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Wood, 57% 

Landclearing, 2% 

Paper, <1% 

Plastic, 
6% 

Concrete, 4% 

Metals, 2% 

Brick, 1% 

Asphalt Products, 6% 

Miscellaneous Building 
Material, 7% 

Glass and Ceramics, 
<1% 

Rubble/Soil, 11% 

Household 
Garbage, <1% 

Textiles, <1% 

Bulky Items, <1% 

Rubber, <1% 

Miscellaneous, 1% 

Wood, 54% 

Landclearing, 2% Paper, <1% Plastic, 4% 

Concrete, 5% 

Metals, 2% 

Brick, 1% 

Asphalt Products, 8% 

Miscellaneous Building 
Material, 3% 

Glass and Ceramics, 
<1% 

Rubble/Soil, 19% 

Household Garbage, 
<1% 

Textiles, <1% 
Bulky Items, <1% 

Rubber, <1% 

Miscellaneous, <1% 
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Wood, 66% 

Landclearing, 3% 

Paper, <1% 

Plastic, 2% 

Concrete, 4% 
Metals, 2% 

Brick, 2% 

Asphalt Products, 5% 

Miscellaneous Building 
Material, 5% 

Glass and 
Ceramics, 

<1% 

Rubble/Soil, 11% 

Household Garbage, 
<1% 

Textiles, <1% 
Bulky Items, <1% 

Rubber, <1% 

Miscellaneous, <1% 
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Wood, 61% 

Landclearing, 2% 

Paper, <1% 

Plastic, 1% 

Concrete, 5% 

Metals, 2% 

Brick, 2% 

Asphalt Products, 6% 

Miscellaneous Building 
Material, 2% 

Glass and 
Ceramics, <1% 

Rubble/Soil, 18% 

Household 
Garbage, <1% 

Textiles, <1% Bulky Items, <1% 

Rubber, <1% Miscellaneous, <1% 
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during waste incineration may only be possible to a limited extent.
It is however possible to influence these processes in order to
reduce pollutant emissions, for example by using measures such as
furnace design, air distribution and control engineering.

During incineration, flue gases (CO2, H2O, O2, N2) are generated
that contain the majority of the available fuel energy as heat.
Depending on the composition of the material incinerated and on
the operating conditions, smaller amounts of CO, HCl, HF, HBr, HI,
NOX, SO2, VOCs, PCDD/F, PCBs and heavy metal compounds are
formed or remain (BREF, 2006). Nevertheless, waste incineration
can be an environmentally friendly method if it is combined with
energy recovery, control of emissions and an appropriate disposal
method for the ultimate waste. Depending on the combustion
temperatures during the main stages of incineration, volatile heavy
metals and inorganic compounds (e.g. salts) are totally or partly
evaporated. These substances are transferred from the input waste
to both the flue gas and the fly ash. Waste incinerators produce

a higher gas volume for the same feed rate in comparison with
gasification, pyrolysis and plasma-based systems working under
substoichiometric conditions. The gas cleaning equipment scales
accordingly. The proportions of solid residue (fly and bottom ash,
slag, filter dust, other residues from the flue gas cleaning e e.g.
calcium or sodium chlorides e and sludge from waste water
treatment) vary greatly according to the waste type and detailed
process design. In MSW incinerators, the bottom ash constitutes
approximately 25e30 % by weight of the solid waste input.
Additional treatment can improve bottom ash characteristics and
would allow its use in concrete aggregates and other construction
materials. In particular, vitrification receives a lot of attention as
a promising technology for the transformation of MSW bottom
ash into inert materials. However, since vitrification is an energy-
intensive process involving high costs, its use can only be justi-
fied if a high-quality product can be fabricated. Research in this
field is ongoing (Schabbach et al., 2012). Fly ash quantities are much

Fig. 1. Waste-to-Energy technologies, based on (Kaltschmitt and Reinhardt, 1997).

Table 3
Characteristics of the main thermochemical conversion technologies (based on Kolb and Seifert (2002)).

Pyrolysis Gasification Combustion Plasma treatment

Aim Maximize thermal
decomposition of solid
waste into coke, gases
and condensed phases

Maximize waste
conversion into high
calorific fuel gases

Maximize waste conversion
into high temperature
flue gases

Maximize waste conversion
into high calorific fuel gases
and an inert solid slag phase

Temperature [!C] 250e900 500e1800 800e1450 1200e2000
Pressure [bar] 1 1e45 1 1
Atmosphere Inert/nitrogen Gasification agent: O2, H2O Air Gasification agent: O2, H2O

Plasma gas:O2, N2, Ar
Stoichiometric ratio 0 <1 >1 <1

Products from the process:
Gas phase H2, CO, H2O, N2,

hydrocarbons
H2, CO, CO2, CH4, H2O, N2 CO2, H2O, O2, N2 H2, CO, CO2, CH4, H2O, N2

Solid phase Ash, coke Slag, ash Ash, slag Slag, ash
Liquid phase Pyrolysis oil, water
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during waste incineration may only be possible to a limited extent.
It is however possible to influence these processes in order to
reduce pollutant emissions, for example by using measures such as
furnace design, air distribution and control engineering.

During incineration, flue gases (CO2, H2O, O2, N2) are generated
that contain the majority of the available fuel energy as heat.
Depending on the composition of the material incinerated and on
the operating conditions, smaller amounts of CO, HCl, HF, HBr, HI,
NOX, SO2, VOCs, PCDD/F, PCBs and heavy metal compounds are
formed or remain (BREF, 2006). Nevertheless, waste incineration
can be an environmentally friendly method if it is combined with
energy recovery, control of emissions and an appropriate disposal
method for the ultimate waste. Depending on the combustion
temperatures during the main stages of incineration, volatile heavy
metals and inorganic compounds (e.g. salts) are totally or partly
evaporated. These substances are transferred from the input waste
to both the flue gas and the fly ash. Waste incinerators produce

a higher gas volume for the same feed rate in comparison with
gasification, pyrolysis and plasma-based systems working under
substoichiometric conditions. The gas cleaning equipment scales
accordingly. The proportions of solid residue (fly and bottom ash,
slag, filter dust, other residues from the flue gas cleaning e e.g.
calcium or sodium chlorides e and sludge from waste water
treatment) vary greatly according to the waste type and detailed
process design. In MSW incinerators, the bottom ash constitutes
approximately 25e30 % by weight of the solid waste input.
Additional treatment can improve bottom ash characteristics and
would allow its use in concrete aggregates and other construction
materials. In particular, vitrification receives a lot of attention as
a promising technology for the transformation of MSW bottom
ash into inert materials. However, since vitrification is an energy-
intensive process involving high costs, its use can only be justi-
fied if a high-quality product can be fabricated. Research in this
field is ongoing (Schabbach et al., 2012). Fly ash quantities are much

Fig. 1. Waste-to-Energy technologies, based on (Kaltschmitt and Reinhardt, 1997).

Table 3
Characteristics of the main thermochemical conversion technologies (based on Kolb and Seifert (2002)).

Pyrolysis Gasification Combustion Plasma treatment

Aim Maximize thermal
decomposition of solid
waste into coke, gases
and condensed phases

Maximize waste
conversion into high
calorific fuel gases

Maximize waste conversion
into high temperature
flue gases

Maximize waste conversion
into high calorific fuel gases
and an inert solid slag phase

Temperature [!C] 250e900 500e1800 800e1450 1200e2000
Pressure [bar] 1 1e45 1 1
Atmosphere Inert/nitrogen Gasification agent: O2, H2O Air Gasification agent: O2, H2O

Plasma gas:O2, N2, Ar
Stoichiometric ratio 0 <1 >1 <1

Products from the process:
Gas phase H2, CO, H2O, N2,

hydrocarbons
H2, CO, CO2, CH4, H2O, N2 CO2, H2O, O2, N2 H2, CO, CO2, CH4, H2O, N2

Solid phase Ash, coke Slag, ash Ash, slag Slag, ash
Liquid phase Pyrolysis oil, water
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Cost Analysis of Biomass for Power Generation

2.1  BIOMASS COMBUSTION  
TECHNOLOGIES

Direct combustion of biomass for power generation is 
a mature, commercially available technology that can 
be applied on a wide range of scales from a few MW 
to 100 MW or more and is the most common form of 
biomass power generation. Around the globe, over 
90% of the biomass that is used for energy purposes 
goes through the combustion route. Feedstock 
availability and costs have a strong influence on 
project size and economics, since with increasing 
scale the increased transport costs for the biomass 
feedstock may outweigh economies of scale from 

larger plants. However, this is very project-specific 
and pre-treatment (e.g. torrefaction) to achieve higher 
energy densities can help to reduce this impact and 
allow larger-scale plant. 

There are two main components of a combustion–
based biomass plant: 1) the biomass-fired boiler that 
produces steam; and 2) the steam turbine, which is 
then used to generate electricity. 

The two most common forms of boilers are stoker and 
fluidised bed (see Box 1). These can be fuelled entirely 
by biomass or can be co-fired with a combination of 
biomass and coal or other solid fuels (EPA, 2008).
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lower, generally 1e5 % by weight of the input (EMIS, 2010). Fly ash
immobilization is required in order tomake it environmentally safe
for landfill disposal.

The incineration sector has undergone rapid technological
development over the last 10e15 years. Much of this change has
been driven by legislation specific to the industry. The application
and enforcement of modern emission standards stands as an
example. The use of modern pollution control technologies has
reduced emissions to air to levels at which pollution risks from
waste incinerators are now considered to be very low (BREF,
2006). Continuous process development is ongoing, with the
sector developing techniques which limit operating costs and at the
same time maintaining or improving environmental performance.
The 4th generation WtE plant that has been built by Amsterdam’s
Afval Energie Bedrijf (AEB) in the Netherlands offers a leading
example of how incinerators can attain both a high energy and
material recovery. The net electrical efficiency is expected to
reach>30%, as opposed to the 22e26% net electrical efficiency of
current state-of-the-art incineration plants. Process data obtained
for one year of operation (09/2009e09/2010) show a net electrical
efficiency between 20% and 31% (Van Berlo, 2010) which confirms it
is possible to meet the high expectations but not continuously.
Furthermore, it was not reported whether the plant was continu-
ously operating under full load. Bottom ash is treated in a slag
reprocessing pilot plant facility where valuable metals (Al, Cu, Fe)
are recovered and the bottom ash residue is processed into gran-
ulate for the construction industry. Fly ash is separated in the
electro-filter and can be used in asphalt concrete. In one of the flue
gas treatment steps, acids react with limestone (CaCO3). This
stream is further processed into a purified calcium chloride salt
solution (used for road de-icing). Gypsum is another byproduct of
the flue gas treatment, it can be used in the production of building
materials, plaster blocks, and plasterboard walls. The available data
did not allow to judge the effectiveness and maturity of the above-
mentioned techniques. The authors expect to obtain more detailed
information in future published results of the AEB’s waste treat-
ment facility in Amsterdam.

The three main incinerator types are grate incinerators, rotary
kilns and fluidized beds. Table 4 summarizes the key features of
these three incinerator types. More detailed process descriptions

can be found elsewhere (BREF, 2006; BREF, 2010; Limerick, 2005;
UBA, 2001). The detailed design of a waste incineration plant will
change according to the type of waste that is being treated. Key
drivers are the chemical composition, physical and thermal char-
acteristics of the waste together with the variability of these
parameters. Processes designed for a narrow range of specific
inputs can usually be optimized to a larger extent than those that
receive wastes with greater variability. This in turn enables
improvements to be made in process stability and environmental
performance, and may allow a simplification of downstream
operations such as flue gas cleaning. As flue gas cleaning is often an
important contributor to overall incineration costs (i.e. 15e35% of
the total capital investment) this can lead to a significant cost
reduction. The external costs of pretreatment, or the selective
collection of certain wastes, can however add substantially to the
overall costs of waste management and to emissions from the
entire waste management system. Within the context of ELFM,
screening and characterization of landfilled material is of crucial
importance. This step allows to sort out the recyclable fraction
but it also provides information about the waste composition and
its heterogeneity, which are both very important in determining
the appropriate treatment technique and process conditions.
Elsewhere in this journal issue, this topic is discussed in more
detail (Quaghebeur et al., in this issue).

3.2. Gasification

Gasification is a partial oxidation of organic substances at
elevated temperature (500e1800 !C) to produce a synthesis gas.
This synthesis gas or syngas can be used as a feedstock for the
chemical industry (through some reforming processes), or as a fuel
for efficient production of electricity and/or heat (UBA, 2001). The
synthesis gas contains CO, CO2, H2, H2O, CH4, trace amounts of
higher hydrocarbons such as ethane and propane, inert gases
originating from the gasification agent and various contaminants
such as small char particles (Bridgwater, 1994). A gasifier can use
air, oxygen, steam, carbon dioxide or a mixture of these as gasifi-
cation agents. Air gasification produces a low-energy gas
(4e7 MJ Nm"3 NCV), while oxygen gasification produces
a medium-energy gas (10e18 MJ Nm"3 NCV) (Helsen, 2000).

Table 4
Process characteristics of the three main incinerator types (based on BREF (2006)).

Grate incinerator Rotary kiln Fluidized bed

Process
description

The grate moves the
waste through the various
zones of the combustion
chamber (tumbling motion)

Cylindrical vessel located
on rollers which allow
the kiln to rotate/oscillate
around its axis, waste is
conveyed by gravity

Lined combustion chamber in
the form of a vertical cylinder,
the lower section consists of a
bed of inert material which is
fluidized with air, waste is
continuously fed into the fluid
sand bed

Commonly
applied for

Mixed municipal wastes,
possible additions: commercial
and industrial non-hazardous
wastes, sewage sludge,
clinical wastes

Hazardous and clinical
waste

Finely divided wastes
(e.g. RDF, sewage sludge)

Process
temperature

850e1100 !C 850e1300 !C Freeboard: 850e950 !C
Bed: 650 !C (or higher)

Remarks Most widely applied - very robust, allows the incineration of
solid, liquid, gaseous wastes and sludges

- to increase the destruction of toxic
compounds, a post-combustion
chamber is usually added

3 types:
- bubbling: commonly used for
sludges (sewage and (petro)chemical)

- circulating: especially appropriate
for the incineration of dried sewage
sludge with high calorific value

- rotating: allows for wide range of calorific
value of fuels (co-combustion of sludges
and pretreated wastes)
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The energy required to drive reactions 1 through 3 is commonly provided through partial oxidation, as 

shown in equations 6 and 9. The high rates of heat transfer achievable during the partial oxidation 

process within the gasifier are such that this process is often considered an autothermal method of 

gasification. Often, between 20 and 30 percent of the feed mass flow is consumed to provide the 

energy needed to pyrolyze the feed and complete the gasification of the pyrolytic products.  

These reactions will not be discussed in further detail, but it is important to note that the range of 

reactions present provides the opportunity, through additional process controls, to produce products 

that can be made for specific uses. This carbon monoxide/hydrogen ratio can be varied under different 

reaction conditions. 

 While not significant when considering gasification of MSW, the reactions involved in gasification are 

useful in understanding the distinction between air fed gasification and pyrolysis.  Pyrolysis does not 

have such a reactive step; hence its gaseous yield is produced in a smaller range and typically cannot 

be used for anything other than direct combustion.  

Air fed gasification systems can provide clean, reliable power and while meeting the emission 

requirements to qualify as a green energy source when fired with properly prepared and formulated 

renewable fuels[10, 11, 12].  The process by which this standard of operation can be accomplished is 

comprised of 5 stages, as described below and shown in Figure 4.   

 Fig. 4  Process diagram for an air fed RDF gasification power plant using a heat recovery boiler and steam turbine to 

generate electrical power. 
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Cost Analysis of Biomass for Power Generation

One of the key characteristics of gasifiers, in addition 
to the producer gas they produce, is the size range 
to which they are suited. Fixed bed downdraft 
gasifiers do not scale well above around 1 MWth 
in size due to the difficulty in maintaining uniform 

reaction conditions (Lettner, 2007). Fixed bed updraft 
gasifiers have fewer restrictions on their scale while 
atmospheric and pressurised fluidised bed and 
circulating bed, and entrained flow gasifiers can 
provide large-scale gasification solutions.9 

9 The entrained flow gasifier is based on even higher velocities in the reactor where the material is picked up and carried off in the airflow. 
They aren’t considered here, as there principle benefits of larger scale-up make feedstock sourcing problematic. Other options provide the 
scale required for biomass power generation
10  See for instance http://www.volund.dk/solutions_references/gasification_solutions

Fixed bed gasifiers
Fixed bed gasifiers typically have a grate to support 
the gasifying biomass and maintain a stationary 
reaction bed. They are relatively easy to design and 
operate and generally experience minimum erosion of 
the reactor body. 

There are three types of fixed bed designs: 

»  In an updraft fixed bed gasifier, biomass 
enters at the top of the reactor and the 
reactive agent (i.e. air, steam and/or oxygen) 
below the grate. The producer gas, together 
with tars and volatiles, exits from the top 
while chars and ashes fall through the grate 
(at the bottom). These gasifiers are often 
used for direct heating, but gas clean-up can 

remove the relatively high levels of tar and 
other impurities to allow electricity generation 
or CHP, albeit with increased capital costs.10 
Slagging problems can also arise if high-ash 
biomass is used. 

»  In a downdraft fixed bed gasifier, the biomass 
and the reactive agent are introduced at the 
top of the reactor and the tars pass through 
the oxidation and charcoal reduction zones, 
meaning levels of tar in the gas are much 
lower than in updraft gasifiers. They tend to 
require a homogenous feedstock to achieve 
the best results.

»  Cross-draft fixed bed gasifiers are similar to 
downdraft gasifiers and are often used to 
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)0/)+*%!C)+!+:0110.-1!:0/)(!,.-(20-!'+11!)+295!:+(2'1!2-3!,2-!@+!,28(<*+3!@5!2!8*.8+*!

&KF! 151(+:! @<(! *+103<+! (*+2(:+-(! 01! *+;<0*+3%! Z0:0'2*! (.! 0-,0-+*2(0.->! ()+*:2'!

3+,.:8.10(0.-!.6!()+!(*+2(+3A820-(+3!4..3!421(+!01!<-7-.4-!2-3!9+*5!,.:8'0,2(+3!(.!

3+(+*:0-+%!



! "S!

 

[% J21060,2(0.-d!()01!(+,)-.'./5!3+2'1!40()!(+,)-0,2'!,.:8'0,2(0.-1%!F2'.*060,!92'<+>!:.01(<*+!

