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Joint Crediting Mechanism Approved Methodology ID_AMO006
“GHG emission reductions through optimization of refinery plant operation in Indonesia”

A. Title of the methodology

version 2.01

GHG emission reductions through optimization of refinery plant operation in Indonesia,

B. Terms and definitions

Terms

Definitions

Distributed Control
(DCS)

System

An IT system used to control the production line in an industry.
DCS refers to decentralized elements or subsystems to control
distributed processes or complete manufacturing systems,
where each section of a process has its own computerized
system that controls the operation and is different from a
centrally located device controlling all process or systems. The
entire system of controllers is connected by network for
communication and monitoring.

Advanced  Process
(APC)

Control

An IT system incorporating statistical analysis, decision
theory, engineering, signal processing and artificial
intelligence. APC is typically used to either refine process
control or address a specific issue associated with a process,
by connecting to a DCS and providing direction of operation.
Key systems referred as APC are:
v" Dynamic linear process model identifier consisting of
combination of following technologies:

Multi-variable Statistical Analysis

Finite Impulse Response

Parametric Model

Step Response

Linear Dynamic Model Identifier
v" Control performance diagnosis equipment
v' Multi-variable model based predictive controller
v" Quality estimator
Whereas a DCS requires adjustment of the set points
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manually for each variable by operator, APC automatically
controls process for the optimization of production, and/ or
energy efficiency when it is activated.

Hydro cracking unit (HCU)

A process unit in an integrated crude oil refinery which
produces oil (naphtha, kerosene, diesel) from heavy gas oil and

hydrogen.
Hydrogen  production  unit | A process unit in an integrated crude oil refinery which
(HPU) produces hydrogen from natural gas and steam.
Reactor A production equipment in HCU where heavy gas oil is heated

up at pre-heater and heater, then cracked into produced oil by
hydrogen and catalyst.

Debutanizer

A production equipment in HCU to remove butane in
produced oil by vaporizing the oil at heater (reboiler) and
partially condensing the butane at top of the column and flows
the remaining butane gas to downstream process by own
pressure.

Reformer

A production equipment in HPU to produce hydrogen from
natural gas and steam by heating and reacting.

C. Summary of the methodology

Items

Summary

GHG emission

reduction

Introduction of plant optimization control systems (APC) that

measures reduce energy consumption in the hydrogen production unit
(HPU) and hydro cracking unit (HCU) at a refinery plant.

Calculation of reference | Reference emissions are calculated on the basis of historical

emissions specific emissions per feed (or production volume), and the

feed input (or production volume) after implementation of the
project. Historical specific emissions per feed (or production
volume) is determined on the basis of the fuel consumption and
feed input (or production volume) to HPU and HCU during a
historical period before implementation of the project in certain
range of period.

The reference emissions will be calculated as an average of
historical specific emissions in some variation of the feed input.
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Calculation
emissions

of  project | Project emissions are calculated on the basis of monitored fuel

consumption at HPU and HCU.

Monitoring parameters

Quantity of feed input (or production volume) to the process
unit, fuel consumption, and—hydrogen production at HPU,
hydrogen consumption at HCU, and number of day(s) recorded

for feed input, hydrogen production and hydrogen

consumption.

D. Eligibility criteria

This methodology is applicable to projects that satisfy all of the following criteria.

Criterion 1

The project introduces APC to existing single or multiple hydrogen production unit
(HPU) and/or hydro cracking unit (HCU) at a refinery plant. APC serves one or
more of the following functions:

Location of|Location of{Mechanism of emission reduction
installation emission
reduction
HCU

A |[HCU Reduction in heater fuel consumption due to
increased reactor column temperature
Reduction in reboiler fuel consumption in
debutanizers due to reduced variability of
column top pressure and lower the pressure
Reduction in fuel consumption in HPU due to
reduced hydrogen demand in HCU

Improved efficiency of hydrogen production in
HPU

B [HCU HCU

C |HCU HPU

D |HPU HPU

Criterion 2

The process unit where APC is introduced has been equipped with DCS in
operation before the start of project.

Criterion 3

Retrofit and replacement of the process units, cleaning of heat exchangers and/or
columns which are performed during a turnaround beyond the regular
maintenance activities are not taken place at the process unit where APC is
introduced (this criterion is checked upon each instance of verification, and credit
will be issued only up to the date of such retrofit). Regular maintenance includes
daily inspections and lubrication of rotating equipment, as specified in instruction
manual and/or maintenance manual which is defined by users.

Criterion 4

Feed (or production volume), fossil fuel consumption, and hydrogen consumption
at the process unit are acquired, integrated and recorded electrically according to
pre-determined time intervals.
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E. Emission Sources and GHG types

Reference emissions

Emission sources GHG types
Fossil fuel combustion at HPU and HCU CO,

Project emissions

Emission sources GHG types
Fossil fuel combustion at HPU and HCU CO;

F. Establishment and calculation of reference emissions

F.1. Establishment of reference emissions

Reference emissions are calculated on the basis of historical specific emissions per feed (or
production volume), and feed (or production volume) after implementation of project.
Historical specific emissions per input is determined on the basis of energy consumption and
input to HPU and HCU during a historical period before implementation of the project. If
multiple units exist in the refinery for the same target process (i.e. multiple HPU units or HCU
units), calculation will be carried out for each unit.

Depending on the location of installation of APC, emission reduction in HPU and HCU can

occur as follows:
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APC installation location |Emission reduction in HCU Emission reduction in HPU

HCU (reactor column)  |A. Reduction in heater fuel C. Emission reduction in HPU
consumption due to increased | as a result of reduction in
column temperature. hydrogen demand in HCU
(REncu1,p - PErcuip) (REnpu1,p - PEnpu1Lp)

HCU (debutanizer) B. Reduction of reboiler fuel None

consumption in debutanizers
due to reduced variability of
column top pressure and
lowering the pressure to the
required level.

(REncuz,p - PErcuzp)

HPU None D. Emission reduction in HPU
as a result of improved
efficiency of  hydrogen
production.

(REnpu2,p - PEHPU2p)

Therefore, it should be noted that emission reduction in HPU can occur due either to installation
of APC in HCU or in HPU. The former is calculated in terms of reduced average hydrogen
consumption per feed, and the latter due to improved average efficiency of hydrogen
production.

Ensuring net emission reduction

The methodology assures net reduction by not taking into account for reduction in consumption
of electricity and steam from outside the process (on-site generators and boilers) which occurs
as a result of process optimization due to implementation of the project. Furthermore, CO;
emission from chemical reaction in HPU is also reduced due to reduction in hydrogen demand

in HCU, but this is not taken into account, leading to additional conservativeness.

F.2. Calculation of reference emissions

Reference emissions are calculated as per one of the following options.
Options A1, B1, C1, and D1: reference emissions are calculated using historical three-year
data.
Options A2, B2, C2, and D2: reference emissions are calculated using data of thirty
consecutive operating days taken not more than one year after turnaround, for reasons of
conservativeness. Such data can be obtained from historical records or from a campaign.




JCM_ID_AMO006_ver02.01
Sectoral scope: 03

Options Al, B1, C1 and D1 are the preferred approach.

1. Installation of APC in HCU

—Emission reduction due to installation of APC in HCU can be divided into a) emission
reduction at reactor in HCU from reduction in fuel consumption, b) emission reduction at
debutanizer in HCU, and c) emission reduction at reformer in HPU from reduction in hydrogen
consumption in HCU. Therefore, reference emission can be divided accordingly, as follows:

A. Reference emissions to calculate emission reduction in HCU as a result of reduction in
heater fuel consumption due to increased reactor column temperature (REncui,p)

Option Al: Where data on daily feed input and fossil fuel consumption for the historical
three-year period is available.

Step Al-1: Obtain data on daily feed input to reactor in HCU (Flucurg) and fossil fuel
consumption in HCU reactor heater (FChcur,ig) for the three years preceding introduction of
APC or (if APC is not yet introduced) three years up to the period not earlier than 6 months
before submission of the draft PDD to the secretariat. Convert FCucuria into energy
consumption ECuxcura by multiplying by net calorific value of fossil fuel type i (NCV;), as
follows:

EChcyra = Xi(FChcuria X NCV}) —

1)
Where
EChcurd = Energy consumption ef-fueli-on day d during the historical three-year
period in HCU reactor heater. [GJ]
FChcuria = Daily consumption of fossil fuel type i on day d during the historical three-
year period in HCU reactor heater. [mass or volume unit]
NCVi = Net calorific value of fossil fuel type i. [GJ/mass or volume unit]

Step Al-2: Plot the data with daily feed input in day d during the historical period (Flucurg:
mass or volume unit) on the x-axis and ECncur,a On the y-axis. Omit data obtained during
periods of startup, shutdown, maintenance (defined as periods where daily consumption of feed
input is less than 50% of its daily rated capacity), or malfunction of equipment or measurement
device.

