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Basics about Carbon Footprints

Carbon Accounting — Product Carbon Footprint and Corporate Carbon Footprint

Product Carbon Footprint Corporate Carbon Footprint

One specific product is evaluated
throughout its life cycle.

All production processes of a
company are evaluated, together

with upstream and downstream
processes following a life cycle
approach.

Norms and standards:
PAS 2050 Carbon

GHG Protocol: Product Accounting

Norms and standards:

» GHG Protocol: Corporate
Accounting and Reporting
standard
DIN ISO EN 14064

Accounting and Reporting
standard

DIN ISO EN 14067

DIN ISO EN 14027

Based on Life Cycle Assesments (LCA) and Material Flow Analysis (MFA)
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Basics about Carbon Footprints

Foundations of Life Cycle Assesments (LCA) and Material Flow Analysis (MFA)

= LCA: Compilation and assessment of input and output = MFA: Systematic assessment of the state and changes
flows and potential environmental impacts of a product of flows and stocks of materials within a system defined
system during its life cycle. In space and time.
Phases of a life cycle assessment Phases of a material flow analysis (;

Definition of the objective and
scope of investigation

Problem Definition

System Definition

Life Cycle Inventory baamg Evaluation

Determination of material flows and
stocks

Life Cycle Impact Assessment

lllustration and interpretation of
results

Source: [1] DIN EN I1SO 14040, DIN EN ISO 14044, [2] Brunner et al. 2004
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Methodology of Product Carbon Footprint (PCF) calculation

Definition of the problem/objective and the scope of the investigation

= Definition of objectives
= Definition of the product system, functional unit and reference flow

= Definition of the scope and methodologies
Ecosphere

___________________________________________________________________________________________________

System under consideration

Allocation area

Other system

e o o o = = = = = = = = = = = = = = = = = = = = = = - - - - - - - - - - - - - - - ————

Source: DIN EN ISO 14040, Klépffer (2017); Sundmacher (2002)
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Methodology of Product Carbon Footprint (PCF) calculation

Definition of different Scopes

Extraction, transport and processing of
raw materials (data of the supplier of
parts and components)

a0 ﬁ _...!.. Direct emissions

. " associated with fuel
Manufacture of excipients, auxiliary ) . —

products and components furnaces, vehicles

i aﬁ lﬁ Indirect

emissions
from the
purchase of
grid-bound

=Bn ener
= L ™ .

Transport to the manufacturer's
factory gate

Maintenance /
“

=%

Transport to the disposal site

Dismantling x !3

Additional End-of-Life Processes

Cradle-to-Gate Cradle-to-Gate
Cradle-to-Grave Cradle-to-Grave
Source: VDMA 2022
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Methodology of Product Carbon Footprint (PCF) calculation

Exemplary product systems and system boundaries of aluminium manufacturing

PCF of the

manufacturing of Energy
Al product Energy Energy Energy

m m m Tm m = mi+3,input

H-

i,output i+1,input i+1,output i+2,input i+2,output

Electrolysis/Melting
hinput (Process i)

Casting Heating/Rolling/Forming Heat Treatment

m (Process i+1) (Process i+2) (Process i+3)

| ool oo o

mCOz QLoss mLoss mCOz QLoss mLoss mCOz QLoss mLoss

Meo, Qo m .
? 0% °*  PCF of a manufacturing

process of an Al product

mi+3,ouput = Mproguct
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Methodology of Product Carbon Footprint (PCF) calculation

Life Cycle Inventory and determination of material flows and stocks

Data collection
Data calculation
Assignment to Process Modules

Modeling of the product system

Scale formation

Enthalpy load

Scale losses

Furnace losses

Hot cooling

Fuel:

Losses pipes

Air after recuperator

Off-gas stack

Air before recuperator

Steel
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Mass- and energy balances of industrial processes

Principle of mass balances (with and without chemical reactions)

mOxygen mScaIe
Fe,O,
(mSteeI,ScaIe )
m. m m . m
in out Steel,in : Steel,out
System Reheating for :
/ > ’ hot Forming
mloss
mSteeI,Ioss
min T mout + mloss rnSteel,in + mOxygen — mSteeI,out + ArnSteeI,Scrap