,.-(+-(!2-3!(58+!.6!4..35!:2(+*02'1!2-3!,.-(2:0-2(0.-1!.6!()+!NOIP1!4..3!421(+!,2-!

0-6'<+-,+!.-!()+!;<2'0(5!.6!()+!15-/21!8*.3<,+3!@5!()+!8*.,+11%!K'21:2!/21060,2(0.-!421!

-.(! 6<''5! ,.9+*+3! 0-! ()+! eJ21060,2(0.-f! 1+,(0.-! 3<+! (.! 0::2(<*0(5! .6! ()+! (+,)-.'./5>!

).4+9+*>! 0(! 01!301,<11+3! 0-! ()+!e&103+d! B-(+*+1(0-/!C+,)-.'./0+1f! 1+,(0.-!.6! ()+! *+8.*(%!!

C)01! (+,)-.'./5! :0/)(! )2-3'+! )+295! :+(2'1! ,.-(2:0-2(0.-1h! ).4+9+*>! 0(! 01! 9+*5!

+?8+-109+%! Z0:0'2*! (.! 85*.'5101! 2-3! 0-,0-+*2(0.->! ()+*:2'! 3+,.:8.10(0.-! .6! ()+!

(*+2(+3A820-(+3!4..3!421(+!01!<-7-.4-%!!

!

B3+-(0650-/! ()+! @+1(! ()+*:2'! (+,)-.'./5! 2-3! 8*.60(2@0'0(5! .6! ()+! 62,0'0(5!:0/)(! -.(! @+! 8.110@'+%!

C)+!:20-!*+21.-1!2*+!21!6.''.41d!

!

• F)+:01(*5! .6! ()+! (*+2(+3A820-(+3! 4..3! 421(+! 2(! ()+! N2-,.<9+*! O2-360''! 01! <-7-.4-h!

2,,.*30-/'5>!()+!,.:8.10(0.-!.6!()+!+:0110.-1!2-3!21)A*+103<+1!01!<-7-.4-%!C)+*+6.*+>!

03+-(0650-/! 1<0(2@'+! &KF! 151(+:1! 2-3! 21)A*+103<+! (*+2(:+-(! :+().31! :0/)(! -.(! @+!

8.110@'+%!

• U:0110.-!,.-(*.'!2-3!21)A*+103<+!(*+2(:+-(!:<1(!@+!,.-103+*+3!3066+*+-('5!6*.:!,21+!(.!

,21+!6.*!()+!3066+*+-(!()+*:2'!:+().31%!

• &! 6+4! *+1+2*,)! )29+! @++-! ,.-3<,(+3! .-! 288'0,2@0'0(5! .6! 85*.'5101! 6.*! (*+2(0-/! ()+!

(*+2(+3A820-(+3! 4..3>! ()+*+6.*+>! 0(! 01! -.(! 2! 8*.9+-! (+,)-.'./5! (.! (*+2(! ()01! (58+! .6!

:2(+*02'1%!

! *



! "#!

!"#$%&'("#')*#+),-$"..-#+*/("#' 

$%&'! (%)%*+,+)-! ,.%,! /+)+! %--+--+0! ,1! +2%34%,+! ,.+! ,.)++! 51'2+)-&1'! ,+5.'1316&+-7!

&'5&'+)%,&1'7!6%-&8&5%,&1'!%'0!(9)139-&-:!

!

• ;4&,%<&3&,9!18!,.+!=>?@-!/110!/%-,+A!

• B((3&5%<&3&,9!18!,+5.'1316&+-!81)!,.+!=>?@-!/110!/%-,+A!

• C88&5&+'59!18!+'+)69!)+512+)9!D/&,.!51*<&'+0!EFGHA!

• C'2&)1'*+',%3!&*(%5,-!D%&)!+*&--&1'!%'0!%-.I<&15.%)I)+-&04+-HA!%'0!

• G)18&,%<&3&,9!81)!,.+!=>?J!!

!

K1'+!18!,.+!()1(1-+0!,+5.'1316&+-!/&33!<+!()18&,%<3+!12+)!LM!9+%)-!18!,.+!8%5&3&,9!3&8+J!N.+!*%&'!

8&'%'5&%3! (%)%*+,+)-! ,.%,! &'834+'5+! ,.+! KG=! 18! ,.+! 8%5&3&,9! %)+! 5%(&,%3! %'0! 1(+)%,&'6! O!

*%&',+'%'5+!51-,-!,.%,!%)+!2+)9!+P(+'-&2+!%'0!4'()+0&5,%<3+!04+!,1!&**%,4)&,9!18!,.+!()15+--!

1)!)+Q4&)+0!+P,+'-&2+!%&)!(1334,&1'!51',)13!-9-,+*-!%'0!%-.I)+-&04+!,)+%,*+',!-,%6+J!

!

R2+)%337! ,.+! %4,.1)! 51'5340+-! ,.%,! %3,.146.7! &'5&'+)%,&1'7! 6%-&8&5%,&1'! %'0! (9)139-&-! ()15+--+-!

*%9!5%4-+!4'()+0&5,%<3+!%'0!4'-132%<3+!()1<3+*-!/.+'!,.+!EEBS,)+%,+0!/110!/%-,+! &-!4-+07!

'+/!0+2+31(*+',-! &'!,.+-+!,+5.'1316&+-!*&6.,!()12&0+!-4&,%<3+!%'0!<+'+8&5&%3!-134,&1'-!,1!%&)!

(1334,&1'!%'0!%-.I)+-&04+!51',%*&'%,&1'!&'!,.+!84,4)+J!!

)

01-)*&/1"2)"33-2')1-2)2-$"..-#+*/("#')/")/1-)3"%%"4(#5'6)

• E&,9!18!=%'5142+)!

• TE!U12+)'*+',!

• VTE!

)

,-$"..-#+*/("#')/")/1-)!(/7)"3)8*#$"&9-26)

)

:1"2/)0-2.6)

• W+,%&3!&0+',&89&'6!5.+*&-,)9!18!,.+!,)+%,+0I(%&',+0!/110!/%-,+!%,!,.+!=>?!

• X0+',&89!,.+)*%3!%'0!(.9-&5%3!()1(+),&+-!18!,.+!,)+%,+0I(%&',+0!/110!/%-,+!%,!,.+!=>?!

• E11(+)%,+!/&,.! 5+*+',!%'0!(43(!*&33! (3%',-!%-! ,.+9!*%9!<+! &',+)+-,+0! &'! ,.&-! ,9(+!18!



! "a!

:2(+*02'1!21!2!6<+'!

• G+;<0*+!*+103+-(02'!2-3!,.::+*,02'!,<1(.:+*1!2!@+((+*!1+/*+/2(0.-!6.*!()+!4..3!421(+!

6*.:! ()+! .()+*! HOF!:2(+*02'1! .()+*401+>! ()+5! *+,+09+! 2! 60-+%! G+/<'2(0.-! ,2-! @+!:.*+!

+66+,(09+!()2-!0-,+-(09+1!.-!()+!8<@'0,>!*+1+2*,)!.-!@+)290.*2'!62,(.*1!()2(!2'1.!,2-!@+!

288'0+3! (.!+-+*/5!1290-/!1).41! ()2(!2-! 0-30903<2'!/+(1!:.*+!<81+(! 06!)+A1)+! '.1+1!_SW!

()2-!/+(1!)2885!(.!40-!_SW%!!C)01!,.-,+8(!01!*+6+**+3!(.!21!'.11!29+*10.-%!!!

• F..8+*2(+! 40()! *+103+-(02'! 2-3! ,.::+*,02'! ,.-1(*<,(0.->! *+-.92(0.-! g! 3+:.'0(0.-!

1+,(.*!21!4+''! 21!4..3!g! 6<*-0(<*+! 0-3<1(*5! (.!82*(0,082(+! 0-!8*.8+*'5! 1+/*+/2(0-/!2-3!

()+!4..3!421(+!2-3!<(0'0D0-/!/*++-!:2(+*02'1!0-!,.-1(*<,(0.-!

• K*.8+*'5! 1.*(! 2-3! 1,*++-! ()+! 4..3! 421(+! 2-3! *+,.*30-/! ()+! :2/-0(<3+! .6! ()+!

(*+2(+3A820-(+3!4..3!421(+!

• F..8+*2(0-/! 40()! .()+*! :<-0,082'0(0+1! 2-3! 8*092(+! *+,5,'+*1! 1<,)! 21! U,.421(+! 2-3!

=2*9+1(!K.4+*!(.!60-3!()+!@+1(!1.'<(0.-1!

!

A$7*/.5<B*

• C27+!()+!-+?(!1(+81!(.</)+*!2-3!:.*+!3+(+*:0-+3!(.!60-3!()+!@+1(!425!(.!(*+2(!()01!(58+!

.6!:2(+*02'1!

• F.-3<,(!:.*+!*+1+2*,)!.-!2'(+*-2(09+!309+*10.-!(+,)-.'./0+1!1<,)!21!*+,5,'0-/>!,)+:0,2'!

+?(*2,(0.->! '0;<+62,(0.->!,)+'2(0.-!2-3!2-2+*.@0,!30/+1(0.-!(.!(*+2(!()+!(*+2(+3A820-(+3!

4..3!421(+!2(!()+!NOI!

• F..8+*2(+!40()!XEF!(.!,.-3<,(!:.*+!*+1+2*,)!.-!()+!()+*:2'!(+,)-.'./0+1>!82*(0,<'2*'5!

.-! +:0110.-! ,.-(*.'! 2-3! *+103<+! (*+2(:+-(! 6.*! 3+,.:8.10-/! .6! ()+! (*+2(+3A820-(+3!

4..3!421(+!

• E+!:.*+!8*.2,(09+>! 82*(0,082(0-/!.*! ,.-3<,(0-/!-2(0.-2'! 2-3! 0-(+*-2(0.-2'! ,.-6+*+-,+1!

.-!()01!(.80,!

!

?+01*/.5<B*

• I<-3>!'.2-!2-3!0-,+-(09+1!6*.:!()+!/.9+*-:+-(!(.!2((*2,(!()+!8*092(+!1+,(.*1!!

• F.-3<,(!2!8*.8+*!60-2-,02'!2-2'5101!(.!3+(+*:0-+!2!6+210@'+!(0880-/!6++!6.*!()+!HOF!

• &17! 6.*! ,*+30(1! .*! 6<-31! 6*.:! ()+! /.9+*-:+-(! 6.*! ()+*:2'! .*! .()+*! 309+*10.-!

(+,)-.'./0+1!6.*!()+!NOZP1!4..3!421(+!

• &17!6.*!:.*+!_A74)!6.*!()+!+'+,(*0,0(5!8*.3<,+3!@5!YCU!62,0'0(5!6*.:!EF!=53*.!



! "`!

• U?8'.*+!8.110@'+!:2*7+(1!40()!2!)0/)+*!12'+!8*0,+! 6.*!)+2(!2-3!1(+2:!8*.3<,+3!@5! ()+!

()+*:2'!62,0'0(5!!

• O2*/+*! 62,0'0(0+1! 2*+! :.*+! 6+210@'+! ()2-! 1:2''+*! .-+1>! ,.:@0-0-/! ()+! (*+2(+3A820-(+3!

4..3!421(+!2,*.11!]+(*.!N2-,.<9+*! ,2-!8*.903+! '2*/+*!:2/-0(<3+!.6! 6++31(.,7! 6.*! 2!

62,0'0(5!()2(!,2-!:27+!()+!8*.b+,(!:.*+!6+210@'+!L+,.-.:0+1!.6!1,2'+!0-30,2(+!()2(!'2*/+*!

62,0'0(0+1!(+-3!(.!)29+!'.4+*!,280(2'!2-3!.8+*2(0-/!,.1(1!8+*!2--<2'!3+10/-!(.--+M!

• U?8'.*+! 3+,.-(2:0-2(0.-! :+().31! 2-3! :2*7+(! 6.*! @5V8*.3<,(1! .6! 85*.'5101! .*!

/21060,2(0.-!8*.,+11!

!

C.%+<<.07&($+0*(+*(-.*D@*E+6.50<.0(B*

*

F-+5(*/.5<B*

• ]27+!*+/<'2(0.-1!.-!1.*(0-/!2-3!1+/*+/2(0-/!2,,.*30-/!(.!()+!(58+1!.6!4..3!421(+!

• F.--+,(!2''!:<-0,082'0(0+1!21!4+''! 21!8*092(+! 1+,(.*1! 0-!]+(*.!N2-,.<9+*! (.! *+,.*3!

2-3! 03+-(065! ()+!+?2,(!:2/-0(<3+!2-3!,)+:01(*5!.6! ()+! ,.-(2:0-2(+3!4..3!421(+!

@+0-/!8*.3<,+3!0-!]+(*.!N2-,.<9+*!(.!/+(!0-10/)(!<-3+*1(2-30-/!2@.<(!()01!(58+!.6!

421(+!

!

A$7*/.5<B*

• &''.,2(+!6<-31!2-3!0-,+-(09+1!.-!,.-3<,(0-/!*+1+2*,)!2(!2,23+:0,!0-1(0(<(0.-1!

• B3+-(065! -+4! /<03+'0-+1! 2-3! 1(2-32*31! @21+3! .-! 3+(20'+3! 1,0+-(060,! 8*..61! 6.*!

309+*10.-!:+().31!.6!(*+2(+3A820-(+3!4..3!421(+!

• C27+!()+!'+23+*1)08! 0-!(*+2(0-/!()+!,.-(2:0-2(+3!4..3!421(+h!3+60-0(+'5>!309+*10.-!

.6!()+!,.-(2:0-2(+3!4..3!421(+!01!.-+!0:8.*(2-(!1(+8!(.42*31!i+*.!Y21(+!/.2'%!

• B-90(+!-2(0.-2'!2-3!0-(+*-2(0.-2'!+?8+*(1!2-3!8*.6+110.-2'1!(.!1)2*+!()+0*! 03+21!2-3!

60-3! 1.'<(0.-1>! ).'30-/!-2(0.-2'! 2-3! 0-(+*-2(0.-2'! ,.-6+*+-,+1!:25!@+!2-!+66+,(09+!

288*.2,)!

• F*+2(+!.-+!8*.2,(09+!/*.<8!.6!+?8+*(1!(.!4.*7!(./+()+*!2-3!1)2*+!()+0*!7-.4'+3/+!

2-3!1<//+1(0.-1!

*

?+01*/.5<B*

• \+/.(02(+!40()!+'+,(*0,0(5!2-3!)+2(!/+-+*2(0-/!.*/2-0D2(0.-1!1<,)!21!EF!=53*.!2-3!



! ""!

I.*(01!EF!6.*!)0/)+*!12'+!8*0,+1!.6!()+!+'+,(*0,0(5!2-3!)+2(!8*.3<,+3!@5!YCU!62,0'0(0+1!

• F..8+*2(+!40()!8*092(+! 1+,(.*!2-3!2''.,2(0-/! 6<-31!2-3! '.2-1! (.!82*(0,082(+! 0-! ()01!

60+'3!

• B6!EF!1<,,++31!0-!:2-2/0-/!()+!,.-(2:0-2(+3!4..3!421(+>!0(!40''!@+!()+!.-'5!.-+!0-!

F2-232!.*!+9+-!()+!4.*'3%!C)01!01!2!/*+2(!.88.*(<-0(5!(.!0-(*.3<,+!()01!8*.90-,+!(.!

)0(! 2! *+,.*3! -.(! b<1(! 6.*! 0(1! @+2<(06<'! 1,+-+*5! @<(! 2'1.! 6.*! 0(1! /*+2(! 4..3! 421(+!

:2-2/+:+-(%!C)01!40''!@+!2!/*+2(!+?2:8'+!6.*!.()+*!8*.90-,+1!0-!F2-232!2-3!.()+*!

,.<-(*0+1!2*.<-3!()+!4.*'3%!B-!()01!,21+>!-+4!@<10-+11+1!2-3!0-9+1(:+-(!2*+21!:25!

@+!,*+2(+3!0-!EF%!

*

C.%+<<.07&($+0=*(+*GD@*

I.*(<-2(+'5>! XEF! 8.11+11+1! +?,+''+-(! 2,23+:0,! 1(266! 2-3! )2*3V4.*70-/! 2-3! ,<*0.<1! 1(<3+-(1h!

()<1>! ()01! 8'2,+! ,2-! /09+! 2! /*+2(! .88.*(<-0(5! (.! ,.-3<,(! :.*+! *+1+2*,)! .-! ()01! (.80,! 2-3!

82*(0,082(+! 0-! 60-30-/!2-! 0--.92(+! 1.'<(0.-1! (.! ()01!403+18*+23! 011<+%! C)+!2<().*! *+,.::+-31!

()+!6.''.40-/1!(.!XEF!6.*!(270-/!()+!'+23+*1)08!0-!()01!2*+2d*

• &''.,2(+! 6<-31! 2-3! '.2-1! (.! 4.*7! .-! ()01! 60+'3! ,2-! )+'8! N2-,.<9+*! (.! *+2,)! ()+!

eJ*++-+1(!F0(5f!/.2'1%!C)+!2<().*!,2-!1++!2!/*+2(!,)2-,+!6.*!XEF!(.!@+!2!'+23+*!0-!

()01!425%!

• I0-3!8*092(+!2-3!8<@'0,!.*/2-0D2(0.-1!2-3!0-1(0(<(0.-1!(.!0-9+1(!0-!()01!2*+2!

• &''.,2(+!2!/*.<8!.6!+?8+*(1!2-3!1(<3+-(1!(.!,.-3<,(!*+1+2*,)!.-!()01!(.80,!

• F.-3<,(! -2(0.-2'! 2-3! 0-(+*-2(0.-2'! ,.-6+*+-,+1! 2-3! 0-90(+! 2''! 8*.6+110.-2'! 2*.<-3!

()+!4.*'3! (.! 1)2*+! ()+0*! 03+21>! 03+-(065!8.110@'+! 1.'<(0.-1!2-3!30903+! ()+! (2171! 06! 0(!

421!-++3+3!

!



! #WW!

*

!"".07$%.=*



! #W#!

!"".07$H*I*

!"".07$H*!*I*@&=.*F(97)*

!" B-,0-+*2(0.-*
#" J21060,2(0.-*
$" K5*.'5101*

*

!"#$"%&'($)"*
• E<*-2@5!YCU!I2,0'0(5>!E*0(01)!F.'<:@02>!F2-232!

• Y..3!I0*+3!F.:@0-+3!=+2(!2-3!K.4+*!K'2-(>!J+*:2-5!

• &*-.'31(+0-!K'2-(>!&<1(*02!

!