Perform a linear regression analysis with y-intercept. If the regression coefficient R? of the
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plotted data is smaller than 0.49, omit statistical outliers with a plot outside 2 times the standard
deviation from the regression line.

Repeat the process until the R? of the plotted data is larger than 0.49. Perform a linear regression
analysis with the remaining data to derive a linear regression equation y = ax + b where variable
y is the energy consumption of the process (in GJ), variable x is the daily feed input (tonnes or
other appropriate mass or volume unit), and variable a is the specific energy consumption of
process per feed. If the R? of the plotted data remain lower than 0.49, then the methodology is
not applicable.

Step A1-3: Obtain reference emissions by the following equation.

REycu1p = EFycurp X Z(a X Flycyrap + b){e>+Fhmorp+b)
a

= EFycurp % {(‘1 X Flycyrap + b) + (a X Flycyrzp + b) + -

+ (a x FIHCURvDHCUR_lvp + b) + (a x FIHCURvDHCURvp + b)}
= EFycurp X (a x Z Flycyrap +b % DHCUR,p)
d

= EFycurp % (‘1 X Flycyrp + b % DHCUR,p) —

)
and
EFucuns = Yi(FCHcuRrip*NCVxEF;) )
P Yi(FCHCUR,ip*NCVy)
(©)
Where
REncu1p = Reference emissions to calculate emission reductions in HCU as
a result of reduction in fuel consumption due to increased
column temperature —during the period p. [tCO./p]
a =  Constant (specific emission factor) obtained by the regression
analysis as per step Al-2. [GJ/mass or volume unit]
b =  Constant (y-intercept) obtained by the regression analysis as per
step Al-2. [GJ/d]
Flhcurdp =  Feed input to HCU reactor on day d during the period p. [mass
or volume unit/d]
Flhcurp = Feed input to HCU reactor during the period p. [mass or volume
unit/p]
Dhcuryp = Number of day(s) d recorded for feed input to HCU reactor
during the period p. [d/p]
EFucurp =  Weighted average CO, emission factor of fossil fuel consumed
in HCU reactor heater during the period p. [tCO2/GJ]
FChcur,ip =  Consumption of fossil fuel type i during the period p in HCU
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reactor heater. [mass or volume unit/p]
NCVi Net calorific value of fossil fuel type i. [GJ/mass or volume unit]
EF;i CO; emission factor of fossil fuel i. [tCO/GJ]

During the period p, only the days where daily consumption of feed input is equal to or more

than 50% of its daily rated capacity is eligible.

Option A2: Where data for the historical three-year data cannot be obtained, REncuzp IS

derived by the following procedure.

Step A2-1: Obtain data on hourly feed input in HCU and fossil fuel consumption in HCU heater
without installation of APC for a period of thirty consecutive operating days, taken not more
than one year after turnaround. Obtain data on hourly feed input and energy consumption.

Conduct a campaign if necessary.

Step A2-2: Derive a linear regression equation using the method described in step A1-2 but

using the hourly data during the thirty consecutive operating days obtained in step A2-1.

Step A2-3: Calculate REncuip using the equation described in step Al-3 but using the

regression parameters obtained in step A2-2_and monitored data of hourly feed input and

number of hour(s) recorded for feed input to HCU reactor.

B. Reference emissions to calculate emission reduction in HCU as a result of reduction in
reboiler fuel consumption in debutanizers due to reduced variability of column top

pressure and lower the pressure (REncuz,p)

Option B1: Where data on daily feed input to debutanizer and fossil fuel consumption for
the historical three-year period is available.

Step B1-1: Obtain data on daily feed input in HCU debutanizer (Flucup,) and fossil fuel
consumption at debutanizer reboiler in HCU (FCucup,i) for the three years preceding
introduction of APC or (if APC is not yet introduced) three years up to the period not earlier
than 6 months before submission of the draft PDD to the secretariat. Convert FCpcup-,ig into
energy consumption ECnxcup,g by multiplying by net calorific value of fossil fuel type i (NCV)),
as follows:

1-8



JCM_ID_AMO006_ver02.01
Sectoral scope: 03

EChcypa = Xi(FChcup,ia % NCV;) —

(4)
Where
EChcupg = Energy consumption ef-fueli-on day d during the historical three-year
period at HCU debutanizer reboiler. [GJ]
FChcupid = Daily consumption of fossil fuel type i on day d during the historical three-
year period at HCU debutanizer reboiler. [mass or volume unit]
NCVi = Net calorific value of fossil fuel type i. [GJ/mass or volume unit]

Step B1-2: Plot the data with daily feed input in day d during the historical period (Flucup,d:
mass or volume unit) on the x-axis and ECncup,a On the y-axis. Omit data obtained during
periods of startup, shutdown, maintenance (defined as periods where daily consumption of feed
input is less than 50% of its daily rated capacity), or malfunction of equipment or measurement
device.

Perform a linear regression analysis with y-intercept. If the regression coefficient R? of the
plotted data is smaller than 0.49, omit statistical outliers with a plot outside 2 times the standard
deviation from the regression line.

Repeat the process until the R? of the plotted data is larger than 0.49. Perform a linear regression
analysis with the remaining data to derive a linear regression equation y = cx + d-e where
variable y is the energy consumption of the process (in GJ), variable x is the daily feed input
(tonnes or other appropriate mass or volume unit), and variable c is the specific energy
consumption of process per feed. If the R? of the plotted data remain lower than 0.49, then the
methodology is not applicable.

Step B1-3: Obtain reference emissions by the following equation.

REycu2p = EFgcupp % Z(C X Flycupap + e)(ex‘l;‘l'ﬁwd}

a
= EFycupp % {(C X Flycypip + e) + (C X Flycup2p + e) + -

+ (C X Flycuppyeyp-10 + e) + (C X Flycup pycypp e)}
= EFycupp % (C x z Flycypap +€ > DHCUD,p)
d

= EFycupp % (C X Flycypp + € % DHCUD,p)_ -
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()
and
EF _ Xi(FChcup,ip*NCV*<EF;) -
HEUDP ™ 5 i(FChcup.ip*NCV))
(6)
Where
REncuzp =  Reference emissions to calculate emission reductions in HCU as a result of
reduction in reboiler fuel consumption in debutanizers due to reduced
variability of column top pressure and lower the pressure during the period
p. [tCO/p]
c = Constant (specific emission factor) obtained by the regression analysis as
per step B1-2. [GJ/mass or volume unit]
de = Constant (y-intercept) obtained by the regression analysis as per step B1-
2. [GJ/d]
Flucupdp = Feed input to HCU debutanizer on day d during the period p. [mass or
volume unit/d]
Flucup,p = Feed input to HCU debutanizer during the period p. [mass or volume
unit/p]
Dhcupp = Number of day(s) d recorded for feed input to HCU debutanizer during the
period p. [d/p]
EFhcupp = Weighted average CO; emission factor of fossil fuel consumed in HCU
debutanizer reboiler during the period p. [tCO./GJ]
FChcupip = Consumption of fossil fuel type i during the period p in HCU debutanizer
reboiler. [mass or volume unit/p]
NCVi = Net calorific value of fossil fuel type i. [GJ/mass or volume unit]
EF; = CO2 emission factor of fossil fuel i. [tCO./GJ]

During the period p, only the days where daily consumption of feed input is equal to or more

than 50% of its daily rated capacity is eligible.

Option B2: Where data for the historical three-year data cannot be obtained, REcuzp iS

derived by the following procedure.

Step B2-1: Obtain data on hourly feed input in HCU and fossil fuel consumption in HCU
reboiler without installation of APC for a period of thirty consecutive operating days, taken not
more than one year after turnaround. Obtain data on hourly feed input and energy consumption.

Conduct a campaign if necessary.