+ Am

Scale

9 Carbon Footprint - Calculation for aluminium production processes
Carsten Gondorf, M.Sc. | Felix Kaiser, M.Sc. :nztitul fiir' X
ndustrieofenbau
Aachen | 23.03.2023 und Warmetechnik




Mass- and energy balances of industrial processes

Mass balance - Yield and excess input
Yield

m. Sgysttlm m,, c= Moy _ My, — My ~1— Moss
min min mout
mout =G min
m. = um .
2N Excess input
mloss = (1_ g)min
mloss = (M_l)mout H= mm = min — r:-lr-] — 1
mout min o rnIoss 1 loss
min
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Mass- and energy balances of industrial processes

Mass balance — Combination of process modules

m ...=m
m. . . out,i—1
in =1 System i-1

in,i

Giq2 Hig
¢ mloss,H
_ mout,l mout,z mout,3 _ . . .
Stot — e =G "Gy G5
rnin,l min,2 min,3
min,l min,2 rnin3

Hiot = e = Hyp Ry Mg

m

out,1 mout,2 mout,3

System i
Gi ) ui

outj

in,i+1

¢ mloss,i

>

I
=

System i+1
Gists Hisq

m

out,i+1

l mloss,i+1
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Mass- and energy balances of industrial processes

Energy balance principles

Sum of the Sum of the Time depended change
entering energy - outgoing = of the stored energy in
flows energy flows the control volume

2 2

dQ +dwW., +(h, +C +gz,)dm, - (h, +C +gz,)dm,

dE

dw,
4_

| | Exit Q Heat W, Technical work
z, 12 C, dm
! : h, Specific enthalpy ¢, Velocity
---------- e B g Gravity z, Geodetic hight
Z, m; Mass E Energy
Y v P — 12in 2Zout
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Mass- and energy balances of industrial processes

Off-gas

Protective gas Heat losses
A .
' )
. /\ |
Combustion - e - |
air |7 3 an |
I
. ' \ 4 |
Atomlzer - o) Trans_ E|eCtrlca|
| 600006060 former |4 |> Heating
Fuel e Chemical <H— .
| Reactions %4_ Cooling
| Load S0
ﬁi—:’%ﬁm&ﬁr’
I
I o _ _ |
| Motor Control Pneumatic Hydraulic |
| |
Y S S R —_——
System boundary
— Electric Energy
— Thermal, chemical energy, fluid energy
13 Carbon Footprint - Calculation for aluminium production processes

Carsten Gondorf, M.Sc. | Felix Kaiser, M.Sc.
Aachen | 23.03.2023

Institut fiir
Industrieofenbau
und Warmetechnik




Mass- and energy balances of industrial processes

H

He

Steel,in

QWaII . H
) ' Q Off—gas,P
QAirtube QR?EJiation Recu i
i S e . System boundary
I Recuperator Recu
| : I/E/ p
I |
I ‘ TAi Recu : I H SYStem bOUﬂdaI'y
I . I Air,amb
: HAir,Recu: . |__________/_P_|antP
: R H
: HAir,F _—— " 'OffgasF
|
|
|

Qgs

=H

|
|
|
|
I System boundary

Furnace chamber O

Furnace
Lload  chamber (F)

HSteeI,z

BS,out
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Mass- and energy balances of industrial processes

Energy balance — Definition of key parameters

Qua . Total system (P)

QAirtube QRadiatiun i

__________________________ System boundary . . . .
—————— Recuperator Recu — — — —
| P HFueI + HAlr,amb HSteeI,Z + HSteeI,l HOff—gas,P Z Qi,P - O
i

[R— System boundary
T Plant P

Furnace chamber (F)

HFuel + HAlr,F - HSteeI,Z + HSteeI,l - HOff—gas,F - ZQLF =0
i

System boundary
Furnace chamber O

Furnace
ead chamber (F)

-

...... 3 Recuperator (Recu)

__________________________________________

Q =H out_H in i — ) i —_— ) —_— : f—
o > HOff—gas,F HOff—gas,P + HAir,amb HAir,Recu ZQi,Recu =0
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Mass- and energy balances of industrial processes

