CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS

THe FUTURE OF INDUSTRY: UNDERSTANDING CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS

CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS REPRESENTS A CRITICAL FRONTIER IN THE GLOBAL EFFORT TO MITIGATE
CLIMATE CHANGE. AS INDUSTRIES WORLDW IDE GRAPPLE WITH THEIR SIGNIFICANT CARBON FOOTPRINTS, INNOVATIVE SOLUTIONS
ARE URGENTLY NEEDED TO REDUCE GREENHOUSE GAS (GHG) RELEASES. THIS ARTICLE DELVES INTO THE MULTIFACETED WORLD
OF CARBON CAPTURE, UTILIZATION, AND STORAGE (CCUS) TECHNOLOGIES SPECIFICALLY TAILORED FOR INDUSTRIAL SOURCES.
W/E WILL EXPLORE THE FUNDAMENTAL PRINCIPLES, EXAMINE THE VARIOUS METHODS EMPLOYED, DISCUSS THE CHALLENGES AND
OPPORTUNITIES, AND LOOK AHEAD TO THE FUTURE INTEGRATION OF THESE VITAL PROCESSES. (UNDERSTANDING THE NUANCES OF
HOow INDUSTRIAL CO?2 CAN BE CAPTURED AND MANAGED IS PARAMOUNT FOR ACHIEVING SUSTAINABILITY GOALS AND FOSTERING
A GREENER INDUSTRIAL LANDSCAPE.
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UNDERSTANDING INDUSTRIAL EMISSIONS AND THEIR IMPACT

INDUSTRIAL ACTIVITIES ARE A CORNERSTONE OF MODERN ECONOMIES, PROVIDING ESSENTIAL GOODS AND SERVICES THAT FUEL
GLOBAL PROGRESS. HO\X/EVER/ THIS PROGRESS OFTEN COMES AT A SIGNIFICANT ENVIRONMENTAL COST, WITH INDUSTRIAL
PROCESSES BEING MAJOR CONTRIBUTORS TO ANTHROPOGENIC GREENHOUSE GAS EMISSIONS. THE BURNING OF FOSSIL FUELS FOR
ENERGY, CHEMICAL REACTIONS, AND OTHER OPERATIONAL PROCESSES RELEASE VAST QUANTITIES OF CARBON DIOXIDE (COQ)
AND OTHER GHGS INTO THE ATMOSPHERE. THESE EMISSIONS ARE A PRIMARY DRIVER OF GLOBAL W ARMING, LEADING TO
PROFOUND AND FAR-REACHING CONSEQUENCES FOR ECOSYSTEMS, HUMAN HEALTH, AND ECONOMIC STABILITY. UNDERSTANDING
THE SCALE AND NATURE OF THESE INDUSTRIAL EMISSIONS IS THE FIRST STEP TOWARDS DEVELOPING EFFECTIVE MITIGATION
STRATEGIES.

THE IMPACT OF INDUSTRIAL EMISSIONS IS NOT CONFINED TO CLIMATE CHANGE ALONE. AIR POLLUTANTS RELEASED ALONGSIDE
CO?2 CAN ALSO DEGRADE AIR QUALITY, LEADING TO RESPIRATORY ILLNESSES AND OTHER PUBLIC HEALTH ISSUES. FURTHERMORE,
THE LONG~TERM ENVIRONMENTAL CONSEQUENCES, SUCH AS RISING SEA LEVELS AND MORE FREQUENT EXTREME WEATHER EVENTS,
POSE SIGNIFICANT RISKS TO INFRASTRUCTURE AND LIVELIHOODS. THEREFORE, ADDRESSING INDUSTRIAL EMISSIONS IS A COMPLEX
CHALLENGE THAT REQUIRES A HOLISTIC APPROACH, ENCOMPASSING TECHNOLOGICAL INNOVATION, POLICY SUPPORT, AND A
COMMITMENT TO SUSTAINABLE PRACTICES ACROSS ALL INDUSTRIAL SECTORS.



WHAT 1S CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS?

CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS REFERS TO THE SUITE OF TECHNOLOGIES AND METHODOLOGIES DESIGNED
TO CAPTURE CARBON DIOXIDE RELEASED FROM INDUSTRIAL SOURCES AND PREVENT IT FROM ENTERING THE ATMOSPHERE. THIS
PROCESS ESSENTIALLY INVOLVES ISOLATING CO2 FROM FLUE GAS OR OTHER EMISSION STREAMS AND THEN EITHER STORING IT
PERMANENTLY OR UTILIZING IT IN OTHER INDUSTRIAL APPLICATIONS. THE GOAL IS TO SIGNIFICANTLY REDUCE THE NET CARBON
FOOTPRINT OF HEAVY INDUSTRIES, WHICH ARE OFTEN DIFFICULT TO DECARBONIZE THROUGH ELECTRIFICATION OR FUEL
SWITCHING ALONE. THESE TECHNOLOGIES ARE VITAL FOR SECTORS LIKE CEMENT, STEEL, CHEMICALS, AND POWER GENERATION,
\WHERE EMISSIONS ARE INHERENT TO THE PRODUCTION PROCESSES.

THE CONCEPT OF CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS IS PART OF A BROADER STRATEGY KNOWN AS CARBON
CAPTURE, UTILIZATION, AND STORAGE (CCUS). W/HILE SEQUESTRATION SPECIFICALLY FOCUSES ON THE CAPTURE AND
STORAGE ASPECT, CCUS ENCOMPASSES THE ENTIRE LIFECYCLE FROM CAPTURE TO EVENTUAL DISPOSITION, WHETHER THAT BE
SECURE UNDERGROUND STORAGE OR BENEFICIAL REUSE. IMPLEMENTING THESE STRATEGIES IS CRUCIAL FOR INDUSTRIES TO MEET
INCREASINGLY STRINGENT ENVIRONMENTAL REGULATIONS AND ACHIEVE THEIR CORPORATE SUSTAINABILITY COMMITMENTS. |T
OFFERS A PATHWAY TO CONTINUE ESSENTIAL INDUSTRIAL ACTIVITIES WHILE ACTIVELY MITIGATING THEIR CLIMATE IMPACT.

Key CARBON SEQUESTRATION TECHNOLOGIES FOR INDUSTRY

SEVERAL DISTINCT TECHNOLOGICAL APPROACHES ARE EMPLOYED FOR CAPTURING CARBON DIOXIDE FROM INDUSTRIAL EMISSIONS,
EACH WITH ITS OWN ADVANTAGES AND APPLICABILITY DEPENDING ON THE SPECIFIC INDUSTRIAL PROCESS AND SCALE. THESE
TECHNOLOGIES AIM TO SEPARATE CO2 FROM OTHER GASES PRESENT IN FLUE GAS, SUCH AS NITROGEN, OXYGEN, AND WATER
VAPOR. THE EFFICIENCY AND COST-EFFECTIVENESS OF THESE CAPTURE METHODS ARE CRITICAL FACTORS IN THEIR \WIDESPREAD
ADOPTION BY INDUSTRIAL EMITTERS.

Pre-ComeusTION CARBON CAPTURE

PRE-COMBUSTION CAPTURE TECHNOLOGIES ARE APPLIED BEFORE THE PRIMARY FUEL COMBUSTION PROCESS. IN THIS METHOD, FUEL
IS GASIFIED OR REFORMED INTO A SYNTHESIS GAS (SYNGAS) COMPOSED MAINLY OF HYDROGEN AND CARBON MONOXIDE. A
WATER-GAS SHIFT REACTION THEN CONVERTS CARBON MONOXIDE INTO COQ, WHICH CAN BE SEPARATED MORE EASILY FROM THE
HYDROGEN-RICH GAS. THE RESULTING HYDROGEN CAN THEN BE USED AS A CLEAN FUEL, WHILE THE CAPTURED CO?2 Is MANAGED
THROUGH SEQUESTRATION OR UTILIZATION. THIS APPROACH IS PARTICULARLY RELEVANT FOR PROCESSES THAT CAN OPERATE
WITH A SYNGAS FEEDSTOCK, SUCH AS IN SOME CHEMICAL PRODUCTION OR INTEGRATED GASIFICATION COMBINED CYCLE (|GCC)
POWER PLANTS.

