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1.0 Abstract 
Dastur International Inc. has prepared a comprehensive DOE-funded Pre-front-end engineering design (Pre-
FEED) study to capture up to 2.8 mtpa of CO2 from the available Blast Furnace (BF) gases at the Burns Harbor 
steel plant operated by Cleveland Cliffs in Burns Harbor, Indiana. The project consists of an amine solvent-
based pre-combustion carbon capture system, along with a unique BF gas conditioning process which 
significantly optimizes the project design and architecture in terms of higher volumes (2.8 mtpa vis-à-vis 
1.6 mtpa without conditioning) & concentration (32 vol% in conditioned gas  vs. 22% in raw BF gas) of CO2, 
which can be captured using a single train, resulting in reduced size and capital cost of the CO2 capture 
island, and improved overall economics on a $/tCO2 captured basis. 
 
This unit uses ION’s proprietary amine-based solvent to architect a scalable and optimized carbon capture 
system for capturing up to 85% of the CO2 from available BF gas with over 95% carbon capture efficiency 
without impacting the BF process competitiveness and techno-economics. The envisaged project provides 
for a competitive, environmentally-friendly, and sustainable BF-based process for making low-carbon 
emissions steel. With the current process design, appropriate lean / rich solvent loadings and solvent 
recovery, the CCS unit can capture 349 tonnes per hour of CO2 from shifted BF gas of 691 tonnes per hour. 
To maintain a low level of degradation in the circulating solvent, a semi-continuous electro-dialysis 
reclaimer is used to process the equivalent of a complete plant solvent inventory.  
 
The total plant cost (TPC) for the envisaged project is estimated at $580M. TPC comprises engineering, 
procurement, construction cost, and project and process contingencies. CO2 capture island contributes 
around 40% of TPC, including a stainless-steel absorber with an internal diameter of 35’ and a height of 
215’, stripper vessel of dia. 27’ and height 149’, CO2 compressors, and other auxiliary units.  The gas 
conditioning island consisting of gas compressors, gas pre-heater, water gas shift reactor, and quench 
column costs are 18% of the total plant cost. The steam and power sourcing units, consisting of a combined 
heat and power (CHP) unit, a back pressure turbine (BPT), and two boilers, contribute to 30% of TPC due to 
consideration of emission control device and building along with the main equipment. Enabling 
infrastructure and other auxiliary facilities is estimated at 12 % of TPC. Total overnight cost (TOC) is 
estimated to be $702M including TPC and owner’s cost. The total as-spent cost (TASC) of the project is 
estimated at $776M. TASC includes escalation and interest during construction (IDC) on top of the total 
overnight cost. 
 
Estimated CO2 capture costs (including both annualized capital and annual O&M together) is $64.30/tCO2 

at $5/MMBtu of natural gas cost. And the cost components include $20.50/tCO2 for the annualized capital, 
fixed operating costs of $13.80/tCO2, variable expenses of $2.9/tCO2, and fuel costs of $27.0 tCO2). And, the 
total cost is estimated to be $74.30/tCO2 including $10.0/tCO2 transportation and sequestration costs. 
 
2.0 Introduction 
This pre-FEED Report for DOE Award Number DE-FE 0031937 covers the entire project period from  May 
2021 to March 2023. 
 
3.0 Project Objectives & Scope of Work 
This DOE-funded and Dastur-led study was conducted to prepare a pre-front-end engineering design (pre-
FEED) for a carbon capture and compression facility  capturing up to 85% of the CO2e (with over 95% carbon 
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capture efficiency) from  available Blast Furnace (BF) gas at Cleveland-Cliffs’ 5 mtpa integrated steel plant 
at Burns Harbor, Indiana. The study's objective was to engineer a solution that maximizes the 
decarbonization of available BF gas by capturing up to 2.8 mtpa of CO2 at an optimal carbon capture cost, 
thus enabling the production of low carbon emissions steel through the BF route at a competitive cost 
structure. The key envisaged elements of the study scope were: 
 
a) A preliminary and detailed design of the CO2 capture (CC) island. 
b) A preliminary and detailed design of the Balance of Plant (BOP) and integration with the CC island. 
c) Studies and investigations include a steam and electricity sourcing study, a solvent disposal 

investigation, a wastewater treatment study, a permitting study and review, a hazard and operability 
review (HAZOP), and a constructability review. 

d) Detailed costing of the project includes assessing the capital cost of major equipment and the BOP, 
including construction costs, project indirect costs, and operating and maintenance costs. 

e) Report submissions include an initial engineering design and cost estimate, a techno-economic analysis 
(TEA), and an environmental health and safety (EH&S) risk assessment. 

 
3.1 Project Tasks 
The following tasks have been completed in carrying out this study: 
 
Task 1.0 Project Management and Planning 
 
Subtask 1.1 Project Management Plan 
Dastur International Inc.  managed and directed the project  per the Project Management Plan to meet all 
technical, schedule, and budget objectives and requirements by coordinating the activities to accomplish 
the work effectively. Management of project risks occurred by the risk management methodology has been 
delineated in the Project Management Plan to identify, assess, monitor, and mitigate technical 
uncertainties and schedule, budgetary and environmental risks associated with all aspects of the project.  
 