Energy balance — Definition of key parameters

Overall system - plant (P)
H. . +H —H +H

Fuel Air,amb Steel,2

Steell HOff—gas,P _ ZQLP =0
i

Combustion or heating medium (fuel) efficiency
H H H

Fuel ' 'Off—gas,P —1_ Off—gas,P

F ¥

Mep =

___________________

QWall

ClAirtube Q

Radiation

Recu

e

Furnace

System boundary
1 Recuperator Recu

System boundary

sl 7 Plant P

System boundary
Furnace chamber O

Fuel Fuel He Quoes chamber (F)
_ Flos Hn,

HAir,amb - O

Reactor efficiency A

. . . . QBS = HBS,out _HBS,in
ne = HSteeI,Z o HSteeI,l . HSteeIZ HSteeIl
rp ) - -
HFueI _ HOff—gas,P HSteel,z Steell + Z Q| P Z Qi,P
1+ - ! .
HSteeI,Z o HSteeI,l
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Mass- and energy balances of industrial processes

Energy balance — Definition of key parameters

Overall system - plant (P)
: - QWall .
H + H HSteeI,Z + HSteeI,l o HOff—gas,P _ Z Qi,P =0 . a Q Hott_gasp
i

Fuel
QAirtube Radiation i

Air,amb
System boundary

——————————————————————————

—————— 1 Recuperator Recu

System boundary

Relations of the efficiencies | . _ T e B

_ HSteeI,2 B HSteeI,l _
Niotp = H =MNep Nip H,
Fuel H

System boundary
Furnace chamber O

Furnace
ead chamber (F)

-

__________________________________________

Qas = HBS,nut - HBS,in
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Mass- and energy balances of industrial processes

Energy balance — Combustion efficiency

H

Off—gas

H

Hottgas/ Hruel = T (fuel, off-gas temperature T,

n, =1-

Fuel

air temperature T

air

air ratio A resp. 0,)

ff-gas’

Fuel C,in°Ct C,in °Ct Cyin °Ct
CH, (Natural

4.43104 1.34-104 2.70-10°3

0as

H
Off-gas  __ Cs;H. (Propane 4.25-104 1.26-:104 3.11103
H Y - C1-|-Off—gas o CZTAir + C3 (TOff—gas - TAir )Oz,dry s (Prop )

Fuel = AIr H, (Hydrogen) 40110 1.04-104 2.81:10°
Sl AT 7.6910 1.7810 3.9010°

Jas
Coke oven gas 4.26:10* 1.18:104 2.50-103
BOF gas 4.46:10 1.02-104 2.86:103
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Mass- and energy balances of industrial processes

Energy balance — Combustion efficiency

100
Rx -
SRNRNSNNS
o\o 80 }\\\\\\\\\§ \‘\\Q\'\\\\ 5-).
s RN &
S \§§§\\§é§: N 1200 2
o
¢ \\§\\§\\<_1ooo 5
NN
e N Ne— ©
2 NANN g
£ 20 ONSf— 400 5
O NN 50 &
0 Ne— 20 %
500 1000 1500

Offgas temperature°C

Source: Pfeifer — Handbuch Industrielle Warmetechnik (2013)
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Mass- and energy balances of industrial processes

Energy balance — Combustion efficiency

1
|
North sea
- natural gas
=08 9
(&)
S ,fL
2 06 \k ”
% N 1.2
g 1.3
0 1.4
£ 0.4
|
2 \
5
S 0.2

U N

0 400 800 1200 1600 2000 2400
Temperature in °C

Source: Pfeifer — Handbuch Industrielle Warmetechnik (2013)
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Mass- and energy balances of industrial processes

Energy balance — Different system boundaries

| . Radiant tubes Soaking
RT Quan Heue Heating- and Soaking Zone  zone
Alr [o 00O 000O O O
QLass.RT
ko ===
e ~ _ y HHNx,in
i -T-f*, A . [ Qe ¢
-.--—'t"--t-"r' clement L=
HOﬁgas |
_ OJObobob o0oboo_oob_o l _
HHNx,out EXIt
Gas Jet \ H...
: v Strip,out
Hsyipin ———2 Cooler

Strip,in

O-

Entry

Loss,F
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Mass- and energy balances of industrial processes

Data gathering

TRANSPORT (From storage to furnace)