D950&')*J/4*K&%$#$()L*D5$($=-*@+#9<'$&L*@&0&7&*

C)+!YCU! 62,0'0(5! 01! .4-+3! @5! ]+(*.! N2-,.<9+*! 2-3! 01! .8+*2(+3! 2-3! :20-(20-+3! @5! F.92-(2!

E<*-2@5!G+-+42@'+!U-+*/5>!XOF!0-!E<*-2@5%!C)01!62,0'0(5!1(2*(+3!.8+*2(0-/!0-!#"``%!C)+!I2,0'0(5!

*+,+09+1! 0(1! 6++31(.,7! L]ZYM!8*0:2*0'5! 6*.:! ()+!F0(0+1! .6! E<*-2@5>!\+4!Y+1(:0-1(+*! 2-3! ()+!

\.*()!Z).*+!2(!288*.?0:2(+'5!$`W>WWW!(.--+1!2--<2''5!L]+(*.!N2-,.<9+*>!$W#SM%!

!

K..7=(+%M*"5+".5($.=*&07*5.N9$5.<.0(=B!!

]ZY!01!()+!:20-!6++31(.,7%!C)+*+!:25!@+!2!:0-0:2'!8*+V8*.,+110-/!.-!421(+!1<,)!21!1)*+330-/!

.6!'2*/+!0(+:1!@<(!()+*+!01!-.!1+82*2(0.-!8*.,+11%!

*

/.%-0+#+1)B**

C)+!421(+! 01! (*2-16+**+3! 6*.:! 2! @<-7+*! (.! 2! ,.:@<1(0.-! ,)2:@+*%! C)*++!]2*(0-!J:@=!:211!

@<*-!@.0'+*1!8*.903+!1(+2:!2(![%Q!]K2A[SWjF!1<8+*)+2(+*!.<('+(!,.-30(0.-1!40()!()+!,282,0(5!.6!

2@.<(! $`W>WWW! (.--+1! 8+*! 5+2*%! C)+! (0880-/! 2-3! @<-7+*! 2*+2! 01! :20-(20-+3! <-3+*! -+/2(09+!

8*+11<*+!2-3!20*!(.!,.-(*.'!.3.*%!U'+,(*.-0,!,.:@<1(0.-!151(+:1!2*+!0:8'+:+-(+3!0-(.!2''!/*2(+!

151(+:1!(.!+-1<*+!2!,.:8'+(+!,.:@<1(0.-!01!2,)0+9+3%!Z+,.-32*5!20*!01!2'1.!233+3!(.!()+!151(+:!

(.! 8*.903+! 1<660,0+-(! .?5/+-! 6.*! ,.:@<1(0.-! 8*.,+11! L&UF^]! F2-232! O(3%>! $WW"M! LF.92-(2>!

$W#cM%!



! #W$!

*

C)+!(+:8+*2(<*+! 0-103+!()+!6<*-2,+! 01!:.*+!()2-!#>WWWj!F+'10<1! L]+(*.!N2-,.<9+*>!$W#SM%!C)+!

)+2(! 6*.:! ,.:@<1(0.-! 8*.,+11! @.0'1! 42(+*! 2-3! 1(+2:! 8*.3<,+3! 3*09+1! 2! (<*@0-+! (.! /+-+*2(+!

+'+,(*0,0(5%! C)01! 62,0'0(5! /+-+*2(+1! caW! 7Y)! .6! +'+,(*0,0(5! 2-3! aQW! 7Y)! .6! 1(+2:! 8+*! (.--+! .6!

421(+%!E.((.:!21)! L*+103<+!.6!,.:@<1(0.-M!,2-!@+!8*.,+11+3! (.!+?(*2,(!:+(2'1!2-3! 01!<1+3!21!
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Figure 13. Typical Mass Burn WTE Facility Cross-Section 
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CASE STUDY: 2 MWEL BIOMASS GASIFICATION PLANT IN GÜSSING (AUSTRIA) 

(x) flue gas filter, and 
(xi) flue gas (gas engine) cooler. 
 

 

Figure 2 Schematic flow diagram of the biomass power plant in Guessing 
(Source: T. Pröll, April 2004) 

The characteristics of the Güssing power plant are as follows (see Table 1): 

Table 1 Characteristics of the Güssing biomass CHP power plant 

Type of plant Demonstration project 
Fuel input power 8.000 kW 
Electrical output 2.000 kW 
Thermal output 4.500 kW 
Electrical efficiency 25,0 % 
Thermal efficiency 56,3 % 

Electrical/thermal output 0,44 
Total efficiency 81,3 % 
 

Description of the gasification technique 

The gas production reactor was developed together by the Institute of Chemical 
Engineering (Technical University of Vienna) and by AE Energietechnik and is 
internationally known under the name of FICFB-gasification system (fast internally 
circulating fluidized bed gasifier). 

The fundamental idea of this gasification system is to physically separate the gasification 
reaction and the combustion reaction in order to gain a largely nitrogen-free product gas. 
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The overall capital cost for the pyrolysis plant was approximately $230 M ($165 million USD, $1998) 

(Stantec, 2010). 
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causes organic material in the MSW to dissociate into syngas. The syngas is processed to remove 
water vapour and other trace contaminants, so that it can be used for power generation, heating or 
as a chemical feedstock.  

The Thermoselect technology (which is licensed to JFE Environmental Solutions Corp. of Japan 
and Interstate Waste Solutions of the United States) is one gasification technology used to treat 
MSW. As of 2009, there were six plants operating in Japan which utilize the Thermoselect 
technology to treat MSW.[24] 

Figure 2-8 provides a conceptual overview of a high temperature waste gasification process used to 
treat MSW, based on the Thermoselect process. 

Figure 2-8: Conceptual Overview of a High Temperature Waste Gasifier[25] 

 
Source: Thermoselect. 2003. Thermoselect  High Temperature Recycling. Accessed  February 3, 2010. 
http://www.thermoselect.com/index.cfm?fuseaction=Verfahrensuebersicht&m=2 
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Exhibit 33: Jurisdictional Review

: Regulations, Standards, G
uidelines Applicable to Solid W

aste Disposal 

Title & D
escription of R

egulations, Standards, or G
uidelines for D

isposal 
C

ategory 
Sector 

Voluntary or 
M

andatory 
British C

olum
bia 

 
 

 
Environm

ental M
anagem

ent Act (EM
A) and the W

aste D
ischarge R

egulation require site specific authorization for w
aste disposal, in a 

m
unicipal landfill or incinerator 

Landfills and 
Incineration 

All Sectors 
M

 

W
ood R

esidue Burner and Incinerator R
egulation under the EM

A established the phase-out dates (D
ec 2016) and operating conditions for all 

types of specified burners used in BC
 and sets em

ission lim
its and fees for the discharge of associated particulate m

atter for all burner 
facilities in the province. There is a supporting C

ode of Practice for this R
egulation targeting IC

I sector. 
Incineration 

IC
I 

w
ood 

M
 

O
pen Burning Sm

oke C
ontrol R

egulation restrict open burning of: tires, treated lum
ber, plastics, dryw

all, dem
olition w

aste, rubber, dom
estic 

w
aste, paint, asphalt products, hazardous w

aste, fuel, and debris burning from
 land clearing and harvesting. 

O
pen Burning 

All Sectors 
M

 

The Landfill C
riteria for M

unicipal Solid W
aste docum

ent addresses the siting, design, operation and perform
ance requirem

ents for three 
classifications of landfills: sanitary landfills; m

odified sanitary landfills; and selected w
aste landfills. M

andatory if included in a site-specific 
landfill authorization. 

Landfills 
M

SW
 

V/M
 

Landfill G
as M

anagem
ent R

egulation: province-w
ide criteria for LFG

 capture from
 m

unicipal solid w
aste landfills, and identification of 

opportunities to increase LFG
 recovery. The regulation phases in new

 requirem
ents for LFG

 capture that take into account econom
ic and 

technical feasibility requirem
ents and associated im

plications for landfill ow
ners.  

Landfill gas 
M

SW
 

M
 

C
ode of Practice for Industrial N

on-H
azardous W

aste Landfills Incidental to the W
ood Processing Industry (including logging operations, 

m
anufacturing lum

ber, w
ood or m

illw
ork products).   The code of practice is a results-based regulation requiring all landfills to register their 

facility, provide financial security and prepare a conceptual closure plan, an annual report and a final closure plan, w
hile large w

ood w
aste 

landfills are also required to prepare a w
aste characterization report, a design plan and an operation plan. 

Landfills 
IC

I 
w

ood 
M

 

C
oncrete and C

oncrete Products Industry C
ode of Practice - establishes province-w

ide standards for w
aste discharge from

 this industry.  It 
includes the m

anagem
ent of w

aste solids —
 as w

ell as registration, m
onitoring, record keeping and enforcem

ent. 
Landfills 

IC
I 

concrete 
M

 

The C
om

bustion of M
unicipal Solid W

aste FactSheet provides guidance on em
ission lim

its and other operating param
eters.  

Incineration 
All Sectors 

V 
C

onsiderations for the Inclusion of W
aste!to!Energy Facilities (W

TE) in Solid W
aste M

anagem
ent Plans inform

ation sheet provides guidance 
regarding an efficiency threshold that distinguishes betw

een disposal and energy recovery. 
Incineration 

All Sectors 
V 

Alberta 
 

 
 

Alberta’s W
aste C

ontrol R
egulation under the Environm

ental Protection and Enhancem
ent Act outlines the requirem

ents for w
aste 

m
anagem

ent including: certification of operators; burning, disposing and transporting hazardous w
aste and hazardous recyclables. The 

W
aste C

ontrol R
egulation is supported by standards and codes of practice for both com

posting and landfills. 
Landfills 

All Sectors 
M

 

Standards for Landfills in Alberta, 2010 – detailed siting, design, operation, m
onitoring and reporting, post closure requirem

ents for large 
landfills. D

eveloped w
ith a m

ulti-stakeholder steering com
m

ittee. 
Landfills 

All Sectors 
M

 

C
ode of Practice for Landfills – includes siting and design requirem

ents for landfills accepting less than 10,000 tonnes/yr of non-hazardous 
w

aste, as w
ell as m

onitoring and reporting requirem
ents. Landfills of this size do not need a provincial approval to operate, but they m

ust 
register w

ith the province before beginning construction. 
Landfills 

All Sectors 
M

 

C
ode of Practice for Energy R

ecovery, 2005 includes design, operation, and em
ission requirem

ents to be m
et as w

ell as all outlines 
m

onitoring and reporting obligations.  R
equired inform

ation on fuel produced by the facility is also included in the C
ode. 

EFW
 

All Sectors 
M

 

C
ode of Practice for Sm

all Incinerators, 2005 includes design, operation, and em
ission requirem

ents to be m
et as w

ell as outlines sam
pling 

m
ethods to fulfill m

onitoring and reporting obligations.   
Incinerators 

All Sectors 
M

 

Provincial Energy Strategy - Bioenergy Producer C
redit Program

 - the program
 provides incentives to develop a w

ide variety of bioenergy 
products including fuels, pow

er and heat, in support of the R
enew

able Fuels Standard.  The program
 includes the production of biogas, 

w
hich uses feedstocks like agricultural anim

al w
aste (m

anure), food w
aste from

 the IC
I sector, and m

unicipal organic w
aste. 

EFW
 

All Sectors 
V 
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Table 1: Proposed Revisions to Emission Criteria for Municipal Solid Waste Incineration in British Columbia 

Contaminant Concentration 
Units 

RECOMMENDED EMISSION LIMITS (Facilities Processing >400 kg/h) CURRENT EMISSION LIMITS (1991) 

C: Continuous  
P: Periodic (1) 

Daily 
Average Average Period and Monitoring Method Half Hourly 

Average 
Average Period and  
Monitoring Method 

Facilities 
processing 
>400 kg/h 

Average Period Monitoring Method 

Total Particulate Matter 
(TPM) mg/Rm3 @ 11% O2 P (C optional) 10 

Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance with 
standard methods, or as the arithmetic average of 24 hours 
of data from a continuous emissions monitoring system. 

20 
1/2 hour average as 
determined by a continuous 
emissions monitoring system 

20 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Carbon Monoxide (CO) mg/Rm3 @ 11% O2 C 50 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance with 
standard methods, or as the arithmetic average of 24 hours 
of data from a continuous emissions monitoring system. 

100 
1/2 hour average as 
determined by a continuous 
emissions monitoring system 

55 4-hour rolling average Continuous 
Monitoring 

Sulphur Dioxide (SO2) mg/Rm3 @ 11% O2 C 50 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance with 
standard methods, or as the arithmetic average of 24 hours 
of data from a continuous emissions monitoring system. 

190 
1/2 hour average as 
determined by a continuous 
emissions monitoring system 

250 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Nitrogen Oxides  
(NOx as NO2) 

mg/Rm3 @ 11% O2 C 190 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance with 
standard methods, or as the arithmetic average of 24 hours 
of data from a continuous emissions monitoring system. 

350 
1/2 hour average as 
determined by a continuous 
emissions monitoring system 

350 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Hydrogen Chloride (HCl) mg/Rm3 @ 11% O2 C 10 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance with 
standard methods, or as the arithmetic average of 24 hours 
of data from a continuous emissions monitoring system. 

60 
1/2 hour average as 
determined by a continuous 
emissions monitoring system 

70 8-hour rolling average Continuous 
Monitoring 

Hydrogen Fluoride (HF) mg/Rm3 @ 11% O2 P/C 1 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance with 
standard methods, or as the arithmetic average of 24 hours 
of data from a continuous emissions monitoring system. 

4 
1/2 hour average as 
determined by a continuous 
emissions monitoring system 

3 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Total Hydrocarbons  
(as CH4)(2) mg/Rm3 @ 11% O2 N.D. N.D. N.D. 40 

To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Organic Matter (as CH4) mg/Rm3 @ 11% O2 C N.D. 70 

Calculated as a 1/2 hour 
average at the outlet of the 
secondary chamber before 
dilution with any other gaseous 
stream, measured by a CEMS 

N.D. 

VOCs (reported as Total 
Organic Carbon) mg/Rm3 @ 11% O2 C 10 Calculated as the arithmetic average of 24 hours of data 

from a continuous emissions monitoring system. 20 
1/2 hour average as 
determined by a continuous 
emissions monitoring system 

N.D. 

Arsenic (As) µg/Rm3 @ 11% O2 P 4 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance 
with standard methods. 

N.D. 4 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Cadmium (Cd) µg/Rm3 @ 11% O2 P 14 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance 
with standard methods. 

N.D. 100 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 
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Contaminant Concentration 
Units 

RECOMMENDED EMISSION LIMITS (Facilities Processing >400 kg/h) CURRENT EMISSION LIMITS (1991) 

C: Continuous  
P: Periodic (1) 

Daily 
Average Average Period and Monitoring Method Half Hourly 

Average 
Average Period and  
Monitoring Method 

Facilities 
processing 
>400 kg/h 

Average Period Monitoring Method 

Chromium (Cr) µg/Rm3 @ 11% O2 P 10 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance 
with standard methods. 

N.D. 10 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Lead (Pb) µg/Rm3 @ 11% O2 P 100 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance 
with standard methods. 

N.D. 50 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Mercury (Hg) µg/Rm3 @ 11% O2 P or C (3) 20 

Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance 
with standard methods, or as the arithmetic average of 24 
hours of data from a continuous emissions monitoring 
system. 

N.D. 200 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Chlorophenols µg/Rm3 @ 11% O2 P 1 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance 
with standard methods. 

N.D. 1 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Chlorobenzenes µg/Rm3 @ 11% O2 P 1 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance 
with standard methods. 

N.D. 1 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Polycyclicaromatic 
Hydrocarbons µg/Rm3 @ 11% O2 P 5 

Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance 
with standard methods. 

N.D. 5 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Polychlorinated Biphenyls µg/Rm3 @ 11% O2 P 1 
Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance 
with standard methods. 

N.D. 1 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Total Dioxins and Furans 
(as PCDD/F TEQ) ng/Rm3 @ 11% O2 P 0.08 

Calculated as the arithmetic average of a minimum three 
individual stack tests per stack conducted in accordance 
with standard methods. 

N.D. 0.5 
To be monitored over the 
approved sampling and 
monitoring period 

Methods to be 
approved by Regional 
Manager 

Opacity % P (C optional) N.D. 5 
1/2-hour average from data 
taken every 10 seconds, 
measured by a CEMS 

5 1-hour average from data 
taken every 10 seconds 

Continuous 
Monitoring 

!"#$%&'
Concentration units: Mass per reference cubic metres corrected to 11% oxygen. Reference conditions: 20oC, 101.3 kPa, dry gas 
N.D. = Not Defined 
(1) Where Periodic stack test measurements (P) are indicated, the daily averaging period applies. For Continuous monitoring (C), the 1/2 hour averaging period applies. P/C indicates both technologies are available; ELV will be linked to sampling method.  
(2) No limit for Total Hydrocarbon is proposed for the revised criteria. This parameter is addressed by the proposed limit on organic matter. 
(3) Daily Average ELV for mercury applies regardless of monitoring method 
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Co-combustion 

12. Co-combustion is a variation of incineration technology where two
different types of materials are combusted in the same combustion system.  
One of the examples is the use of certain waste (e.g. waste oil, animal meal, 
used tyres and rubber) or fraction of MSW with high heating value 
(e.g. refuse derived fuel produced from Mechanical and Biological Treatment 
Plants) as fuel for direct feeding to the cement kiln and be burnt together with 
the cement raw material to produce cement.  However, the waste needs to be  
specially prepared from mixed MSW so as to ensure the compliance with 
stringent standards. 

13. As regards the technology of an Eco-co-combustion system proposed
earlier by a local cement production company to EPD for treatment of MSW, it 
is considerably different from the conventional co-combustion process adopted  
worldwide. The Figure  below illustrates the schematic diagram of the 
proposed Eco-co-combustion system. 

Cement raw meal  

(limestone) 
Mixed MSW/RDF Flue gas Flue gas Flue gas Flue gas 

4  

Rotary 
 

MSW  Kilns 

(850 - 900oC)   

SCCs 

(up to 

1200oC)  

Pre- calciner  

Towers  

SNCR Units 

& Cyclone 

Units 

Waste Heat 

Boilers 

& Power 

Generation 

Flue Gas 

Treatment  

(Bag filter) 

Bottom  ash  Additional fuel Fly ash Recovered  

electricity 

Fly ash 

Calcinated raw 

meal (lime) 

* RDF – R efuse derived fuel 

* SCCs  – Secondary combustion chamber Bottom ash and fly 
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Existing Rotary 

Cement Kilns 
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Figure - Schematic diagram of the proposed eco-co-combustion system 



! "##!