Subtask 1.2 Technology Maturation Plan 
Dastur has developed a Technology Maturation Plan (TMP) that describes the proposed technology's 
current readiness level (TRL) along with the development needed for further maturation of the technology. 
Attachment 10 talks about the Technology Maturation Plan. 
 
Subtask 1.3 Data Management Plan 
Dastur has developed a Data management Plan (DMP) that describes the type of data generated during the 
project. The DMP managed the data sharing and preservation procedure to enable the validation of the 
results from the proposed study. The protocols followed for the control, flow, and archival of data, 
information, and documents amongst the project stakeholders have been described. 
 
Task 2.0 CO2 Capture Island Design 
 

Subtask 2.1 Preliminary Design 
Dastur International Inc. prepared the design basis, process model, and process design package, 
including the process flow diagram, utility flow diagram, heat and mass balance, preliminary plot plan, 
equipment list, preliminary electrical load list, and indicative instrument list for the CO2 capture unit. 
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Subtask 2.2 Detailed Design 
Dastur prepared the process and instrumentation diagram, control strategy, description, single line 
diagram for electrical, detailed equipment list, and final layout drawing for the CC unit. 
 
Task 3.0 Balance of Plant (Integration with CC Island) Design 
 
Subtask 3.1 Preliminary Design 
Dastur-led project team prepared the design basis and estimated the requirements of raw materials, 
electric power, water, fuel, and other utilities, and also prepared the process model and process design 
package, including the process flow diagram, utility flow diagram, heat and mass balance, preliminary 
plot plan, equipment list, preliminary electrical load list, indicative instrument list for BF gas tapping from 
main head, water gas shift, CO2 compression, process steam generator, and other auxiliary facilities. 
 
Subtask 3.2 Detailed Design 
Dastur prepared the detailed design as mentioned below: 
a) Estimation of civil and structural buildings dimension and prepare design drawings 
b) System design, layout drawings, and operational philosophy for the water gas shift (WGS) island, 

water, effluent, steam, and lubrication systems. 
c) Basic piping layout drawing and preliminary bill of quantities for cost estimation. 
d) Power distribution system, single line diagram, the basic layout of cable gallery/trays, and 

preliminary BOQ for cost estimation. 
e) Control strategy, process, and instrumentation diagram for all sections. 
f) Detailed equipment list, final layout drawing for BFG tapping from main head, water gas shift, 

CO2 compression, CHP & other auxiliary facilities. 
 
Task 4.0 Studies & Investigation 
 
Subtask 4.1 Steam and Electricity Sourcing Study 
Dastur International Inc. has conducted a steam and electricity sourcing study that describes the source, 
specification, and quantity of steam and electricity. Dastur reviewed alternative sources for required 
steam and electricity to optimize costs and ensure consistency of availability without compromising the 
existing operations. This study outcome has been described in Attachment 1. 
 
Subtask 4.2 Solvent Disposal Investigation 
Dastur reviewed the solvent characteristics from the operational philosophy & safety data sheet to 
decide on the treatment requirements of the degraded solvent, and the waste generated will be 
characterized adequately for appropriate disposal. Attachment 2 describes this in detail. 
 
Subtask 4.3 Wastewater Treatment Study 
Dastur estimated the quality & quantity of the wastewater generated from the water gas shift island and 
CO2 capture island and considered the same to be discharged in the existing project boundary for further 
effluent treatment before sending it outside the site. This study outcome has been described in Attachment 
3. 
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Subtask 4.4 Permitting Study and Review 
Dastur has assessed the impact of generated waste released along with the mitigation measures with 
specific cases. Under these circumstances, Dastur has reviewed the permits required for the installation 
of project facilities and listed the statutory requirements for the facilities, as well as the internal or 
corporate approvals needed for the host site to initiate construction for the project and prepared a 
permitting study and review (Attachment 4). 
 
Subtask 4.5 Hazard and Operability Review (HAZOP) 
Dastur conducted a HAZOP study for the project. This study is limited to the system boundary envisaged 
in this project. Dastur prepared the P&ID for WGS & BOP and reviewed the P&ID of the carbon capture 
island prepared by ION and their inter-linkages to identify hazards associated with the proposed 
installation and conducted cause and consequence analysis due to deviation from the design intent by 
application of standard guidelines. Based on HAZOP study findings, Dastur proposed 
preventive/corrective measures for the safe implementation and operation of the plant units. HAZOP 
study outcome has been described in Attachment 5. 
 
Task 5.0 Costing 
The cost estimation for this project was done according to NETL (National Energy Technology Laboratory) 
guidelines defined in “Quality Guidelines for Energy System Studies (QGESS)” published by NETL and 
AACE 16R-90 (Conducting Technical and Economic Evaluations – As Applied for the Process and Utility 
Industries). Cost estimation for this project is consistent with the requirement and consideration for the 
Association for the Advancement of Cost Engineering (AACE) Class 4. 
 
Subtask 5.1 Capital Cost of Major Equipment including Construction Cost 
Dastur has estimated the capital cost of the major units like water gas shift unit, CO2 capture unit, 
compressors, steam and power generation unit, etc., based on either budgetary quotation of the 
individual units or the cost of similar installed facilities. Dastur has reviewed the budgetary offers from 
multiple vendors and selected them based on cost, operating parameters, past performance, reference 
list, etc. The construction costs are estimated based on AACE 16R-90 guidelines and/or the parametric 
method basis. 
 