PosT-ComeusTIoN CARBON CAPTURE

POST-COMBUSTION CAPTURE IS THE MOST WIDELY STUDIED AND APPLIED METHOD FOR EXISTING INDUSTRIAL FACILITIES. IN THIS
PROCESS, CO?2 IS CAPTURED FROM THE FLUE GAS AFTER THE COMBUSTION OF FUEL. | HE MOST COMMON TECHNIQUE INVOLVES
USING CHEMICAL SOLVENTS THAT SELECTIVELY ABSORB CO2. AFTER ABSORPTION, THE SOLVENT IS HEATED TO RELEASE THE
CONCENTRATED COQ, WHICH IS THEN COMPRESSED FOR TRANSPORT AND SUBSEQUENT STORAGE OR UTILIZATION. OTHER
METHODS WITHIN POST-COMBUSTION CAPTURE INCLUDE PHYSICAL ABSORPTION, MEMBRANE SEPARATION, AND ADSORPTION
USING SOLID MATERIALS. THE MODULAR NATURE OF SOME POST-COMBUSTION SYSTEMS ALLOWS FOR RETROFITTING ONTO
EXISTING POWER PLANTS AND INDUSTRIAL FACILITIES.

Oxy-FueL CoMBUSTION

OXY-FUEL COMBUSTION INVOLVES BURNING FUEL IN A MIXTURE OF OXYGEN AND RECYCLED FLUE GAS, RATHER THAN IN AIR. THis
PROCESS SIGNIFICANTLY REDUCES THE VOLUME OF FLUE GAS PRODUCED, AS IT PRIMARILY CONSISTS OF CO2 AND WATER
VAPOR. THE WATER VAPOR CAN THEN BE CONDENSED, LEAVING A HIGHLY CONCENTRATED STREAM OF CO2 THAT IS RELATIVELY



EASY TO CAPTURE AND PROCESS FOR SEQUESTRATION. WHILE THIS METHOD REQUIRES AN AIR SEPARATION UNIT TO PRODUCE
OXYGEN, IT CAN LEAD TO HIGHER COMBUSTION TEMPERATURES AND IMPROVED ENERGY EFFICIENCY IN SOME APPLICATIONS. IT1s
PARTICULARLY CONSIDERED FOR NEW INDUSTRIAL FACILITIES WHERE ITS INTEGRATION CAN BE OPTIMIZED FROM THE DESIGN
STAGE.

DirecT AIR CAPTURE (DAC) IN INDUSTRIAL SETTINGS

WHILE DirecT AR CaPTURE (DAC) IS PRIMARILY ASSOCIATED WITH REMOVING CO?2 DIRECTLY FROM THE AMBIENT
ATMOSPHERE, IT IS INCREASINGLY BEING CONSIDERED AS A COMPLEMENTARY TECHNOLOGY FOR INDUSTRIES WITH DIFFUSE OR
VERY LOW-CONCENTRATION CO2 EMISSIONS THAT ARE UNECONOMICAL TO CAPTURE AT THE SOURCE. DAC TECHNOLOGIES USE
CHEMICAL OR PHYSICAL PROCESSES TO EXTRACT COZ2 FROM THE AIR. W/HEN APPLIED TO INDUSTRIAL SETTINGS, IT CAN BE SEEN
AS A FINAL POLISHING STEP TO CAPTURE ANY RESIDUAL EMISSIONS OR AS A WAY TO ACHIEVE NET-NEGATIVE EMISSIONS BY
CAPTURING CO2 THAT HAS ALREADY BEEN RELEASED. HOWEVER, DAC IS GENERALLY MORE ENERGY-INTENSIVE AND COSTLY
THAN POINT-SOURCE CAPTURE METHODS.