!""#$%&'()*(+&$,$-&,.(/#0,&.1(,$%(2,.-3.,0&4$1(546(7$-&$#6,0&4$(8#-9$4.4:;(

!
!
8#-9$&-,.(,$%(+&$,$-&,.(<,6,=#0#61(,$%(!113="0&4$1>(

!

!"#$%&'()("*$+&"& !"#$ !"!" !"!$ !"%" !"%$ !"&"

*#&, " # ! % & $ ' ( ) * #" ## #! #% #& #$ #' #( #) #* !"

+,-./0,1/23452637289-: '$'") #"";""" #"";""" (!;)(' '(;*%# '$;'*$ '%;&$) '#;!!! $);*)$ $';(&* $(;&$" $);#$! $);)$% $*;$$$ '";!$' '";'%& '#;"#! '#;%*" '#;(') '!;#&' '&;"%'

<-.=/>2?.@3.A36B6>2-?>?293CDE ##'%$ #(;(%% #(;(%% #!;*!% #!;"&' ##;'$" ##;!$% #";)$( #";&'" #";"'% #";#)) #";%#! #";&%( #";$'# #";')$ #";($! #";)#* #";))( #";*$& ##;"!# ##;%$'

<-.=/>2?.@3.A3,65237FG89-: #&'$*' !!%;&&" !!%;&&" #'!;)%$ #$#;()' #&';()* #&#;(*# #%';(*& #%#;(*( #!';)"" #!);%'( #!*;*%& #%#;$"! #%%;"'* #%&;'%' #%$;&)# #%';%!$ #%(;#(" #%);"#$ #%);)$* #&%;")!

C625B346>.H6-9 !!';!)& !!)!!! !%"#$* !%!"*( !%&"%& !!#'$* !"*!)$ #*'*#" #)&$%$ #(!#'" #(")(( #'*$*& #')%## #'("!( #'$(&& #''%)' #'("!( #'(''* #')%## #)!*'"

I6--./J3C625B346>.H6-937289-: #*'% !;%!" !;%&" !;%'" !;%)" !;&"" !;!(% !;#&' !;"#* #;)*! #;('$ #;($! #;(%* #;(!' #;(#% #;'** #;("' #;(#% #;(#* #;(!' #;)('

K.@LI6--./J3C625B346>.H6-937289-: !)( %%* %&! %&$ %&) %$# %%! %#& !*$ !(( !$) !$' !$& !$! !$# !&* !$" !$# !$! !$! !(&

!--.$!/012$3/4/562
<595MB63D..= ';""";"""N33333 ';""";"""N33333 &;%(!;$)"N333333 &;"($;)(*N33333 %;*&#;'*"N33333 %;)"(;$"#N33333 %;'(%;%#!N33333 %;$%*;#!%N33333 %;&"&;*%&N33333 %;&&(;"!"N33333 %;&)*;#"(N33333 %;$%#;#*&N33333 %;$(%;!)#N33333 %;'#$;%'(N33333 %;'%);"&(N33333 %;''";(!'N33333 %;')%;&"'N33333 %;("';")$N33333 %;(!);('$N33333 %;)&!;#'%N33333

<595MB63OB6>2-?>?29;3P5B632.3F-?= !;&##;(%%N33333 !;&##;(%%N33333 #;($(;$)%N333333 #;'%);%!!N33333 #;$)&;%)&N33333 #;$%";&&'N33333 #;&(';$")N33333 #;&!!;$("N33333 #;%');'%!N33333 #;%)$;$&*N33333 #;&"!;&''N33333 #;&#*;%)%N33333 #;&%';%""N33333 #;&$%;!#(N33333 #;&'!;%%%N33333 #;&(#;&&*N33333 #;&)";$'$N33333 #;&)*;')!N33333 #;&*);(*)N33333 #;$&&;%(*N33333

<595MB63E652 );*%(;'""N33333 );*%(;'""N33333 ';$#%;%*$N333333 ';"(#;&!*N33333 $;)(#;$&#N33333 $;'(#;'$%N33333 $;&(#;('$N33333 $;!(#;)((N33333 $;"(#;*)*N33333 $;#%&;')!N33333 $;#*(;%(&N33333 $;!'";"''N33333 $;%!!;($*N33333 $;%)$;&$#N33333 $;&#*;!%$N33333 $;&$%;"#)N33333 $;&)';)"#N33333 $;$!";$)$N33333 $;$$&;%')N33333 $;(!%;!)$N33333

<595MB63C625BJ )*#;#!"N33333333 )*);($"N3333333 *"';%)#N33333333 *#&;"##N33333333 *!#;'&#N33333333 )(!;*"*N33333333 )!&;#('N33333333 (($;&&%N33333333 (!';(##N33333333 '((;*()N33333333 '(!;*!&N33333333 ''(;)(#N33333333 ''!;)#(N33333333 '$(;('&N33333333 '$!;(#"N33333333 '$$;!%(N33333333 '$(;('&N33333333 ''";!*#N33333333 ''!;)#(N33333333 (!";$")N33333333

33333<595MB63I6--./J3C625BJ %&);"%)N33333333 %$#;"#*N3333333 %$%;***N33333333 %$';*(*N33333333 %$*;*$*N33333333 %&";*!'N33333333 %!#;)*%N33333333 %"!;)$*N33333333 !)%;)!'N33333333 !'&;(*%N33333333 !'!;)#*N33333333 !'";)&'N33333333 !$);)(!N33333333 !$';)*)N33333333 !$&;*!$N33333333 !$$;*##N33333333 !$';)*)N33333333 !$(;))$N33333333 !$);)(!N33333333 !)#;&"&N33333333

33333<595MB63K.@LI6--./J3C625BJ $&%;")#N33333333 $&(;(%!N3333333 $$!;%)!N33333333 $$(;"%!N33333333 $'#;')!N33333333 $%#;*)%N33333333 $"!;!)%N33333333 &(!;$)&N33333333 &&!;))&N33333333 &#%;#)$N33333333 &#";#"$N33333333 &"(;"!$N33333333 &"%;*&$N33333333 &"";)''N33333333 %*(;()'N33333333 %**;%!'N33333333 &"";)''N33333333 &"!;&"'N33333333 &"%;*&$N33333333 &%*;#"&N33333333

3

,272892$52:-;2$"/< #);!&";&$%N333 #);!&);")&N333 #%;$&*;*%)N3333 #!;'**;'&!N333 #!;%#*;!$(N333 ##;))!;$"*N333 ##;&&$;('#N333 ##;""*;"#&N333 #";$(!;!''N333 #";'&$;!!*N333 #";('#;)(!N333 #";)();$#&N333 #";**$;#$(N333 ##;###;(**N333 ##;#(!;%!$N333 ##;!&";&%#N333 ##;%");$%'N333 ##;%(';'&!N333 ##;&&&;(&)N333 ##;)%";%%&N333

=>2;/1?-8$#<>28.?19;2 N82.@@6

Q5J63RSC37N82.@@6: '"N333333333333333333 ';""";"""N33333 ';""";"""N33333 &;%(!;$)"N333333 &;"($;)(*N33333 %;*&#;'*"N33333 %;)"(;$"#N33333 %;'(%;%#!N33333 %;$%*;#!%N33333 %;&"&;*%&N33333 %;&&(;"!"N33333 %;&)*;#"(N33333 %;$%#;#*&N33333 %;$(%;!)#N33333 %;'#$;%'(N33333 %;'%);"&(N33333 %;''";(!'N33333 %;')%;&"'N33333 %;("';")$N33333 %;(!);('$N33333 %;)&!;#'%N33333

T?-6>23RSCU %"N333333333333333333 %;""";"""N33333 %;""";"""N33333 !;#)';!*"N333333 !;"%(;*&"N33333 #;*(";)&$N33333 #;*"%;($"N33333 #;)%';'$'N33333 #;('*;$'#N33333 #;("!;&'(N33333 #;(!%;$#"N33333 #;(&&;$$&N33333 #;('$;$*(N33333 #;()';'&"N33333 #;)"(;')&N33333 #;)#*;"!%N33333 #;)%";%'%N33333 #;)&#;("%N33333 #;)$%;"&%N33333 #;)'&;%)!N33333 #;*!#;")#N33333

O@,5@>6=3RSC3V.J2UU &N3333333333333333333 &"";"""N33333333 &"";"""N3333333 !*#;$"$N33333333 !(#;(!$N33333333 !'!;((*N33333333 !$%;)%%N33333333 !&&;))(N33333333 !%$;*&!N33333333 !!';**'N33333333 !!*;)"#N33333333 !%!;'"(N33333333 !%$;&#%N33333333 !%);!#*N33333333 !&#;"!&N33333333 !&!;$%'N33333333 !&&;"&)N33333333 !&$;$'"N33333333 !&(;"(!N33333333 !&);$)&N33333333 !$';#&&N33333333

+.25B3RSC3V.J2 *'N333333333333333333 *;&"";"""N33333 *;&"";"""N33333 ';)$";%($N333333 ';%)$;$&&N33333 ';#($;%#&N33333 $;*'$;")$N33333 $;($&;)$$N33333 $;$&&;'!'N33333 $;%%&;%*'N33333 $;&"";%%!N33333 $;&'';!')N33333 $;$%!;!"&N33333 $;$*);#&"N33333 $;''&;"($N33333 $;'**;'"(N33333 $;(%$;#%)N33333 $;((";''*N33333 $;)"';!""N33333 $;)&#;(%!N33333 ';"#*;%))N33333

';#'(;#*(W%*N33333333333333333333333333333333333333

C625B346>.H6-9

"-1/6$@-010
X@AB52?.@L3+?11?@03A66 !Y LN333333333333333 #!";"""N3333333 #(&;*"%N33333333 !&&;$$%N33333333 %#$;%%$N33333333 %)";($"N33333333 &&";(*(N33333333 &*$;&((N33333333 $&&;()*N33333333 '!";&'&N33333333 '*(;)!#N33333333 ((';)'%N33333333 )$(;$)(N33333333 *%*;**$N33333333 #;"#);'$%N33333 #;"*);!#)N33333 #;#();'*"N33333 #;!'";"'*N33333 #;%&!;%$$N33333 #;&'";"!!N33333

X@AB52?.@L3C625B3-6>.H6-9 !Y LN333333333333333 #(;*($N333333333 %';!$$N3333333333 $&;)&#N3333333333 (%;(%#N3333333333 )(;!*#N3333333333 *);*"#N3333333333 #");$'!N33333333 ##';!(&N33333333 #!!;"%'N33333333 #%&;$)$N33333333 #&';*%!N33333333 #$*;"('N33333333 #(#;"#*N33333333 #)!;($*N33333333 #*';$(#N33333333 !#";&)&N33333333 !!&;&**N33333333 !%);'#&N33333333 !(%;(*%N33333333

X@AB52?.@L3OB6>2-?>?2934526 #Y LN333333333333333 !&;##(N333333333 %$;#$!N3333333333 &*;#$"N3333333333 '%;%($N3333333333 (';$!!N3333333333 ));$*"N3333333333 **;$)"N3333333333 #"*;&*#N33333333 #!&;'**N33333333 #&";!&(N33333333 #$';#%!N33333333 #(!;%$'N33333333 #));*#)N33333333 !"&;(!(N33333333 !!";(#(N33333333 !%';)*"N33333333 !$%;!&'N33333333 !'*;()&N33333333 !*%;&%!N33333333

X@AB52?.@L3E65234526 #Y LN333333333333333 )*;%('N333333333 #%";!')N33333333 #)!;#&%N33333333 !%&;)'!N33333333 !)%;$)%N33333333 %!);%"'N33333333 %'*;"%#N33333333 &"$;($*N33333333 &'!;#!#N33333333 $#*;(%(N33333333 $();'"(N33333333 '%);(%#N33333333 ("";#"*N33333333 ($);'*%N33333333 )#(;*$%N33333333 )((;)))N33333333 *%);&**N33333333 ***;()'N33333333 #;")(;&!&N33333

D+O3X@AB52?.@L3RSC !W$"Y LN333333333333333 !%$;"""N3333333 %&!;$#*N33333333 &();*#'N33333333 '#(;$%#N33333333 (&$;'%'N33333333 )'%;!!)N33333333 *(";%#"N33333333 #;"'';)(*N33333 #;!#$;"($N33333 #;%'';$'(N33333 #;$!#;%$'N33333 #;'(*;&&!N33333 #;)&";)!$N33333 #;**&;)'!N33333 !;#$";'((N33333 !;%");!')N33333 !;&'(;'%$N33333 !;'!);((*N33333 !;)$*;!"*N33333

'/>?1/6$#<>28.?19;2
Q5J63VZ<O[ ();%");%#(N333333 ();%");%#(N333

R\@6-3V.J2JUUU LN33333333333333333333

Z==?2?.@5B3V.J2SV.@2?06@>93Z]./@2UUUU LN33333333333333333333 L

+.25B3Z==?2?.@5B3V.J2J37VE<3<B5@2: LN33333333333333333333 L

+.25B3VZ<O[ ();%");%#(N333333 ();%");%#(N333

#A("+& 7);)&";&$%:N3333 7);)'&;$$!:N3333 7';(%%;'!!:N33333 7';%'$;)'):N3333 7';!#%;(#$:N3333 7$;***;*%$:N3333 7$;()&;!(%:N3333 7$;$'';(!*:N3333 7$;%&(;%"%:N3333 7$;%$*;#&%:N3333 7$;&!#;&!(:N3333 7$;&)%;&)):N3333 7$;$&$;%!':N3333 7$;'"';*&":N3333 7$;'&!;')(:N3333 7$;'));"($:N3333 7$;(%%;$$%:N3333 7$;((*;#!":N3333 7$;)!&;(((:N3333 7';"'';&"):N3333

(812;201 "Y

"/< "Y

+2>;2@?/1?-8$B$&C-;1?D/1?-8 ^?@65-37!$3965-J: %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N333333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333 %;*#$;&#'N33333

'/0E$(8 #);!&";&$%N333 #);&**;$$!N333 #%;*!';$#'N3333 #%;!%";%!)N333 #%;""';$'"N333 #!;(#";'$$N333 #!;&"!;%$'N333 #!;")#;''&N333 ##;(&);$(*N333 ##;*(&;$$"N333 #!;!$&;!'!N333 #!;$%(;"&)N333 #!;)!!;*"(N333 #%;###;)&"N333 #%;%%(;#$'N333 #%;$(%;)*"N333 #%;)#!;&)*N333 #&;"$!;*$$N333 #&;!*$;!))N333 #&;*&$;""$N333

'/0E$=91 *#;'!%;(%%N333 #%;$$";&#'N333 ##;#");%#"N3333 #";((*;)($N333 #";(");!'!N333 #";'!';#%'N333 #";$%%;&**N333 #";&%";%$#N333 #";%#';'*#N333 #";$%";)!%N333 #";(&);!$#N333 #";*');*('N333 ##;#*!;**(N333 ##;&!";%#'N333 ##;'"*;))$N333 ##;)"#;!%"N333 ##;**&;%$%N333 #!;#)*;!$#N333 #!;%)$;*!(N333 #!;(*&;"#%N333

'/0E$%6-F 7(%;%)%;!(*:N33 &;*&*;#%'N33333 !;)#);!"'N333333 !;&$";&$!N33333 !;!*);!**N33333 !;")&;$#*N33333 #;)');)$(N33333 #;'$#;%#%N33333 #;&%#;))(N33333 #;&&%;(!(N33333 #;$"';"##N33333 #;$');"(!N33333 #;'!*;*#"N33333 #;'*#;$!&N33333 #;(!(;!(#N33333 #;((!;'$*N33333 #;)#);#%(N33333 #;)'%;("&N33333 #;*"*;%'#N33333 !;#$";**!N33333

+?0@-9812.$'/0E$%6-F 7'*;!!*;$"*:N33 &;&"&;(#%N33333 !;%'';!!"N333333 #;*&";*))N33333 #;(#(;&!%N33333 #;&'*;$"%N33333 #;!&!;)*(N33333 #;"%';"$&N33333 )&(;$%!N33333333 )"';#("N33333333 (*%;%&)N33333333 ((*;!)&N33333333 ('&;#'$N33333333 (&);#'%N33333333 (!";(%"N33333333 '*(;)"#N33333333 '($;#*#N33333333 '$!;*%(N33333333 '%#;"'*N33333333 '(";'*"N33333333

'9C96/1?72$'/0E$%6-F 7'*;!!*;$"*:N33 7'&;)!&;(*$:N3 7'!;&$);$($:N333 7'";$#(;$)):N33 7$);)"";#'$:N33 7$(;%%";''!:N33 7$';")(;('$:N33 7$$;"$#;(##:N33 7$&;!"&;#(*:N33 7$%;%*);""*:N33 7$!;'"&;''#:N33 7$#;)!$;%((:N33 7$#;"'#;!#!:N33 7$";%#%;"&*:N33 7&*;$*!;%#*:N33 7&);)*&;$#):N33 7&);!#*;%!(:N33 7&(;$'';%*":N33 7&';*%$;%!#:N33 7&';!'&;'%!:N33

G3H
'Y

T?J>./@23-5263'Y

(,, L'Y

7N&';!'&;'%!:

UT?-6>23>.J2J3?@>B/=6_35J,3]5@506]6@2;3J25>`326J2?@0;3?@J/-5@>6;32-652]6@23>,6]?>5BJ;3\526-3J/11B98\5J26\526-3=?J1.J5B;31/->,5J6=36B6>2-?>?2935@=3@52/-5B305JW

UU3O@,5@>6=3>.J2J3?@>B/=635?-31.BB/2?.@3>.@2-.B

UUUR\@6-3>.J2J3?@>B/=6J31B5@@?@0;316-]?22?@0;3=6J?0@35@=3>.@J2-/>2?.@3].@?2.-?@0

UUUUZ==?2?.@5B3>.J2J3]593?@>B/=636@,5@>6=35->,?26>2/-6;3]5-?@632-5@J1.-23A5>?B?2?6J3A.-3./2L.AL-60?.@3B.>52?.@J;36B6>2-?>5B3?@26->.@@6>2?.@3>.J2J;3.@J?263?]1-.H6]6@2J;3.AAJ?263-.5=\593?]1-.H6]6@2J35@=3.AAJ?263>.]]/@?293?]1-.H6]6@2JW

UUUU3V.@2?@06@>9_3#(Y3.A3>51?25B3>.J2JW

!"#$%&''&()$*++ ,- ./%0((+$1.2-345 #6'67&%8$967%0: ;4<

=+70>+:+?$9+::0@A$B+%6C$D:&7+ 34- ./%0((+$1.2-345 2-EF22 GH/8:

=+70>+:+?$(0($9+::0@A$B+%6C$
D:&7+

3,-- ./%0((+$1.2-345 4;3IJ BKL

M0(N*+::0@A$O+%6C$&($!"#$
P6A%+

-Q34< ; BK

9+::0@A$O+%6C$&($!"#$P6A%+ 3Q-J< ;;I RKL/%0((+

G:0AA$#6C0:&*&7$S6C@+ 34Q2 GH/%0((+ IQF GH/%0((+

#6C0:&*&7$S6C@+$0*$%L+$P00?$
P6A%+

3-Q,F GH/%0((+ TC+7%:&7&%8$AL6:+ J-<

B0&A%@:+$#0(%+(% 24< U+6%$VL6:+ I-<

T**&7&+(78$0*$%L+$W0&C+: I-<

#6'67&%8



! "#$!