Subtask 5.2 Capital Cost for BOP Facilities Including Construction Cost 
The capital cost for the balance of plant facilities, like utility systems, water systems, electrical systems, 
instrumentation, etc., has been estimated based on vendor data, in-house data, and similar installed 
facilities. All the auxiliary facilities for the project are considered based on a standalone basis within the 
project boundary limit. 
 
Subtask 5.3 Project Indirect Cost 
The project’s indirect cost includes pre-production cost, inventory capital, financing cost, owner’s other 
costs, interest during construction, and other applicable costs. The same has been estimated based on 
NETL's “Quality Guidelines for Energy System Studies: Cost Estimation Methodology for NETL 
Assessments of Power Plant Performance.” Dastur has assessed the Owner’s cost by evaluating existing 
facilities or infrastructure. Subsequently, the cost for modification/augmentation of existing systems has 
been considered in Owner’s cost.  
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Subtask 5.4 Operating and Maintenance Cost 
Based on the material and energy balance, the quantity of input materials, steam, electricity, water, etc., 
was calculated as a part of the variable cost. The fixed costs have been estimated based on maintenance 
costs, manpower costs, property tax, insurance, etc.  
 
Task 6.0 Final Report Submission 
 
Subtask 6.1 Initial Engineering Design & Cost Estimate 
Based on Tasks 2.0 (including the TEA prepared as part of the task) and 3.0, the initial engineering design 
and cost estimate (Attachment 7) have been prepared. 
 
Subtask 6.2 Techno-Economic Analysis 
The Techno-Economic Analysis (TEA) was prepared based on the methodology given in Appendix C of 
this SOPO. The TEA (Attachment 8) includes general process flow diagrams of all major process 
equipment, material and energy balances, complete stream tables, and economic analyses (capital, 
operating, and maintenance costs). 
 
Subtask 6.3 Environmental Health and Safety (EH&S) Risk Assessment 

Dastur prepared an EH&S risk assessment and mitigation plan (Attachment 9) to assess the proposed 
project's environmental friendliness, impact, and safety. Guidelines have been provided in the EH&S 
Assessment for handling project-generated wastes and disposal of hazardous and non-hazardous 
wastes, following all applicable Federal, state, and local regulations and waste management plans. 
 
4.0 Proposed Carbon Capture System 
The proposed carbon capture scheme envisaged at Burns Harbor is depicted in Figure 1. The available 
BF gas (Stream 1) is tapped from the BF header and undergoes a compositional shift by passing it 
through a series of Water Gas Shift (WGS) Reactors, which converts ~80% of the carbon monoxide (CO) 
in the BF gas to CO2 (Stream 2). The increase in CO2 content (22% in BF gas vs. 32% after the WGS unit) 
in the shifted gas enables the capture of up to 85% of CO2e in the available BF gas, with benefits of 
lower capture island footprint, single train, lower CAPEX and easier fit within the space-constrained 
Burns Harbor plant. The post-capture H2-rich fuel gas (H2RF or Stream 3) is sent to the existing 
powerhouse to produce captive power for in-plant use; the use of the H2-rich fuel gas instead of the BF 
gas (present scenario) in the powerhouse does not require any modification to the existing burners, 
thus minimizing disruptions to existing operations.  
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Figure 1: Proposed Carbon Capture Solution for Burns Harbor (Proprietary Design) 

 
 
 
 
Table 1: Composition and Streams in Figure 1 

Stream  Units Stream 1 Stream 2 Stream 3 Stream 4 
Gas composition 

     

CO vol. % 22.4 3.8 5.5 - 
CO2 vol. % 21.9 32.5 2.3 100 
H2 vol. % 9.1 22.1 32.1 - 
H2O vol. % 0.9 4.2 6.0 - 
N2 vol. % 45.7 37.3 54.2 - 
Gas Temp °F 86 91 113 95 
Gas Pressure psia 17 17 15.7 2215 
Gas Vol. Flow Rate MMSCFD 429 518.4 357.4 160.5 
Mass Flow Rate Klb/h 1368 1526 756 770 
Gas CV Btu/SCF 96.9 72.4 106.4 - 
Energy Rate MMBtu/d 41,527 37,791 37,791 - 

 
5.0 Recommendation 
Based on the study conducted during the Pre-FEED study, it can be concluded that the proposed 
solution of CO2 capture with Dastur's designed low-pressure gas conditioning system is feasible with 
respect to the technology considered. However, further detailing of the study is required to optimize 
capital and operating costs by estimating the detailed bill of quantities. The waste generated from the 
project needs to be further analyzed, and the corresponding emission limit needs to be further 
examined. Considering the same, a FEED study for the project is recommended. 
 