Step B2-2: Derive a linear regression equation using the method described in step B1-2 but

using the hourly data during the thirty consecutive operating days obtained in step B2-1.
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Step B2-3: Obtain reference emissions using the equation described in step B1-3 but using the

regression parameters obtained in step B2-2_and monitored data of hourly feed input and

number of hour(s) recorded for feed input to HCU debutanizer.

C. Reference emissions to calculate emission reduction in HPU as a result of reduction in
hydrogen demand in HCU (REwpu1,)

Option C1: Where data on daily feed input and hydrogen consumption in HCU, hydrogen
production and fuel consumption in HPU for the historical three-year period is available.

Step C1-1: Obtain data on daily hydrogen consumption in HCU (HChcu,q), daily feed input in
HCU reactor (Flucurd), daily hydrogen production at HPU (HPwpu g), fossil fuel consumption
in HPU (FChrpu,id) for the three years preceding introduction of APC or (if APC is not yet
introduced) three years up to the period not earlier than 6 months before submission of the draft
PDD to the secretariat.- Convert FCrpu,ig into energy consumption ECnpu g by multiplying by
net calorific value of fossil fuel type i (NCV;), as follows:

EChpya = 2i(FCypy,ia %< NCV;) —

()
Where
EChpu,d = Energy consumption ef-fueli-on day d during the historical three-year
period in HPU reformer heater. [GJ]
FCupuida = Daily consumption of fossil fuel type i on day d during the historical three-
year period in HPU reformer heater. [mass or volume unit]
NCVi = Net calorific value of fossil fuel type i. [GJ/mass or volume unit]

Step C1-2: Regression analysis (energy consumption in HPU per hydrogen production)
Plot the data with HPupuga (NM?®) on the x-axis and ECupug (GJ) on the y-axis. Omit data
obtained during periods of startup, shutdown, maintenance (defined as periods where daily
consumption of feed input is less than 50% of its daily rated capacity), or malfunction of
equipment or measurement device.

Perform a linear regression analysis with y-intercept. If the regression coefficient R? of the
plotted data is smaller than 0.49, omit statistical outliers with a plot outside 2 times the standard
deviation from the regression line.

I-11



JCM_ID_AMO006_ver02.01
Sectoral scope: 03

Repeat the process until the R? of the plotted data is larger than 0.49. Perform a linear regression
analysis with the remaining data to derive a linear regression equation y = ex-fx + g where
variable y is the ECppug and variable x is HPupug (in Nmd), e—f is the specific energy
consumption of process per hydrogen production. If the R? of the plotted data remain lower
than 0.49, then the methodology is not applicable.

Step C1-3: Regression analysis (hydrogen consumption in HCU per feed input)

Plot the data with Flucura (Mmass or volume unit) on the x-axis and HCrcu.a (Nm?3) on the y-
axis. Omit data obtained during periods of startup or maintenance (defined as periods where
daily consumption of feed input is less than 50% of its daily rated capacity, or malfunction of
equipment or measurement device. Perform a linear regression analysis with y-intercept. If the
regression coefficient R? of the plotted data is smaller than 0.49, omit statistical outliers with a
plot outside 2 times the standard deviation from the regression line. Repeat the process until
the R? of the plotted data is larger than 0.49. Perform a linear regression analysis with the
remaining data to derive a linear regression equation y = gx-hx + k-] where variable y is the
hydrogen consumption in HCU (in Nm®), variable x is the daily feed input (tonnes or other
appropriate mass or volume unit), g-h is the specific hydrogen consumption of process per feed.
If the R? of the plotted data remain lower than 0.49, then the methodology is not applicable.

Step C1-4: Obtain reference emissions by the following equation.

REypy1p = EFupyp X Z{f % (hx Flycyrap +J) + 9HexAg>Ehmpmm+thr+F}
a

= EFypyp % [{f x (h X Flycurip +j) + g} + {f x (h X Flycur2p "‘f) + g} + o
+ {f x (h x FIHCURvDHCUR_lvp +]) + g}
+ {f x (h x FIHCURvDHCURvp +]) + g}]

= EFypyp % {f X h x Z Flycyrap + (f % j + g) X Dycurp
a

= EFypyp % {f X h X Flycypp + (f X j + g) DHCUR,p}— -

(8)
and
EF _ Xi(FCypuy,ip*NCV;xEF;)
HPUP = yy(FChpy,ip*NCV)) -
(9)
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Where

REweuip = Reference emissions to calculate emission reductions in HPU as a result of
reduction in hydrogen demand in HCU during the period p. [tCO./p]

ef = Constant (specific energy consumption per hydrogen production) obtained
by the regression analysis as per step C1-2. [GJ/-Nm?]

fg = Constant (y-intercept) obtained by the regression analysis as per step C1-2.
[GJ/d]

gh = Constant (specific hydrogen consumption per feed input) obtained by the
regression analysis as per step C1-3. [Nm®mass or volume unit]

hj = Constant (y-intercept) obtained by the regression analysis as per step C1-3.
[Nm®/d]

Flucurdp = Feed input to HCU reactor on day d during the period p. [mass or volume
unit/d]

Flucurp = Feed input to HCU reactor during the period p. [mass or volume unit/p]

Dhcurp = Number of day(s) d recorded for feed input to HCU reactor during the
period p. [d/p]

EFupup = Weighted average CO, emission factor of fossil fuel consumed in HPU
during the period p. [tCO2/GJ]

FChpuip = Consumption of fossil fuel type i during the period p in HPU. [mass or
volume unit/p]

NCVi = Net calorific value of fossil fuel type i. [GJ/mass or volume unit]

EF;i = CO; emission factor of fossil fuel i [tCO./GJ]

During the period p, only the days where daily consumption of feed input to reactor is equal to

or more than 50% of its daily rated capacity is eligible.

Option C2: Where data for the historical three-year data cannot be obtained, REnpu1,p iS
derived by the following procedure.

Step C2-1: Obtain data on hourly hydrogen consumption in HCU, hourly feed input in HCU
reactor, hourly hydrogen production at HPU, fossil fuel consumption in HPU without the
introduction of APC for a period of thirty consecutive operating days, taken not more than one
year after turnaround. Obtain data on hourly feed input and energy consumption. Conduct a
campaign if necessary.

Step C2-2: Regression analysis (energy consumption in HPU per hydrogen production)
Derive a linear regression equation to obtain the parameters e-f and £-g using the method

described in step C1-2, based on the data obtained in step C2-1.

Step C2-3: Regression analysis (hydrogen consumption in HCU per feed input)

Derive a linear regression equation to obtain the parameters g-h and h-j using the method

described in step C1-3, based on the data obtained in step C2-1.
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Step C2-4: Obtain reference emissions using the equation described in step C1-4 but using the

regression parameters obtained in steps C2-2 and C2-3 and monitored data of hourly feed input

and number of hour(s) recorded for feed input to HCU reactor.

2. Installation of APC in HPU

D. Reference emissions to calculate emission reduction in HPU as a result of improved

efficiency of hydrogen production (REwnpuz,)

Option D1: Where data on daily hydrogen production and fuel consumption in HPU for
the historical three-year period is available.

Step D1-1 : Calculation of specific energy consumption of hydrogen production.
See steps C1-1 and C1-2. Note that it is not necessary to obtain daily hydrogen consumption in
HCU (HChucu,g) and daily feed input in HCU reactor (Flncurd) for the purpose of step D1-1.

Step D1-2: Calculation of reference emissions to calculate emission reductions in HPU as

a result of improved efficiency of hydrogen production.

REypy2p = EFupyp Z(f X HPypy ap + 9){e>*HPrppm+H)

d
= EFypyp % {(f X HPypy1p + g) + (f X HPypy2p + g) + e
+ (f X HPypypypy-1p g) + (f X HPypypypyp + g)}

= EFypyp % (f % Z HPypyap + 9 > Dupup)
d

= EFypyp %X (f X HPypyp + g % Dupyp) —

(10)
And
_ Xi(FChpy,ip*NCV;xXEF;)
EFHPU'p - Yi(FChpu,ip*NCVy) -
(11)
Where
REHpPu2,p =  Reference emissions to calculate emission reductions in HPU as a

result of improved efficiency of hydrogen production during the
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period p. [t-CO2/p]
ef =  Constant (specific energy consumption per hydrogen production)
obtained by the regression analysis as per step C1-2. [GJ/-Nm?]

fq =  Constant (y-intercept) obtained by the regression analysis as per step
C1-2. [GJ/d]

HPupudp = Hydrogen production on day d during the period p in HPU. [Nm?/d]

HPupu p = Hydrogen production during the period p in HPU. [Nm?/p]

Drpup = Number of day(s) d recorded for hydrogen production during the
period p. [d/p]

EFupu,p =  Weighted average CO- emission factor of fossil fuel consumed in

HPU during the period p. [tCO/GJ]
During the period p, only the days where daily consumption of feed input to reactor is more

than 50% of its daily rated capacity is eligible.