!""#$%&'()*(+&$,$-&,.(/#0,&.1(,$%(2,.-3.,0&4$1(546(7,1&5&-,0&4$(8#-9$4.4:;((

(

(
8#-9$&-,.(,$%(+&$,$-&,.(<,6,=#0#61(,$%(!113="0&4$1>(

(

(

(

( (

!"#$%&'()("*$+&"& !"#$ !"!" !"!$ !"%" !"%$ !"&"
*#&, " # ! % & $ ' ( ) * #" ## #! #% #& #$ #' #( #) #* !"
+,-./0,1/23452637289-: '$'");&)!)! #""<""" #""<""" (!<)(' '(<*%# '$<'*$ '%<&$) '#<!!! $)<*)$ $'<(&* $(<&$" $)<#$! $)<)$% $*<$$$ '"<!$' '"<'%& '#<"#! '#<%*" '#<(') '!<#&' '&<"%'
=-.>/?2@.A3.B36C6?2-@?@293DEF #%!*';'$!$! !"<!'( !"<!'( #&<((" #%<('( #%<%#& #!<)'# #!<&") ##<*$& ##<$"# ##<'&% ##<()$ ##<*!) #!<"(" #!<!#! #!<!)* #!<%'$ #!<&&! #!<$#) #!<$*$ #!<*()
=-.>/?2@.A3.B3,65237GH89-: !!%%)%;('!% %&"<&)" %&"<&)" !&)<#!* !%#<!*% !!%<'() !#'<"'% !")<&&) !""<)%% #*%<!#* #*$<'"( #*(<**$ !""<%)% !"!<((! !"$<#'" !"'<&&( !"(<(%& !"*<"!# !#"<%") !##<$*$ !#)<"%"
D625C346?.I6-9 !!'<!)& !!)!!! !%"#$* !%!"*( !%&"%& !!#'$* !"*!)$ #*'*#" #)&$%$ #(!#'" #(")(( #'*$*& #')%## #'("!( #'$(&& #''%)' #'("!( #'(''* #')%## #)!*'"
J6--./K3D625C346?.I6-937289-: #*'%;!"(#$& !<%!" !<%&" !<%'" !<%)" !<&"" !<!(% !<#&' !<"#* #<)*! #<('$ #<($! #<(%* #<(!' #<(#% #<'** #<("' #<(#% #<(#* #<(!' #<)('
L.AMJ6--./K3D625C346?.I6-937289-: !)(;#*%)"#$ %%* %&! %&$ %&) %$# %%! %#& !*$ !(( !$) !$' !$& !$! !$# !&* !$" !$# !$! !$! !(&

!--.$!/012$3/4/562
=595NC63E..> '<"""<"""O333333 '<"""<"""O333333 &<%(!<$)"O333333 &<"($<)(*O333333 %<*&#<'*"O333333 %<)"(<$"#O333333 %<'(%<%#!O333333 %<$%*<#!%O333333 %<&"&<*%&O333333 %<&&(<"!"O333333 %<&)*<#"(O333333 %<$%#<#*&O333333 %<$(%<!)#O333333 %<'#$<%'(O333333 %<'%)<"&(O333333 %<''"<(!'O333333 %<')%<&"'O333333 %<("'<")$O333333 %<(!)<('$O333333 %<)&!<#'%O333333
=595NC63PC6?2-@?@29<3Q5C632.3G-@> !<($'<!'(O333333 !<($'<!'(O333333 !<"")<'''O333333 #<)(!<%')O333333 #<)#"<(!$O333333 #<(&*<")#O333333 #<')(<&%)O333333 #<'!$<(*&O333333 #<$'&<#$#O333333 #<$)%<&)$O333333 #<'"!<)#)O333333 #<'!!<#$!O333333 #<'&#<&)'O333333 #<''"<)#*O333333 #<'(#<!%)O333333 #<')#<'$'O333333 #<'*!<"($O333333 #<("!<&*%O333333 #<(#!<*#!O333333 #<('$<""&O333333
=595NC63F652 #%<'#*<!""O33333 #%<'#*<!""O33333 *<*!$<#(%O333333 *<!$#<("!O333333 )<*&(<###O333333 )<'&!<$#*O333333 )<%%(<*!)O333333 )<"%%<%%(O333333 (<(!)<(&'O333333 (<)!&<!((O333333 (<*#*<)")O333333 )<"#$<%%*O333333 )<##"<)("O333333 )<!"'<&"!O333333 )<!$(<))#O333333 )<%"*<%'#O333333 )<%'"<)&"O333333 )<&#!<%!"O333333 )<&'%<(**O333333 )<(!#<#*(O333333
=595NC63D625CK )*#<#!"O333333333 )*)<($"O333333333 *"'<%)#O333333333 *#&<"##O333333333 *!#<'&#O333333333 )(!<*"*O333333333 )!&<#('O333333333 (($<&&%O333333333 (!'<(##O333333333 '((<*()O333333333 '(!<*!&O333333333 ''(<)(#O333333333 ''!<)#(O333333333 '$(<('&O333333333 '$!<(#"O333333333 '$$<!%(O333333333 '$(<('&O333333333 ''"<!*#O333333333 ''!<)#(O333333333 (!"<$")O333333333
33333=595NC63J6--./K3D625CK %&)<"%)O333333333 %$#<"#*O333333333 %$%<***O333333333 %$'<*(*O333333333 %$*<*$*O333333333 %&"<*!'O333333333 %!#<)*%O333333333 %"!<)$*O333333333 !)%<)!'O333333333 !'&<(*%O333333333 !'!<)#*O333333333 !'"<)&'O333333333 !$)<)(!O333333333 !$'<)*)O333333333 !$&<*!$O333333333 !$$<*##O333333333 !$'<)*)O333333333 !$(<))$O333333333 !$)<)(!O333333333 !)#<&"&O333333333
33333=595NC63L.AMJ6--./K3D625CK $&%<")#O333333333 $&(<(%!O333333333 $$!<%)!O333333333 $$(<"%!O333333333 $'#<')!O333333333 $%#<*)%O333333333 $"!<!)%O333333333 &(!<$)&O333333333 &&!<))&O333333333 &#%<#)$O333333333 &#"<#"$O333333333 &"(<"!$O333333333 &"%<*&$O333333333 &""<)''O333333333 %*(<()'O333333333 %**<%!'O333333333 &""<)''O333333333 &"!<&"'O333333333 &"%<*&$O333333333 &%*<#"&O333333333

,272892$52:-;2$"/< #$&%&#*$;%' !%<!''<$)(O33333 !%<!(&<!#(O33333 #(<!#!<(**O33333 #'<##%<*'"O33333 #$<'!#<#'(O33333 #$<"(!<"#"O33333 #&<$!!<)$&O33333 #%<*(%<'*(O33333 #%<&!&<$&#O33333 #%<$%!<('"O33333 #%<')&<'$)O33333 #%<)%'<$$'O33333 #%<*))<&$&O33333 #&<#&"<%$!O33333 #&<!#*<)('O33333 #&<%"'<*)"O33333 #&<%*&<")$O33333 #&<&)#<#)*O33333 #&<$')<!*%O33333 #$<"&)<)(#O33333

=>2;/1?-8$#<>28.?19;2 O82.AA6
R5K63STD37O82.AA6: *"O3333333333333333333333 *<"""<"""O333333 *<"""<"""O333333 '<$$)<)("O333333 '<##%<)#*O333333 $<*#!<$%$O333333 $<(##<!$#O333333 $<$"*<*')O333333 $<%")<')&O333333 $<#"(<&"#O333333 $<#("<$%#O333333 $<!%%<''#O333333 $<!*'<(*#O333333 $<%$*<*!#O333333 $<&!%<"$#O333333 $<&$(<"("O333333 $<&*#<")*O333333 $<$!$<#"*O333333 $<$$*<#!)O333333 $<$*%<#&(O333333 $<('%<!&&O333333
U@-6?23STDV !!;$"O33333333333333333 !<!$"<"""O333333 !<!$"<"""O333333 #<'%*<(#(O333333 #<$!)<&$$O333333 #<&()<#%&O333333 #<&!(<)#%O333333 #<%((<&*!O333333 #<%!(<#(#O333333 #<!('<)$"O333333 #<!*!<'%%O333333 #<%")<&#$O333333 #<%!&<#*)O333333 #<%%*<*)"O333333 #<%$$<('%O333333 #<%'&<!')O333333 #<%(!<((!O333333 #<%)#<!((O333333 #<%)*<()!O333333 #<%*)<!)(O333333 #<&&"<)##O333333
PA,5A?6>3STD3W.K2VV !O33333333333333333333333 !""<"""O333333333 !""<"""O333333333 #&$<($%O333333333 #%$<)'%O333333333 #%#<%*"O333333333 #!'<*#(O333333333 #!!<&&&O333333333 ##(<*(#O333333333 ##%<&*)O333333333 ##&<*"#O333333333 ##'<%"&O333333333 ##(<("'O333333333 ##*<#"*O333333333 #!"<$#!O333333333 #!#<!')O333333333 #!!<"!&O333333333 #!!<()"O333333333 #!%<$%'O333333333 #!&<!*!O333333333 #!)<"(!O333333333
+.25C3STD3W.K2 ##(O33333333333333333333 ##<&$"<"""O33333 ##<&$"<"""O33333 )<%&&<%&"O333333 (<(()<#%'O333333 (<$!!<"$)O333333 (<!'$<*)#O333333 (<""*<*"&O333333 '<($%<)!'O333333 '<&*(<(&*O333333 '<$()<"'&O333333 '<'$)<%)"O333333 '<(%)<'*$O333333 '<)#*<"#"O333333 '<)**<%!'O333333 '<*&!<'"'O333333 '<*)$<))'O333333 (<"!*<#''O333333 (<"(!<&&'O333333 (<##$<(!'O333333 (<%%!<#!(O333333

(<$#!<#(#;!)O3333333333333333333333333333

D625C346?.I6-9

"-1/6$@-010
XABC52@.AM3+@11@A03B66 !Y MO3333333333333333 #!"<"""O333333333 #(&<*"%O333333333 !&&<$$%O333333333 %#$<%%$O333333333 %)"<($"O333333333 &&"<(*(O333333333 &*$<&((O333333333 $&&<()*O333333333 '!"<&'&O333333333 '*(<)!#O333333333 (('<)'%O333333333 )$(<$)(O333333333 *%*<**$O333333333 #<"#)<'$%O333333 #<"*)<!#)O333333 #<#()<'*"O333333 #<!'"<"'*O333333 #<%&!<%$$O333333 #<&'"<"!!O333333
XABC52@.AM3D625C3-6?.I6-9 !Y MO3333333333333333 #(<*($O33333333333 %'<!$$O33333333333 $&<)&#O33333333333 (%<(%#O33333333333 )(<!*#O33333333333 *)<*"#O33333333333 #")<$'!O333333333 ##'<!(&O333333333 #!!<"%'O333333333 #%&<$)$O333333333 #&'<*%!O333333333 #$*<"('O333333333 #(#<"#*O333333333 #)!<($*O333333333 #*'<$(#O333333333 !#"<&)&O333333333 !!&<&**O333333333 !%)<'#&O333333333 !(%<(*%O333333333
XABC52@.AM3PC6?2-@?@2934526 #Y MO3333333333333333 !(<$'%O33333333333 &"<#(%O33333333333 $'<#(#O33333333333 (!<&!*O33333333333 )(<&$&O33333333333 #"#<!&'O333333333 ##%<)"'O333333333 #!$<#%!O333333333 #&!<$#&O333333333 #'"<!)!O333333333 #()<&%(O333333333 #*'<*()O333333333 !#$<*"(O333333333 !%%<*(%O333333333 !$!<!&)O333333333 !("<(%!O333333333 !)*<&!&O333333333 %")<%!&O333333333 %%$<%$#O333333333
XABC52@.AM3F65234526 #Y MO3333333333333333 #%'<#*!O333333333 #*)<$"%O333333333 !((<$$#O333333333 %$(<))&O333333333 &%!<#!'O333333333 $""<!('O333333333 $'!<%%&O333333333 '#)<%""O333333333 ("&<#)$O333333333 (*#<*)#O333333333 ))#<')(O333333333 *(%<%"&O333333333 #<"''<)%!O333333 #<#$'<#"%O333333 #<!&'<&"&O333333 #<%%(<(%&O333333 #<&%"<"*&O333333 #<$!%<&)&O333333 #<'$(<"!(O333333
E+P3XABC52@.AM3STD !;$"Y MO3333333333333333 !)'<!$"O333333333 &#(<!#(O333333333 $)%<%'"O333333333 ($!<!"'O333333333 *")<!&)O333333333 #<"$#<&)'O333333 #<#)#<*!"O333333 #<!**<$$"O333333 #<&)"<"'&O333333 #<''&<$*$O333333 #<)$%<#&#O333333 !<"&$<("%O333333 !<!&!<!)#O333333 !<&!*<*#!O333333 !<'#*<("(O333333 !<)##<'''O333333 %<""$<(*"O333333 %<!"!<"((O333333 %<&)!<('"O333333

'/>?1/6$#<>28.?19;2
R5K63WZ=P[ (*<"""<"""O3333333333 (*<"""<"""O33333
S\A6-3W.K2KVVV *<"""<"""O33333333333 *<"""<"""O333333
Z>>@2@.A5C3W.K2TW.A2@06A?93
Z]./A2VVVV

#%<&%"<"""O3333333333 #%<&%"<"""O33333

+.25C3Z>>@2@.A5C3W.K2K37WF=3=C5A2: MO333333333333333333333333 MO3333333333333333
+.25C3WZ=P[ #"#<&%"<"""O33333333 #"#<&%"<"""O333

MO3333333333333333
#A("+& 7##<)#'<$)(:O3333 7##<)%*<'*(:O3333 7)<*"#<"():O33333 7)<%)$<$)":O33333 7)<#''<!)!:O33333 7(<))$<&"%:O33333 7(<'"!<')$:O33333 7(<%#)<#%":O33333 7(<"%#<(%(:O33333 7(<"'%<)%":O33333 7(<#&'<%$%:O33333 7(<!!)<'%):O33333 7(<%#"<')(:O33333 7(<%*!<&*):O33333 7(<&%)<)&(:O33333 7(<&*&<)!*:O33333 7(<$$"<)*%:O33333 7(<'"(<"%*:O33333 7(<''%<!'):O33333 7(<*'"<#((:O33333

(812;201 "Y
"/< "Y
+2>;2@?/1?-8$B$&C-;1?D/1?-8 ^@A65-37!$3965-K: $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333 $<"(#<$""O333333

'/0E$(8 !%<!''<$)(O33333 !%<$($<*&(O33333 #(<''!<'%&O33333 #'<(&(<"('O33333 #'<&&"<$&(O33333 #'<"$*<'%#O33333 #$<''&<"(&O33333 #$<!$%<)('O33333 #&<)!*<"%'O33333 #$<#!#<*$)O33333 #$<&'*<%!(O33333 #$<)!"<&(&O33333 #'<#($<&""O33333 #'<$%&<#"$O33333 #'<)##<%'$O33333 #(<#""<&!!O33333 #(<%*#<(!$O33333 #(<')$<!($O33333 #(<*)#<"(#O33333 #)<(($<"'&O33333
'/0E$=91 ##(<*$#<$""O333 #'<)"(<($"O33333 #%<)%%<"$(O33333 #%<&%!<**'O33333 #%<%&$<('&O33333 #%<!&$<(!*O33333 #%<#%!<))*O33333 #%<""(<!&'O33333 #!<)')<(*)O33333 #%<#!*<'!*O33333 #%<%*&<&(&O33333 #%<''%<%%'O33333 #%<*%'<!#&O33333 #&<!#%<#"(O33333 #&<&&&<"#)O33333 #&<'((<"*%O33333 #&<*#!<%%%O33333 #$<#&*<(%'O33333 #$<%)*<%"%O33333 #$<))'<%)(O33333
'/0E$%6-F 7*&<')&<*#%:O3333 '<(')<#*(O333333 %<)!*<$()O333333 %<%#&<")"O333333 %<"*&<()!O333333 !<)#%<*"%O333333 !<$%#<#)$O333333 !<!&'<'%"O333333 #<*'"<!%(O333333 #<**!<%%"O333333 !<"(&<)$%O333333 !<#$(<#%)O333333 !<!%*<#)(O333333 !<%!"<**)O333333 !<%'(<%&(O333333 !<&!%<%!*O333333 !<&(*<%*%O333333 !<$%$<$%*O333333 !<$*#<(')O333333 !<)))<'((O333333
'9C96/1?72$'/0E$%6-F 7)*<%!$<%*":O3333 '<"!%<'(#O333333 %<!#$<%)(O333333 !<'!$<"'!O333333 !<%#!<'"#O333333 #<*)%<'*"O333333 #<')%<%)%O333333 #<&"*<$'&O333333 #<#'"<!'!O333333 #<##!<$"'O333333 #<"*%<""'O333333 #<"(!<"%!O333333 #<"&*<)#)O333333 #<"!'<$)"O333333 *)(<)##O333333333 *$%<*%&O333333333 *!"<($)O333333333 )))<%#"O333333333 )$'<'#%O333333333 *""<("%O333333333

