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What is AVEVA Process Simulation?
Greenhouse Gas Emissions
Hydrogen Production

Renewable Energy
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Reduce Total Ownership Cost and Engineering Hours
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AVEVA Process Simulation — Driving Digital Transformation

Multi-core 50% reduction in simulation

Continuously saved for cloud effort across the lifecycle
Role-based user interface

Designed from the ground up, delivering the process digital twin, to the next generation of engineers
. Collaboration internally
Open model writing

o Designed from the
Ground Up
and externally

Delivering the Design, Rating and Dynamic modes Adaptable for sustainable
‘ , Process : . .
Libraries for different assets

process development

Digital Twin e One single model for the entire asset
lifecycle Improved engineering
workflow
To the Next e Groundbreaking ease of use
@ Generation of e Instantaneous results Enables true Digital
Process Engineers e |[ntuitive user interface Transformation

L}
A V — V A
© 2021 AVEVA Group plc and its subsidiaries. All rights reserved. —



AVEVA Process Simulation Capabilities

The continuously-solved and highly-
interactive behavior with Undo enables
rapid problem exploration and fast
adoption by next-generation users.

Library Approach
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Model libraries for process utilities
(steam, cooling water, flares), as well
as process simulation allows a common
platform for process department
simulation.

! |
Open Modeling

Access to the mathematical equations
enables process engineers to both
customize and add new equipment
models without programming.

| |

The open platform extendable
architecture allows the expansion of
process simulation into other industries
such as batch, power, and more

AV=VA



Greenhouse Gas (GHG)
Emission Calculations
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Greenhouse Gas Emissions

Q &

@
@ ® & @

Nearly all processes release GHGs into the atmosphere through:
 Stationary combustion

* Combustion of waste gases

* Purchased gases

* Indirect emissions from purchased steam and electricity

Most countries have begun to limit GHG emissions and have strict targets for reducing them

AVEVA Process Simulation can calculate greenhouse gas emissions and optimize processes to reduce the overall
carbon footprint

GHG models are included in the Economics library of AVEVA Process Simulation
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How to Calculate GHG Emissions?
) ©
AN
Emission
ﬂ’l/.l/-‘ SouSS Factors
m @ @ ®
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-
Types of Emission Sources b o &

The US Environmental Protection Agency (EPA) separates emissions into 3 unique ‘scopes’

Scope 1 — Direct emissions from your organization

 Stationary Combustion, Waste Gas, Purchased Gases, Mobile Sources, Refrigeration, Fire Suppression

Scope 2 — Indirect emissions from energy and steam generation

e Steam, Electricity

Scope 3 — Other indirect emissions from your value chain

* Business Travel, Commuting, Product Transport, Waste

Calculated in AVEVA Process Simulation

L}
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Understanding Emission Factors (EFs) [t oS

* Emission Factors describe the quantity of pollutant released from a material per unit

* For example, stationary combustion of Natural Gas produces about 53.06 [kg CO, / MMBtu] = 0.0544 [kg CO, / scf]
* Common units are mass of pollutant per weight, volume, energy, or time

* EFs can be calculated for every material at various stages of the product lifecycle
* What quantity of emissions are produced per kg of material produced?

* What quantity are produced per kg of material burned?

L}
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EFs in AVEVA Process Simulation ﬁ%"m 255

* AVEVA Process Simulation provides default emission factor submodels for common fuels:
* Natural Gas (NatGasEF)
* No. 2 Fuel Oil (No2FuelEF)
* No. 6 Fuel Oil (No6FuelEF)

* You can use the DefEF submodel as a template for defining emission factors for other materials

* AVEVA Process Simulation requires a mass per energy basis for EFs. Conversion from other units can be done within

the custom submodel.

No2FuelEF (Economics.No2FuelEF) v_0OX
v No Group
O €eFco2 73.9852 kg/MMBtu
[0 EFcH4 2971 g/MMBtu
@ [0 EF_N20 | 0579708 g/MMBtu
No2FuelEF 0 HHV  [1.03231E+6 Btu/ft3
v v L 0.5/ /SC
0 EFv_CO2 763761 kg/scf
o v C 3006/ /sc
0 EFv_CH4 3.06701 gfscf
0 EFv_N20| 0.598442 g/scf

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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o
What is Global Warming Potential (GWP)? [t 3 @

* Not all GHG emissions have the same warming potential
* Global Warming Potential (GWP) factors are used to align emissions to a common scale
* GWP = energy absorbed by 1 ton of Gas A / energy absorbed by 1 ton of CO, (typically over 100 years)

* Measured experimentally while accounting for:
* Radiative Efficiency — how much energy does the GHG absorb?

