167 7.9 373 < 0.5 275 0.2 9.1
10:00 - 10:58 14.8 5 165 8.3 398 < 0.6 271 0.1 9.0
11:00 - 11:59 14.6 0 348 8.7 494 < 0.6 275 0.5 7.6
13:00 - 13:59 13.2 5 195 6.7 327 < 0.5 241 0.2 9.0
14:00 - 14:59 13.7 27 64 7.3 186 < 0.5 292 0.2 9.4
15:00 - 15:59 13.9 19 60 7.7 145 < 0.6 253 0.2 10.6
16:00 - 16:59 14.1 21 82 7.9 147 < 0.6 311 0.3 10.6
17:00 - 18:00 14.3 20 65 8.5 146 < 0.6 306 0.4 9.4

Combustion Gas Emission Data from Scrubber Outlet @ Reference Conditions
14-Feb-12

09:00 - 09:59 16.3 33 12 < 0.6 233 < 0.8 2.5 1.4 7.7
10:00 - 10:59 16.7 31 9 < 0.6 257 < 0.9 1.2 1.3 6.9
11:00 - 11:59 17.0 38 8 < 0.7 242 < 1.0 1.0 1.3 6.7
12:00 - 12:59 16.3 34 9 < 0.6 263 < 0.9 0.9 0.8 7.9
13:00 - 13:58 16.3 37 8 < 0.6 222 < 0.9 1.3 0.5 7.5
14:00 - 14:59 17.1 37 7 < 0.7 267 < 1.1 0.7 0.6 6.7
15:00 - 15:59 17.1 44 7 < 0.7 241 < 1.1 0.4 0.5 6.5
17:00 - 17:59 17.5 37 7 < 0.8 241 1.2 < 0.1 0.3 6.0
18:00 - 18:59 16.6 22 7 < 0.6 244 < 0.9 < 0.1 0.1 6.6
19:00 - 19:30 16.8 28 6 < 0.7 213 < 1.0 < 0.1 < 0.0 6.2
15-Feb-12

09:30 - 09:59 16.4 24 14 1.7 255 < 0.9 1.0 0.5 6.1
10:01 - 10:59 17.0 49 11 < 0.8 244 < 1.0 1.5 0.5 5.8
11:00 - 11:59 16.5 40 11 < 0.6 217 1.0 1.2 0.4 8.0
12:00 - 12:59 16.2 32 9 < 0.6 223 < 0.8 1.1 0.2 7.6
13:00 - 13:59 16.4 33 9 0.8 225 < 0.8 0.9 0.2 6.9
14:00 - 14:59 16.1 19 10 1.7 247 < 0.8 0.9 0.1 7.5
15:00 - 15:59 16.2 19 8 2.7 214 < 0.8 0.6 0.1 7.2
16:00 - 16:59 16.8 28 8 6.0 216 < 0.9 0.7 < 0.0 6.6
17:00 - 17:59 17.0 33 9 7.1 230 1.0 < 0.1 < 0.0 6.4
18:00 - 18:30 16.8 24 8 6.3 245 1.1 < 0.1 < 0.0 6.9
16-Feb-12

09:00 - 09:59 16.6 33 12 4.3 234 1.0 1.9 0.3 7.4
10:00 - 10:59 16.9 37 10 4.9 252 1.0 1.6 0.3 7.0
11:00 - 11:59 16.6 31 9 6.3 253 1.0 1.2 0.1 7.2
12:00 - 12:59 16.5 22 8 7.2 245 1.0 1.3 0.1 7.2
13:00 - 13:59 16.6 21 9 2.6 249 1.0 1.4 < 0.0 7.2
14:00 - 14:59 17.2 39 10 < 0.8 256 1.1 1.5 < 0.0 7.0
15:00 - 15:59 16.4 28 8 < 0.6 256 < 0.9 1.4 < 0.0 7.7
16:00 - 16:59 15.9 23 10 < 0.6 228 < 0.8 0.9 < 0.0 8.7
17:00 - 18:00 16.5 34 9 < 0.6 257 < 0.9 0.8 < 0.0 8.3

(mg/Nm 3 ) (mg/Nm 3 )(mg/Nm 3 ) (mg/Nm 3 ) (mg/Nm 3 ) (mg/Nm 3 )
Monoxide Dioxide Carbon Fluoride Chloride
Carbon Sulphur VOC as Hydrogen Hydrogen Ammonia
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Table 6 continued - CEM Hourly 

Averages of Inlet and Outlet Gases

Combustion Gas Emission Data from Scrubber Inlet @ Reference Conditions
Oxygen Oxides of Water

Nitrogen as NO2 Vapour
14-Feb-12 (%) (mg/Nm 3 ) (%)

09:00 - 09:58 13.4 25 75 1.1 188 < 0.5 385 1.2 11.7
10:04 - 10:59 12.9 22 80 0.83 213 < 0.5 353 0.9 13.2
11:00 - 11:59 13.5 32 77 0.7 195 < 0.5 300 1.1 11.5
12:00 - 12:59 13.5 34 91 0.45 212 < 0.5 359 1.0 11.5
13:00 - 13:59 13.5 34 78 0.48 181 < 0.5 424 0.9 11.6
14:00 - 14:59 14.0 39 150 6.4 219 < 0.6 408 1.0 10.7
15:00 - 15:59 14.0 44 100 8.1 200 < 0.6 348 1.1 11.2
16:00 - 16:41 13.8 40 86 8.4 202 < 0.6 308 1.1 11.7
18:11 - 18:59 12.7 20 127 7.1 195 < 0.5 391 1.3 12.8
19:00 - 19:30 13.0 31 70 6.8 174 < 0.5 269 2.2 11.2
15-Feb-12

