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International Annual global greenhouse gas emissions
35 billion t transport in gigatonnes of carbon dioxide-equivalents
Oceania
Asia (excl. China 150Gt
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Africa > urrent policies
South America 50Gt 25-29°C
i = emissions with current climate pelicies in
10 billion t qu?(rér Gg'g;lca o | place result in warming of 2.5 to 2‘.—‘?"(_' by 2100,
Greenhouse gas emissions
Al S uptothe present Pledges & targets (2.1 °C)
i - emissions if all countries delivered (;nre:kl-';ilcn
5 billion t European Union pledges result in warming of 2,1°C by 2100,
E:'r)o . 0 o e 2°Cﬂ pathways
- | Eu-zen : 5 1.5°C pathways
1750 1800 1850 1900 1950 2021 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
S ‘0 idinD d he Global Carb Proi 2023 Data source: Climate Action Tracker (based on national policies and pledges as of November 2021).
ource: Our World in Data based on the Global Carbon Project ( )

OurWorldinData.org - Research and datato make progress against the world's largest problems.

Hannah Ritchie, Max Roser and Pablo Rosado (2020) - "CO_ and Greenhouse Gas Emissions". Published online at Our WorldInData.org. Retrieved from: 'https:/ /ourworldindata.org/co2-and-greenhouse-gas-
emissions' [Online Resource]

The world needs to move to “Net Zero” emissions ...
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VARIOUS PATHS TO GHG REDUCTION

Low Carbon Q Compames
Hydrogen
need to choose
one or more of
these options to
achieve their
Carbon Capture,

Utilization and ESG gOCIIS.
Storage (CCUS)

Energy Efficiency
Improvement

Bio Feedstock Electrification

Circular Carbon
Feedstock

*  ESG — Environmental, Social. and Governance
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All Carbon reduction and capture technologies are dependent of

various factors —

= Existing Energy & Emission Scenario

(Total Emissions per unit Energy /Feed /Product) 0 BUT
= Source and Availability of Renewable Energy toe

(Low carbon H2, green electricity etc.) WHICH ROAD
= Energy Penalty and Impact of new reduction & capture technology TO WALK?

(Net Emissions Reduction)

= Alternate Feedstock availability and its net impact
(Bio Feedstock, Plastic Recycle Feedstock)

=  Geographical Location / Local Regulations

= CAPEX for grass root & retrofit technologies
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Define Targets

BATSs for
Decarbonization

Quantify

Benefits

Select & Implement

Monitor & Report

*BAT — Best Available Technologies

EMISSION REDUCTION FRAMEWORK

CO, Footprint ¥: Real Time
Analysis Emission Monitoring

ﬁ LUMMUS

DIGITAL

Digitalize to Decarbonize
Emissions Monitoring
& Reduction
Emission &

Capture Reports Compare & Identify

best Decarbonizatio
® Route

Emission &
Capture Module

TNChE Asia 2023

A
complementary
solution that can
further enhance

your current
process
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INTRODUCING DIGITAL DECARB
A Low-Cost Decarbonization
Assessment Tool Silining Lommos N il
Extensive Technology DIng(Il Decarh Solution for
Qo000 Jknow-how Client Needs

< Backed by TCG’s proven

) mcube™ platform
e e Py
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DIGITAL DECARB - ONE STOP SOLUTION
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A

Lifecycle
Carbon
Assessment

From Production,
Transportation,
Usage and
Disposal

Monitor in

Real Time

Real Time Emission
Monitoring (Scope
1 & 2) from Plant
level to Asset
level

(S

Recognize
and Prioritize

Recognizing the
hotspots where
emissions are most
significant and
Prioritizing areas
for improvement

Compare

Decarb.
Routes

Compare various
decarbonization
routes to identify
the best route and
Net Emissions

Strategize and
Reduce

Assisting users in
developing
strategy to reduce
emissions with
minimal investment

Reporting
with Industry
Norms
Automated
reporting in
accordance with
industry norms
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ENERGY AND EMISSION ANALYSIS
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= QVLUMMUS Digital Decarb | Refinery Emissions Dashboard L] thf we Ccdn dO .
- Py v' Real-time monitoring and heat-map analysis of
200 . ) B - B [,/\_ /,___ &) . ~ °
- ’ Scope 1 & 2 emissions / energy consumption
SlJU 708 04/08 07/08 11/08 W“.'LBDE(E 17/08 20/08 23/08 26/08 29/08 / Id entify O p po rfunities fo r red Ucing emission O nd
Crude Throughput Feed to Refinery Net CO,-e Emission Fuel Power Energy Breakdown energy oplﬁmideionS
\ 625 v 140 18&?\”‘\1““ 49'5:1\"“ b
(o . . ofiundiiend (I v Prioritizing areas for improvement and hotspots
- ) 30.2 MMkcal/h 92.6 MMkcal/h g 50 o o
Total CO,-e Emission 0. 0.3 ;r:ls:ea; e 'L;;ma“: e 8 v nO'I'IfICC]'I'Ion d IG rms
10;]/_\ NN 55.9 MMkcain 50.75 mmicalrn u 042
o ot v" Emission and energy breakdowns analysis