* Lifetime — how long will the GHG remain in the atmosphere before being broken down?
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Visualizing Global Warming Potential
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Calculating GHG Emissions in AVEVA Process Simulation

Introduction

* AVEVA Process Simulation calculates the CO2-equivalent emissions (CO2e) across the entire simulation

* Drag + Drop GHG submodels on top of existing models in the simulation

* Access the full features of AVEVA Process Simulation
* Optimization
* Dynamic studies

* Steady-state design

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Calculating GHG Emissions in AVEVA Process Simulation

SummaryGHG Model

* Provides a single location to view total CO2e emissions

* Automatically sums emissions from all GHG submodels in the simulation

View and Edit GWP Factors

Total CO2e emissions for all emission sources

CO2e emissions for each source in Scope 1

Total Scope 1 CO2e emissions
CO2e emissions for each source in Scope 2
Total Scope 2 CO2e emissions

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

SummaryGHG (Economics.SummaryGHG)
Vl— Glekal Warming Potential (GWP) Factors

& GWP_CH4 25

\\ i GWP_N2O0 208
% Summary

» [0 TotalCO2e 1.65645

“|  Scope 1 Emissions

[l TotalCombustGHG |0.200768
[l TotalWasteGHG 0.240079
[[] TotalPurchasedGHG |0.708030

» [] TotalCO2e 51 1.24889

“|  Scope 2 Emissions

[0 TotalSteamGHG 0.407566

> [ TotalCO2e 52 0407566

-

t/h

t/h
t/h
t/h
t/h

t/h
t/h

B X
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Calculating GHG Emissions in AVEVA Process Simulation

CombustGHG Submodel

* Calculate emissions for stationary combustion (for example: burners, boilers, and furnaces)

* Emission Factors must be defined for the fuel:

* Select a submodel (Fuel) that provides the correct emission factors or

* Use the DefEF submodel and manually specify EF_CO2, EF_CH4, and EF_N20

* CO2e is calculated from individual CO,, CH, and N,0 emissions with GWP factors defined in SummaryGHG model

%  GHG Emission Data

o

GHG.Fuel Economics.MoZFuelEF - |
B GHGEFCO? 739852 kg/MMEBtu
B GHGEFCH4 2971 g/MMBtu -
B GHGEFN2O 0.579708 g/MMBtu -
[ GHG.CO2e 67.792 kg'h ~

W

GHG Emission Data

I N GHG.Fuel

Economics.DefEF =

0 GHG.EF_CO2

(3] GHG.EF_CH4

0 GHG.EF_N2O
[0 GHG.CO2e

7504 kg/MMEBtu
3 g/MMBtu
0.6 g/MMBtu

68.7615 kg/h

Emission Factors for No. 2 Fuel Oil

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

Emission Factors Specified with DefEF
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Calculating GHG Emissions in AVEVA Process Simulation

SteamGHG Submodel

* Calculate emissions for purchased steam

e Supports both calculation methods set by the US EPA

* Set CalcMethod = Supplier Factors to manually specify emission factors from the steam supplier (preferred)

* Set CalcMethod = Boiler Efficiency if supplier factors are unknown. Then, select a fuel and specify a boiler efficiency (eta).

* CO2e is calculated from individual CO,, CH, and N,0 emissions with GWP factors defined in SummaryGHG model

%  GHG Emission Data

I 0 GHG.CalcMethod Supplier Factors =
0 GHG.Factors Economics.DefEF =
0 GHG.EF_CO2 60 kg/MMBtu ~
0 GHG.EF_CH4 2.8 g/MMBtu -
0 GHG.EF_N20 025 g/MMBtu ~
[l GHGCOZ2e 549265 kg/h

Supplier Factor Method

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

GHG Emission Data

I (8] GHG.CalcMethod Boiler Efficiency = |
(8] GHG.Factars Econemics.NatGasEF -
(4] GHG.eta 0.82 fraction
B GHGEFCOZ 53.0602 kg/MMBtu -
B GHG.EF CH4 1.00389 g/MMBtu -~
B GHG.EF N2O 00974655 g/MMBtu -
] GHG.COZe 73.9425 kg'h =

Boiler Efficiency Method

AV=VA



Calculating GHG Emissions in AVEVA Process Simulation

WasteGHG Submodel

 Calculate emissions for waste gas combustion (for example: flaring, thermal oxidizers)

* To automatically calculate carbon content of waste stream, set CalcMethod = Automatic

* To manually map your fluid components to a standard waste composition, set CalcMethod = Map Components
* Recommended for fluids where exact chemical formulas are not known for every component
* You must provide a mapping submodel (see DefMapWG)

* CO2e emissions are calculated from flow rate, carbon content, and Oxidation fraction

%  GHG Emission Data
I N GHG.CalcMethod Automatic
N

GHGMaEsteCompMap| Economics.DefMapWG =

N GHG.Oxidaticn 098 fraction
[] GHG.COZe 317942 kgh -

Automatically Calculate Carbon Content

L}
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Calculating GHG Emissions in AVEVA Process Simulation

PurchasedGHG Submodel

 Calculate emissions for purchased industrial gases (for example: refrigerants, laboratory gases)

* Specify the GWP factor for the purchased gas
* Not sure? Visit the US EPA Center for Corporate Climate Leadership’s GHG Emission Factors Hub

%  GQHG Emission Data
I 0 GHG.GWP 14800
[] GHG.CO2e 1571 kg/h

CO2e emissions for HFC-23

AV=VA
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https://www.epa.gov/climateleadership/ghg-emission-factors-hub

Calculating GHG Emissions in AVEVA Process Simulation

Full Example with Optimization

=> .