INPUT QUANTITY UNIT COMMENT OUTPUT QUANTITY UNIT COMMENT
T'a";_pmt Raw materials Product
medium
ne———" L EUMENT (materials entering (Material leaving the
forklift...) the furnace) furnace)
Co-product
Consumables P _
ENERGY SOURCE ORIGIN Electrod i (Valuable material
(Energy source to CONSUMPTION |[UNIT (Whereis this energy coming | (Electrodes, oil, generated during the

» Data often based on ranges

» Depending on the product, data has to be converted to fit the
format x/product or X/t ,qycs

(cooling water,
distilled water..)

provide heat) fergll:aer:gclo:;cl).c.).? Renewable, | [ubricants...) production of other
Natural gas material)

Electricity Water

Other

product

Emissions to air

Emissions to
water

Emissions to soil

Other
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Mass- and energy balances of industrial processes

Electrolysis Casting Rolling / Forming / Casting Fabrication End-use products
/ Melting

Electrolysis

Global demand for aluminium

Hot Cold Foil products = 45 million tonnes

Casting rolling mill rolling mill

Electrica
----- cab

Extrusion

Structural
Remelter ) in buildings 5
End-of-life _— - Wire drawing ) ¢
scrap 8 Liquid aluminium 12 4 Cable / wire Construction Non-structural
in buildings 5
Fabrication Die castings Infrastructure1
scrap 11 Secondary
Refiner Casting casting Drinks cans 3
Permanent mould castings
Forming Liquid aluminium 26 I('fEroctrezg e o Packaging foil 3
scrap 20 Sand castings products Consumer
durables 3
Other
Other 4

Global flow of aluminium in 2007
Values in million tonnes (Mt)

Source: Allwood, Cullen, et al — Going on a metal diet (2011)
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Mass- and energy balances of industrial processes

Influence of combining KPIs in a process chain

Reduced Iron Oxidized Iron
.(steel, goods) . Scrap . (ore, losses)

Ironmaking_  Steelmaking _ Cold Rolling, t
(Blast Furnace) |  (Oxygen Furnace) CEIStIl'Ig & Coating & Cutting Forming teel
Hot Rolling| Temper Rolling (Blanking) (Stamping) Assembly Eorodut
Ore/Sinter .
(Fe Content) t

product

Process

Home Scra
|
Scrap I _

process scrap

tproduct

Source: Flint et al — Scrap, carbon and cost savings from the adoption of flexible nested blanking (2019)
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Mass- and energy balances of industrial processes

Cumulative energy demand over cumulative yield for different

aluminium products

140

g

2 &

g S

=130 \\’OQ

o &5’6

> >

= Machined component q@(}
~~ A ‘ A
@ 120 =
‘; Packed can

> Lacquered can

L.

8 110 Decorated can

g Coated can

N Washed L

@ asheg can "M Trimmed can body Liquid aluminium
8 100 (40% scrap)

= 2 Annealed coll

o Qeég

S : ol

g 90 = 3 o o

= & 5 5 S\ﬁ OF Wt (@ A% o2 (/as‘\ Liquid al.
= S s 0 © N (50% )
= S S S S 6 scrap
O 80 v m v

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

—=\Ning skin panel

Source: Milwood et al. 2011

Cumulative Yield (top/t

-=Beverage can

liquid AIuminium)

== Car door panel

25

Carbon Footprint - Calculation for aluminium production processes
Carsten Gondorf, M.Sc. | Felix Kaiser, M.Sc.
Aachen | 23.03.2023

Institut fiir
Industrieofenbau
und Warmetechnik



Mass- and energy balances of industrial processes

Extraction, transport and processing of
raw materials (data of the supplier of
parts and components)

Scope 1: Direct emissions from fuel combustion A AW

Manufacture of excipients, auxiliary
products and components

N &3

CO,-Emissions

Indirect
emissions
from the
purchase of
grid-bound
energy

[ Scopet
e

Direct emissions
associated with fuel
combustion in boilers,
furnaces, vehicles

_ mC02 _ e f In tC02 Transport to the manufacturer's
nyeLCOZ o m — “fuel 'fuel,CO, i factory gate
product product
Cradle-to-Gate
Cradle-to-Grave

Cradle-to-Gate

.\
Maintenance /
\

=y

Transport to the disposal site

Dismantling x “ °B
-

Additional End-of-Life Processes

Scope 2: Indirect CO,-emissions from the electricity grid

Cradle-to-Grave

. mCOZ(indireCt) —e f in tCOZ,indirect
yelectricity,CO2 - m — el "electricity,CO, t
product product
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Calculation software, databases and emission factors