6.0 Structure of the Study Report 
The Pre-FEED study outcome is described in the following attachments. 
 

Attachment No. Content Control Document No. 
Attachment-1 Steam & Electricity Sourcing study DE-FE0031937 / 0002 
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Attachment No. Content Control Document No. 
Attachment-2 Solvent Disposal Investigation DE-FE0031937 / 0003 
Attachment-3 Wastewater Treatment Study DE-FE0031937 / 0004  
Attachment-4 Permitting Study & Review DE-FE0031937 / 0005  
Attachment-5 Hazard & Operability Review DE-FE0031937 / 0006  
Attachment-6 Constructability Review DE-FE0031937 / 0007  
Attachment-7 Initial Engg Design & Cost Estimate DE-FE0031937 / 0008 
Attachment-8 Techno-Economic Analysis DE-FE0031937 / 0009 
Attachment-9 EHS Risk Assessment DE-FE0031937 / 0010  
Attachment-10 Technology Maturation Plan DE-FE0031937 / 0011  
Attachment 11 Project Management Plan DE-FE0031937 / 0012 
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1.0 Background 
Dastur International Inc. has designed and engineered a solution that maximizes the decarbonization of 
available BF gas by capturing 2.8 million tonnes per annum (mtpa) of carbon dioxide (CO2) emissions from 
blast furnaces (BFs) at Cleveland-Cliffs’ 5-million tonnes/year steel production plant in Burns Harbor, 
Indiana. This includes the design and integration of an optimum BF gas flow distribution system, an 
innovative BF gas conditioning process, an efficient solvent-based carbon capture technology, and an 
economical steam and power generation system. 
 

The proposed carbon capture scheme envisaged at Burns Harbor is depicted in Figure 1. The available BF 
gas (Stream 1) is tapped from the BF header and undergoes a compositional shift by passing it through a 
series of Water Gas Shift (WGS) Reactors, which converts ~80% of the carbon monoxide (CO) in the BF gas 
to CO2 (Stream 2). The increase in CO2 content (22% in BF gas vs. 32% after the WGS unit) in the shifted 
gas enables the capture of up to 85% of CO2e in the available BF gas, with benefits of lower capture island 
footprint, single train, lower CAPEX and easier fit within the space-constrained Burns Harbor plant. The 
post-capture H2-rich fuel gas (H2RF or Stream 3) is sent to the existing powerhouse to produce captive 
power for in-plant use; the use of the H2-rich fuel gas instead of the BF gas (present scenario) in the 
powerhouse does not require any modification to the existing burners, thus minimizing disruptions to 
existing operations.  
 

Figure 1: Proposed Carbon Capture Solution for Burns Harbor (Proprietary Design) 

 
 
 

Table 1: Composition and Streams in Figure 1 
Stream  Units Stream 1 Stream 2 Stream 3 Stream 4 

Gas composition 
     

CO vol. % 22.4 3.8 5.5 - 
CO2 vol. % 21.9 32.5 2.3 100 
H2 vol. % 9.1 22.1 32.1 - 
H2O vol. % 0.9 4.2 6.0 - 
N2 vol. % 45.7 37.3 54.2 - 
Gas Temp °F 86 91 113 95 
Gas Pressure psia 17 17 15.7 2,215 
Gas Vol. Flow Rate MMSCFD 429 518.4 357.4 160.5 
Mass Flow Rate Klb/h 1368 1526 756 770 
Gas CV Btu/SCF 96.9 72.4 106.4 - 
Energy Rate MMBtu/d 41,527 37,791 37,791 - 
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Given the requirement of both power & steam, a study has been conducted to ascertain the sourcing 
strategy. Steam is required at the water gas shift area and the carbon capture island reboiler heat exchanger. 
And power is primarily needed for BF gas compression, CO2 compression, and other auxiliary facilities.  The 
steam and power requirement for the project is mentioned below. 
 

a) Steam: 1,332 MMBtu/hr. 
b) Power: 73 MW 

 
2.0 Sourcing Option Study for Steam and Electricity 
Multiple options have been evaluated for sourcing steam and power (specifically waste heat recovery 
options to minimize secondary emissions and cost reductions). The possible options, along with outcomes, 
are as follows:  
 

a) 15 PSI steam from existing powerhouse: The existing powerhouse also generates 15 PSI steam 
which is presently available. However, it has not been considered for the project for the 
following reasons: 
i. The generation of 15 PSI steam is inconsistent, but the project needs consistent 

(continuous and of specific quality) steam. 
ii. 15 PSI steam's heat duty is insufficient for the carbon capture unit reboiler. Thus, it 

cannot be used in the reboiler. 
iii. The water gas shift process needs 60 PSI steam. Therefore, 15 PSI steam could not be 

considered for the water gas shift process. 
iv. The generated quantity of 15 PSI steam is much lesser than the requirement considering 

the overall steam requirement for the project. 
 

b) Sourcing steam from BOF waste gas: The potential of generating steam from the BOF waste 
gas project has also been evaluated. However, the demand for steel production at Burns Harbor 
drives the BOF operation, and the situation may arise when the blast furnace is running. During 
this situation, the waste gas steam cannot be made available. Therefore, considering the 
inconsistency in availability, this option is not considered for the project for sourcing steam. 

 
c) Biomass-based boiler: Biomass-fed boilers also have been evaluated for sourcing steam and 

power to avoid secondary emissions. The scale of operation for sourcing, handling, and 
processing biomass is an issue for a 2.8 mtpa CO2 capture unit. Therefore, biomass boiler has 
not been considered for further evaluation. 

 
d) Installation of coke dry quenching facilities: The Burns Harbor steel plant has coke ovens with 

wet quenching facilities. It has been evaluated if coke dry quenching facilities can be installed 
to generate the required steam. The coke dry quenching facility offers multiple benefits over 
the wet quenching facility.  