Option D2: Where data for the historical three-year data cannot be obtained, REnpuz,p iS

derived by the following procedure.

Step D2-1 : Calculation of specific energy consumption of hydrogen production.
Derive a linear regression equation to obtain the parameters e and f using the method described
in step C1-2, based on the data obtained in step C2-1.

Step D2-2: Calculation of reference emissions to calculate emission reductions in HPU as
a result of improved efficiency of hydrogen production.
Obtain reference emissions using the equation described in step C1-2 but using the regression

parameters obtained in steps D2-1 and monitored data of hourly hydrogen production and

number of hour(s) recorded for hydrogen production.

G. Calculation of project emissions

Project emissions are calculated as follows:

1. |Installation of APC in HCU

A. Project emissions to calculate emission reduction in HCU as a result of reduction in
heater fuel consumption due to increased reactor column temperature (PEncui,p)
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PEHcu1,p is calculated as follows:

PEjcuLp = Z(FCHCURi,p xNCV, xER) (12)
i
Where
PEncuip = Project emissions to calculate emission reductions in HCU as a result of

reduction in fuel consumption due to increased column temperature
during the period p. [tCO2/p]

FChcurip = Consumption of fossil fuel i during the period p in HCU reactor heater.
[mass or volume unit]

NCVi = Net calorific value of fossil fuel type i.[GJ/mass or volume unit]

EF;i = CO2 emission factor of fossil fuel i [tCO./GJ]

During the period p, only the days where daily consumption of feed input to reactor is more

than 50% of its daily rated capacity is eligible.

B. Project emissions to calculate emission reduction in HCU as a result of reduction in
reboiler fuel consumption in debutanizers due to reduced variability of column top

pressure and lower the pressure (PEcuz,p)
PEHcu2,p is calculated as follows:

PEycy2p = Xi(FChcup,ip %X NCV; X EF;) —

(13)
Where
PEncuzp =  Project emissions to calculate emission reductions in HCU as a result of
reduction in reboiler fuel consumption in debutanizers due to reduced
variability of column top pressure and lower the pressure during the period
p. [tCO/p]
FChcupip = Consumption of fossil fuel type i during the period p in HCU debutanizer
reboiler. [mass or volume unit]
NCVi = Net calorific value of fossil fuel type i. [GJ/mass or volume unit]
EF;i = CO;emission factor of fossil fuel i. [tCO2/GJ]

During the period p, only the days where daily consumption of feed input to debutanizer is

more than 50% of its daily rated capacity is eligible.

C. Project emissions to calculate emission reduction in HPU as a result of reduction in
hydrogen demand in HCU (PEwpuz,p)

PEnpu1,p is calculated as follows:

PEypy1p = EFupyp % Z(f X HCycyap + g){@—%m*ﬂ

d
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= EFypyp % {(f X HCycyap + g) + (f X HCycyop + g) + o
+ (f X HCycupyey-1p + 9) + (f X HChcupycyp T 9)}

= EFypyp % (f x Z HChcyap + 9 % DHCU,p)
d

= EFypyp % (f X HCycyp + 9 % DHCU,p) -

(14)
Where
PEhpu1,p =  Project emissions to calculate emission reductions in HPU as a result
of reduction in hydrogen demand in HCU during the period p.
[tCO:/p]
ef =  Constant (specific energy consumption per hydrogen production)
obtained by the regression analysis as per step C1-2. [GJ/-Nm®]
fg =  Constant (y-intercept) obtained by the regression analysis as per step
C1-2. [GJ/d]
HChcu.dp =  Hydrogen consumption in HCU on day d during the period p.
[Nm®/d]
HChcu,p = Hydrogen consumption in HCU during the period p. [Nm®/p]
Dhcuyp = Number of day(s) d recorded for hydrogen consumption in HCU
during the period p. [d/p]
EFupu,p =  Weighted average CO- emission factor of fossil fuel consumed in

HPU during the period p. [tCO2/GJ]
During the period p, only the days where daily consumption of feed input to reactor is more
than 50% of its daily rated capacity is eligible.

If f and g are obtained as per step C2-2, monitored data of hourly hydrogen consumption and

number of hour(s) recorded for hydrogen consumption in HCU are used for the equation (14).

2. Installation of APC in HPU

D. Project emissions to calculate emission reductions in HPU as a result of improved
efficiency of hydrogen production (PEnpuz,p)
PEnpuz, is calculated as follows:

PEypyz2p = Xi(FCupy,ip X NCV; X EF;) —

(15)
Where
PEneu2p = Project emissions to calculate emission reductions in HPU as a result of
improved efficiency of hydrogen production during the period p. [tCO2/p]
FChpruip = Consumption of fossil fuel i during the period p in HPU. [mass or volume
unit]
NCV;i = Net calorific value of fossil fuel type i. [GJ/mass or volume unit]
EF; = CO2 emission factor of fossil fuel i. [tCO./GJ]

During the period p, only the days where daily consumption of feed input to reactor is more
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than 50% of its daily rated capacity is eligible.

H. Calculation of emissions reductions

Emission reductions are calculated as follows:

ER, = (REncy1p — PEncuip) ¥ (REncuz2p — PEncuzp) + (REgpy1p — PEupyip) +
(REupy2p — PEnpuzp) —

(16)
Where

ERp = Emission reductions during the period p. [tCO./p]

REHcu1p = Reference emissions to calculate emission reduction in HCU as a result
of reduction in fuel consumption due to increased reactor column
temperature during the period p. [tCO-/p]

PEncu1p = Project emissions to calculate emission reduction in HCU as a result of

reduction in fuel consumption due to increased reactor column
temperature during the period p. [tCO-/p]

REncuz,p = Reference emissions to calculate emission reduction in HCU as a result
of reduction in reboiler fuel consumption in debutanizers due to reduced
variability of column top pressure and lower the pressure during the
period p. [tCO2/p]

PEwcuzp = Project emissions to calculate emission reduction in HCU as a result of
reduction in reboiler fuel consumption in debutanizers due to reduced
variability of column top pressure and lower the pressure during the
period p. [tCO2/p]

REwpu1p = Reference emissions to calculate emission reduction in HPU as a result
of reduction in hydrogen demand in HCU during the period p. [tCO2/p]

PEnpu1,p = Project emissions to calculate emission reduction in HPU as a result of
reduction in hydrogen demand in HCU during the period p. [tCO./p]

REHpPu2,p = Reference emissions to calculate emission reductions in HPU as a result
of improved efficiency of hydrogen production during the period p.
[tCO:/p]

PEhpuz,p = Project emissions to calculate emission reductions in HPU as a result of

improved efficiency of hydrogen production during the period p. [tCO2/p]

I. Data and parameters fixed ex ante

The source of each data and parameter fixed ex ante is listed as below.

Parameter Description of data Source

FChcuriid Daily consumption of fossil fuel type i Plant-specific record.

on day d during the historical three-year
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period at reactor heater in HCU. [mass
or volume unit/d]

NCV; Net calorific value of fossil fuel typei. | In the order of preference:
. a) values provided by
[GJ/mass or volume unit] the fuel supplier;
b) measurement by the
project participants;
c) regional or national
default values;
d) IPCC default values
provided in table 1.2
of Ch.1 Vol.2 of 2006
IPCC Guidelines on
National GHG
Inventories.  Lower
value is applied.
Flucurd Daily feed input in day d during the Plant-specific record.
historical period in HCU reactor. [mass
or volume unit/d]
EF; CO, emission factor of fossil fuel i. In the order of preference:
a) values provided by
[tCO/G] the fuel supplier;
b) measurement by the
project participants;
c) regional or national
default values;
d) IPCC default values
provided in table 1.4
of Ch.1 \Vol.2 of 2006
IPCC Guidelines on
National GHG
Inventories.  Lower
value is applied.
Flucupd Daily feed input in day d during the Plant-specific record.
historical period at debutanizer in HCU.
[mass or volume unit/d]
FChcupid Daily consumption of fossil fuel type i | Plant-specific record.
on day d during the historical three-year
period in HCU debutanizer reboiler.
[mass or volume unit/d]
HChcud Daily hydrogen consumption at HCU on | Plant-specific record.
day d during the historical three-year
period. [Nm?/d]
HPHpu g Daily hydrogen production at HPU on | Plant-specific record.

day d during the historical three-year
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period. [Nm?/d]

FChpu,id

Daily consumption of fossil fuel type i | Plant-specific record.
on day d during the historical three-year
period in HPU. [mass or volume unit/d]

a,b,cdefgh]j

Parameters derived as a result of linear | Calculated according to

regression analyses.

the procedure described in
section F2.