FeedMeOH 3
FeedMeOH.P 11.3 bar
FeedMeOH.T
M FeedMeOH.W 17.6075 t/h

ToTower2

L}
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Calculating GHG Emissions in AVEVA Process Simulation

Step 1: Add SummaryGHG Model to Simulation and Confirm GWP Factors

% Summary

SummaryGHG (Economics.SummaryGHG)
%  Global Warming Potential (GWP) Factors

-

] GWP_CH4 25
@ GWP_N20 298
] TotalCOze 0 t/h
%  Scope 1 Emissions
[] TeotalCombustGHG 0 t/h
[] TotalWasteGHG 0 t'h
[] TotalPurchasedGHG 0 t/h
[0 TotalCO2e_S1 0 th
%  Scope 2 Emissions
I [] TotalSteamGHG 0 t/h
[0 TotalCO2e_S2 0 t/h

0O x

@

SummaryGHG

[[] SummaryGHG.TotalCO2e
[C] SummaryGHG.TotalWasteGHG

[C] SummaryGHG.TotalSteamGHG

0t/h
0t/h
0t/h

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Calculating GHG Emissions in AVEVA Process Simulation

Step 2: Drag-and-Drop GHG Submodels into Steam Sources and Waste Gas Sinks

= Torearoo un
0t/h
-
3 >
E3

() )

" .
@ F
[ Fe @
" . o=

-l LPCY LPS 1 Add subrnn:delk_t;fvlkrlne SteamGHG to LPE{MS.I
w—»@
=:>
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Calculating GHG Emissions in AVEVA Process Simulation

Step 3: Select Fuel Type and Set Efficiency in SteamGHG Submodels

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

@

SummaryGHG

[C] SummaryGHG.TotalCO2e
[l SummaryGHG.TotalWasteGHG

[C] SummaryGHG.TotalSteamGHG

—

FeedMeOH

H.P 11.3 bar

H.T 86 F
OH.W 17.6075 t/h

o=

LPC1

3.15775t/h
0.0725798 t/h

3.08517 t/h

LP51 (Process.Source) v B
> Configuration
Vv Operation
B w 113523 kg/h
O F 830,15 kmol/h
0 a 099307 m3/s
(4] P 5 bar (gauge)
W T 158919 C
(4] VF 1 mal frac
O mt 0 kmol
0o mw 120153 kg/kmol
>  Reference
¥  GHG Emission Data
n GHG.CalcMethod Boiler Efficiency ~
(2] GHG.Factors Economics.MatGasEF
0 GHG.eta 0.82 fraction
Wl GHGEFCO2 181.049 g/kWh
Il GHGEF.CH4 000342543 g/kWh
Il GHGEF.N2O 3.32566E-4 g/kWh
. [0 GHG.CO2e 1.92098 t/h v
>  No Group
LPST CWR1 CWs1

AN
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Calculating GHG Emissions in AVEVA Process Simulation

Step 4: Create an Optimization Set

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

Optimization Set Editor

W General

MName |Minimize GHG

Description |Minimize GHG emissions by adjusting column reboil ratio

% Objective Function

Maximize

o bimZE @ [summaryGHGTotalcOZe |

W Variables

P status Name Value  Lower Bound Upper Bound Units

F ® 11ReboilRatio 4 0.2 10

P Run

AV=VA



Calculating GHG Emissions in AVEVA Process Simulation

Step 5: Run Optimization and Review Results

/*\ SummaryGHG SummaryGHG
[Minmizzcre ~| P [[] SummaryGHG.TotalCO2e 3.15775 t/h [0 SummaryGHG.TotalCO2e 2.10734 t/h
= [0 SummaryGHG.TotalWasteGHG 0.0725798 t/h [] SummaryGHG.TotalWasteGHG 0.0628842 t/h
[0 SummaryGHG.TotalSteamGHG 3.08517 t/h [ SummaryGHG.TotalSteamGHG 2.04446 t/h
Before Optimization After Optimization

L}
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Hydrogen Production
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Hydrogen Production — Grey, Blue, or Green?

