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01 Decarbonizing Industrial  Activity is Key to a Net Zero World

02 Without Economic Viability, Energy Transition cannot be Accelerated 

03 GT Scale CO2 Management Infrastructure Essential for Accelerated Transition

04 Design Clean Energy Systems, NOT just the CO2 Removal Technology

Rethinking Clean Energy
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The 70% Emissions Challenge
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24%

31%

Global

USA

Renewables target only 30% of the total CO2, 
emitted from power generation

Difficult to decarbonize industrial sector 
accounts for the majority of the challenge

Low carbon energy carriers are the key
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Source: Breakthrough Energy, DE Research
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Hydrogen, Methanol, Net-negative Gasification & Reforming along with 
GT Scale Carbon Capture Management are the Building Blocks for

Enabling the Low Carbon Industry
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Deep Decarbonization of the Industry Requires a Broad Based Systems Approach across 
the Building Blocks

Clean Energy 
Design

Techno-
Economics

Engineering

PolicyMarkets

Clean Energy 
Technology

Hydrogen Methanol

GT Scale 
Carbon 
Capture

Reforming & 
Net Negative 
Gasification

+
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A Commercial Scale Architecture for Clean Energy Transition of the Industry

Net Negative Gasification

WaterO2

Air
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Hydrogen

Syngas

Pre-Combustion Post-Combustion

EOR Storage Conversion

CO2
Disposition
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DME M15

Olefins Ammonia

DRI

Hydrogen 
Turbines

Super Critical 
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s
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Reforming
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Medium to long term

Short to medium term

Chemicals / 
e-chemicals

Iron & Steel

Power

Refineries

Transportation 

100 mtpa

Electrolysis 
Renewable 

SMR and 
Hyper Scale 
Gasification 
with CCUS 

5,300 Billion kWh
(75% electrolyzer efficiency) 1.25x of USA’s current consumption

300 Billion US$

LCOH: 3-5 US$/ kg 

Source: 1. Roadmap to A US Hydrogen Economy, 2. The Future 
of Hydrogen 3. The water intensity of the transitional hydrogen 
economy, Michael E Webber 2007 Environ. Res. Lett. 2 034007 
4. Dastur research

10 tcf nat gas + 200 mtpa pet coke / biomass / plastics / MSW / coal

1 GT @ 25 US$/ton of CO2 capture and disposition

200-250 Billion US$

LCOH: 1-1.5 US$/ kg 

22% 
share of 

total 
energy 
demand

540,000 km2 80% of Texas landmass 

Clean Hydrogen Options at Scale also Primes GT Scale Capture
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Enabling GT Scale CO2 Grid through Large Scale H2 Production

Feedstock

Steam

Air / O2

Gas 
Conditioning & 
CO2 capture

Raw
Syngas

Feedstock 
Preparation

Biomass

Plastics

Petroleum 
Wastes Power

Products

GT Scale 
CO2 Grid

Treated
Syngas

Dense 
CO2

Hydrogen

 Variable composition, density, particle 
size, agglomeration 

 Reliable & scalable biomass, plastics & 
petroleum waste supply chain

 Feedstock blend models

Feedstock Supply Chain

 Modular scalable blended feed gasifiers for 
biomass, plastics, petroleum residues

 Low-cost gas-conditioning and processing 
circuit design 

Gasification Technology

 Net-zero or net-negative emissions plant 
operations 

 Economic target of Clean H2 at < 1.5 $/kg 
LCOH and Methanol at < 300 $/ton LCOM

Sustainability & Techno-economics1 2 3
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How to Manage CO2 at GT scale?
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CO2 Transportation Storage

EOR

CO2 Collection & Processing Hub

25 - 30 GT#

10 - 50 MTPA

CO2

 Permian Basin 
(West TX)

 East Texas
 Central Texas

 Gulf Coast
 Texas off-shore

Large scale CO2 collection, aggregation, transport and disposition infrastructure that is economically attractive and 
operationally seamless for emitters

Industrial emitters

Chemicals/ e-
chemicals, CementIron & Steel

Gasification / 
H2 production

Power

0.5 GTPA of CO2

Refineries
#Over 50 yrs.