CarBoN UTILIZATION AND STorAGE (CCUS) PATHWAYS

ONCE CARBON DIOXIDE IS SUCCESSFULLY CAPTURED FROM INDUSTRIAL EMISSIONS, THE NEXT CRUCIAL STEP INVOLVES EITHER ITS
PERMANENT STORAGE OR ITS UTILIZATION IN VALUABLE PRODUCTS AND PROCESSES. THIS COMBINED APPROACH, KNOWN AS
CarBoN CAPTURE, UTILIZATION, AND STorRAGE (CCUS), AIMS TO CREATE A CIRCULAR ECONOMY FOR CARBON, TURNING A
WASTE PRODUCT INTO A RESOURCE WHILE SIMULTANEOUSLY REDUCING ATMOSPHERIC GREENHOUSE GAS CONCENTRATIONS. THE
VIABILITY AND EFFECTIVENESS OF CCUS HINGE ON THE AVAILABILITY OF SUITABLE STORAGE SITES AND ECONOMICALLY
FEASIBLE UTILIZATION PATHWAYS.

GEOLOGICAL STORAGE OF INDUSTRIAL CO2

GEOLOGICAL STORAGE, OFTEN REFERRED TO AS CARBON CAPTURE AND STORAGE (CCS), IS A PRIMARY METHOD FOR
PERMANENTLY SEQUESTERING LARGE VOLUMES OF CAPTURED CO2. THIS INVOLVES INJECTING COMPRESSED COZ2 INTO DEEP
UNDERGROUND GEOLOGICAL FORMATIONS, SUCH AS DEPLETED OIL AND GAS RESERVOIRS, SALINE AQUIFERS, OR UNMINEABLE COAL
SEAMS. THESE FORMATIONS ARE CHOSEN FOR THEIR POROUS ROCK STRUCTURES AND IMPERMEABLE CAPROCK LAYERS THAT ACT
AS NATURAL SEALS, PREVENTING THE CO2 FROM MIGRATING BACK TO THE SURFACE. EXTENSIVE SITE CHARACTERIZATION,
MONITORING, AND VERIFICATION ARE ESSENTIAL TO ENSURE THE LONG-TERM SAFETY AND EFFECTIVENESS OF GEOLOGICAL
STORAGE.

EnHANCED OIL Recovery (EOR) aAND CARBON SEQUESTRATION

EnHANCED OIL REcovery (EOR) IS A MATURE TECHNOLOGY THAT UTILIZES INECTED CO2 TO INCREASE THE FLOW OF OIL
FROM PRODUCING WELLS IN MATURE OIL FIELDS. IN THE CONTEXT OF CARBON SEQUESTRATION, CO2 UsSED FOR EOR CAN ALSO
LEAD TO A SIGNIFICANT PORTION OF THE INECTED CO2 BEING PERMANENTLY TRAPPED UNDERGROUND WITHIN THE OIL RESERVOIR.
\W/HILE THIS METHOD PROVIDES AN ECONOMIC INCENTIVE FOR CO2 CAPTURE AND TRANSPORT, IT IS CRUCIAL TO ENSURE THAT
THE MAJORITY OF THE INJECTED CO2 REMAINS STORED AND IS NOT RELEASED DURING SUBSEQUENT OIL EXTRACTION OR
PROCESSING. THE NET CARBON BENEFIT oF CO2-EOR IS A SUBJECT OF ONGOING RESEARCH AND EVALUATION.

UTiLizaTioN oF CAPTURED CO2 IN INDUSTRIAL PROCESSES

Beyonp STORAGE, CAPTURED CO2 CAN BE UTILIZED AS A FEEDSTOCK OR REACTANT IN VARIOUS INDUSTRIAL PROCESSES,
CONTRIBUTING TO A CIRCULAR CARBON ECONOMY. THIS INCLUDES USING CO2 IN THE PRODUCTION OF CHEMICALS LIKE
METHANOL AND POLYCARBONATES, FOR ENHANCED PLANT GROWTH IN GREENHOUSES, FOR PRODUCING SYNTHETIC FUELS, OR FOR
CREATING BUILDING MATERIALS THROUGH CARBON MINERALIZATION. THE ECONOMIC FEASIBILITY OF THESE UTILIZATION
PATHWAYS IS OFTEN DEPENDENT ON THE PURITY OF THE CAPTURED CO2 AND THE SCALE OF PRODUCTION REQUIRED. W/HILE



UTILIZATION CAN OFFSET THE COST OF CAPTURE, IT MAY NOT ALWAYS RESULT IN PERMANENT SEQUESTRATION IF THE CO2 s
EVENTUALLY RELEASED BACK INTO THE ATMOSPHERE DURING THE PRODUCT'S LIFECYCLE.