* Steam Methane Reforming e Steam Methane Reforming * Renewable energy sources to
(SMR) with Water Gas Shift (SMR) with Water Gas Shift power water electrolysis
(WGS) reactions (WGS) reactions + Water is split into H, and O,

* CO, is a byproduct of both SMR e Carbon is captured and stored with no carbon byproducts
and WGS reactions underground (CCS) 0

* Only accounts for a small

* High reaction temperatures * However, not all carbon can be portion of all current hydrogen

require large industrial furnaces captured with current production

* No carbon capture or storage technologies

L}
—
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Hydrogen Processing in AVEVA Process Simulation

Oozr 285779 Nmam
Do2zon  osarss2molfac

Steam Methane Reforming e - | || Electrolysis and Renewables - Compression

Ooar 7mo3C
1 + MO 02+ K2 ™

SMRoutzlHz]  501765% HTSoutalHa]  55.2337% TsoutalH2] Orep 2426862 (=733

Orer 7003 C O ezl

450C 50327C 200¢ 247843C B oz ossssmo fac we Owe

: . ) 4@ % o
NatGasFeedF 65000 Nm3/n A‘ ! e SFLNpanels 800
B NatGasbeeap 20 - wGs Comproties asne sezse1w
P g @i 2s3m2

W NotGosfeedziCHe]  094721m0l foc = o Dena ossc8e2m2
e Beee oz @ Makeupiz0p 0ber

s arramm
4 scpatio 25 @ sowmz - ]
M vioutzH20] 0,025 mol frac @ MakeuphizoT ¢ Bene 0

0 £v1.Power 2730300

O mekepizoq  175089gaIm

SC_Ratio = FeedSMRAC[ H20' / (FeedSNRFC[ CO' « FeedSME

e 12000872
[ 01 fraction

ExportHPs

Deworpsw 17149k

LI SummaryGHG.TotalCO2e 134,675 t/h

SummaryGHG

FeedWater
W Feccater W {07733 kg

Brives  20v

c d o . . . F 0.5 kmol/h H2Prod.F 0.5 kmol/h H2Prod
Pressure Swing Adsorption Amine Treatment Liquefaction -
T 29815 H2Prod.T 16.9661
4 ) HzFeed.VF 1 fraction H2Prod . VF 0 fraction
T H2Feed.z[OH2] 0.75 fraction H2Prod.z[OH2]  0.00374553 fraction
H2Feed.z[PH2] 0.25 fraction H2Prod.z[PH2] 0.996254 fraction

seazou

76.2971K
e—

992 kPa
17.1023K

T —
A
se32in
Bedl Layer(1LNe

14 SectLoprie

Bov2 Bedt Layerf3LNe

Temp Trend  Stream Report

* Relief.F
& SourGas
?: 4
w

36.381K

Temperature Profiles

526
2 Relie?

To_Fadility v

e LNZRet P 95 kPa LN2.P 100 kPa £2 Temp
= S0

T oz

I 1 B‘
Feed_seader Header?  130.835KFa LN2RetF 461465 kmol/h INZF 46,1465 kmel/h
2

LN2Ret T 87.9896 K LN2T 77.24K
LN2RetVF 1.65935 fraction LN2.WF -0.0130697 fraction

sirress FesdBloner  Faeq Cosler Vacuum_Slower

AirfeedF  0.0551828 kmol/s Vent 0.0551829 kmol/s
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Grey Hydrogen — SMR in AVEVA Process Simulation

* See Documented Example CC28 — H2 Production via Steam Methane Reforming

CC28 - H2 Production via Steam Methane Reforming

This example demeonstrates a typical process to produce Hydrogen via Steam Methane Reforming (SMR). Natural Gas and high-pressure steam are

reacted over a Ni / MgAl204 catalyst to produce H2, CO, and COZ, The 00 and H20 in the outlet stream are then further refined in high-

temperature and low-temperature water gas shift reactors, These reactors convert much of the remining CO and H20 into H2 and CO2. The final

step of the process {not modeled here) separates H2 from the remaining components using Pressure Swing Adsorption (PSA). Water Gas Shift >:>

1: CO + H20 <-» COZ + HZ

PSA H2
> o =h O HzF 181530 Nm3/h
: .q— BumerGas Tur e “ »ﬁ‘ Offgas SMRoutz[H2]  50.1765% HTSoutz[H2] 552337 % TSoutzlHZ]  593358% O Hzp 2142.65 kPa
[
as ) A !
MNatG: 5p4 i O HaT 97.003C
. B Bl E ) H2Z[HZ]  0.9998 mol frac
o " £l
MatGasFeed.F 65000 Nm3/h n
K1 Pl
NatGasFeed.P 29 bar — —_ WG, Compprofies
W NatGasFesdT 295894 C NatGasFeed © .
W MatGasFeed.z{CH4] 0.8472 mal frac Furnace SteamFeed
STMHDR s
| SC_Ratio 275 r -
V10ut.z[H20 0,025 mol frac
SC_Ratio = FesdSMRFC['H2O" / (FeadSMAFC[CO] + FeedSMA <:I‘_ ¥ Z[H20]
y
EXPOrtHPS L P
T ExportHPS.W 17149 kg/h
2] SummaryGHG.TotalCO2e  134.675 t/h
SummaryGHG :> FWHDR
>
FeedWater — Feed Water
[ L —Saturated Steam
W FeedWater W 107733 kg/h

L}
A V — V A
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SMR — Design Specifications

=

NatGas Sp4

NatGasFeed.F 65000 Nm3/h
NatGasFeed.P 29 bar
B NatGasFeedT 295.894 C
B NatGasFeed.z[CH4] 0.9472 mol frac
SC_Ratio 2.75

SC_Ratio = FeedSMR.Fc["H20"] / (FeedSMR.Fc["CO"] + FeedSMR

@ [[] SummaryGHG.TotalCO2e 134.675 t/h

SummaryGHG

BurnerGas

MatGasFeed

P

[SEL]

I | AieF

215540 Hm3/h

I | FlucBasF 22633 lamal'h

@ -

HICIRR

..@;.