• Sensible heat from coke can be used to produce high-grade steam 
• Moisture in coke is reduced significantly, leading to better BF coke quality and a 

reduction in the coke rate   
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250 PSI steam can be generated from the dry quenching of coke (near the existing coke oven) 
and can be transferred to the project site through the existing steam network of 250 PSI. 
Additionally, about 9 MW of power can be produced by a back-pressure turbine due to the 
conversion of high-pressure steam to low-pressure steam required for the project. However, 
this can not match the total steam and power requirement. So, a combined heat and power 
unit and a steam boiler are still needed to cater to the steam and power requirements for the 
project. Two capacity options have been evaluated.  
 
1) a bigger single unit of 260 tonnes/hr capacity, and  
2) two smaller units of 130 tonnes/hr capacity. 
 
However, both options have been discarded. Option 1, i.e., 260 tonnes/hr, cannot match the 
sequence of coking, and space is not available for two 130 tonnes/hr of coke dry quenching 
facilities. Therefore, the coke dry quenching has not been considered for the project. 

 
e) Combined Heat and Power Unit along with LP Boiler: Given the requirement of both electricity 

and steam, a combined heat and power unit (CHP) is the most suitable option for sourcing both 
steam and electricity for the project. Dastur has selected 58 MW GT for the project, which will 
supply most of the electricity required for the project, and high-pressure steam, which needs 
to be converted to low-pressure steam necessary for the project. 
 
A 15 MW Back-Pressure Turbine (BPT) has been considered to convert high-pressure steam to 
low-pressure steam. While reducing the steam duty, BPT will generate power that can be 
utilized for the project facilities. 

 
Since the steam requirement is significantly higher compared to the power requirement, 
separate LP boilers have been considered to fulfill the LP steam requirement.  

 
3.0 Configuration for Steam and Electricity Generation Unit for the Project 
Given the requirement for both steam and electricity, the following units have been considered for the 
project: 
 

1. CHP Unit: To generate 58 MW of electricity and about 400 MMBtu/hr steam 
2. BPT Unit: To reduce 615 PSIA steam to 60 PSIA steam and generate 15 MW of electricity 
3. Steam boilers: To generate about 900 MMBtu/hr low-pressure steam 

 
The steam and electricity sourcing flow diagram is given in Figure 2. 
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Figure 2: Steam and Power Sourcing Flow Diagram 

 
 
 
The integrated steam and condensate balance is given in Figure 3. 
 
Figure 3: Steam and Condensate Balance 

 
 
The CHP (gas turbine) has been envisaged to generate 58 MW of power and HP steam at 615 PSIA pressure 
and 750°F temperature. HP steam then passes through the BPT, which enables the production of 60 PSIA 
steam and about 15 MW of power. CHP and BPT will meet the total power requirement for the project. The 
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LP steam generated from BPT is used in the water gas shift and carbon capture island. Balance steam will 
be generated from two low-pressure boilers that will generate steam at 90 PSIA, and by a pressure-reducing 
valve, the steam will attain the necessary pressure and connect with the LP steam header.   
 
The steam is used in the water gas shift reactor in process, and thus no condensate will be generated. 
However, the condensate from the carbon capture island will be reutilized, and based on the quality 
requirement of the condensate, it will pass through the condensate polishing unit (if required). The 
condensate make-up will come from a demineralized water plant through a deaerator. 
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1.0 Background 
Dastur International Inc. has designed and engineered a solution that maximizes the decarbonization of 
available BF gas by capturing 2.8 million tonnes per annum (mtpa) of carbon dioxide (CO2) emissions from 
blast furnaces (BFs) at Cleveland-Cliffs’ 5-million tonnes/year steel production plant in Burns Harbor, 
Indiana. This includes the design and integration of an optimum BF gas flow distribution system, an 
innovative BF gas conditioning process, an efficient solvent-based carbon capture technology, and an 
economical steam and power generation system. 
 
The proposed carbon capture scheme envisaged at Burns Harbor is depicted in Figure 1. The available BF 
gas (Stream 1) is tapped from the BF header and undergoes a compositional shift by passing it through a 
series of Water Gas Shift (WGS) Reactors, which converts ~80% of the carbon monoxide (CO) in the BF gas 
to CO2 (Stream 2). The increase in CO2 content (22% in BF gas vs. 32% after the WGS unit) in the shifted 
gas enables the capture of up to 85% of CO2e in the available BF gas, with benefits of lower capture island 
footprint, single train, lower CAPEX and easier fit within the space-constrained Burns Harbor plant. The 
post-capture H2-rich fuel gas (H2RF or Stream 3) is sent to the existing powerhouse to produce captive 
power for in-plant use; the use of the H2-rich fuel gas instead of the BF gas (present scenario) in the 
powerhouse does not require any modification to the existing burners, thus minimizing disruptions to 
existing operations.  
 