CHALLENGES AND OPPORTUNITIES IN INDUSTRIAL CARBON SEQUESTRATION

THE WIDESPREAD IMPLEMENTATION OF CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS FACES A COMPLEX INTERPLAY OF
CHALLENGES AND PRESENTS SIGNIFICANT OPPORTUNITIES FOR INNOVATION AND ECONOMIC DEVELOPMENT. OVERCOMING THE
HURDLES ASSOCIATED WITH COST, INFRASTRUCTURE, AND PUBLIC ACCEPTANCE IS KEY TO UNLOCKING THE FULL POTENTIAL OF
THESE TECHNOLOGIES IN THE FIGHT AGAINST CLIMATE CHANGE. EACH CHALLENGE ALSO REPRESENTS A FERTILE GROUND FOR
TECHNOLOGICAL ADVANCEMENTS AND THE CREATION OF NEW INDUSTRIES.

EconoMIC VIABILITY AND INCENTIVES

ONE OF THE PRIMARY CHALLENGES IS THE SIGNIFICANT COST ASSOCIATED WITH DEPLOYING CARBON CAPTURE TECHNOLOGIES,
INCLUDING CAPITAL EXPENDITURE FOR EQUIPMENT AND OPERATIONAL COSTS FOR ENERGY CONSUMPTION. THIS OFTEN MAKES IT
DIFFICULT FOR INDUSTRIES TO JUSTIFY THE INVESTMENT WITHOUT SUPPORTIVE ECONOMIC MECHANISMS. OPPORTUNITIES LIE IN
DEVELOPING MORE COST-EFFECTIVE CAPTURE TECHNOLOGIES, OPTIMIZING ENERGY EFFICIENCY, AND LEVERAGING GOVERNMENT
INCENTIVES, CARBON PRICING MECHANISMS, AND THE DEVELOPMENT OF NEW MARKETS FOR CAPTURED CO2. THE CREATION OF
ROBUST CARBON MARKETS CAN INCENTIVIZE INDUSTRIES TO INVEST IN CCUS AS A MEANS OF MEETING COMPLIANCE OBLIGATIONS
OR GENERATING CARBON CREDITS.

TECHNOLOGICAL ADVANCEMENTS AND INNOVATION

WHILE EXISTING CCUS TECHNOLOGIES ARE PROVEN, THERE IS A CONTINUOUS NEED FOR FURTHER RESEARCH AND DEVELOPMENT
TO IMPROVE EFFICIENCY, REDUCE COSTS, AND EXPAND APPLICABILITY ACROSS A WIDER RANGE OF INDUSTRIAL PROCESSES.
OPPORTUNITIES EXIST IN EXPLORING NOVEL SORBENT MATERIALS, ADVANCED MEMBRANE TECHNOLOGIES, AND MORE ENERGY -
EFFICIENT CAPTURE METHODS. FURTHERMORE, INNOVATION IN CO2 UTILIZATION IS CRUCIAL FOR CREATING HIGHER-V ALUE
PRODUCTS AND EXPANDING THE RANGE OF VIABLE CO2-CONSUMING INDUSTRIES. THE DEVELOPMENT OF SCALABLE AND COST-
eFFECTIVE DAC TECHNOLOGIES ALSO PRESENTS A SIGNIFICANT AREA FOR FUTURE INNOVATION.

PoLicy AND REGULATORY FRAMEWORKS

CLEAR, STABLE, AND SUPPORTIVE POLICY AND REGULATORY FRAMEWORKS ARE ESSENTIAL FOR DRIVING INVESTMENT IN CARBON
SEQUESTRATION PROJECTS. THIS INCLUDES PROVIDING INCENTIVES FOR CCUS DEPLOYMENT, ESTABLISHING CLEAR GUIDELINES
FOR CO2 STORAGE SITE SELECTION AND MONITORING, AND SETTING EMISSIONS REDUCTION TARGETS THAT ENCOURAGE THE
ADOPTION OF MITIGATION TECHNOLOGIES. OPPORTUNITIES LIE IN DESIGNING POLICIES THAT DE-RISK INVESTMENTS, PROMOTE
R&D, AND FOSTER INTERNATIONAL COLLABORATION ON CCUS DEPLOYMENT. W/ELL-DEFINED REGULATIONS CAN ALSO BUILD
CONFIDENCE AMONG INVESTORS AND THE PUBLIC REGARDING THE SAFETY AND EFFICACY OF THESE TECHNOLOGIES.