09:00 - 09:59 13.3 18 138 0.37 147 < 0.5 221 0.5 8.7
10:00 - 10:59 14.1 38 184 0.42 149 < 0.6 307 0.4 8.5
11:00 - 11:18 13.7 40 68 4.0 131 < 0.5 164 0.4 11.2
13:41 - 13:59 13.6 23 123 6.8 178 < 0.5 359 0.0 11.0
14:00 - 14:59 13.3 9 111 6.8 211 < 0.6 387 0.1 12.1
15:00 - 15:45 13.1 10 92 6.8 184 < 0.5 360 < 0.0 10.6
16:47 - 16:59 12.6 19 86 7.2 185 < 0.5 309 < 0.0 9.0
17:00 - 17:59 12.8 20 85 7.3 215 < 0.6 289 < 0.0 9.3
18:00 - 18:30 13.5 11 59 8.0 222 < 0.6 249 < 0.0 10.0
16-Feb-12

09:00 - 09:58 13.7 6 167 7.9 373 < 0.5 275 0.2 9.1
10:00 - 10:58 14.8 5 165 8.3 398 < 0.6 271 0.1 9.0
11:00 - 11:59 14.6 0 348 8.7 494 < 0.6 275 0.5 7.6
13:00 - 13:59 13.2 5 195 6.7 327 < 0.5 241 0.2 9.0
14:00 - 14:59 13.7 27 64 7.3 186 < 0.5 292 0.2 9.4
15:00 - 15:59 13.9 19 60 7.7 145 < 0.6 253 0.2 10.6
16:00 - 16:59 14.1 21 82 7.9 147 < 0.6 311 0.3 10.6
17:00 - 18:00 14.3 20 65 8.5 146 < 0.6 306 0.4 9.4

Combustion Gas Emission Data from Scrubber Outlet @ Reference Conditions
14-Feb-12

09:00 - 09:59 16.3 33 12 < 0.6 233 < 0.8 2.5 1.4 7.7
10:00 - 10:59 16.7 31 9 < 0.6 257 < 0.9 1.2 1.3 6.9
11:00 - 11:59 17.0 38 8 < 0.7 242 < 1.0 1.0 1.3 6.7
12:00 - 12:59 16.3 34 9 < 0.6 263 < 0.9 0.9 0.8 7.9
13:00 - 13:58 16.3 37 8 < 0.6 222 < 0.9 1.3 0.5 7.5
14:00 - 14:59 17.1 37 7 < 0.7 267 < 1.1 0.7 0.6 6.7
15:00 - 15:59 17.1 44 7 < 0.7 241 < 1.1 0.4 0.5 6.5
17:00 - 17:59 17.5 37 7 < 0.8 241 1.2 < 0.1 0.3 6.0
18:00 - 18:59 16.6 22 7 < 0.6 244 < 0.9 < 0.1 0.1 6.6
19:00 - 19:30 16.8 28 6 < 0.7 213 < 1.0 < 0.1 < 0.0 6.2
15-Feb-12

09:30 - 09:59 16.4 24 14 1.7 255 < 0.9 1.0 0.5 6.1
10:01 - 10:59 17.0 49 11 < 0.8 244 < 1.0 1.5 0.5 5.8
11:00 - 11:59 16.5 40 11 < 0.6 217 1.0 1.2 0.4 8.0
12:00 - 12:59 16.2 32 9 < 0.6 223 < 0.8 1.1 0.2 7.6
13:00 - 13:59 16.4 33 9 0.8 225 < 0.8 0.9 0.2 6.9
14:00 - 14:59 16.1 19 10 1.7 247 < 0.8 0.9 0.1 7.5
15:00 - 15:59 16.2 19 8 2.7 214 < 0.8 0.6 0.1 7.2
16:00 - 16:59 16.8 28 8 6.0 216 < 0.9 0.7 < 0.0 6.6
17:00 - 17:59 17.0 33 9 7.1 230 1.0 < 0.1 < 0.0 6.4
18:00 - 18:30 16.8 24 8 6.3 245 1.1 < 0.1 < 0.0 6.9
16-Feb-12

09:00 - 09:59 16.6 33 12 4.3 234 1.0 1.9 0.3 7.4
10:00 - 10:59 16.9 37 10 4.9 252 1.0 1.6 0.3 7.0
11:00 - 11:59 16.6 31 9 6.3 253 1.0 1.2 0.1 7.2
12:00 - 12:59 16.5 22 8 7.2 245 1.0 1.3 0.1 7.2
13:00 - 13:59 16.6 21 9 2.6 249 1.0 1.4 < 0.0 7.2
14:00 - 14:59 17.2 39 10 < 0.8 256 1.1 1.5 < 0.0 7.0
15:00 - 15:59 16.4 28 8 < 0.6 256 < 0.9 1.4 < 0.0 7.7
16:00 - 16:59 15.9 23 10 < 0.6 228 < 0.8 0.9 < 0.0 8.7
17:00 - 18:00 16.5 34 9 < 0.6 257 < 0.9 0.8 < 0.0 8.3

(mg/Nm 3 ) (mg/Nm 3 )(mg/Nm 3 ) (mg/Nm 3 ) (mg/Nm 3 ) (mg/Nm 3 )
Monoxide Dioxide Carbon Fluoride Chloride
Carbon Sulphur VOC as Hydrogen Hydrogen Ammonia



Pacific Green Technologies  
ENVI-Clean™ and ENVI-Pure™ 
emission control technologies 
have delivered world class 
emission abatement in the 
thermal power, waste to energy 
and biomass market sectors. 
Their ability to cost-effectively 
remove a broad spectrum of 
pollutants to levels significantly 
below the regulated limits moves 
Pacific Green Technologies toward 
its objective of supplying the 
world with clean and sustainable 
energy now, and into the future.

Conclusion
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