History of the document

\ersion Date Contents revised
02.1 9 May 2019 Revisions to:
® Correct equations and add explanation to calculate the
original equations appropriately; and
® Change editorially.
02.0 04 December 2017 | JC7, Annex 2
Revisions to:
® Remove descriptions of a condition in Step Al-2, Step
B1-2 and Step C1-2.
® Change the definition of the parameter that corresponds
to Equation (14) to keep consistency with the definition
used in the previous equation.
01.0 18 May 2015 JC4, Annex 1

Initial approval.
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Table 1: Parameters to be monitored ex post

(a) Q] (c) (d) (e) (U] (W] () G)
Mor:utonng Parameters = Description of data e Units Momtf)nng RS Measurement methods and procedures g @iy
point No. Values option data frequency comments
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Feed input to HCU mass or On-site have a book of control for recording the measurements (on a daily as specified
(1) Flucurp reactor during the volume Option C measurem |basis or per shift); according to
period p . unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
If Option A2
Number of day(s) d g;gt:d
recorded for feed input The number of day(s) is counted when feed is input to HCU reactor and|Once after N .
(2) Drcurp . d/p n/a n/a B N . input
to HCU reactor during its amount is recorded properly. the period p number of
the period p. hour(s)
[h/p].
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Consumption of natural mass or On-site have a book of control for recording the measurements (on a daily as specified
3) FChicurgasp  |9as during the period p volume Option C measurem |basis or per shift); according to
in HCU reactor heater. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Consumption of diesel mass or On-site have a book of control for recording the measurements (on a daily as specified
4) FChcurdieselp |0il during the period p volume Option C measurem |basis or per shift); according to
in HCU reactor heater. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Consumption of HFO mass or On-site have a book of control for recording the measurements (on a daily as specified
(5) FChicurmro, |during the period p in volume Option C measurem |basis or per shift); according to
HCU reactor heater. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
. gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Consumption of other . N . o
P N mass or On-site have a book of control for recording the measurements (on a daily as specified
fuel i during the period " N o N
(6) FChcurip ¥ volume Option C measurem |basis or per shift); according to
p in HCU reactor " . . . . 8 X
heater. unit/p. ents. . Accessones.such as transducers, §onar anq piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Feed input to HCU mass or On-site have a book of control for recording the measurements (on a daily as specified
(7) Flucunp debutanizer during the volume Option C measurem |basis or per shift); according to
period p. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices [national or in-|
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
If Option B2
Number of day(s) d is selected,
®) Drous recorded for feed input dip n/a n/a The number of day(s) is counted when feed is input to HCU Once after  |input
& to HCU debutanizer debutanizer and its amount is recorded properly. the period p [number of
during the period p . hour(s)
h/pl.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
" gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Consumption of natural . N . .
N 3 mass or On-site have a book of control for recording the measurements (on a daily as specified
gas during the period p . . o .
(89) FChicup,gasp N N volume Option C measurem |basis or per shift); according to
in HCU debutanizer . . . . . " .
" unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices |national or in-
reboiler. . " N
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.




Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule

Consumplionordiesel gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
§ . . mass or On-site have a book of control for recording the measurements (on a daily as specified
oil during the period p " N o N
(910) FChcupdieselp |; 5 volume Option C measurem |basis or per shift); according to
in HCU debutanizer . . . . . " X
reboiler. unit/p. ents. . Accessones.such as transducers, §onar anq piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
. gauge is part of the daily tank and calibrated at least once a year and |Periodically,
Cor)sumptlon .Of HFQ mass or On-site have a book of control for recording the measurements (on a daily as specified
during the period p in " N o N
(161)  |FChcup HrFop HCU d 5 volume Option C  |measurem |basis or per shift); according to
lebutanizer . . . . . 8 N
reboiler. unit/p. ents. . Accessones.such as transducers, §onar anq piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
Consumptionioriotien gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
P N mass or On-site have a book of control for recording the measurements (on a daily as specified
fuel i during the period " N o N
(142) FChcupip ¥ . volume Option C measurem |basis or per shift); according to
p in HCU debutanizer " . . . . 8 X
reboiler. unit/p. ents. . Accessones.such as transducers, §onar anq piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Consumption of natural mass or On-site have a book of control for recording the measurements (on a daily as specified
(123) FChipugasp gas during the period p volume Option C measurem |basis or per shift); according to
in HPU. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Consumption of diesel mass or On-site have a book of control for recording the measurements (on a daily as specified
(134) FChipudieserp  |0il during the period p volume Option C measurem |basis or per shift); according to
in HPU. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Consumption of HFO mass or On-site have a book of control for recording the measurements (on a daily as specified
(145) FChputFop during the period p in volume Option C measurem |basis or per shift); according to
HPU. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Consumption of other mass or On-site have a book of control for recording the measurements (on a daily as specified
(156) FChipu,ip fuel i during the period volume Option C measurem |basis or per shift); according to
p in HPU. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Hydrogen production On-site have a book of control for recording the measurements (on a daily as specified
(167) HPppy,p during the period p in Nm®/p Option C measurem |basis or per shift); according to
HPU. ents. « Accessories such as transducers, sonar and piezoelectronic devices |national or in-
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
If Option D
Number of day(s) d is selected,
(18) Dipu recorded for hydrogen dlp n/a n/a The number of day(s) is counted when hydrogen is produced and its Once after  |input
& production during the amount is recorded properly. the period p  [number of
period p . hour(s)

[h/p].




Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule
gauge is part of the daily tank and calibrated at least once a year and  |Periodically,
Hydrogen consumption On-site have a book of control for recording the measurements (on a daily as specified
(179) HCricup in HCU during the Nm®/p Option C measurem |basis or per shift); according to
period p. ents. « Accessories such as transducers, sonar and piezoelectronic devices [national or in-|
are accepted if they are properly calibrated with the ruler gauge and house rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration will
be made with the system at typical operational conditions.
If fand g
Number of day(s) d 2rb?amed as
recorded for hydrogen The number of day(s) is counted when hydrogen is consumed and its  |Once after
(20) Drcup s d/p n/a n/a X X per step
coqsumptlon |ln HCU amount is recorded properly. the period p C2-2, input
during the period p . number of
hour(s) [h/p]

Table 2: Project-specific parameters to be fixed ex ante

(C)]

Parameters

(b)

Description of data

(c)
Estimated
Values

(d)
Units

(e)