Energy emission factors (Scope 1 and 2)

Constant emission factor of natural gas

f;,el @ccording to UBA/DEHSt in in kgcq,/kWh [1] Calculated f; , in kgco,/kWh according to [2]

Russian Natural Gas H |0.201 0.197
Holland Natural Gas L 0.201 0.202

Dynamic emission factor developement of the general electricity mix (ger)

D ferectricity Of the ger. electricity mix in Kgcop.eq /kKWh

2020 0.375
2030 - 2040 0.230
2040 - 2050 0.154
2050 0.017

Source: [1] UBA (2022), DEHSt (2006); [2] nach Pfeifer et al. (2018)
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Calculation software, databases and emission factors

Life Cycle Impact Assessment

= Calculation of impact indicator values (characterization)

= Standard characterization is the global warming potential for the next 100 years (GWP100) in kgcoy-eq

Results of the Life Cycle
Inventory Mass/FU

Greenhouse gases (e.g.):

Indicator model and characterization
factor

Characterization

Quantification of the

Output indicator

If an activity emits simultaneously

1 kg CO, (GWP100 =1) and 1 kg

methane (GWP100 = 28), the total
emissions in the form of

GWP100 is 29 kgcoz.eq

€O, > "amplification of infrared > K
CH, > radiation" in relation to a 9 cozeq
N,O > reference substance
Source: Klépffer (2017)
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Calculation software, databases and emission factors

Software and Databases

Name Homepage License Language Access Subject area
ST ST https://www.ecocostsvalue.com/ Without fee English Export as Excel file =G QEEIEES,
Impact Metrics (SSIM) ps: ' ' 9 P Eco Cost Database
ISOPA https://www.isopa.org/ Without fee English web-based, E_xport as LCA database
pdf or Excel file
GaBi (Sphera) sphera.com With fee English web-based LCA database
Ecoinvent http://www.ecoinvent.org/ With fee English web-based LCA database
SimaPro https://simapro.com/ With fee English web-based LCA database
https://eplca.jrc.ec.europa.eu/ELCD3 . . web-based; Export as
ELCD Jindex.xhtml?stock=default Without fee English pdf or Excel file PEF
IEA https://www.iea.org/ Without fee English web-based ST S he_a_t generation
(country-specific)
DEFRA GOV.UK Without fee English webbasiert
GEMIS http://www.gemis.de/ Without fee German Integrated into your own software tool
Probas http:/iwww.probas.umwelt/ Without fee German web-based, Export as
pdf or Excel file
. https://www.beuth.de/de/norm/din- : .
DIN EN 16258:2013-03 en-16258/152888035 With fee Multilingual Standard Transport
sustamize www.sustamize.com With fee English Web-based
API
Umberto LCA+ hfttps://WWW.|fu.com/de/umberto/oeko With fee Multilingual Integrated into your own software tool
bilanz-software/
ecoCockpit https://ecocockpit.de/ Without fee German Web-based LCA database
Fred https://www.fred-footprint.de/ With fee Multilingual Integrated into your own software tool | Massive forming

Source: according to VDMA 2022
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Calculation software, databases and emission factors

Examplary material emission factors (Scope 3)

: Emission factor in
Aluminum processes

1:COZ-eq ./tMateriaI

Bauxite extraction 0,01

Alumina production 0,77

Anode manufacture 0,62

e el Emission factor in Smelting 6.78
tcoz-eq./tmateria Ingot casting 0.13

Aluminium ingots (87.5 % prm. & 12.5 % sec.) 7.63 Remelting 0.27
Aluminium ingot (60 % prm. & 40 % sec.) 5.73 Sawing 0.00 - 0.03
Scalping 0.01

Preheating 0.01-0.25

Hot rolling 0.08-0.12

Cold rolling 0.08

Annealing 0.077

Blanking 0.02

Datenbank: Stichting Sustainability Impact Metrics (SSIM), Milford et al. 2011
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Calculation software, databases and emission factors