Figure 1: Proposed Carbon Capture Solution for Burns Harbor (Proprietary Design) 

 
 
 
Table 1: Composition and Streams in Figure 1 

Stream  Units Stream 1 Stream 2 Stream 3 Stream 4 
Gas composition 

     

CO vol. % 22.4 3.8 5.5 - 
CO2 vol. % 21.9 32.5 2.3 100 
H2 vol. % 9.1 22.1 32.1 - 
H2O vol. % 0.9 4.2 6.0 - 
N2 vol. % 45.7 37.3 54.2 - 
Gas Temp °F 86 91 113 95 
Gas Pressure psia 17 17 15.7 2215 
Gas Vol. Flow Rate MMSCFD 429 518.4 357.4 160.5 
Mass Flow Rate Klb/h 1368 1526 756 770 
Gas CV Btu/SCF 96.9 72.4 106.4 - 
Energy Rate MMBtu/d 41,527 37,791 37,791 - 
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In the carbon capture island, ION’s proprietary solvent is used in the absorber column to absorb the CO2 
from the gas. This document will describe the investigation carried out on the disposal of the solvent. Along 
with the solvent, the disposal investigation of solid spent catalyst used in the water gas shift reactor is 
explained in this attachment. 
 
2.0 Solvent Disposal Investigation 
The solvent is not usually disposed of in day-to-day operations. However, solvent contamination is possible 
due to heat-stable salts (HSS) formation during the reaction, which can lead to Electrodialysis Reclaimer 
(EDR) waste and solvent disposal. The solvent handling system, including removal, has been described 
below. The solvent handling system has two subsystems.  
 

• Solvent Circulation Module 
• Solvent Maintenance Module 

 
2.1 Solvent Disposal Investigation 
The Solvent Circulation Module (SCM) consists of the components necessary for transporting and efficiently 
utilizing the solvent in the carbon capture process. Transportation and control of the solvent require 
coordination of equipment in the Absorber (ABS), Stripper (STR), and Solvent Heat Exchanger (LRX) 
subsystems. The SCM primarily consists of the circulation equipment between the Absorber and Stripper. 
The cold-rich Solvent Pump moves the cold-rich solvent from the Absorber Sump to the Stripper. Most of 
the rich solvent passes through the LRX for heat recovery from the lean solvent. A portion of the cold-rich 
solvent bypasses the LRX and is injected into the upper part of the Stripper Vessel. After the solvent has 
been regenerated in the Stripper, the Stripper Lean Pumps send the hot-lean solvent through the LRX and 
into the top of the Absorber.  
 

a. Cold-rich Solvent Pumps –This pump set (2x50%) moves the liquid solvent from the Absorber Sump 
to the Stripper. The pumps provide the head to pass through the rich side of the LRX and enter the 
higher-pressure Stripper Vessel. 
 

b. Stripper Lean Solvent Pumps –These pumps (2x50%) transfer the hot lean solvent stream from the 
Stripper Sump to the Absorber to capture CO2. The solvent passes through the LRX coolers and Trim 
Coolers before entry into the Absorber. Two (2) other secondary streams consisting of condensate 
from the Overhead Condenser and LP CO2 cooler combine with the lean stream before entering the 
Absorber. 

 
2.2 Solvent Maintenance Module 
The Solvent Maintenance Module consists of the components required to charge/fill the capture system 
with solvent initially, evacuate solvent from the system, and perform washdown maintenance procedures. 
Maintenance procedures can be performed during system commissioning or decommissioning while the 
capture system is offline. This section presents all offline or system-level solvent maintenance.  
 
Solvent Maintenance Storage Tank collects and stores the solvent from the Absorber and Stripper during a 
service procedure. The solvent in the Stripper can be evacuated from the sump, through LRX and Trim 
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Coolers, into the Absorber. Valves allow any solvent collected in the Absorber sump to be evacuated via the 
Solvent Maintenance Pumps. This maintenance procedure typically proceeds with the washdown 
procedure. The solvent Maintenance Tank heater regulates the temperature of the solvent in the Solvent 
Maintenance Tank to maintain viscosity within allowable limits and to provide freeze protection. Solvent 
Washdown Tank is used during service washdowns. The primary objective is to wash down the solvent in 
the entire Stripper and the Absorber. For this procedure, Wash/Demin water flows to the top of the Stripper 
for cleaning. The Stripper Lean Pumps evacuate washdown water from the sump, through the LRX and Trim 
Coolers, into the Absorber. The washdown water continues to flow down through the Absorber into the 
sump, where valves allow any washdown water collected to be evacuated via the Solvent Maintenance 
Pumps. Solvent Washdown Tank Heater regulates the temperature of the solvent in the Solvent Washdown 
Tank to provide freeze protection. Solvent Maintenance Pumps are for maintenance only and serve to move 
solvent and washdown water from the Absorber, including associated piping, to their respective tank 
Solvent/Gas Separator separates the gas from the solvent discharge of the Solvent Maintenance Pumps 
where gas enters the Vessel Vent Header. Then the solvent proceeds through a loop seal before entering 
the Solvent Maintenance Storage Tank. 
 