Source of data

M

Other comments

Constant (specific emission factor) GJ/mass
a obtained by the regression analysis as or volume |Calculated according to the procedure described in section F2.
per step A1-1-A1-2 or A2-1-A2-2. unit
Constant (y -intercept) obtained by the .
b regression analysis as per step A1-1- GJ/d Calculated according to the procedure described in section F2. It (_)ptlon A2is selected,
A12 or A2-1-A2-2. unitis [GJ/h]
Constant (specific emission factor) GJ/mass
] obtained by the regression analysis as or volume |Calculated according to the procedure described in section F2.
per step B1-1-B1-2 or B2-1-B2-2. unit
Constant (y -intercept) obtained by the .
de regression analysis as per step B1-1- GJ/d Calculated according to the procedure described in section F2. It (_)ptlon B2 is selected,
B1-2 or B2-1-B2-2. unitis [GJ/h]
Constant (specific energy consumption
per hydrogen production) obtained by 3 . " . .
ef the regression analysis as per step C1- GJ/INm' Calculated according to the procedure described in section F2.
1-C1-2 or C2-1-C2-2.
Constant (y- intercept) obtained by the . .
fg regression analysis as per step C1-1- GJ/d Calculated according to the procedure described in section F2. It (_)ptlon C2is selected,
C1-2 or C2-1-C2-2. unitis [GJ/h]
Constant (specific hydrogen 3
: f Nm“/mass
consumption per fresh feed input) " " . "
gh obtained by the regression analysis as or .VOIume Calculated according to the procedure described in section F2.
per step C1-1-C1-3 or C2-1-C2-3. unit
Constant (y -intercept) obtained by the If Option C2 i lected
hj regression analysis as per step C1-1- Nm%d Calculated according to the procedure described in section F2. . p on 3 s selected,
C1-3 or C2-1-C2-3. unit is [Nm*/h].
GJ/mass |In the order of preference, a) values provided by the fuel supplier, b) measurement by the
NCV gos Net calorific value of natural gas or volume |project participants, c) regional or national default values, d) Lower value of IPCC default values
unit provided in the table 1.2 of Ch.1 Vol.2 of 2006 IPCC Guidelines on National GHG Inventories.
GJ/mass |In the order of preference, a) values provided by the fuel supplier, b) measurement by the
NCV gesey  |Net calorific value of diesel or volume |project participants, c) regional or national default values, d) Lower value of IPCC default values
unit provided in the table 1.2 of Ch.1 Vol.2 of 2007 IPCC Guidelines on National GHG Inventories.
GJ/mass |In the order of preference, a) values provided by the fuel supplier, b) measurement by the
NCV yro Net calorific value of residual oil or volume |project participants, c) regional or national default values, d) Lower value of IPCC default values
unit provided in the table 1.2 of Ch.1 Vol.2 of 2008 IPCC Guidelines on National GHG Inventories.
N el T El B G e Gl ] GJ/mass |In the order of preference, a) values provided by the fuel supplier, b) measurement by the
NCV; — Y or volume |project participants, c) regional or national default values, d) Lower value of IPCC default values
unit provided in the table 1.2 of Ch.1 Vol.2 of 2009 IPCC Guidelines on National GHG Inventories.
In the order of preference, a) values provided by the fuel supplier, b) measurement by the
EE gs Emission factor of natural gas t-CO,/GJ |project participants, c) regional or national default values, d) Lower value of IPCC default values
provided in the table 1.2 of Ch.1 Vol.2 of 2010 IPCC Guidelines on National GHG Inventories.
In the order of preference, a) values provided by the fuel supplier, b) measurement by the
e Emission factor of diesel t-CO,/GJ |project participants, c) regional or national default values, d) Lower value of IPCC default values
provided in the table 1.2 of Ch.1 Vol.2 of 2011 IPCC Guidelines on National GHG Inventories.
In the order of preference, a) values provided by the fuel supplier, b) measurement by the
EF 1ro Emission factor of residual oil t-CO,/GJ |project participants, c) regional or national default values, d) Lower value of IPCC default values
provided in the table 1.2 of Ch.1 Vol.2 of 2012 IPCC Guidelines on National GHG Inventories.
In the order of preference, a) values provided by the fuel supplier, b) measurement by the
EF; Emission factor of any other fuel used t-CO,/GJ |project participants, c) regional or national default values, d) Lower value of IPCC default values
provided in the table 1.2 of Ch.1 Vol.2 of 2013 IPCC Guidelines on National GHG Inventories.
Table3: E; of CO, emission r
CO, emission ret ons Units

#DIV/0! |tCO,/p

ing option]

Option A

Based on public data which is measured by entities other than the project participants (Data used: publicly recognized data such as statistical data and specifications)

Option B

Based on the amount of transaction which is measured directly using measuring equipments (Data used: commercial evidence such as invoices)

Option C

Based on the actual measurement using measuring equipments (Data used: measured values)
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Emission reductions during the period p #DIV/O!  |tCO./p ER,

GJ/mass
Net calorific value of natural gas natural gas 46.5 |or volume NCVgas
unit
GJ/mass
Net calorific value of diesel oil diesel oil 41.4 |or volume NCVgiesel
unit
GJ/mass
Net calorific value of residual oil residual oil 39.8 |or volume NCVyro
unit
any other CEillim=es
Net calorific value of any other fuel fueyl 39.8 |or volume NCV,
unit
Emission factor of natural gas natural gas 0.0543 [tCO,/GJ EFgas
Emission factor of diesel oil diesel oil 0.0726 [tCO,/GJ EF gicsel
Emission factor of residual oil residual oil 0.0755 [tCO,/GJ EFiro
Emission factor of any other fuel :.nn}: omner 0.0755 [tCO,/GJ EF;
Weighted average CO, emission factor of fossil fuel consumed
1 |tCO,/GJ EF
in HCU reactor heater during the period p. N/A #DIVIO o HCUR.p
Weighted average CO, emission factor of fossil fuel consumed
!
in HCU debutanizer reboiler during the period p. N/A #DIVIOL |{CO,/GJ EFcun,
Weighted average CO, emission factor of fossil fuel consumed
1
in HPU during the period p . N/A #DIVIO! - 1CO/G EFeup
Reference emissions during the period p #DIV/0!  |tCO,/p RE,
Reference emissions to calculate emission reductions in
HCU as a result of reduction in fuel consumption due to All fuels #DIV/O!  [tCOy/p REwcu1p
increased column temperature during the period p.
Reference emissions to calculate emission reductions in
HCU as a result of reduction in reboiler fuel consumption in
!
debutanizers due to reduced variability of column top Allfuels #DIV/O! - tCO/p REwouzp
pressure and lower the pressure during the period p .
Reference emissions to calculate emission reductions in
HPU as a result of reduction in hydrogen demand in HCU  |All fuels #DIV/O!  [tCO,/p REwpu1,p
during the period p.
Reference emissions to calculate emission reductions in
HPU as a result of improved efficiency of hydrogen All fuels #DIV/O!  [tCO,/p REwpuzp
production during the period p.
Project emissions during the period p #DIV/O!  |tCO./p PE,
Project emissions to calculate emission reductions in HCU
as a result of reduction in fuel consumption due to increased |All fuels 0.0 [tCO4/p PEvcutp
column temperature during the period p .
Project emissions to calculate emission reductions in HCU
as a result of reduction in reboiler fuel consumption in
debutanizers due to reduced variability of column top Allfuels 0.0 tCO/p PBrouzp
pressure and lower the pressure during the period p .
Project emissions to calculate emission reductions in HPU
as a result of reduction in hydrogen demand in HCU during |All fuels #DIV/O!  [tCOy/p PEnputp
the period p.




Project emissions to calculate emission reductions in HPU

as a result of improved efficiency of hydrogen production All fuels 0.0 |tCO,/p PEnpuzp
during the period p .
[List of Default Values]
Net calorific value of fossil fuel
Default net calorific value of natural gas 46.5 |GJ/t
Default net calorific value of diesel oil 41.4 (GJ/t
Default net calorific value of residual oil 39.8 |GJit
Default net calorific value of any other fuel 39.8 |GJ/t
CO, emisson factor of fossil fuel
Default emission factor of natural gas 0.0543 [t-CO,/GJ
Default emission factor of diesel oil 0.0726 [t-CO,/GJ
Default emission factor of residual oil 0.0755 [t-CO,/GJ
Default emission factor of any other fuel 0.0755 [t-CO,/GJ
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Monitoring Report Sheet (Input Sheet) [For Verification|