HXZE

Furnace

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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SMR — Reformer Furnace

Steam Methane Reforming

1: CH4 + H20 <-> CO + 3H2
2: 00 + H20 <-> CO2 + H2
3: CH4 + 2ZH20 <-> C02 + 4H2

M cumnerGas.F
BurnerGas.P
M cumnerGasT

MatGasFeed.F
MatGasFeed.P
M natGasFeed.T

M natGasFeed.z[CHA]

810.5673 Nm3/h
200 kPa
25C

65000 Nm3/h
2800 kPa
295.894 C
94.72 mol%

(YT |
Ened03]

Offgas
Air FlueGas

] AirF 213888 Nm3/h

[[] FlueGas.F 29405.6 Ibmol/h

[}

e

=
o= I
MXo HXSMR HXZE HX2C
BurnerGas SMR_CompProfile
HXSMR.Duty = SMR.Duty
MX1 SynGas
SMR
e T 02]
NatGasFeed SteamFeed

B offgasF
B offgas.p
B OffgasT
B offgasz[CO2)

B syngasF
B syngas.p
B syngasT
B syngas.z[HZ]

[[] steamFeed. W
M steamFeed.p

M steamFeedT

93347.2 Nm3/h
2142.68 kPa
87.003 C
0.558658 maol frac

358585 Nm3/h
1700.51 kPa
850C

0.501765 mal frac

149829 kg/h
2051.91 kPa

840C

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Far the reverse of the water-gas shift and ihe meibhanation, Table 3. Reactian Scheme and Carresponding Steps
ihe continuity equilions are smilas 16 these for steam peform- in Figure &
ing: S —
: : . i - e TR
Pa) = Fro, TR Atk g
—_— e A W20 = 1 aer Totam Tt @
ol AW Fo) = ra, CHyL +0.L=CHOL +L an
with bomndary conditions st CHOL S1 ZCOL 1HL  (dease,
W/Fig, =0, g, = Koy, =0 (&1} ﬁ(ltl, :S-LE%:: E :fl E%%i:;:'n
The jon scheme Jeading to the retained set of rate equations Co-L = Loy + o
and rmulo'"jc oulr:fi;cdetsn fed scheme of Figure £, i:flm_wn i it otk el
Tabbe 3. This scheme is the detailed mech of —
the following global trangular scheme (reactions [, 1T and HITof
Table 2): mation of OO and CH, in the reverse of the water-gas shift and
i 3 N ined
% Equations miethanation (CO, and H, as feed) are obtained from:
feg = — f
Condition Name Status Formula 0 ooy = ~lra t 1)
P = ~lr 4 ) (s
Eqn3 [ ] Rate['"H20"] = -RateRxn[1] - RateRxn[2] - 2 * RateRxn[3]
‘These are the rates which were substituted into Eq. 3, )
Egnd @ | Rate['H2"] = 3 * RateRun[1] + RateRun[2] + 4 * RateRxn[3] e o e st
parameters by means of the 1 u:lLuum; 95% confedence interval
Egn5 [ ] Rate["CO"] = RateRxn[1] - RateRxn[2] af the parameter estimates. The Fvalug is calculnted by dividing
The correspanding rate equations are: the mean squares due_ l!! regression (the sum of squares of the
Eqn25 @ | Rate[not{"C0O2", "CH4" "H20" "H2" "CO"Y =0 For teaction ] of Table 3 ' B e e e o)
by the degree of freedom of ressduals, which is the number of
Eqnﬁ [ ] py =P/100* tear[z) & [ Piufen N experiments minus the number of parameters). The ¢ value of a
n " Pt _Tu} (DEN) rameter estimate 15 the ratia of the parameter estimate minu
Eqn? [ ] k[']] =4225E15* Exp(-2401 0o/ [R * T:I:I ) ::wnn::he;:nnr:ard:iﬂialtil:n ﬂ;!ha‘l"vﬂl’lﬂ:ﬂ:‘"::llm:
For reaction [1: ter is ru!m:l ra_hnw a ve:r)'_wnnli ' value or a large mﬁd-:rloe
Eqn8 [ k[2] = 1.955E6 * exp(-67130 / (R*T)) o n ) !’.ﬂn’ﬂ}/mm«r - interval _‘}:]";“l:::l‘: it s ‘f"“r“"}:"w o have ’:‘;’E‘m‘:
Eqnd @ | k[3] = 1.020E15 * exp(-243900 / (R * T)) U e L:d:m et
For reaction 111: sults
Eqni0 @ Keq[1] = exp(-26830 / T + 30.114) : Fwshohhci‘! :guofra;mbu;riomseqmwtdo;:of;!hum
kl i ph P, : lI.IOB l: .smels L agures 7 an “.‘ﬂ! IEPC after m e
Egn1l @ | Keql2] = expld4400 /T - 4036) gt 5] fomn el s f i rorint. TV e ve
DEN = | + Keobeo = Kupu, + KenaPon, + Kool P, i discriminate further, since the ¢ values of some of th