A slipstream is taken off the cooled lean solvent for filtration and reclaiming. The slipstream is pumped 
through Duplex Strainers and an Activated Carbon Filter Vessel. A slipstream downstream of the Outlet 
Duplex Strainer flows into the EDR packaged unit to remove practically all heat-stable salts (HSS). The clean 
solvent is returned to the filter slipstream and finally returned into the lean solvent. The EDR uses caustic 
soda and demineralized water from the BOP system and returns concentrated brine for wastewater 
treatment within the project boundary. Fresh amine makeup typically depends on this EDR output flow to 
balance the overall circuit. 
 
The Electro-dialysis (ED) Reclaimer flow controller regulates the Lean Solvent Filter flow slipstream to the 
Electrodialysis Reclaimer via an operator setpoint. After reclamation, this flow combines with the Lean 
Solvent Filter flow before entering the Absorber. The Filter & Reclaimer Module covers the Activated Carbon 
Filtration System and the EDR used to remove solvent impurities such as heat-stable salts (HSS), thermal 
degradation products, and corrosion byproducts. This process maintains the solvent effectiveness at 
capturing CO2 and the energetics for regenerating the solvent. 
 
The amine solvent must be drained from the plant at shutdown and individual equipment for maintenance 
activities. The solvent is drained from the equipment by pumping to a minimum level directly or through 
other vessels to the lean amine solvent storage tank. The remaining amine solution is drained by gravity 
through the amine waste piping to the amine waste sump.  From the sump, the amine solution is pumped 
through filters to the Amine Solvent Storage Tank. The amine solvent storage tank has been sized to 
accommodate the amine solution from all plant equipment and piping. The amine waste sump allows the 
test of the drained amine to ensure that it is of acceptable quality before being pumped into the storage 
tank. This sump has been sized to accommodate the entire contents of the absorber vessel.  If the drained 
amine solution is unacceptable, it can be pumped directly from the amine waste sump to road tankers for 
off-site disposal. 
 
3.0 Water Gas Shift Catalyst Disposal 
The base material of the shift catalyst is iron-chrome, designed for 4-5 years of life span. Through 
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consecutive operations, the blocking of catalyst active sites is occurred by certain elements or compounds 
on the surface. Continuous monitoring of the effectiveness of the catalyst bed will be ensured through 
analysis of gas composition as well as lab tests.  At the end of life, the deactivated catalyst set needs to be 
replaced with a new catalyst. The quantity of spent catalysts discarded from the water gas shift unit is always 
higher than that of the fresh catalyst amount loaded in the reactor because of the formation of coke, sulfur 
(if present in feed), and the other metal deposits on the catalysts during the entire process. For example, 
spent catalysts from WGS units typically contain carbon along with some oil and oxides initially present in 
the catalyst. The spent catalyst comes under the category of hazardous industrial waste. Therefore, it cannot 
be disposed of for landfilling (the landfill does not remove or destroy any hazardous materials if risks are 
not adequately managed, and it may pose long-term health and environmental hazards and gets affected 
by future regulatory changes). Spent catalyst management requires specialized expertise, including 
regeneration, rejuvenation, metal recovery, and reuse. Many spent catalysts contain high concentrations of 
metals or other materials that are economically worth recovering.  It has been envisaged that third-party 
vendors with expertise will be contacted for spent catalyst management. The vendor will take care of spent 
catalysts. For these activities, suitable cost provision has been made in project cost.  
 
However, the vendor should prepare safety documentation for the spent catalyst management. The 
document should contain the information necessary to determine how the spent catalyst can be safely and 
correctly handled, classified, packaged, labelled, stored, transported, and treated/processed. Some features 
need to be verified before the disposal of the spent catalyst. It will include the following:  
 

• Composition and properties of the original catalyst  
• Treatment of spent catalyst after discharge to ensure that it is obtained in the best state for further 

handling or processing 
• If the catalyst has been contaminated in use 
• The expected chemical and physical characteristics of the spent catalyst  
• If the spent catalyst has any potentially hazardous properties 
• The appropriate procedure for spent catalyst classification, with proper packaging, labeling, storing, 

transportation, and discharge mechanism. 
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1.0 Background 
Dastur International Inc. has designed and engineered a solution that maximizes the decarbonization of 
available BF gas by capturing 2.8 million tonnes per annum (mtpa) of carbon dioxide (CO2) emissions from 
blast furnaces (BFs) at Cleveland-Cliffs’ 5-million tonnes/year steel production plant in Burns Harbor, 
Indiana. This includes the design and integration of an optimum BF gas flow distribution system, an 
innovative BF gas conditioning process, an efficient solvent-based carbon capture technology, and an 
economical steam and power generation system. 
 
The proposed carbon capture scheme envisaged at Burns Harbor is depicted in Figure 1. The available BF 
gas (Stream 1) is tapped from the BF header and undergoes a compositional shift by passing it through a 
series of Water Gas Shift (WGS) Reactors, which converts ~80% of the carbon monoxide (CO) in the BF gas 
to CO2 (Stream 2). The increase in CO2 content (22% in BF gas vs. 32% after the WGS unit) in the shifted 
gas enables the capture of up to 85% of CO2e in the available BF gas, with benefits of lower capture island 
footprint, single train, lower CAPEX and easier fit within the space-constrained Burns Harbor plant. The 
post-capture H2-rich fuel gas (H2RF or Stream 3) is sent to the existing powerhouse to produce captive 
power for in-plant use; the use of the H2-rich fuel gas instead of the BF gas (present scenario) in the 
powerhouse does not require any modification to the existing burners, thus minimizing disruptions to 
existing operations.  
 