7)*<%!$<%*":O3333 7)%<%"#<(#*:O3333 7)"<")'<%%!:O3333 7((<&'#<!(":O3333 7($<#&)<''*:O3333 7(%<#'&<*():O3333 7(#<&)#<$*':O3333 7("<"(!<"%!:O3333 7')<*##<((#:O3333 7'(<(**<!'&:O3333 7''<("'<!$):O3333 7'$<'%&<!!':O3333 7'&<$)&<&"):O3333 7'%<$$(<)!):O3333 7'!<$("<"#(:O3333 7'#<'#'<")%:O3333 7'"<'*$<%!&:O3333 7$*<)"(<"#&:O3333 7$)<*$"<&"#:O3333 7$)<"&*<'*):O3333
G3H
'Y 7O$)<"&*<'*):
U@K?./A23-5263'Y
(,, M'Y

VU@-6?23?.K2K3@A?C/>6_35K,3]5A506]6A2<3K25?`326K2@A0<3@AK/-5A?6<32-652]6A23?,6]@?5CK<3\526-3K/11C98\5K26\526-3>@K1.K5C<31/-?,5K6>36C6?2-@?@2935A>3A52/-5C305K;
VV3PA,5A?6>3?.K2K3@A?C/>635@-31.CC/2@.A3?.A2-.C
VVVS\A6-3?.K2K3@A?C/>6K31C5AA@A0<316-]@22@A0<3>6K@0A35A>3?.AK2-/?2@.A3].A@2.-@A0
VVVVZ>>@2@.A5C3?.K2K3]593@A?C/>636A,5A?6>35-?,@26?2/-6<3]5-@A632-5AK1.-23B5?@C@2@6K3B.-3./2M.BM-60@.A3C.?52@.AK<36C6?2-@?5C3@A26-?.AA6?2@.A3?.K2K<3.AK@263@]1-.I6]6A2K<3.BBK@263-.5>\593@]1-.I6]6A2K35A>3.BBK@263?.]]/A@293@]1-.I6]6A2K;
VVVV3W.A2@A06A?9_3#(Y3.B3?51@25C3?.K2K;

!"#$%&''&()$*++ ,- ./%0((+$1.2-345 #6'67&%8$967%0: ;4<

=+70>+:+?$9+::0@A$B+%6C$D:&7+ 34- ./%0((+$1.2-345 2EFEG- HI/8:

=+70>+:+?$(0($9+::0@A$B+%6C$
D:&7+

3,-- ./%0((+$1.2-345 44;G4F BJK

L0(M*+::0@A$N+%6C$&($!"#$O6A%+ -P34< F BJ

9+::0@A$N+%6C$&($!"#$O6A%+ 3P-E< 3-3E QJK/%0((+

H:0AA$#6C0:&*&7$R6C@+ 34P2 HI/%0((+ ;PE HI/%0((+

#6C0:&*&7$R6C@+$0*$%K+$O00?$O6A%+ 32P2 HI/%0((+ SC+7%:&7&%8$AK6:+ E-<

B0&A%@:+$#0(%+(% 24< T+6%$UK6:+ V-<

S**&7&+(78$0*$%K+$W0&C+: ;-<

#6'67&%8



! "#$!

!

"##$%&'(!)*!+'%,%-',.!/$0,'.1!,%&!2,.-3.,0'4%1!546!7864.81'1!9$-:%4.4;8!

!
!
9$-:%'-,.!,%&!+'%,%-',.!7,6,<$0$61!,%&!"113<#0'4%1=!
!

!
!

!"#$%&'()("*$+&"& !"#$ !"!" !"!$ !"%" !"%$ !"&"

*#&, " # ! % & $ ' ( ) * #" ## #! #% #& #$ #' #( #) #* !"

+,-./0,1/23452637289-: '$'");&)!)! #""<""" #""<""" (!<)(' '(<*%# '$<'*$ '%<&$) '#<!!! $)<*)$ $'<(&* $(<&$" $)<#$! $)<)$% $*<$$$ '"<!$' '"<'%& '#<"#! '#<%*" '#<(') '!<#&' '&<"%'

=-.>/?2@.A3.B36C6?2-@?@293DE #&'!';%#((( !!<!*% !!<!*% #'<!&( #$<#&& #&<'&' #&<#&( #%<'&) #%<#$" #!<'$# #!<)") #!<*'& #%<#!" #%<!(( #%<&%% #%<$#( #%<'"! #%<')' #%<((" #%<)$& #&<!('

=-.>/?2@.A3.B3,65237FG89-: !&"#%(;$&&$ %''<"#' %''<"#' !''<(%* !&)<'%* !&"<&$& !%!<!') !!&<")! !#$<)*' !"(<(#" !#"<!(( !#!<)&$ !#$<&#! !#(<*)" !!"<$&( !!#<*%# !!%<%#& !!&<'*) !!'<")# !!(<&'$ !%&<%)!

D625C346?.H6-9 !!'<!)& !!)!!! !%"#$* !%!"*( !%&"%& !!#'$* !"*!)$ #*'*#" #)&$%$ #(!#'" #(")(( #'*$*& #')%## #'("!( #'$(&& #''%)' #'("!( #'(''* #')%## #)!*'"

I6--./J3D625C346?.H6-937289-: #<*'% !<%!" !<%&" !<%'" !<%)" !<&"" !<!(% !<#&' !<"#* #<)*! #<('$ #<($! #<(%* #<(!' #<(#% #<'** #<("' #<(#% #<(#* #<(!' #<)('

K.ALI6--./J3D625C346?.H6-937289-: !)( %%* %&! %&$ %&) %$# %%! %#& !*$ !(( !$) !$' !$& !$! !$# !&* !$" !$# !$! !$! !(&

!--.$!/012$3/4/562
=595MC63E..> '<"""<"""N333333 '<"""<"""N333333 &<%(!<$)"N333333 &<"($<)(*N333333 %<*&#<'*"N333333 %<)"(<$"#N333333 %<'(%<%#!N333333 %<$%*<#!%N333333 %<&"&<*%&N333333 %<&&(<"!"N333333 %<&)*<#"(N333333 %<$%#<#*&N333333 %<$(%<!)#N333333 %<'#$<%'(N333333 %<'%)<"&(N333333 %<''"<(!'N333333 %<')%<&"'N333333 %<("'<")$N333333 %<(!)<('$N333333 %<)&!<#'%N333333

=595MC63OC6?2-@?@29<3P5C632.3F-@> %<"%#<)*%N333333 %<"%#<)*%N333333 !<!"*<$%%N333333 !<"$*<'"$N333333 #<**#<(*(N333333 #<*!%<*)*N333333 #<)$'<#)!N333333 #<())<%(&N333333 #<(!"<$''N333333 #<(&#<)%%N333333 #<('%<#""N333333 #<()&<%'(N333333 #<)"$<'%&N333333 #<)!'<*"#N333333 #<)%)<%'!N333333 #<)&*<)!!N333333 #<)'#<!)!N333333 #<)(!<(&%N333333 #<))&<!"%N333333 #<*&#<$"&N333333

=595MC63Q652 #&<'&"<'&"N33333 #&<'&"<'&"N33333 #"<''*<$'#N33333 *<*&$<$)"N333333 *<'#)<#&&N333333 *<!*"<(")N333333 )<*'%<!(%N333333 )<'%$<)%(N333333 )<%")<&"!N333333 )<&##<"*)N333333 )<$#%<(*&N333333 )<'#'<&*"N333333 )<(#*<#)'N333333 )<)!#<))!N333333 )<)((<!!!N333333 )<*%!<$'%N333333 )<*)(<*"%N333333 *<"&%<!&&N333333 *<"*)<$)&N333333 *<%($<!)'N333333

=595MC63D625CJ )*#<#!"N333333333 )*)<($"N333333333 *"'<%)#N333333333 *#&<"##N333333333 *!#<'&#N333333333 )(!<*"*N333333333 )!&<#('N333333333 (($<&&%N333333333 (!'<(##N333333333 '((<*()N333333333 '(!<*!&N333333333 ''(<)(#N333333333 ''!<)#(N333333333 '$(<('&N333333333 '$!<(#"N333333333 '$$<!%(N333333333 '$(<('&N333333333 ''"<!*#N333333333 ''!<)#(N333333333 (!"<$")N333333333

33333=595MC63I6--./J3D625CJ %&)<"%)N333333333 %$#<"#*N333333333 %$%<***N333333333 %$'<*(*N333333333 %$*<*$*N333333333 %&"<*!'N333333333 %!#<)*%N333333333 %"!<)$*N333333333 !)%<)!'N333333333 !'&<(*%N333333333 !'!<)#*N333333333 !'"<)&'N333333333 !$)<)(!N333333333 !$'<)*)N333333333 !$&<*!$N333333333 !$$<*##N333333333 !$'<)*)N333333333 !$(<))$N333333333 !$)<)(!N333333333 !)#<&"&N333333333

33333=595MC63K.ALI6--./J3D625CJ $&%<")#N333333333 $&(<(%!N333333333 $$!<%)!N333333333 $$(<"%!N333333333 $'#<')!N333333333 $%#<*)%N333333333 $"!<!)%N333333333 &(!<$)&N333333333 &&!<))&N333333333 &#%<#)$N333333333 &#"<#"$N333333333 &"(<"!$N333333333 &"%<*&$N333333333 &""<)''N333333333 %*(<()'N333333333 %**<%!'N333333333 &""<)''N333333333 &"!<&"'N333333333 &"%<*&$N333333333 &%*<#"&N333333333

,272892$52:-;2$"/< #'!)$#)#;#! !&<$'%<'$%N33333 !&<$(#<!)&N33333 #)<#$)<"$&N33333 #'<**$<"($N33333 #'<&(%<!(%N33333 #$<)*$<#"(N33333 #$<%#'<*&!N33333 #&<(%)<(((N33333 #&<#'"<'#!N33333 #&<!((<*!*N33333 #&<&%)<*!$N33333 #&<$**<*!!N33333 #&<('"<*#)N33333 #&<*!#<*#&N33333 #$<""'<%&#N33333 #$<"*)<%&)N33333 #$<#*"<%$$N33333 #$<!)!<%'!N33333 #$<%(&<%'*N33333 #$<)(*<&'#N33333

=>2;/1?-8$#<>28.?19;2 N82.AA6

R5J63STD37N82.AA6: ##%N333333333333333 ##<!('<"'"N33333 ##<!('<"'"N33333 )<!#(<$()N333333 (<'$*<*('N333333 (<&"(<()*N333333 (<#$$<'"#N333333 '<*"%<&#&N333333 '<'$#<!!(N333333 '<%**<"&"N333333 '<&()<#%$N333333 '<$$(<!%"N333333 '<'%'<%!'N333333 '<(#$<&!#N333333 '<(*&<$#'N333333 '<)%(<#%*N333333 '<)(*<('!N333333 '<*!!<%)&N333333 '<*'$<""(N333333 (<""(<'!*N333333 (<!!"<(&!N333333

U@-6?23STDV !);#*N333333333333 !<)#*<"#$N333333 !<)#*<"#$N333333 !<"$&<%*$N333333 #<*#&<**&N333333 #<)$#<*&(N333333 #<())<*""N333333 #<(!$<)$&N333333 #<''!<)"(N333333 #<$**<('"N333333 #<'#*<$%&N333333 #<'%*<%")N333333 #<'$*<")#N333333 #<'()<)$$N333333 #<'*)<'!*N333333 #<("*<!)$N333333 #<(#*<*&"N333333 #<(%"<$*'N333333 #<(&#<!$!N333333 #<($#<*"(N333333 #<)"$<#)'N333333

OA,5A?6>3STD3W.J2VV LN3333333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333 LN3333333333333333

+.25C3STD3W.J2 #&%N333333333333333 #&<"*$<"($N33333 #&<"*$<"($N33333 #"<!(#<*(%N33333 *<$(&<*("N333333 *<!$*<(%'N333333 )<*&&<$"!N333333 )<'!*<!')N333333 )<%#&<"%&N333333 (<**)<(**N333333 )<"*(<''*N333333 )<#*'<$%)N333333 )<!*$<&"(N333333 )<%*&<!('N333333 )<&*%<#&$N333333 )<$&'<&!&N333333 )<$**<("!N333333 )<'$!<*)"N333333 )<("'<!$)N333333 )<($*<$%(N333333 *<"!$<*!)N333333

*<!&(<$'&;($N33333333333333333333333333333333333333

D625C346?.H6-9

"-1/6$@-010
XABC52@.AL3+@11@A03B66 !Y LN3333333333333333 #!"<"""N333333333 #(&<*"%N333333333 !&&<$$%N333333333 %#$<%%$N333333333 %)"<($"N333333333 &&"<(*(N333333333 &*$<&((N333333333 $&&<()*N333333333 '!"<&'&N333333333 '*(<)!#N333333333 (('<)'%N333333333 )$(<$)(N333333333 *%*<**$N333333333 #<"#)<'$%N333333 #<"*)<!#)N333333 #<#()<'*"N333333 #<!'"<"'*N333333 #<%&!<%$$N333333 #<&'"<"!!N333333

XABC52@.AL3D625C3-6?.H6-9 !Y LN3333333333333333 #(<*($N33333333333 %'<!$$N33333333333 $&<)&#N33333333333 (%<(%#N33333333333 )(<!*#N33333333333 *)<*"#N33333333333 #")<$'!N333333333 ##'<!(&N333333333 #!!<"%'N333333333 #%&<$)$N333333333 #&'<*%!N333333333 #$*<"('N333333333 #(#<"#*N333333333 #)!<($*N333333333 #*'<$(#N333333333 !#"<&)&N333333333 !!&<&**N333333333 !%)<'#&N333333333 !(%<(*%N333333333

XABC52@.AL3OC6?2-@?@2934526 #Y LN3333333333333333 %"<%#*N33333333333 &&<#*#N33333333333 '#<())N33333333333 (*<'(!N33333333333 *'<#**N33333333333 ###<%(#N333333333 #!$<#)'N333333333 #%(<'&$N333333333 #$'<('$N333333333 #('<%#"N333333333 #*'<!)"N333333333 !#'<'('N333333333 !%(<&*(N333333333 !$(<%(#N333333333 !((<&(%N333333333 !*(<)"$N333333333 %#)<%''N333333333 %%*<#$(N333333333 %')<))'N333333333

XABC52@.AL3Q65234526 #Y LN3333333333333333 #&'<&"'N333333333 !#%<%*#N333333333 !*)<%'(N333333333 %)&<(!'N333333333 &'&<$%$N333333333 $%(<(*'N333333333 '"&<$"*N333333333 ''&<'(!N333333333 ($'<***N333333333 )$#<%(*N333333333 *&(<)#&N333333333 #<"&'<%"!N333333 #<#&'<)&$N333333 #<!&!<)##N333333 #<%%*<))&N333333 #<&%)<"'$N333333 #<$%(<%$#N333333 #<'%(<(&$N333333 #<()#<%"&N333333

E+O3XABC52@.AL3STD !;$"Y LN3333333333333333 %$!<%((N333333333 $#%<$**N333333333 (#)<#!%N333333333 *!$<*(&N333333333 #<##)<"'%N333333 #<!*&<%*"N333333 #<&$&<*$'N333333 #<$**<('"N333333 #<)!#<*($N333333 !<"&*<#%&N333333 !<!)#<!%(N333333 !<$#)<!)%N333333 !<('"<!(!N333333 !<**#<!&)N333333 %<!!&<)))N333333 %<&'#<#*!N333333 %<(""<#'"N333333 %<*&#<(*!N333333 &<!)(<%#'N333333

'/>?1/6$#<>28.?19;2
R5J63WZ=O[ ##(<$""<"""N333 ##(<$""<"""N333

S\A6-3W.J2JVVV )<"""<"""N333333 )<"""<"""N333333

Z>>@2@.A5C3W.J2TW.A2@06A?93Z]./A2VVVV #*<*($<"""N33333 #*<*($<"""N33333

+.25C3Z>>@2@.A5C3W.J2J37WQ=3=C5A2: LN3333333333333333333 LN3333333333333333

+.25C3WZ=O[ #&$<&($<"""N333 #&$<&($<"""N333

#A("+& 7#!*<#)*<)#*:N3 7#"<&')<$():N3333 7#"<&%)<$%!:N3333 7(<)&#<!!!:N33333 7(<%'#<$%#:N33333 7(<#&#<"!(:N33333 7'<)'#<%#*:N33333 7'<$)!<#$":N33333 7'<%"%<$!!:N33333 7'<"!$<&%%:N33333 7'<"#&<$&*:N33333 7'<"$%<%&*:N33333 7'<"*#<#'':N33333 7'<#!)<""#:N33333 7'<#'%<)$%:N33333 7'<#("<!'%:N33333 7'<#)$<*"$:N33333 7'<!"#<!!(:N33333 7'<!#'<!!*:N33333 7'<!%"<*#!:N33333 7'<&$"<!!%:N33333

(812;201 "Y

"/< "Y

+2>;2@?/1?-8 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333 (<!(%<($"N333333

'/0B$(8 !&<$'%<'$%N33333 !&<))$<*)&N33333 #)<'!'<(*&N33333 #(<'$&<'!&N33333 #(<%!'<(%(N33333 #'<*!%<))%N33333 #'<$"$<)")N33333 #'<"(!<$##N33333 #$<'!%<**%N33333 #$<*%&<#*%N33333 #'<!**<"!#N33333 #'<''(<)#"N33333 #(<"&"<$'"N33333 #(<&#(<!("N33333 #(<("(<*%$N33333 #)<"#"<&*$N33333 #)<%#$<%**N33333 #)<'!!<'&)N33333 #)<*%!<!&#N33333 #*<('%<&'(N33333

'/0B$=91 #''<)&%<)!$N333 !#<(!#<!"!N33333 #)<"$*<%!!N33333 #(<$''<)&%N33333 #(<&$*<&'"N33333 #(<%%'<%#$N33333 #(<#*(<&")N33333 #(<"&!<(%*N33333 #'<)(!<%"*N33333 #(<#*%<%*&N33333 #(<$#*<&!!N33333 #(<)$"<%*&N33333 #)<#)'<%"*N33333 #)<$!(<#')N33333 #)<)##<&!!N33333 #*<"*)<%&"N33333 #*<%)(<*!!N33333 #*<')"<#')N33333 #*<*($<"()N33333 !"<$)'<**&N33333

'/0B$%6-C 7#&!<!)"<#(!:N3 %<#'&<()!N333333 $'(<&(!N333333333 )(<()#N33333333333 7#%!<(!%:N33333333 7&#!<&%#:N33333333 7'*#<'"":N33333333 7*("<!!):N33333333 7#<!&)<%#(:N33333 7#<!$*<!"#:N33333 7#<!!"<&"#:N33333 7#<#)!<$)&:N33333 7#<#&$<(&*:N33333 7#<#"*<)*(:N33333 7#<#"%<&)(:N33333 7#<")(<)&$:N33333 7#<"(!<$!%:N33333 7#<"$(<$!#:N33333 7#<"&!<)%):N33333 7)!%<$!(:N33333333