(d) (e) (U] ()] (h) (U] (1)} (k)
Monlt.orlng Mor_\ltormg Parameters = Description of data Hopitored Units Monlt_orlng Solicech Measurement methods and procedures Mopitering iy
period point No. ues option data frequency comments
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule Periodically,
gauge is part of the daily tank and calibrated at least once a year and as specifiedy
Feed input to HCU mass or On-site have a book of control for recording the measurements (on a daily :
) Flhcur, reactor during the volume Option C measurem |basis or per shift); acgordlng to
2 N . - . . . national or
period p.. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.
If Option A2
Number of day(s) d :;I(e:gt::d
recorded for feed input The number of day(s) is counted when feed is input to HCU reactor Once after | '
2) Dricurp " X dip n/a n/a K . N input
0 HCU' reactor during and its amount is recorded properly. the period p number of
the period p. hour(s)
[h/p]
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule Periodically,
gauge is part of the daily tank and calibrated at least once a year and as specifiedy
Consumption of natural mass or On-site have a book of control for recording the measurements (on a daily according to
3) FChicurgasp  |9as during the period p volume Option C measurem |basis or per shift); national or
in HCU reactor heater. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule Periodically,
gauge is part of the daily tank and calibrated at least once a year and as specifiedy
Consumption of diesel mass or On-site have a book of control for recording the measurements (on a daily according to
4) FChcurdiesetp |0il during the period p volume Option C measurem |basis or per shift); national or
in HCU reactor heater. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule Periodically,
gauge is part of the daily tank and calibrated at least once a year and as specifiedy
Consumption of HFO mass or On-site have a book of control for recording the measurements (on a daily according to
(5) FChcurHrop |during the period p in volume Option C measurem |basis or per shift); national or
HCU reactor heater. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule Periodically,
c . gauge is part of the daily tank and calibrated at least once a year and e
onsumption of other " n " as specified
fuel i during the period mass or ) On-site havg a book of. cgntrol for recording the measurements (on a daily according to
(6) FChcurip : volume Option C  [measurem |basis or per shift); .
p in HCU reactor B " . . . national or
D, unit/p. ents. . Accessones‘such as transducers, spnar and‘ piezoelectronic devices in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule Periodically,
gauge is part of the daily tank and calibrated at least once a year and as specifiedy
Feed input to HCU mass or On-site have a book of control for recording the measurements (on a daily according to
@) Flucup,p debutanizer during the volume Option C measurem |basis or per shift); national or
period p.. unit/p. ents. « Accessories such as transducers, sonar and piezoelectronic devices in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.
If Option B2
Number of day(s) d is selected,
®) Drewn, recorded for feed input dip na na The number of day(s) is counted when feed is input to HCU Once after  |input
4 to HCU debutanizer debutanizer and its amount is recorded properly. the period p |number of
during the period p. hour(s)
[h/p]
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule Periodically,
c . gauge is part of the daily tank and calibrated at least once a year and e
onsumption of natural " n " as specified
gas during the period p mass or ) On-site havg a book of. cgntrol for recording the measurements (on a daily according to
(89) FCheupgasp | N volume Option C  [measurem |basis or per shift); .
in HCU debutanizer o . . . . national or
reboiler. unit/p. ents. . Accessones‘such as transducers, spnar and‘ piezoelectronic devices in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.




Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule

Consumption of diesel gauge is part of the daily tank and calibrated at least once a year and ::rsloggzgﬁ'
; 'mp . mass or On-site have a book of control for recording the measurements (on a daily pec
oil during the period p . - o according to
(910) FCrcup,dieselp |; . volume Option C measurem |basis or per shift); )
+4e5¢Plin HCU debutanizer o . . . . national or
" unit/p. ents. * Accessories such as transducers, sonar and piezoelectronic devices |,
reboiler. . . . in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule Periodicall
Consumption of HFO gauge is part of the daily tank and calibrated at least once a year and ass ecifieﬁl
duri P! N : mass or On-site have a book of control for recording the measurements (on a daily pec
uring the period p in . - o according to
(101) FCrcupHFop 5 volume Option C measurem |basis or per shift); ?
e HCU debutanizer o . . . . national or
| unit/p. ents. * Accessories such as transducers, sonar and piezoelectronic devices |,
reboiler. . . . in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule Periodicall
Consumption of other gauge is part of the daily tank and calibrated at least once a year and as's ecifieﬁl
Sump . mass or On-site have a book of control for recording the measurements (on a daily pec
fuel i during the period . - o according to
(142) FCrcup.ip N . volume Option C measurem |basis or per shift); ?
. p in HCU debutanizer p . . . . national or
" unit/p. ents. * Accessories such as transducers, sonar and piezoelectronic devices |,
reboiler. . 8 . in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.
Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule Periodicall
gauge is part of the daily tank and calibrated at least once a year and as's ecifieﬁl
Consumption of natural mass or On-site have a book of control for recording the measurements (on a daily accoprdin to
(123) FCripu,gasp gas during the period p volume Option C measurem |basis or per shift); national (g)r
in HPU. unit/p. ents. + Accessories such as transducers, sonar and piezoelectronic devices |,

R . . in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;

« In case of daily tanks with pre-heaters for heavy oil, the calibration

will be made with the system at typical operational conditions.

Use either mass or volume meters. In cases where fuel is supplied

from small daily tanks, rulers can be used to determine mass or

volume of the fuel consumed, with the following conditions: The rule Periodicall

gauge is part of the daily tank and calibrated at least once a year and as's ecifieﬁl
Consumption of diesel mass or On-site have a book of control for recording the measurements (on a daily accoprdin to

(134) FChipu,dieserp |0l during the period p volume Option C measurem |basis or per shift); national (g)r

in HPU. unit/p. ents. + Accessories such as transducers, sonar and piezoelectronic devices |,

R . . in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;

« In case of daily tanks with pre-heaters for heavy oil, the calibration

will be made with the system at typical operational conditions.

Use either mass or volume meters. In cases where fuel is supplied

from small daily tanks, rulers can be used to determine mass or

volume of the fuel consumed, with the following conditions: The rule Periodicall

gauge is part of the daily tank and calibrated at least once a year and ass ecifieﬁl
Consumption of HFO mass or On-site have a book of control for recording the measurements (on a daily accoprdin to

(145) FCrpuHro,p during the period p in volume Option C measurem |basis or per shift); national (g)r

HPU. unit/p. ents. + Accessories such as transducers, sonar and piezoelectronic devices |,

R . . in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;

« In case of daily tanks with pre-heaters for heavy oil, the calibration

will be made with the system at typical operational conditions.

Use either mass or volume meters. In cases where fuel is supplied

from small daily tanks, rulers can be used to determine mass or

volume of the fuel consumed, with the following conditions: The rule Periodicall

gauge is part of the daily tank and calibrated at least once a year and as's ecifieﬁl
Consumption of other mass or On-site have a book of control for recording the measurements (on a daily accoprdin to

(156) FCrpuiip fuel i during the period volume Option C measurem |basis or per shift); national (g)r

p in HPU. unit/p. ents. * Accessories such as transducers, sonar and piezoelectronic devices |,

R . . in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;

« In case of daily tanks with pre-heaters for heavy oil, the calibration

will be made with the system at typical operational conditions.

Use either mass or volume meters. In cases where fuel is supplied

from small daily tanks, rulers can be used to determine mass or

volume of the fuel consumed, with the following conditions: The rule Periodicall

gauge is part of the daily tank and calibrated at least once a year and as's ecifieﬁl
Hydrogen production On-site have a book of control for recording the measurements (on a daily accoprdin to

(167) HPypyp during the period p in Nm?® Option C measurem |basis or per shift); national (g)r

HPU. ents. * Accessories such as transducers, sonar and piezoelectronic devices |,

R . . in-house
are accepted if they are properly calibrated with the ruler gauge and rules
receiving a reasonable maintenance;

« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.
If Option D2
Number of day(s) d is selected,
(18) D, recorded for hydrogen di na na The number of day(s) is counted when hydrogen is produced and its ~ |Once after  |input
HPU,p production during the P amount is recorded properly. the period p [number of
period p.. hour(s)

[hp]




Use either mass or volume meters. In cases where fuel is supplied
from small daily tanks, rulers can be used to determine mass or
volume of the fuel consumed, with the following conditions: The rule

gauge is part of the daily tank and calibrated at least once a year and Perlodlga_lly,
Hydrogen consumption On-site have a book of control for recording the measurements (on a daily as sz‘.:'f'et(j
(179)  |HCreu, in HCU during the Nm® Option C | measurem |basis or per shift); :;;z‘;\;gro
period p. ents. « Accessories such as transducers, sonar and piezoelectronic devices in-house
are accepted if they are properly calibrated with the ruler gauge and rules

receiving a reasonable maintenance;
« In case of daily tanks with pre-heaters for heavy oil, the calibration
will be made with the system at typical operational conditions.

If f and g
Number of day(s) d 2rbetamed as
recorded for hydrogen The number of day(s) is counted when hydrogen is consumed and its |Once after
(20) Drcup o dip n/a n/a . per step
consumption in HCU amount is recorded properly. the period p C2-2, input
during the period p. number of
hour(s) [h/p]

Table 2: Project-specific parameters fixed ex ante

(a) ) ) (e) (U]

Estimated

Parameters Description of data Values Source of data Other comments

Constant (specific emission factor) GJ/mass

a obtained by the regression analysis as 0 |or volume |Calculated according to the procedure described in section F2.
per step A1-1-A1-2 or A2-1-A2-2. unit
Constant (y-intercept) obtained by the . .

b regression analysis as per step A1-1- 0 |GJ/d Calculated according to the procedure described in section F2. Iy thlog‘f;ﬁ (S=el=atad)
A1-2 or A2-1-A2-2. LIRS
Constant (specific emission factor) GJ/mass

c obtained by the regression analysis as 0 |or volume |Calculated according to the procedure described in section F2.

per step B1-1-B1-2 or B2-1-B2-2. unit

Constant (y-intercept) obtained by the
de regression analysis as per step B1-1- 0 |GJ/d Calculated according to the procedure described in section F2.
B1-2 or B2-1-B2-2.