PuBLIC PERCEPTION AND STAKEHOLDER ENGAGEMENT

PUBLIC PERCEPTION AND THE ACCEPTANCE oF CCUS PROJECTS, PARTICULARLY THOSE INVOLVING GEOLOGICAL STORAGE, CAN
BE A SIGNIFICANT BARRIER. CONCERNS ABOUT SAFETY, ENVIRONMENTAL IMPACT, AND THE LONG~-TERM SECURITY OF STORED
CO?2 NEED TO BE ADDRESSED THROUGH TRANSPARENT COMMUNICATION, ROBUST RISK ASSESSMENT, AND ACTIVE STAKEHOLDER
ENGAGEMENT. OPPORTUNITIES EXIST IN EDUCATING THE PUBLIC ABOUT THE NECESSITY AND BENEFITS OF CCUS, INVOLVING
LOCAL COMMUNITIES IN PROJECT PLANNING AND DECISION-MAKING, AND DEMONSTRATING THE ENVIRONMENTAL INTEGRITY AND
SAFETY OF DEPLOYED PROJECTS. BUILDING TRUST IS PARAMOUNT FOR GAINING SOCIAL LICENSE TO OPERATE.



THE FUTURE OF CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS

THE TRAJECTORY OF CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS POINTS TOW ARDS INCREASED INTEGRATION,
TECHNOLOGICAL SOPHISTICATION, AND A MORE SIGNIFICANT ROLE IN GLOBAL DECARBONIZATION EFFORTS. AS THE URGENCY TO
ADDRESS CLIMATE CHANGE INTENSIFIES, CCUS TECHNOLOGIES ARE EXPECTED TO MOVE FROM NICHE APPLICATIONS TO
MAINSTREAM INDUSTRIAL SOLUTIONS. THE CONTINUED DEVELOPMENT AND DEPLOYMENT OF THESE TECHNOLOGIES ARE NOT
MERELY OPTIONAL; THEY ARE BECOMING INDISPENSABLE FOR ACHIEVING AMBITIOUS CLIMATE GOALS AND FOSTERING A
SUSTAINABLE INDUSTRIAL FUTURE.

INTEGRATING CCUS INTO INDUSTRIAL OPERATIONS

THE FUTURE WILL SEE CCUS SYSTEMS MORE SEAMLESSLY INTEGRATED INTO THE DESIGN AND OPERATION OF NEW INDUSTRIAL
FACILITIES, RATHER THAN SOLELY AS RETROFITS. THIS ALLOWS FOR OPTIMIZED ENERGY EFFICIENCY AND REDUCED CAPTURE
COSTS FROM THE OUTSET. FURTHERMORE, THE DEVELOPMENT OF ROBUST CO2 TRANSPORTATION INFRASTRUCTURE, INCLUDING
PIPELINES AND SHIPPING NETWORKS, WILL BE CRITICAL FOR CONNECTING CAPTURE SITES TO STORAGE OR UTILIZATION HUBS.
OPPORTUNITIES WILL EMERGE FOR INDUSTRIAL CLUSTERS TO SHARE CCUS INFRASTRUCTURE, LEADING TO ECONOMIES OF SCALE
AND REDUCED COSTS FOR INDIVIDUAL EMITTERS.