'9D96/1?72$'/0B$%6-C 7#%&<!!'<$((:N3 !<)#'<'&$N333333 &('<&'#N333333333 '*<$%#N33333333333 7**<#():N3333333333 7!*"<(&):N33333333 7&$*<*$%:N33333333 7'")<(%%:N33333333 7(%)<)((:N33333333 7("%<#%#:N33333333 7'&!<)*!:N33333333 7$)(<("):N33333333 7$%(<#(!:N33333333 7&*"<*"*:N33333333 7&'"<&&(:N33333333 7&!)<!!':N33333333 7%*)<!*(:N33333333 7%("<&*':N33333333 7%&&<'(#:N33333333 7!$'<()":N33333333

7#%&<!!'<$((:N3 7#%#<&"*<*%!:N3 7#%"<*%%<&(#:N3 7#%"<)'%<*&#:N3 7#%"<*'%<##*:N3 7#%#<!$%<)'(:N3 7#%#<(#%<)!":N3 7#%!<%!!<$$%:N3 7#%%<"'#<&%":N3 7#%%<('&<$'#:N3 7#%&<&"(<&$&:N3 7#%&<**$<#'#:N3 7#%$<$%!<%%%:N3 7#%'<"!%<!&!:N3 7#%'<&)%<')*:N3 7#%'<*##<*#$:N3 7#%(<%#"<!#!:N3 7#%(<')"<("):N3 7#%)<"!$<%(*:N3 7#%)<!)!<#$*:N3

E3F
'Y 7N#%)<!)!<#$*:

U@J?./A23-5263'Y

(,, ^K_D`

VU@-6?23?.J2J3@A?C/>6a35J,3]5A506]6A2<3J25?b326J2@A0<3@AJ/-5A?6<32-652]6A23?,6]@?5CJ<3\526-3J/11C98\5J26\526-3>@J1.J5C<31/-?,5J6>36C6?2-@?@2935A>3A52/-5C305J;

VV3OA,5A?6>3?.J2J3@A?C/>635@-31.CC/2@.A3?.A2-.C

VVVS\A6-3?.J2J3@A?C/>6J31C5AA@A0<316-]@22@A0<3>6J@0A35A>3?.AJ2-/?2@.A3].A@2.-@A0

VVVVZ>>@2@.A5C3?.J2J3]593@A?C/>636A,5A?6>35-?,@26?2/-6<3]5-@A632-5AJ1.-23B5?@C@2@6J3B.-3./2L.BL-60@.A3C.?52@.AJ<36C6?2-@?5C3@A26-?.AA6?2@.A3?.J2J<3.AJ@263@]1-.H6]6A2J<3.BBJ@263-.5>\593@]1-.H6]6A2J35A>3.BBJ@263?.]]/A@293@]1-.H6]6A2J;

VVVV3W.A2@A06A?9a3#(Y3.B3?51@25C3?.J2J;

!"#$%&''&()$*++ ,- ./%0((+$1.2-345 #6'67&%8$967%0: ;4<

=+70>+:+?$9+::0@A$B+%6C$D:&7+ 34- ./%0((+$1.2-345 2EFEG- HI/8:

=+70>+:+?$(0($9+::0@A$B+%6C$
D:&7+

3,-- ./%0((+$1.2-345 ,,G;E BJK

L0(M*+::0@A$N+%6C$&($!"#$O6A%+ -P34< F BJ

9+::0@A$N+%6C$&($!"#$O6A%+ 3P-E< 3-3E QJK/%0((+

H:0AA$#6C0:&*&7$R6C@+ 34P2 HI/%0((+ ;P4 HI/%0((+

#6C0:&*&7$R6C@+$0*$%K+$O00?$
O6A%+

32P2 HI/%0((+ SC+7%:&7&%8$AK6:+ E-<

B0&A%@:+$#0(%+(% 24< T+6%$UK6:+ V-<

S**&7&+(78$0*$%K+$W0&C+: ;-<

#6'67&%8



! "#$!

!
!""#$%&'()*(+&,-(./(0#12$.3.45(67""3&#8,(9$%(:,#8,;(<$1&$#89-&.$=(>9,&/&19-&.$(9$%(?58.35,&,(

( (

!

!
!

%&'()&*!*+&!,(!-(./0*&.,0120,3!



! "#$!

!"#$"%&'()*+,
%&'()*+',-!./!012'/.*&'1!3'()*+'4)5!6788#9!8:;5!!"#$%&'&()*+,-'.-/0&%*-%1*+#&%&20#*3%-')404*&5*
6-4/"*!07"*8)7&')4049*:-4050#-/0&%9*-%1*;0<."5-#/0&%=!3),*')()4!8<!"=9!78"#9!/*.>!
?,,@ABBCCC5D12*)D-D2)5D15E.(BFGH2'D1,'.&+BI.DG>)&,+BJ'*)+K#0=788=88L5@4/!
MMFN&+,',G,)5!678"7;5!!7"-/"1*6&&1*0%*3<.-/0#*+%,07&%2"%/4=!3),*')()4!8#!789!78"#9!/*.>!
?,,@ABBCCC5CC@'&+,',G,)5.*EB4.DG>)&,+BJM'&OPG1,'DQ&('*.&>)&,+RC',?S'&T+"75785"75@4/!
M'2+.&9!U59!V!),!125!678":;5!3*>&2?-7-/0,"*344"442"%/*&5*>&22"7#0-'*!"#$%&'&(0"4*5&7*
>&%,"740&%*&5*@&'01*6-4/"*/&*+%"7()=!!
O5!S1&/*1&D.!1&4!O++.D'1,)+!N&D5!678"#;5!A"/7&*B-%#&.,"7*6-/"C!&C+%"7()*D-#0'0/)*>&2?'0-%#"*
!"4/0%(*E"?&7/C*A-)*FGHI*+20440&%*@.7,")=!!
OQ0WX!01&141!S,45!6788$9!8=;5!X1&1E)>)&,!./!XG&'D'@12!Y.2'4!M1+,)!'&!X),*.!Z1&D.G()*A!O!
D.>@1*1,'()!O&12-+'+!./!W@,'.&+!/.*!X1&1E)>)&,!./!M1+,)!O/,)*!3)D-D2'&E5!UG*&1H-9!U09!
01&1415!
OQJ!0.&+G2,1&,+5!678"";5!FGHH*J"2&'0/0&%9*;-%1C#'"-70%(9*-%1*>&%4/7.#/0&%*6-4/"*>&2?&40/0&%*
A&%0/&70%(=!!
O4)>19!J5!678":9!"7!:8;5!>&22"%/*&%*/$"*37/0#'"*K6-4/"C/&C"%"7()*5-#0'0/)*?-7/%"74*507"*.?*
?.L'0#*&./7"-#$*#-2?-0(%K5!3),*')()4!/*.>!
?,,@ABBCCC5&1&1'>.HG22),'&5D.>B&)C+B7:<8#[$L"5?,>2\>.H'2)],*G)!
O22!F.C)*!S1H+5!678"7;5!M&N*:-4050#-/0&%*6&7O4*5!3),*')()4!8=!789!78"#9!/*.>!
?,,@ABBCCC5122@.C)*21H+5D.>B'&/.BE1+'/'D1,'.&RH1+'D+BE1+'/'D1,'.&R)^@21'&)4!
O22!F.C)*!S1H+5!678"7;5!M&N*:-4050#-/0&%*6&7O45!3),*')()4!8=!789!78"#9!/*.>!
?,,@ABBCCC5122@.C)*21H+5D.>B@*.4GD,+BE)TB?.CRE1+'/'D1,'.&RC.*T+R,?)RH1+'D+R)^@21'&)45?,>2!
UM_!Q&('*.,)D5!678"8;5!PQE:3Q*63@!+*8RES;R@T@U*8;3V!*>;S@+*!S*SQE*M+3JWQ3E!+E@*TV*
PQE:3QCQV!+EXVYETV:+V9*:+EA3VR5!3),*')()4!8<!"#9!78"#9!/*.>!?,,@ABBCCC5HC/R
E*.G@54)B)&BHC/R
)&('*.,)DB1H.G,`HC/`)&('*.,)DB@*)++B@*)++`1*D?'()B@*)++`*)2)1+)+`-)1*`788:`788#B@*)++`*)
2)1+)`>@1`HG*E1G5?,>2!
U1HD.DT9!359!V!aG)9!35!678"L;5!J0,"740&%*8&/"%/0-'*57&2*J"2&'0/0&%9*;-%1*>'"-70%(*-%1*
>&%4/7.#/0&%*A-/"70-'*E"#&,"7)*D-#0'0/0"4=!!
U1HD.DT9!359!V!aG)9!35!678"L;5!E"?&7/*&%*J"2&'0/0&%9*;-%1*>'"-70%(*-%1*#&%4/7.#/0&%*A-/"70-'*
E"#&,"7)*D-#0'0/0"4*@/.1)*ZD&7*A"/7&*B-%#&.,"7[=!a)&,)!Y,*1,)E')+!N&D5!
U0!b-4*.5!678":9!"";5!FGH\*E"4&.7#"*S?/0&%4*E"?&7/*Q?1-/"=!3),*')()4!8<!"89!78"#9!/*.>!
?,,@+ABBCCC5HD?-4*.5D.>BD.&,)&,B41>BU0b-4*.BDG+,.>)*R
@.*,12B4.DG>)&,+BD.*@.*1,)B*)EG21,.*-R@21&&'&ER4.DG>)&,+B'&,)E*1,)4R*)+.G*D)R
@21&+BDG**)&,R@21&B*.*RG@41,)R*)@.*,R78":"""#5@4/!
U0!b-4*.5!678"#;5!@!3VJTV:*SDD+E*8ES:E3A*JS>QA+V!@5!3),*')()4!8<!"=9!78"#9!/*.>!
?,,@+ABBCCC5HD?-4*.5D.>B)&)*E-R'&R
HDB1DPG'*'&E`@.C)*BDG**)&,`.//)*'&E+B+,1&4'&E`.//)*`@*.E*1>B4.DG>)&,+5?,>2!
U)1GD?)>'&9!F59!V!J1>@')*9!X5!6788[;5!+20440&%4*57&2*6&&1CD07"1*>&2L.4/0&%*+<.0?2"%/=!
Z1&D.G()*A!Q&('*.D?)>!Y)*('D)+!N&D5!
U.+>1&+9!O59!Z1&4)**)-4,9!N59!a)-+)&9!I59!V!b)2+)&9!S5!678"79!8L!"=;5!J?)!D*GD'12!*.2)!./!M1+,)R
,.RQ&)*E-!,)D?&.2.E')+!'&!)&?1&D)4!21&4/'22!>'&'&EA!1!,)D?&.2.E-!*)(')C5!]&.7%-'*&5*>'"-%"7*
87&1.#/0&%!9!"R"L5!



! "#$!

%&'()*+,!-.,!/!0)1+)2,!3.!45$"",!$67.!8'*91'+:+!9;!<=*9>?@)A!<9(()*!?*+)2?@)!4%%B7!@*)?@)A!C99A!
C?+@)!?@!)1)D?@)A!(*)++&*)E!F2;1&)2<)!9;!(?*@:<1)!+:G),!=)?@:2H!*?@),!*)+:A)2<)!@:>),!@)>()*?@&*)!
?2A!(*)++&*).!!"#$%&'(#$)#"*)!++$',*)-%./$%0'0!,!"""I"55.!
%?2?A?!81?2!J)*D:<).!45$"$7.!1223)-456547!89756:!!
%K%3.!45$""7.!;<"'('+#$)6/$'*)1#0&,)=/">,.0'/")8,(?"/$/@%)-./A,(&)-?#0,)2",)B)1#0&,)
=?#.#(&,.'C#&'/")6&<*%:!!
%:@'!9;!L?2<9&D)*.!45$"67.!7!D=2E754)F!D3G9FF)HIJK)!DDE!F)45-248:!!
%:@'!9;!L?2<9&D)*.!45$"M,!$M!$67.!=/"0&.<(&'/")#"*)*,L/$'&'/")M#0&,)*'0+/0#$)#&)&?,)F#"*N'$$.!
N)@*:)D)A!$#!5O,!5$"6,!;*9>!=@@(EPPD?2<9&D)*.<?PA9:2HIQ&+:2)++P<92+@*&<@:92I?2AIA)>91:@:92I
C?+@).?+(R!
%:@'!9;!L?2<9&D)*.!45$"",!$S7.!O.,,",0&)='&%)HIHI)!(&'/")-$#":!N)@*:)D)A!$#!"$,!5$"6,!;*9>!
=@@(EPPD?2<9&D)*.<?P;:1)+P<9DPT*))2)+@I<:@'I?<@:92I(1?2.(A;!
%05U!0F33!%?2?A?!3:>:@)A.!45$$V,!$67.!1#0&,P&/B5",.@%)4,>',M)/N)!$&,."#&'>,0:!N)@*:)D)A!$S!
5V,!5$"6,!;*9>!
=@@(EPPCCC.A&*=?>)2D:*92>)2@C?@<=.9*HPF2<:2)*?@9*W5$J91&@:92+PX?+@)@9Y2)*H'N)D:)C9;B1
@)*2?@:D)+K%.(A;!
%=:?2<)119,!Z.,!/!8)?*+92,!U.!45$"6,!$5!"$7.!2&&#M#)0,>,.0)&',0)M'&?)-$#0(/)#0)(/L+#"%)N'$,0)N/.)
(.,*'&/.)+./&,(&'/".!N)@*:)D)A!$S!55,!5$"6,!;*9>!=@@(EPP9@@?C?<:@:G)2.<9>P2)C+P19<?1I
2)C+P(1?+<9I)2)*H'IH*9&(I;:1)+I;9*I<*)A:@9*I(*9@)<@:92!
%1?&+)2,!%.,!/!3)Q9C,!J.!45$""7.!;#"#@'"@)8.,#&,*)1//*)'")!Q<#&'()5">'./"L,"&0R)=?#+&,.)JHS)
4,<0,)#"*)3'0+/0#$:!N)@*:)D)A!$#!"5,!5$"6,!;*9>!
=@@(EPPCCC.;(1.;+.;)A.&+PA9<&>2@+P(A;5$""P;(1[5$""[<1?&+)2$$#.(A;!
%1?*\,!K.,!/!N9H9;;,!U.!45$"$7.!8*9<))A:2H+!9;!@=)!"O@=!B22&?1!]9*@=!B>)*:<?2!X?+@)I@9IY2)*H'!
%92;)*)2<)E!Y%^]^UF%!-YBJFKF3F_`!^-!B!83BJUB!BN%!TBJF-F%B_F^]!83B]_,!%F_`!^-!UBNF^],!
F^XB.,!4((.!"OIM67.!^*1?2A9.!
%9D?2@?.!45$"a7.!5",.@%PN./LP1#0&,)G#('$'&%.!N)@*:)D)A!""!$O,!5$"a,!;*9>!
=@@(EPPCCC.<9D?2@?.<9>P)2P;?<:1:@:)+P;?<:1:@'IQ'I19<?@:92PQ&*2?Q'.?+(R!
Y&*9()?2!%9>>:++:92.!45$$#7.!9"&,@.#&,*)-/$$<&'/")-.,>,"&'/")#"*)=/"&./$S)4,N,.,"(,)3/(<L,"&)
/")&?,)T,0&)!>#'$#U$,)8,(?"'Q<,0)N/.)1#0&,)9"('",.#&'/":!!
Ya@)<=.!45$$V,!$#7.!4,>',M)/N)8,(?"/$/@',0)N/.)O#0'N'(#&'/")/N)T'/L#00)#"*)1#0&,0.!N)@*:)D)A!$#!
5",!5$"6,!;*9>!=@@(EPPCCC.)<91?@)*?1.9*HPH?+:;:<?@:9222;<$V$#$V.(A;!
Y?*@=!Y2H:2))*:2H!%)2@)*,!X?+@)I@9IY2)*H'!N)+)?*<=!/!_)<=2919H'!%9&2<:1,!%919&>Q:?!
b2:D)*+:@'.!45$"5,!$M!5"7.!V',.#.(?%)/N)6<0&#'"#U$,)1#0&,);#"#@,L,"&:!N)@*:)D)A!$6!"$,!5$"6,!
;*9>!=@@(EPPCCC.<1)?2:2A:?c9&*2?1.<9>P=:)*?*<='[9;[+&+@?:2?Q1)[C?+@)[>?2?H)>)2@I5P!
Y?*@=!_)<=!%?2?A?!F2<.!45$$67.!O.,#&,.)7#"(/<>,.)4,@'/"#$)3'0&.'(&P4,>',M)/N)!$&,."#&'>,)6/$'*)
1#0&,);#"#@,L,"&);,&?/*0:!!
Y<9C?+@).!45$"a7.!X99A!X?+@).!
Y11':2,!%.!45$"5,!$V7.!6;!FF)6=!F5)1!685P82P5D54OW)85=VD2F2O956:!N)@*:)D)A!$6!"5,!5$"6,!
;*9>!=@@(EPPCCC.+)?+.<91&>Q:?.)A&P)?*@=PC@)*@P+9;9+PY11':2[_=)+:+.(A;!
Y2D:*92>)2@!%?2?A?.!45$"a,!$O!$S7.!=?#+&,.)T)P)=?./L#&,*)=/++,.)!.0,"#&,)X==!Y)1//*)
-.,0,.>#&'/")G#('$'&',0)X8#U$,0Y.!N)@*:)D)A!$#!5a,!5$"6,!;*9>!
=@@(EPP)<.H<.<?P(911&@:92PA);?&1@.?+(d1?2HeY2/2e6S$SM5faI"/9;;+)@e"M/@9<e+=9C!
Y2)*IT.!45$"67.!N)@*:)D)A!$6!"V,!5$"6,!;*9>!F+!Y;XPYN-!+?;)dE!=@@(EPPCCC.)2)*HI
H*9&(.<9>P)2)*H9+P:2;9*>?@:92I<)2@*)P;?g+P!
Y8B.!45$$5,!$"7.!5-!)!94)-2FFE892D)=2D842F)=268);!DE!F:!N)@*:)D)A!$#!5S,!5$"6,!;*9>!
=@@(EPPCCC.)(?.H9DP@@2<?@<"PA:*"P<[?11<=+.(A;!
Y8f.!45$$V7.!8?,.L#$)8.,#&L,"&)8,(?"/$/@',0)N/.);<"'('+#$)6/$'*)1#0&,:!N)@*:)D)A!$S!$",!5$"6,!
;*9>!Y2D:*92>)2@?1!8*9@)<@:92!f)(?*@>)2@E!