Ref : EIA, 2018, TX

CO2 Grid Operator’s Boundary

Enabling Affordable GT Scale CO2 Capture and Management – ‘GT Scale CO2 Grid’
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Grid contains 
access points and 
hubs, federated 
pipeline, very 

large-scale sinks 
(sequestration)

Grid transfers to EOR disposition on a spot and contractual basis like other 
commodity markets

Grid carries out Monitoring Verification and 
Accounting (MVA) to enable emitter to 

collect credits

Grid offers ‘Take or Pay’ 
contracts for minimum 

volume of CO2 to emitters

Grid prices in or transfers the operating risks of transport & sequestration away from emitters

1 2

3 4

5

Operating Principles of the GT Scale CO2 Grid
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CO2 Landscape in Texas

Source: Expanding Carbon Capture in Texas, 
Medlock & Miller, 2021

H2

Example: A GT Scale CO2 Grid Architecture in the Texas Region

Risk & Liability Hedge 
Model for Sequestration

Federated CO2 Transport 
Grid Design

Optimized Automated Switched 
Transport  across Source-Sinks 
based on QoS

Investment, Financing & 
Policy Requirement

Anchor GT Scale H2 Projects 
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Dastur Energy – Select Projects 

Industrial Scale Carbon Capture 
from Blast Furnaces of Burns 
Harbor works, Indiana, USA

Carbon Capture | Gas 
Conditioning | Fuel 
Conversion | Sequestration

US DOE & Cleveland-
Cliffs

Pioneering industrial scale clean energy projects around the world

HIND
ALCO

Industrial Scale Carbon Capture 
from Hydrogen Units of IOCL 
Refinery for EOR, Koyali, India

Carbon Capture | EOR | 
Refinery Operations |  Food 
& Beverage

Clean Fuels & Products through 
Gasification of Petcoke  from 
BPCL Refinery, Kochi, India

H2, Methanol, MEG, Acetic 
Acid, Clean Power | 
Refinery to Petrochemicals 
Integration | Carbon Capture

USTDA & Bharat 
Petroleum Corp. Ltd.

USTDA & Indian Oil 
Corporation Ltd.

Hyper-Scale Blended Fuel 
Gasification for Large Scale EOR , 
Hydrogen and Chemicals in Al 
Ruwais, UAE

Petcoke+Coal Gasification | 
IGCC Power | H2 | 
Chemicals | Carbon Capture 
| EOR

Abu Dhabi National Oil 
Company
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ADNOC Value added 
products –Deliver 

higher value products 
and generate differential 

returns through new 
growth and expansion 

projects

ADNOC 
Sustainability goals

- Utilizing CO2 for
enhanced oil 

recovery to free 
natural gas to meet 
the power needs of 

the UAE

Technology - To 
retain its 

competitiveness, 
grow sustainably and 
take full advantage 

of market 
opportunities

Collaborations –
Further build on its 

45-year track record 
of reliable and long-
term collaboration 

with strategic, value-
add partners. UAE Energy  

Strategy 2050 –
44% clean energy, 

38% gas, 12% 
clean coal and 6% 

nuclear

UAE 
Environmental 
Justice Goals-

GDP, 
Employment, 

ICV

5MMBPD of 
Crude Oil  

production and
Gas Self 

Sufficiency by 
2030

CO2

ADNOC – UAE based 7th Largest Oil Producer in the World
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1Market Analysis, 
Capacity Modelling  

Supply Chain Design : 
Coal and Petcoke

System Design

Environmental Impact 
Assessment

Financial Assessment, 
Model & Viability

Business Model

2

3

4

5

6

Hyperscale Gasification Based Clean Power & Chemicals along with CO2 EOR



16Building Commercial Scale Clean Energy Systems Through Deep Decarbonization & GT Scale Carbon Capture Infrastructure | Proprietary & Confidential

Cleveland Cliffs – Largest Integrated Steel Maker in the United States

Steel and BF-BOF 
route are bulwarks of 
the US economy; but 

very hard to 
decarbonize with 

renewables or alternate 
technologies

First steel sector 
carbon capture 

system in the US at 
the 5 mtpa Burns 

Harbor plant – one of 
the largest steel mills 

in N. America
Cost effective (US$ 
30-40/t) capture of 2 
mtpa CO2 through 
cradle to grave 
system design, 

enabling 45Q credits

2030 emission 
reduction targets –

deep de-
carbonization of 

critical US industries 
at commoditized 

capture costs Environmental  
stewardship in 

steel sector - BF 
based large steel 

producers (China, 
India, Japan, S. 