THE RoLE oF CARBON SEQUESTRATION IN NET-ZErRO GOALS

ACHIEVING NET-ZERO EMISSIONS TARGETS BY MID-CENTURY WILL BE VIRTUALLY IMPOSSIBLE WITHOUT EFFECTIVE CARBON
SEQUESTRATION FOR INDUSTRIAL EMISSIONS, PARTICULARLY IN HARD-TO-ABATE SECTORS. CCUS TECHNOLOGIES PROVIDE A
VITAL PATHWAY FOR INDUSTRIES THAT CANNOT FULLY ELECTRIFY OR SWITCH TO LOW-CARBON FUELS TO DRASTICALLY
REDUCE THEIR EMISSIONS. AS CARBON REMOVAL TECHNOLOGIES ADVANCE AND BECOME MORE COST-EFFECTIVE, THEIR ROLE MAY
ALSO EXTEND TO ADDRESSING HISTORICAL EMISSIONS, CONTRIBUTING TO NET-NEGATIVE EMISSION SCENARIOS. THE STRATEGIC
DEPLOYMENT OF CCUS IS THEREFORE A CRITICAL COMPONENT OF COMPREHENSIVE CLIMATE ACTION PLANS \WORLDW IDE.

THE ONGOING INNOVATION IN CAPTURE TECHNOLOGIES, THE EXPANSION OF CO2 UTILIZATION MARKETS, AND THE
ESTABLISHMENT OF SUPPORTIVE POLICY ENVIRONMENTS WILL COLLECTIVELY SHAPE THE FUTURE OF CARBON SEQUESTRATION
FOR INDUSTRIAL EMISSIONS. THIS EVOLVING LANDSCAPE OFFERS BOTH CHALLENGES AND IMMENSE OPPORTUNITIES TO TRANSFORM
INDUSTRIAL PRACTICES, MITIGATE ENVIRONMENTAL IMPACT, AND CONTRIBUTE TO A MORE SUSTAINABLE PLANET FOR FUTURE
GENERATIONS.

FAQ

Q: WHAT ARE THE PRIMARY INDUSTRIAL SECTORS MOST IMPACTED BY THE NEED FOR
CARBON SEQUESTRATION?

A: THE INDUSTRIAL SECTORS MOST SIGNIFICANTLY IMPACTED BY THE NEED FOR CARBON SEQUESTRATION ARE THOSE WITH
INHERENT CO2 EMISSIONS THAT ARE DIFFICULT TO ABATE THROUGH ELECTRIFICATION OR FUEL SWITCHING ALONE. T HESE
INCLUDE CEMENT PRODUCTION, STEEL MANUFACTURING, CHEMICAL PROCESSING, REFINING, AND FOSSIL FUEL-BASED POWER
GENERATION. THESE INDUSTRIES RELY ON HIGH-TEMPERATURE PROCESSES OR CHEMICAL REACTIONS THAT RELEASE LARGE
VOLUMES oF CO2 AS A BYPRODUCT.

Q: How DOES CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS DIFFER FROM
NATURAL CARBON SINKS?

A: CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS REFERS TO ENGINEERED PROCESSES THAT CAPTURE CO2 DIRECTLY
FROM INDUSTRIAL SOURCES AND STORE IT. NATURAL CARBON SINKS, SUCH AS FORESTS AND OCEANS, ABSORB CO2 FROM THE
ATMOSPHERE THROUGH BIOLOGICAL AND GEOLOGICAL PROCESSES OVER LONG TIMESCALES. W/HILE BOTH AIM TO REDUCE
ATMOSPHERIC COQ, INDUSTRIAL SEQUESTRATION IS AN ACTIVE INTERVENTION TO MANAGE HUMAN-GENERATED EMISSIONS AT
THEIR POINT OF ORIGIN.



Q: WHAT ARE THE MAIN CONCERNS REGARDING THE LONG-TERM SAFETY OF GEOLOGICAL
CO2 STORAGE?

A: THE MAIN CONCERNS REGARDING THE LONG-TERM SAFETY OF GEOLOGICAL CO2 STORAGE INCLUDE THE POTENTIAL FOR CO2
LEAKAGE BACK INTO THE ATMOSPHERE, SEISMIC ACTIVITY INDUCED BY INJECTION PRESSURES, AND POTENTIAL IMPACTS ON
GROUNDWATER RESOURCES. REPUTABLE CCUS PROJECTS ADDRESS THESE CONCERNS THROUGH RIGOROUS SITE SELECTION,
DETAILED RISK ASSESSMENTS, ADVANCED MONITORING TECHNOLOGIES, AND THE USE OF IMPERMEABLE CAPROCK LAYERS TO
ENSURE CONTAINMENT.