! "#"!

$%%&'(()))*+&,*-./*$0(+&,(+1-234$(5.67,4(6,/34.789:.;1:32(<32+4(=>?9@6&+79AA9ABBC9=11+D
9=*&,<!
E=F!>.7&.76%+!G.:;H+1%!I+&.43%.78*!J"CCBK*!!"#$%&#'()&*)+,-#./&#(0#1((2#3&/+2.&/#0(3#&*&345#
4&*&3,)+(**!JE*!G+&67%H+1%L!@7.,;:+7K!I+%73+/+,!BM!B"L!AB"NL!<7.H!?1+7-8!:.14+7/6%3.1!31!%$+!
H+:$613:62!<.7+4%!31,;4%73+4!'!$%%&'(()))*<6.*.7-(,.:7+&(%BA#C+(%BA#C+BO*$%H!
E34:$+7!P7.&4:$*!JQ(=K*!6+)&3,).3&#7.38&5#(0#9+(:,//#;,/+0+<,)+(*#$&<%*(-(4+&/"!I+%73+/+,!BM!BCL!
AB"NL!<7.H!$%%&'(()))*<34:$+7R%7.&4:$*.7-(GF?(GF?97+&.7%4(<:A#RBB1%SBCTMRBT(<:A#R
BB1%SBCTMRBTRT*&,<!
E@!U11./6%3.14!*!9+(=&*&345#,*2#9+(=<%&:+<,-/#75*)%&/+/#>&'(3)"!!
V37.;D!L!W*!JAB"SK*!7),)&#(0#?,/)&#@,*,4&:&*)#+*#A,*,2,#"!!
V.2,+7!=44.:36%+4*!JABBOK*!B*8&*)(35#(0#43&&*%(./&#4,/#4&*&3,)+(*#03(:#-,*20+--/#+*#93+)+/%#

A(-.:C+,"!!
U>E!U1%+716%3.162*!JAB"SL!"B!ASK*!D<(*(:+<#E*,-5/+/#(0#F&1#?,/)&=)(=#D*&345#G,<+-+)5#+*#@&)3(#

H,*<(.8&3"!I+%73+/+,!BM!"BL!AB"NL!<7.H!
$%%&'(()))*5+20.7&*:6(U>EU1%29X+%7.Y61:.;/+79ZP?[;431+44>64+=16284349AB"S9"B9AS*&,<!
UI?Q=*!JAB"AK*!>DFD?E96D#DFD>;I#$DAJFK6K;BD7L#AK7$#EFE6I7B7#7D>BD7L#9BK@E77#GK>#

MK?D>#;DFD>E$BKF"!!
\+62%$!>616,6*!JABBOL!B"!BMK*!E3/&*+<*!I+%73+/+,!B#!ANL!AB"NL!<7.H!$%%&'(()))*$:R4:*-:*:6(+)$R
4+H%(&;54()6%+7R+6;(674+13:(31,+DR+1-*&$&!
\+24+1L!W*!JABBOK*!$%&#A%,3)%&3:#'3(<&//N#1%,)O/#+*#)%&#*,:&P!!
\+24+1L!W*L!]!Y61!,+1![;2:0L!?*!JABBSK*!>DHBD?#KG#$JD>@KAJD@BAE6#AKFHD>7BKF#M>KAD77D7#

E7#QB7MK7E6#$DAJFK6K;BD7#GK>#AJ>K@E$DQ#AKMMD>#E>7DFE$D#RAAES#$>DE$DQ#?KKQ#

?E7$D"!I+%73+/+,!B#!TBL!AB"NL!<7.H!$%%&'((::67+4+67:$*.7-(::6:.1<+7+1:+(&.4%(&,<(\+24+1*&,<!
\+24+1L!W*L!Y61!,+1![;2:0L!?*L!]!\+78L!^*!J"CCOK*!P.%62!7+:8:231-!.<!>>=!%7+6%+,!)..,!)64%+!58!
2.)R%+H&+76%;7+!&87.28434*!?,/)&#@,*,4&:&*)!L!NM"RNMO*!
\+78L!^*R_*!JQ(=K*!E#AK@M6D$D#BFQT7$>BE6#M>KAD77#$K#>DAIA6D#AAE=$>DE$DQ#?KKQ"!
I+%73+/+,!BM!"NL!AB"NL!<7.H!$%%&'(()))*::67+4+67:$*.7-(::6:.1<+7+1:+(&7+(&,<(\?I`*@GE!
\.L!=*L!]!+%!62*!JAB"BK*!?,/)&#/(-.)+(*/#0(3#@&)3(#H,*<(.8&3"!!
\.<56;+7L!\*L!I6;:$L!I*L!a26;4L![*L!a.:$L!I*L!]!=3:$+713-L!>*!J1*,*K*!9+(:,//#AJM#M-,*)#;U//+*4#V#E#

7.<<&//#7)(35"!I+%73+/+,!BN!ABL!AB"NL!<7.H!$%%&'((H+H5+74*6.1*6%(53.H644+(4%76445.;7-*&,<!
\.<56;+7L!\*L!I6;:$L!I*L!a26;4L![*L!a.:$L!I*L!]!=3:$+713-L!>*!JABBAK*!9+(:,//#AJM#M-,*)#;U//+*4#V#

E#7.<<&//#7)(35"!I+%73+/+,!BN!ABL!AB"NL!<7.H!$%%&'((H+H5+74*6.1*6%(53.H644+(4%76445.;7-*&,<!
a603%613L!P*L!\6%6L!P*L!a6b3H.%.L!P*L!]!UH6H;76L!`*!JABBSK*!?<<+:%!.<!&87.28434!.1!4.2/+1%!
+D%76:%65323%8!.<!%.D3:!H+%624!<7.H!:$7.H6%+,!:.&&+7!674+16%+!J>>=KR%7+6%+,!)..,*!J,W,32(./#
@,)&3+,-/!L!NTRNM*!
a603%613L!P*L!\6%6L!P*L!a6b3H.%.L!P*L!]!UH6H;76L!`*!JABBNK*!G+43-131-!6!&;73<3:6%3.1!&7.:+44!<.7!
:$7.H3;HRL!:.&&+7R!61,!674+13:R:.1%6H316%+,!)..,*!?,/)&#@,*,4&:&*)!L!SNTcSNO*!
a603%613L!P*L!\6%6L!P*L!a6b3H.%.L!P*L!]!UH6H;76L!`*!JABBSK*!P).!&.44352+!&6%$)684!<.7!%$+!7+2+64+!
.<!674+13:!,;731-!&87.28434!.<!:$7.H6%+,!:.&&+7!674+16%+!J>>=KR%7+6%+,!)..,*!J,W,32(./#
@,)&3+,-/!L!ASMcANA*!
a62.-37.;L!?*!JAB"BL!BN!B#K*!E3*(-2/)&+*#?)D#'-,*)"!I+%73+/+,!B#!"SL!AB"NL!<7.H!
$%%&'(()))*4+64*:.2;H536*+,;(+67%$()%+7%(4.<.4(X+H.dABdAB=71.2,4%+319+1-234$*&,<!
a61+!>.14;2%31-L!WF>F![>L!I+4%7631%!>.14;2%31-L!61,!e7561!E6573:*!JAB"AL!BAK*!@,3X&)#E*,-5/+/#

(0#T/&2#9.+-2+*4#@,)&3+,-/#+*#@&)3(#H,*<(.8&3"!I+%73+/+,!BM!B"L!AB"NL!<7.H!
$%%&'(()))*H+%7./61:.;/+7*.7-(4+7/3:+4(4.23,R
)64%+(_.23,Z64%+@;523:6%3.14(X670+%9=16284349.<9e4+,9[;32,31-9X6%+736249E31629I+&.7%*&,<!
W6:3%8461*!JABBSL!"B!"TK*!MI>K6I7B7#GEAB6B$IL#@U--'53(-5/&,*-,4&#R@MES#@7?#M53(-5/+/#M-,*)"!
I+%73+/+,!BM!"NL!AB"NL!<7.H!



! "#$!

%&&'())*+,-&./+01234)/2*-5637/283,7/)/&3+&74-,6'3243+9/)+*&730+&-:76&7,%);<=);.32*./-/=+,-*-&.1
'5>!
?29@+35-A!?1A!B+307:+*7A!C1A!D!B23&-A!E1!F$G"HI1!E!37:-7J!2>!&7,%02*24-7/!+05!'73>239+0,7/!2>!
&%739+*!&37+&970&!/./&79/!>23!70734.!37,2:73.!>329!J+/&71!!"#$%&'"(")%*%($!A!$#KHH1!
L7M&733+1!F$G"NI1!+,-.,-/01&.-,23415!!
O+3-20!B280&.!P=;1!F$GGQA!GQ!G$I1!16"78"$9:(&+:**9$$%%&-%;:<$=&'"<9:(&+:8($>?#&-2.&@:<&
!"#$%A$:A1(%<)>&2"B979$9%#5!P7&3-7:75!>329!
%&&'())JJJ1%7+3&2>>*23-5+/2*-5J+/&71234)'5>)O+3-20C:+*8+&-20B299-&&77P7'23&>23RSC=TLE?
GQUG$UGQ1'5>!
O7&32!V+0,28:731!F0151I1!+7%"(&!::C&-%B>B79()&"(C&D9#;:#"7&E"(1!P7&3-7:75!G#!$GA!$G"WA!>329!
%&&'())JJJ197&32:+0,28:731234)/73:-,7/)/2*-5UJ+/&7)@8/-07//U-0/&-&8&-20/),*7+0UJ225U
5-/'2/+*U@+0);+47/)57>+8*&1+/'M!
O7&32!V+0,28:731!F$G"WI1!F%(%<"$9()&1(%<)>&@<:*&!"#$%&'%$<:&G"(B:86%<?#&!"#$%A$:A1(%<)>&
2"B979$>5!!
O7&32!V+0,28:731!F$G"WI1!F-1/01-&G/H+,IG1-&-1F3,H/4&D3J0-3+0&K1-,&!/J01&
+,''30011=&K%<:&!"#$%&+:**9$$%%&-%)87"<&/)%(C"5!!
O7&32!V+0,28:731!F$G"NA!"G!$WI1!F<%"$%<&G"(B:86%<&-%)9:("7&D9#$<9B$&E:97%<#&"(C&.<:B%##&
L%"$%<#&1*9##9:(&-%)87"$9:(&E>7"M&H:5&NOPQR&SOOP5!P7&3-7:75!G#!$GA!$G"WA!>329!
%&&'())JJJ197&32:+0,28:731234)@2+35/)X.*+J/")YVP<6X.*+J6"GZ[\$GU
\$G]02>>-,-+*\$GB20/2*-5+&-201'5>!
O7&32!V+0,28:731!F$G"GI1!3($%)<"$%C&J:79C&!"#$%&"(C&-%#:8<B%&'"(")%*%($A&"&J:79C&!"#$%&
'"(")%*%($&.7"(5!!
O-&/8@-/%-!^7+:.!T058/&3-7/1!F$GG$A!G[I1!-:$"<>&T97(&28<("B%1!P7&3-7:75!G[!G"A!$G"WA!>329!
%&&'())07&&$"147,1_')_/-965+&+)J+/&7)J+/&76N)%&9*)52,6HN"1%&9*!
OPOB!/-&7!:-/-&/1!F$GGWA!GQI1!'"$%<9"7#&-%#:8<B%&'"(")%*%($&+:($<"B$=&G9#9$&$:&.><:7>#9#&.7"($&U&
L"**R&F%<*"(>5!P7&3-7:75!>329!%&&'())7M'73&',1234)4+/->-73)-57+$1'5>!
`&&2/70A!?1A!<+927A!E1A!D!^+0/70A!^1!F$G"HA!GH!$#I1!L"(C79()&:@&9*;<%)("$%C&M"#$%&M::C&"(C&
BV"<"B$%<9W"$9:(&:@&"#V&<%#9C8%#&"@$%<&B:*X8#$9:(&:@&$V%&M::C5!P7&3-7:75!G#!$WA!$G"WA!>329!
%&&'())JJJ137/7+3,%4+&7107&)'8@*-,+&-20)$N[[[NWGW!
;*+&&A!X1!F$G"$A!GN!G"I1!3#&IE+?#&(%M&X9:*"##&;:M%<&;7"($&"&7::*9()&X9:*%##Y!P7&3-7:75!G[!GQA!
$G"WA!>329!%&&'())8@.//7.1,+)>7+&837/)8@,U@-29+//HN$)!
a89-2A!b1A!O+/8&2A!a1A!D!=89-%-32A!O1!F$GGHI1!0V%<*:#%7%B$&!"#$%&F"#9@9B"$9:(&"(C&-%@:<*9()&
.<:B%##5!!
a+05c8-/&A!d1!F$G""I1!E9:*"##&)"#9@9B"$9:(&9(&H:<M">5!P7&3-7:75!GW!"WA!$G"WA!>329!
%&&'())4+/->-,+&-202>@-29+//1234)+'')J7@322&)>-*7/)>-*7)$G"")L23J+.1'5>!
aYa!V2/&2e!?-9-&751!F$G"$I1!-%;:<$&:(&'%"#8<%*%($&-%#87$#&:@&1(69<:(*%($"7&."<"*%$%<#&:@&
!"#$%&+:(6%<#9:(&.><:7>#9#&J>#$%*5!O2/,2J(!Y3770!?-4%&!C0734.!a2*8&-20/!B23'1!
a-9+573A!Y1!F$GGHA!GHI1!09$7%=&+"#%&J$8C>=&S&'!%7&X9:*"##&)"#9@9B"$9:(&;7"($&9(&FZ##9()&[/8#$<9"\5!
P7&3-7:75!GW!$GA!$G"WA!>329!%&&'())JJJ12'7&U,%'107&)52J0*2+5)J'N)4\=B//-04+8/&3-+1'5>!
a%-804!?+9A!a1A!D!B%+/7A!^1!F$G"$I1!E!P7:-7J!20!R+/&7!&2!C0734.!;32,7//7/!]/-04!O-,32J+:7!
;.32*./-/1!1(%<)9%#!A!H$GQUH$N$1!
a*2+0VEfg]Cf??B1!F$G"$I1!!"#$%&J$<%"*&J$8C>&]&!"#$%&+:(6%<#9:(&0%BV(:7:)9%#&-%69%M5!!
a'73*-04!^+0/70!E//2,-+&7/1!F$G"HI1!G/H+,IG1-&4/HD2344&D1',4303,H!/J01&J0-/01F^&U&
SON_5!!
a&8@70:2**A!d1A!Xh%973A!a1A!D!ai750._A!T1!F$GG$I1!J$"$%&:@&$V%&/<$&@:<&!"#$%&3(B9(%<"$9:(&.7"($#5!
V-700+1!
a&+0&7,1!F$G"GI1!!/J01&0,&1H1-F^=&/&0%BV(9B"7&-%69%M&:@&'8(9B9;"7&J:79C&!"#$%&0V%<*"7&
0<%"$*%($&.<"B$9B%#5!!



! "#$!

%&'()*!+,*!-!./0(12')*!3,!456678,!!"#$$%!&#$'%(#!)'%)*%'+',-.%&*+/',!0*+%!.!)'"!1%0'#%
20*'+',-.%#-,''"'+)%3%)#!4%56%(*,4%)*70&%89!!
%&'9&'*!+,!4:;<8,!!:;<=%;>?@ABCAD%EAF%GCA=<BB%?F;3:F;<:=;D:9!!
='>(/)19!?(2&@(A&!/B!CD9E9'FG:'AH1E/,!456"58,!'>:;DH;H%7FAHIJ;F%,;B?ADBCGC@C:K,!='&@('I'J!6#!6K*!
56"K*!B@/L!H&&MN;;OOO,@J0),0A,A1;')I(@/)L')&192'@I(A'2;@'AFA9()>;'P&')J'JGM@/JDA'@G
@'2M/)2(0(9(&F!
=(QQ/*!R,!456"68,!(**L%(#!)'%L',0/'L%MN'$1%!)#)'%*M%)O'%#,)%#+L%L'/'$*7"'+)%
7,*!7'&)!%0+%M,#+&'%M*&N!%*+%&*+!),N&)0*+%#+L%L'"*$0)0*+%(**L%(#!)'!9!
%&/AEH/9L,!
=(A1@J/G<S<!3&J,!456"$*!6T!658,!&<B;%!:IHK%P%(AAH%(<B:;%:A%'D;FQK9!='&@('I'J!6K!56*!56"K*!
B@/L!H&&MN;;OOO,Q'@/O12&',21,>/I,1D;DM9/1J;@'2/D@A'GA')&@';MD09(A1&(/)2;O12&'G&/G
')'@>F;R12'U56%&DJFU565U56+//JU56+12&'U56VW:<3,MJB!
.1)*!X,!456"$*!67!"K8,!M;<BCGC@C:K%!:IHK%AD%!A@CH%(<B:;%:A%'D;FQK%);JRDA@AQCJ<@%#B?;J:B9!='&@('I'J!
6T!5Y*!56"K*!B@/L!H&&MN;;BD)>()2&(&D&',0'@E'9'F,'JD;2(&'2;J'B1D9&;B(9'2;%/9(J+12&'./S)'@>F,MJB!
.1LM('@*!Z,*!-!C'1DAH'L()*![,!4566#8,!0L'+)0M.0+-%'+/0,*+"'+)#$$.%7,'M',#2$'%N!'!%M*,%
20*"#!!%,'!*N,&'!9!!
./O)2')J*!.,*!-!%/9/G\10@('9'*!],!4566$8,![/&')&(19!R/)A'@)2!1)J!WLM1A&2!/B!RR<G.@'1&'J!+//J!
B/@!&H'!+12&'G&/GS)'@>F!W)JD2&@F,!SS:R%+AF:R%#=;FCJ<D%(<B:;%:A%'D;FQK%&ADE;F;DJ;*!4MM,!"6$G
"""8,!
./)>*!?,*!%DAHF*!R,*!3()2EF*!<,*!-!]'0'@&*!<,!456"58,!2&0)%2CA=<BB%(<B:;3:A3'D;FQK%,;?AF:9!!
.=<?<!.'AH)/9/>F!-!S)I(@/2!R/)2D9&()>!3&J,!4566K8,!*?:CADB%<DH%,CBT%#BB;BB=;D:%EAF%)F;<:;H%
(AAH%(<B:;9!!
!

!