Modelling example in Umberto LCA+

Raw Materials [r——
! - —OH
PRy s =l e S = = = — e & L T24:lead,
primary, atplant P61
1GLO] 9: External Bullion
o O - = R - = = —— = | i e A e e et R Tl
P62
T10: marketfor soda @
ash.dense [GLO] |
e E D | a2z
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Calculation example for aluminium reheating process

Evaluation and interpretation of results

= |dentification of significant parameters
= Assessment of the method

o Sensitivity analysis

o Consistency analysis

= Conclusions and summary

= Optional: Validation and verification of the PCF

Source: DIN EN ISO 14040
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Calculation example for aluminium reheating process — Slab reheating furnace

Direct gas heated pusher-type furnace for pre-heating/homogenization of Al-slabs
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Calculation example for aluminium reheating process — Slab reheating furnace

Pusher-type furnace — Key figures
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Calculation example for aluminium reheating process — Slab reheating furnace
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Calculation example for aluminium reheating process — Slab reheating furnace

qurnace bf aaaaaa
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Calculation example for aluminium reheating process — Slab reheating furnace

»)
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Mass flow of charge carriers
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Calculation example for aluminium reheating process — Slab reheating furnace

qurna bfuma
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Calculation example for aluminium reheating process — Slab reheating furnace

qurnar;e bfumace
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Calculation example for aluminium reheating process — Slab reheating furnace

Energy flow balance
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Calculation example for aluminium reheating process — Slab reheating furnace

Pusher type furnace — Key figure values

KPI

Specific energy demand 220 KWh/t
— Fuel energy 180
— Electr. energy 40
Total efficiency n, 64,38 %
Share of electric energy input 18 %
Mass throughput 17,2 t/h
Ingot temperature °C
— Start 15
— Finish 538

No air preheating

Source: Values taken from ranges according to: Neumeister — CO,-Prozessanalyse von Aluminium Walzprodukten und Ansétze fur eine CO, arme Produktion (2007)
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Calculation example for aluminium reheating process — Slab reheating furnace

Pusher type furnace — Scope 1, 2 and 3 emissions

Scope

Natural Gas (Scope 1)
Electricity (Scope 2)
Material (Scope 3)

06%  0,1%

Sum

Spezific Cumulativ
emissions in emissions in
tCOZ-eq./toutput tsd. tCOZ-eq.
0,20 135
0,38 - 0,01 29
5,73 24 136
594 -6,31 24 300

Operating time from 2020 - 2050

= Natural Gas (Scope 1)
= Electricity (Scope 2)

= Material (Scope 3)
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Calculation example for aluminium reheating process — Slab reheating furnace

Pusher type furnace — Scope 1 and 2

g 7 § 160 —
S Electricity S Electricity
2 2
E 5 E 120
o o
S 5 100
3 4 3
5 5 80
N 3 N
8 8 60
P (5]
2 5 =
@ = 40
= 3
1 E 20
O
0 0
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
Year Year
Specific energy demand: Mass throughput:
= 180 kthuelltoutput = 172 toutput/h
= 40 kWheI_/toutput = 120,400 toutput/a
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Calculation example for aluminium reheating process — Slab reheating furnace

Pusher type furnace — Scope 1 and 2 with improved total efficiency (+3,1 %)

g 160 g 160
§ Electricity 8 Electricity
= 140 m Natural Gas < 140 m Natural Gas
© ©
2 &
e 120 Reduction of ¢ 120
c c
_% 100 7502 tC02-eq. .% 100
2 K2
S ) ;.
3 e S 60
2 2
£ 40 g 40
S S
E 20 E 20
@) @)
0 0
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
Year .. Year
Improved total efficiency by 3,1 %
Specific energy demand: Specific energy demand: Mass throughput:
" 180 kV\/hfuelltoutput ‘ " 170 kthuelltoutput " 17.2 toutput/h
= 40 kV\ll‘lel./toutput = 40 kWhel./toutput = 120,400 toutput/a
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Calculation example for aluminium reheating process — For different aluminium products

Cumulative CO,-emissions over cumulative yield for different
aluminium products
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Summary

Significant influence on the results of the life cycle assessment
— Dynamic factors

Biggest limitations of the life cycle assessment
— Supplier transparency

— Influence of the databases used

— Partly simplification

Comprehensive mass and energy balance for the process as an important foundation

Knowledge of carbon footprints of upstream processes necessary (but responsibility on respective
companies)
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