Eqn12 @ | Keq[3] = Keq[1] * Keq[2] ! P KonPot Koo e e et wet 0o small, sty bocause of . 100 sarron
Reaction rates for the formation of CO'and CO; and far the dis- | investigated temperature range. The moded discrimination 2nd
Eqnl3 @ | Ka[CO"] = 8.23E-5 * exp(70650 / (R * T)) B e e O o B e anaton oxpeimest alowed 1 af the et
Eanld ® Ka['HZ"] 6.12E-0 (32900,’. (R TJ} Fp = — 16 sets of rate m;u:;llnm fu uj::u}. ' ¢
qn = 6.12E-9 * exp = reoy s 7 Since the partial pressures of CH, and H,0 were low in the
“ o experiments on the reverse of water-gas shift and methanation,
Egn1s @ Ka["CH4"] = 6.65E-4 * exp(38280 / (R*T)) — Fow, = i Py @ [ e ‘Emrﬁm?yﬁzgiﬂ:;ﬂgufﬁﬁd:ﬁ::::;E:::
wo ol 1 rate equutions mre independent, Th he i . the g hift i close ilir
Eqn16 @ | Ka['H20"] = 1.77E5 * exp(-88680 / (R * T)) cquations which weve subssituied imo g, 1 for the data treat- _ chat £, camavt b estimated sigoiicanity at such conditions. The
ment il the steam reforming experiments, &y values were determined from the reverse water-gas shift and
m nom uon nom Yo Reaction rates for the disappearance of CO, and for the for- methanation data. Besides, for ateam reforming conditions, the
Egn17 @ Ka[not{"CO", "CH4" "H20" "H2"}] =0
Eqnié @ den =1 + Ka["CO"] * Py["CO7] + Ka["H2"] * Py["H2"] + Ka["CH4"] * Py["CH4"] + Ka["H20"]* Py["H20"] / Py["H2"] 9 January 1989 Vel, 35, No. 1 AICHE Journal
Egqn1d @ RateRxn[1] * den*2 * 3600 = k[1] * Py["H2"]*(-2.5) * (Py["CH4"] * Py["H20"] - {Py["H2"]*3 * Py["CO"]) / Keq[1])
Eqn20 @ RateRxn[2] * den*2 * 3600 = k[2] * Py["H2"]"(-1) * (Py["CO"] * Py["H2O"] - (Py["H2"] * Py["CO2"]) / Keg[2])
Egqn21 @ RateRxn[3] * den®2 = 3600 = k[3] * Py["H2"1*{-3.5) * (Py["CH4"] * Py["H20"1*2 - (Py["H2"]"*4 * Py["CO2"]) / Keg[3]) . .
9 / / Y / &l ; J. Xu, G.F. Froment, Methane Steam Reforming, Methanation and

Water-Gas Shift: I. Intrinsic Kinetics, AIChE J. 35 (1989) 88—-96.
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SMR — Shift Reactors and Heat Integration

Water Gas Shift
1: CO + H20 <-> CO2 + H2

Offgas SMRoutz[H2]  50.1765 % HTSoutz[H2]  55.2337% LTSout.z[H2] ~ 59.3358 %
450C 503.27C 200C 247.843C
HX3H HX4 HX5
HTS LTS
K2
LteamFeed
STMHDR X
py
\ W
ExportHPS Y s \
O] ExportHPS.W 17149 kg/h
B FeedWaterW 107723 kg/h
FWHDR
FeedWater
[ »

=

PSA H2

I H2.F
I H2.p
O H2T
H2.z[H2]

191530 Nm3/h
2142.68 kPa
97.003C
0.9998 mol frac

[y

WGS_CompProfiles

V10ut.z[H20] 0.025 mol frac

—— cod \Water
— Saturated Steam
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Green Hydrogen — Electrolysis in AVEVA Process Simulation

* See Undocumented Example SS2 — H2 Production via PEM Electrolysis

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

Example SS2 - H2 Production via PEM Electrolysis

This example simulation demaonstrates green hydrogen production using a Proton Exchange Membrane

(PEM) Electrolyzer. Power is supplied to the electrolyzer from a solar panel array. The solar farm includes an
inverter for DC-to-AC conversion, a transformer to step-up the output voltage, and a rectifier for AC-to-DC

conversion. The power and voltage to the EYPEM is controlled via an external DC-to-DC buck converter.

Since the electrolyzer operates with an excess of H20, an additicnal recycle loop is modeled to recycle
water from the anode outlet to the inlet of the EYPEM.