Korea)

Steel industry is 
one of the largest 

industrial CO2
emitters – in USA, 

BF-BOF route 
emits about 55 

mtpa CO2

CO2
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Hot Metal 

Oxygen, 
NG / PCI

Top Gas 
Cleaning

H2 rich 
Fuel 
Gas

BF 

Top Gas
Gas Conditioning

Dense 

CO2

Compressor

Slag 

CO2 Capture Unit

Other in-plant 
units

Blast Furnace

CO2 Storage

Existing 
Power Plant

Chemical 
Units CCGT

Fuel Gas 
H2 + CO2 rich

1System Design

Pre FEED Engineering

Gas Conditioning & 
Processing

Economic Analysis and 
Modeling

Permitting Study

2

3

4

5

6

EH&S Risk Assessment

Waste disposal & HAZOP 7

Cliffs Burns Harbor CO2 Capture: System Design & Architecture
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Indian Oil Corporation Limited (IOCL) – Largest Refiner in India

Refineries have 
significant CO2

emissions and are hard 
to decarbonize –
project will be first 

industrial scale carbon 
capture in India 

Energy strategy of 
India - Utilizing

CO2 for enhanced oil 
recovery for low 
carbon oil and 
reduce crude 

imports

Commoditized 
carbon capture cost 

through effective 
utilization –

integrated system 
design (utilization in 
EOR, F&B) to reach 

US$ 30/t targets

Energy carriers (blue 
hydrogen) & carbon 

markets of the future –
transforming 

sustainability 
challenge to a strategic 
competitive advantage Collaborations –

Furthers collaboration 
of US and India in the 
areas of engineering & 

design, technology, 
energy and carbon 
capture & utilization

India - 3rd largest 
crude oil 

consumer in the 
world; IOCL 

accounts for half 
of the Indian 

market CO2

H2

CO2
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H2

Water Gas 
Shift PSA

Steam Methane Reforming Unit(s)

Transportation

EOR

Food & Beverage

Feed 
(NG)

Steam

Syngas

CO2 
Capture & 
Processing

Compressor

Utilities (CW, Steam, Power)

Shifted Syngas

Fuel 
(NG)

Supercritical 
CO2

Liquefied
CO2

PSA Tail Gas

Flue Gas

IOCL Refinery CO2 Capture: System Design & Architecture
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Bharat Petroleum Corporation Limited (BPCL), Kochi – Largest Public Refinery in India

India - largest 
petcoke consumer in 

the world (cement, 
power, other plants); 

higher GHG 
emissions and other 

environmental 
hazards BPCL Kochi 

Refinery – 15.5 mtpa 
refinery producing 

1.24 mtpa petcoke –
imperative to explore 
alternate petcoke 

utilization

First gasification 
project in India with 

carbon capture -
conversion of 

petcoke to clean & 
attractive value 
added products

Cost effective 
reduction of 

emissions – over 
80% of CO2 emission 
and 95% of SOx and 

NOx 

Clean energy in 
India – clean 

petcoke conversion, 
clean power & 

energy carriers, 
import substitution 
(petrochem & NG)

Attractive & market 
hedged product 
portfolio – future 

energy carriers (blue 
H2, methanol), clean 
power & petrochem.  

CO2
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BPCL Petcoke Gasification and Carbon Capture : System Design & Architecture

EOR 

Food & Beverage

Oxygen

Steam

Syngas

Petcoke

BPCL Refinery

Gasification 
Island Gas Conditioning

Gas Cooling

Water Gas Shift

Acid Gas 
Removal

Purification and 
Dehydration

Compression

Value-added products

Power

Hydrogen

Dense 
CO2

Treated 
Syngas

Methanol

Acetic Acid

MEG

Compressed 
CO2 

(Supercritical 
or Liquefied)

Transportation

Chemicals & Fuels

Storage
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Economic Viability and Environmental Justice
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Net Negative Gasification

WaterO2

Air

Methanol

Hydrogen

Syngas

Pre-Combustion Post-Combustion

EOR Storage Conversion

CO2 Grid

Low Carbon Fuels

DME M15

Olefins Ammonia

DRI

Hydrogen 
Turbines

Super Critical 
CO2 Turbines

Coal

Petcoke

Biomas
s

Plastics

MSW Syngas

Clean Products

Reforming

Nat Gas

Power

Steel

Chemicals1.5 - 2.5 
$/MMBtu

1.0 - 3.5
$/MMBtu

3.5 - 6.0
$/MMBtu

3.5-4.5
$/MMBtu

170-200 $/T

400-600 $/T

4-6 $/MMBtu

250-300 
$/T

5.0 - 7.0
$/MMBtu

8.0 – 15.0 
$/MMBtu

-

500 -600
$/T

220-260 
$/T

200-250 
$/T 

10 $/tCO2 30 $/tCO2

34-45 
$/MWh

-

10 $/tCO2

Economics of Commercial Scale Clean Energy Transition
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Environmental Justice: The Socio-Economic Impact of Clean Energy Based Economy 

Hydrogen Economy

Methanol Economy
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