Q: CAN CARBON CAPTURE TECHNOLOGIES BE RETROFITTED ONTO EXISTING INDUSTRIAL
PLANTS?

A: YES/ CARBON CAPTURE TECHNOLOGIES, PARTICULARLY POST-COMBUSTION CAPTURE SYSTEMS, ARE DESIGNED TO BE
RETROFITTED ONTO EXISTING INDUSTRIAL PLANTS. THIS ALLOWS FOR THE DECARBONIZATION OF OLDER FACILITIES WITHOUT
REQUIRING COMPLETE REPLACEMENT. HO\X/EVER, RETROFITTING CAN BE MORE COMPLEX AND COSTLY THAN INTEGRATING CAPTURE
SYSTEMS INTO NEW PLANT DESIGNS.

Q: WHAT I1s THE ROLE OF CO2 UTILIZATION IN THE OVERALL STRATEGY FOR
INDUSTRIAL EMISSIONS?

A: CO2 UTILIZATION PLAYS A CRUCIAL ROLE BY PROVIDING ECONOMIC INCENTIVES FOR CARBON CAPTURE AND CREATING VALUE
FROM CAPTURED CO2. By UsING CO2 AS A FEEDSTOCK FOR PRODUCTS LIKE CHEMICALS, FUELS, OR BUILDING MATERIALS,
INDUSTRIES CAN OFFSET CAPTURE COSTS AND CONTRIBUTE TO A CIRCULAR ECONOMY. W/HILE UTILIZATION CAN REDUCE NET
EMISSIONS, THE PERMANENCE OF STORAGE DEPENDS ON THE PRODUCT'S LIFECYCLE, SOME UTILIZATION PATHWAYS LEAD TO
EVENTUAL CO2 RELEASE, WHILE OTHERS, LIKE MINERALIZATION, OFFER MORE PERMANENT SEQUESTRATION.

QI ARE THERE INTERNATIONAL REGULATIONS OR AGREEMENTS SPECIFICALLY MANDATING
CARBON SEQUESTRATION FOR INDUSTRIAL EMISSIONS?

A: WHILE THERE ARE NO SPECIFIC INTERNATIONAL MANDATES SOLELY FOR INDUSTRIAL CARBON SEQUESTRATION, GLOBAL
CLIMATE AGREEMENTS LIKE THE PARIS AGREEMENT SET AMBITIOUS EMISSIONS REDUCTION TARGETS. THESE TARGETS IMPLICITLY
DRIVE THE ADOPTION OF TECHNOLOGIES LIKE CCUS. INDIVIDUAL COUNTRIES AND BLOCS, SUCH AS THE EuroreAN UNION AND
THE UNITED STATES, ARE IMPLEMENTING POLICIES, INCENTIVES, AND REGULATIONS THAT ENCOURAGE OR MANDATE EMISSIONS
REDUCTIONS, OFTEN INCLUDING CCUS AS A KEY STRATEGY FOR HARD-TO-ABATE SECTORS.

Q: WHAT IS THE ESTIMATED COST OF CAPTURING CO2 FROM INDUSTRIAL SOURCES?

A: THE ESTIMATED COST OF CAPTURING CO2 FROM INDUSTRIAL SOURCES VARIES SIGNIFICANTLY DEPENDING ON THE
TECHNOLOGY USED, THE CONCENTRATION OF CO2 IN THE FLUE GAS, AND THE SCALE OF THE OPERATION. CURRENT ESTIMATES
FOR POST-COMBUSTION CAPTURE TYPICALLY RANGE FROM $40 T0 $ 100 PER TON oF CO2 CAPTURED, THOUGH
ADVANCEMENTS ARE CONTINUOUSLY DRIVING THIS COST DOWN. COSTS FOR PRE-COMBUSTION AND OXY-FUEL COMBUSTION CAN
ALSO FALL WITHIN THIS RANGE OR BE HIGHER DEPENDING ON SPECIFIC PLANT CONFIGURATIONS. DIRECT AIR CAPTURE IS
CURRENTLY MORE EXPENSIVE, OFTEN EXCEEDING $200 PER TON.
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