SF1.Npanels
O sFi.p
SF1.A

SFleta
SF1H

200

362.561 kW
2.83m2
0.212 fraction
900 W/m2

[0 MakeupH20.Q
MakeupH20.P
MakeupH20.T

n

17.8089 galth
10bar 4

=

MakeupH20

c1

30C |

RecycleH20

V3

T

T1.Vout

— e () e

c2

240V

X1

—tle

Vi

X4

[ EY1.Power
Oevia
EY1.Thk
EY1.NC
EY1J

EY1xH20

02

H2

O ozF 28.5779 Nm3/h
[ o2z102] 0.947852 mol frac
[ 02z[H20]1 0.0521472 mol frac

O ozp 850 kP2
O o271 79.0323¢C
O H2F 54.1772 Nm3/h
O H2.z[H2] 1 mol frac
O Hzp 890 kPa
O HaT 200238 C
237.303 kW
0.539362 m2
0.178 mm
20
12000 A/m2
0.1 fraction
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Electrolysis Modeling

Electrolyzer Characteristics g ) M=
b onfiguration
(9] Converter External =
* AVEVA Process Simulation allows you to edit key characteristics of the PEM ®  ModeCheck Process -
. . o VohmType | RenewablesNohm -
Electrolyzer model and see the impact on overall hydrogen production: o x..ocT.J,pf enenablesoc -
. . o VactType RenewablesVact ~
* Number of cells in series, Nc v Electrolyzer Data
. (2] Thk 0178 mm
 Current density on electrolyzer stack, J (typically ~12 kA/m?) O a 0539862 m2
0 MNe 20
* The EYPEM model includes an optional electrical connection ¥ Operation
[0 Pane 450 kPa
* Electrolyzers require DC inputs so AC voltage must be first converted with a Rectifier - Pat 40 ks
W D 10 kPa
* DC voltage is then stepped down with a Buck Converter. Choose between an Internal or 2 JT mig M )
External converter. | 36,6302 V
1 647834 A
[ Power 237.303 kW
0O [ xH2D 0.1 fraction
> Products
> \Voltage
> Heat
> Ohmic Resistance
> Mo Group
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Renewable Energy Models in
AVEVA Process Simulation
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Wind Farm Modeling

Power Curves

* AVEVA Process Simulation uses turbine power curves for
calculating output power and the power coefficient

* DefWFPower is the default scaled power curve and represents re | Prat e i
a typical turbine. You should specify: s T
g 1.2
* Prat — Rated power output of the turbine 51
* Vel _i— Cut-in velocity (typically 3-4 m/s) g

Vel _rat — Wind velocity at rated power (typically 11-17 m/s) 0.4
* Vel _o - Cut-out velocity (typically ~25 m/s)

* You can also select a custom power curve for your turbines . : 0 ” |1<,5n/) = T =
e S

Vel i Vel rat Vel o

L}
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Wind Farm Modeling

What is the Power Coefficient (Cp)?

* Indicates how much of the total wind energy is captured by the turbine after aerodynamic, mechanical, and

electrical losses

* |t has an upper limit of 59.3% for an ideal turbine (Betz’s Law)

* Broadly, Cp is a function of:

* Blade tip speed ratio (A) — wind speed vs. rotational speed of turbine

* Blade pitch angle (B)

* Turbine controllers attempt to maintain Cp,.,, by adjusting A and

* AVEVA Process Simulation calculates Cp directly from the power output

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Wind Farm Modeling

Specifying Wind Velocity

* In Process mode, specify the average velocity,
Vel' to CaICUIate OUtpUt power Hourly Wind Speed Data - 100m Hub Height

16

* In Dynamics mode, provide a time vs. velocity
trend and use the curve tracing features to see
how power output changes throughout the day

14
12

10

* Where to find wind resource data?

wind Velocity (m/s)
[==]

* National Renewable Energy Laboratory (NREL) Wind
Integration National Dataset (WIND)

00:00 0400 0800 12:00 16:00 20:00 00:00
Time

Wind Farm 2

Wind Farm 1

L}
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https://maps.nrel.gov/wind-prospector

Solar Farm Modeling

Panel Characteristics

 Solar panel output power is a function of:
 Solarirradiance (H)
* Panel area (A)

* Module efficiency (eta) — fraction of total energy captured by the panel at standard test
conditions (H = 1000W/m?, T = 25°C). This is provided by the manufacturer and typically
ranges from 10 — 25%.