If Option B2 is selected,
unit is [GJ/h].

Constant (specific energy consumption
per hydrogen production) obtained by
the regression analysis as per step C1-
1-C1-2 or C2-1-C2-2.

ef

(S}

GJ/Nm® Calculated according to the procedure described in section F2.

Constant (y-intercept) obtained by the
fg regression analysis as per step C1-1- 0 (GJ/d Calculated according to the procedure described in section F2.
C1-2 or C2-1-C2-2.

If Option C2 is selected,
unit is [GJ/h].

Constant (specific hydrogen

consumption per fresh feed input) pmSimass . " . .
gh obtained by the regression analysis as 0 |or volume |Calculated according to the procedure described in section F2.
unit

per step C1-1-C1-3 or C2-1-C2-3.

Constant (y-intercept) obtained by the
hj regression analysis as per step C1-1- 0 |Nm®/d Calculated according to the procedure described in section F2.
C1-3 or C2-1-C2-3.

If Option C2 is selected,
unit is [Nm3/h].

In the order of preference, a) values provided by the fuel supplier, b) measurement by the

GJ/mass a e . .

e project participants, c) regional or national default values, d) Lower value of IPCC default

N o et alorific value of natural gas 0.0 forvolume |yz1es provided in the table 1.2 of Ch.1 Vol.2 of 2006 IPCC Guidelines on National GHG
Inventories.

@lffiTEES In the order of preference, a) values provided by the fuel supplier, b) measurement by the

NCV Net calorific value of diesel 0.0 lor volume project participants, c) regional or national default values, d) Lower value of IPCC default

o : wiilit values provided in the table 1.2 of Ch.1 Vol.2 of 2007 IPCC Guidelines on National GHG
Inventories.

Guimass | the order of preference, a) values provided by the fuel supplier, b) measurement by the

NCV, Net calorific value of residual oil 00 |Ervsims project participants, c) regional or national default values, d) Lower value of IPCC default

e ’ ot values provided in the table 1.2 of Ch.1 Vol.2 of 2008 IPCC Guidelines on National GHG
Inventories.

@lffiTEES In the order of preference, a) values provided by the fuel supplier, b) measurement by the

Net calorific value of any other fuel project participants, c) regional or national default values, d) Lower value of IPCC default

geld used 00 S;i‘;"'”’“e values provided in the table 1.2 of Ch.1 Vol.2 of 2009 IPCC Guidelines on National GHG
Inventories.
In the order of preference, a) values provided by the fuel supplier, b) measurement by the
L u project participants, c) regional or national default values, d) Lower value of IPCC default
EF gas Elis=kglizeogeiiatiaioas 0.0000 GO/ 1011 1c provided in the table 1.2 of Ch.1 Vol.2 of 2010 IPCC Guidelines on National GHG
Inventories.
In the order of preference, a) values provided by the fuel supplier, b) measurement by the
L . Y project participants, c) regional or national default values, d) Lower value of IPCC default
EF gosol IEIESIET Y 6 Gl 0.0000 (:CO/GJ 101! 1o provided in the table 1.2 of Ch.1 Vol.2 of 2011 IPCC Guidelines on National GHG
Inventories.
In the order of preference, a) values provided by the fuel supplier, b) measurement by the
L . " u project participants, c) regional or national default values, d) Lower value of IPCC default
EFtro [EmESE i @ e @l 0.0000 (GO 1711 1o provided in the table 1.2 of Ch.1 Vol.2 of 2012 IPCC Guidelines on National GHG
Inventories.
In the order of preference, a) values provided by the fuel supplier, b) measurement by the
L Y project participants, c) regional or national default values, d) Lower value of IPCC default
& Enissionifactonoianyiothenitalinsed IR0IC000J KON i e e s e D e G AR NI R0 1Bl P GG Clicbl neslen N atonallG e
Inventories.
Table3: Ex-post ion of CO, emission red
CO; emission red Units
#DIV/O! tCO./p
[Monitoring option]
Option A Based on public data which is measured by entities other than the project participants (Data used: publicly recognized data such as istical data and specifications)
Option B Based on the amount of transaction which is measured directly using measuring equipments (Data used: commercial evidence such as invoices)
Option C Based on the actual measurement using measuring equipments (Data used: measured values)
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Emission reductions during the period p #DIV/O!  |tCO./p ER,

GJ/mass
Net calorific value of natural gas natural gas 0.0 |or volume NCVgas
unit
GJ/mass
Net calorific value of diesel oil diesel oil 0.0 |or volume NCV giesel
unit
GJ/mass
Net calorific value of residual oil residual oil 0.0 |or volume NCVyro
unit
any other CEillim=es
Net calorific value of any other fuel fueyl 0.0 |or volume NCV,
unit
Emission factor of natural gas natural gas 0.0000 [tCO,/GJ EFgas
Emission factor of diesel oil diesel oil 0.0000 [tCO,/GJ EF gieser
Emission factor of residual oil residual oil 0.0000 [tCO,/GJ EFuro
Emission factor of any other fuel STy omer 0.0000 [tCO,/GJ EF;
Weighted average CO, emission factor of fossil fuel consumed
1 |tCO,/GJ EF
in HCU reactor heater during the period p. N/A #DIVIO o HCUR.p
Weighted average CO, emission factor of fossil fuel consumed
!
in HCU debutanizer reboiler during the period p. N/A #DIVIOL |{CO,/GJ EFcun,
Weighted average CO, emission factor of fossil fuel consumed
1
in HPU during the period p . N/A #DIVIO! - 1CO/G EFeup
Reference emissions during the period p #DIV/0!  |tCO,/p RE,
Reference emissions to calculate emission reductions in
HCU as a result of reduction in fuel consumption due to All fuels #DIV/O!  [tCOy/p REwcu1p
increased column temperature during the period p.
Reference emissions to calculate emission reductions in
HCU as a result of reduction in reboiler fuel consumption in
!
debutanizers due to reduced variability of column top Allfuels #DIV/O! - tCO/p REwouzp
pressure and lower the pressure during the period p .
Reference emissions to calculate emission reductions in
HPU as a result of reduction in hydrogen demand in HCU  |All fuels #DIV/O!  [tCO,/p REwpu1,p
during the period p.
Reference emissions to calculate emission reductions in
HPU as a result of improved efficiency of hydrogen All fuels #DIV/O!  [tCO,/p REwpuzp
production during the period p.
Project emissions during the period p #DIV/O!  |tCO./p PE,
Project emissions to calculate emission reductions in HCU
as a result of reduction in fuel consumption due to increased |All fuels 0.0 [tCO4/p PEvcutp
column temperature during the period p .
Project emissions to calculate emission reductions in HCU
as a result of reduction in reboiler fuel consumption in
debutanizers due to reduced variability of column top Allfuels 0.0 tCO/p PBrouzp
pressure and lower the pressure during the period p .
Project emissions to calculate emission reductions in HPU
as a result of reduction in hydrogen demand in HCU during |All fuels #DIV/O!  [tCOy/p PEnputp
the period p.




Project emissions to calculate emission reductions in HPU

as a result of improved efficiency of hydrogen production All fuels 0.0 |tCO,/p PEnpuzp
during the period p .
[List of Default Values]
Net calorific value of fossil fuel
Default net calorific value of natural gas 46.5 |GJ/t
Default net calorific value of diesel oil 41.4 (GJ/t
Default net calorific value of residual oil 39.8 |GJit
Default net calorific value of any other fuel 39.8 |GJ/t
CO, emisson factor of fossil fuel
Default emission factor of natural gas 0.0543 [t-CO,/GJ
Default emission factor of diesel oil 0.0726 [t-CO,/GJ
Default emission factor of residual oil 0.0755 [t-CO,/GJ
Default emission factor of any other fuel 0.0755 [t-CO,/GJ