v' Assisting users in doing Benchmarking analysis

v’ Automated reporting system
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DRILL DOWN EMISSION ANALYSIS

= QR

& Emission - Hourly Trend

Digital Decarb = Refinery Emissions Dashboard

= Qitlheus

Digital Decarb | FCC Unit - Emissions Dashboard

16.9 .

ourty T
-
uuuuuuuuuuuu Feed to Refnery Fuel Pawer Foed Thioughput Fead te FOC Unit Nt CO - Emission Fusl Enengy Bresidown
625w 180.2 rs 49.5 240 . 37 55.5
| 10ax | 106%
Design SHP 51 HP Steam Design Fawer 14 Steam -
30.2+ 92.6 n.e 58.2 w 3
On Stream Fact e Toul Ervission Per Uit Capacity i On Stream Factor Total Emission Per Urit Capacity ;
92 WP Steam LF Steam . Y 93 0.42 ME Steam LP Steam -
55.9 50.75 g 19.4 236,
[ 107% 100%
— dgeind 4
Annual Emission (without credit) - 814.80 KTPA COz-e
100

&

TNChE Asia 2023

Hot Spot Analysis -
Emission analysis
from complex to
unit to asset and
breakdown
emission sources
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AUTOMATED REPORTING SYSTEM

Summary for preparing AUDITABLE EMISSION REPORTS

TNChE Asia 2023

Emission Summary Report Hourly Emissions - - COH SO | I d ate emission
B | | | | data from multiple
Emissions & Capture Summary Without Export Credit With Export Credit UoM 5
Total Emissions in CO2-e (AR4 GWPs, excluding Biogenic CO3) 101,851.0 92,674.2 kg COz-e/hr E SO U rce S d C I’OSS Th e
Scope 1 COz-e Emissions 70,001.8 70,001.8 kg COz-g/h . C
© L i plant/unit for all Scope
o Scope 2 COz-e Emissions 318492 228725 kg COz-efhr .
N 1 and Scope 2
Emission by Gas in COz-e{(AR4 GWPs) .
° Carbon Dioxide (COy) 101,833.2 92,660.7 kg COz-efhr E E m |SS | OnS.
o Biogenic CO; -- -- kg COz-e/hr :
© Methane (CHq) 81 6.2 kg CO4-a/hr .
Nitrous Oxide (N20) 9.7 7.4 kg COz-e/h :
© : e :  On-demand Automated
Annual COz-e Emissions (excluding biogenic CO3) 814,800.6 741,3871 MTPA CO2-2 = .
S Reporting for Total and
Total Emission per unit Capacity (excluding biogenic CO5) 0.4 0.4 MTPA COo-efMTA B
Total CO, Capture 59,536.4 59536.4 kg COg-efhr : N et Em ISSIONS fOI’
€Oy Capture 50,536.4 59,536.4 kg COz-efhr . 2 d '1. b |
: preparing auditable
Biogenic CO; Capture -- -- kg COz-efhr .

emission reports.

11

Net CO;-e Emissions 423146 331379 kg COo-efhr
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IMPROVING CARBON INTENSITY

K EY Visualize Emissions

®  Monitor and visualize Scope 1 and Scope 2 Emissions

TA K EAWAYS = Alert and Identify potential emissions sources and areas for improvement

Optimize Operations

= lLeverage Al-ML for efficiency at system level.
= Al-ML based insights from APM and RTO model

Digital Decarb coupled with APM and RTO deliver additional value

Improved process performance.

End-to-End optimized process
® [ncrease asset reliability and productivity
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Amitabha Sinha, VP & Chief Digital Officer Shailesh Bansal, Business Dev. Manager

amitabha.sinha@lummustech.com shailesh.bansal@lummustech.com
+1 (848) 313-3820 +91-98711 06360
Disclaimer

Disclaimer - The information contained in this presentation is confidential. Any unauthorized use, disclosure, reproduction, or dissemination, in full or in part, in any media or
by any means, without the prior written permission of Lummus Digital or any of its affiliates is strictly prohibited.
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