* Cell temperature (Tc) and temperature coefficient of power (alpha)

* Performance Ratio (PR) — accounts for total losses beyond those reported by
manufacturer

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

SF1 (Renewables.SolarFarm) A =

v Configuration

L2 ]

0

0

0

0
% Operation

0 [

n

OO0EO

>  Losses
> Electrical

> Mo Group

Mpanels
SelarTrend
A

eta

alpha

PR
Tc

Ps

8000
Models.SclarTrend

2.83 m2

0.212 fraction

-0A4AT 3%/C

900 W/m2
087896 fraction
2785 C
37348 MW
46685 W
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Solar Farm Modeling

Performance Ratio

* Performance Ratio (PR) accounts for losses not measured by manufacturer:

* Soiling — dust and dirt on panels SF1 (Renewables.SolarFarm) M
> Configuration
* Shade >  QOperation
v Losses
* Snhow () ] WL s
. L. o Lshade 0.03 fraction
* Mismatched voltage and current characteristics between panels o Lnow 0 faction |1
. P | o Lmis 0.02 fraction
ane age o Lwire 0.02 fraction
o . K . o Leonn 0,005 fraction
Light-induced degradation o g 0015 Sraction
* AVEVA Process Simulation uses default values recommended by the National : ;t ”‘”; ‘;I
gf racuomn
Renewable Energy Laboratory (NREL) O & Lo 003 fraction
[0 Ltotal 0140757 fraction
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Solar Farm Modeling

Specifying Solar Irradiance

* In Process mode, specify the average solar

irradiance, H, to calculate output power Hourly Solar Irradiance
1000
* In Dynamics mode, provide a time vs. solar e
resource trend and use the curve tracing 800

700
600
500

features to see how power output changes
throughout the day

400
300

* Where to find solar resource data?

Solar Irradiance (W/m2)

* National Renewable Energy Laboratory (NREL) 200
National Solar Radiation Database (NSRDB) — data 102
available for the United States, South Asia, and 00:00 04:00 08:00 12:00 16:00 20:00 00:00
Mexico/Central America T

Solar Farm 1

L}
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https://nsrdb.nrel.gov/

Renewable Grid Modeling

Connecting Renewable Energy Sources to Plant Equipment

* AVEVA Process Simulation includes a variety of

simplified models to simulate a full renewable
energy grid:

* Transformer (AC - AC)
e Converter (DC - DC)

* Inverter (DC - AC)

* Rectifier (AC - DC)

* Transmission Cable

* Busbar

* Breaker

* Generator

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

Example SS1 - Renewable Energy Grid

out
facility requires a constal tUSMW of power. The remaining power is s¢

2 @ |4

‘WFPowerTrends SFPowerTrends LocalGridTrend

O LongRngTransP 111644 MW

&3 Ea ] T4 LongRngTran: T

M 74.vout 220kv ¥ 75.vout 33kV

that the Pros
\d to other local facilities.

9.73445 MW

-@
LocalGrid
480V
BR8 T6 Productio
M Production.p 0.8MW

See Example SS1 — Renewable Energy Grid
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Takeaways — Why AVEVA
Process Simulation?
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Optimize Existing Plants and Processes

Greenhouse Gas Emissions

* Use AVEVA Process Simulation to add greenhouse gas emission calculations to your simulations
* Almost every process has emissions that can be reduced
* GHG models are drag-and-drop and require almost no additional engineering effort

* Access the full range of features in AVEVA Process Simulation for optimization and dynamic studies

AV=VA
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Quicky Adapt to Emerging Technologies

Hydrogen Production and Renewable Energy

* AVEVA Process Simulation can be used to model the entire hydrogen value chain
* There are opportunities for improving Grey Hydrogen processes with advanced reaction kinetics and GHG models
* Pivot to new technologies with the Renewables library (renewable energy and water electrolysis)

* The open model writing framework allows you to quickly adapt to changing technologies as they become available
commercially

AV=VA
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Ryan Muir

Models and Applications Engineer

° AVEVA

* ryan.muir@aveva.com
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This presentation may include predictions, estimates, intentions, beliefs and other statements that
are or may be construed as being forward-looking. While these forward-looking statements
represent our current judgment on what the future holds, they are subject to risks and uncertainties
that could result in actual outcomes differing materially from those projected in these statements.
No statement contained herein constitutes a commitment by AVEVA to perform any particular action
or to deliver any particular product or product features. Readers are cautioned not to place undue
reliance on these forward-looking statements, WhICh reflect our opinions only as of the date of this

) presentatlon

Th'e Company shall not be obliged to disclose any revision to these forward- looking statements to
reflect events or circumstances occurring after the date on which they are made or to reflect the
occurrence of future events.
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@ linkedin.com/company/aveva
0 @avevagroup

ABOUT AVEVA

AVEVA, a global leader in industrial software, drives digital transformation for industrial organizations
managing complex operational processes. Through Performance Intelligence, AVEVA connects the
power of information and artificial intelligence (Al) with human insight, to enable faster and more
precise decision making, helping industries to boost operational delivery and sustainability. Our

. cloud-enabled data platform, combined with software that spans design, engineering and operations,
asset performance, monitoring and control solutions delivers proven business value and outcomes to
over 20,000 customers worldwide, supported by the largest industrial software ecosystem, including
5,500 partners and 5,700 certified developers. AVEVA is headquartered in Cambridge, UK, with over
6,000 employees at 90 locations in more than 40 countries. For more details visit:
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