Figure 1: Proposed Carbon Capture Solution for Burns Harbor (Proprietary Design) 

 
 
 
Table 1: Composition and Streams in Figure 1 

Stream  Units Stream 1 Stream 2 Stream 3 Stream 4 
Gas composition 

     

CO vol. % 22.4 3.8 5.5 - 
CO2 vol. % 21.9 32.5 2.3 100 
H2 vol. % 9.1 22.1 32.1 - 
H2O vol. % 0.9 4.2 6.0 - 
N2 vol. % 45.7 37.3 54.2 - 
Gas Temp °F 86 91 113 95 
Gas Pressure psia 17 17 15.7 2215 
Gas Vol. Flow Rate MMSCFD 429 518.4 357.4 160.5 
Mass Flow Rate Klb/h 1368 1526 756 770 
Gas CV Btu/SCF 96.9 72.4 106.4 - 
Energy Rate MMBtu/d 41,527 37,791 37,791 - 
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Given the requirement of both power & steam, a combined heat and power unit (CHP), a back pressure 
turbine (BPT), and LP boilers have been considered for the project. To supply boiler-feed water to CHP and 
LP boiler de-mineralized (DM) water plant has been envisaged. Separate cooling towers are considered for 
direct cooling and indirect cooling circuit. Wastewater of the plant will be coming out from two sources. 
 

i. As effluent water from De-mineralized (DM) water plant  
ii. As a blowdown from the cooling towers 

 
2.0 Water for Demineralized (DM) Plant 
The total DM water requirement for the project will be approx. 925 GPM. DM water will be required to 
generate steam in the WGS unit and power plant. The makeup water quality as received from the plant is 
furnished below (Table 2). This water will be used as feed water for the reverse osmosis (RO) based DM 
plant and makeup for the cooling water system. 
 
Table 2: Make-up Water Quality 

Sl. No. Parameter Unit Value  
A. Physical Parameter   
1. pH - 8.24 
2. Temperature °F Not Available 
3. Turbidity NTU Not Available 
4. Conductivity µS/cm 319 
5. Total Suspended Solids mg/L Not Available 
B. Chemical Parameter   
1. Calcium (as Ca) mg/L 36 
2. Magnesium (as Mg) mg/L 14 
3. Sodium (as Na) mg/L 10 
4. Potassium (as K) mg/L 1.6 
5. Barium (as Ba) mg/L 0.021 
6. Copper (as Cu) mg/L 0.010 
7. Iron (as Fe) mg/L 0 
8. Manganese (as Mn) mg/L 0.015 
9. Strontium (as Sr) mg/L 0.11 
10. Chlorides (as Cl) mg/L 15 
11. Sulfates (as SO4) mg/L 26 
12 Fluoride (as F) mg/L 0 
13. Reactive Silica (as SiO2) mg/L 1.3 

 
The following scheme is envisaged to convert makeup-grade water into DM-grade water. A pretreatment 
facility using a dual media filter shall be installed to remove suspended solids (TSS) & Turbidity. Inlet TSS 
(Total suspended solid) is considered ten ppm (approx.) for designing the filtration system, as the water test 
report does not specify any suspended solid or turbidity. An ultrafiltration system can also be considered 
before the RO unit as an alternative to a Dual media filtration system. 
 
After pretreatment, filtered water shall be fed to the Reverse osmosis (RO) system to remove dissolved 
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solids from the water. A necessary dosing system shall be considered before the RO system to prevent it 
from scaling and fouling. After RO, a degasser tower will be used to arrest the dissolved CO2 present in the 
RO permeate and to maintain the pH to a neutral level of the permeate. Then the degassed water will be 
fed to the mixed bed unit for final polishing, where any slippage of dissolved solids & reactive silica from the 
RO system is trapped.  The outlet of the RO-MB system is called DM quality water & it has all the quality 
parameters to use in the boiler for steam generation. 
 
2.1 Expected outlet water quality from DM Plant 
The expected outlet water quality and effluent water quality from the DM plant are indicated in Table 3 and 
Table 4 below. 
 
Table 3: Expected DM Water Quality and Quantity 

Sl. No. Parameter Unit Value 
1. DM water flow GPM 925 (approx.) 
2. pH  6.0-8.0 
3. Turbidity NTU <1 
4. Conductivity µS/cm < 1 
5. Reactive Silica mg/L < 0.1 

 
Table 4: DM Plant Effluent Water Quality and Quantity 

Sl. No. Parameter Unit  Value 
1. Effluent water flow GPM 135-140 
2. pH  7-8.5 
3. TDS mg/L 1,800 – 2,000 
4. TSS mg/L < 100 

 
 
3.0 Water for Demineralized (DM) Plant 
When water evaporates from the cooling tower, dissolved solids remain in the recirculating water. As more 
water evaporates, the concentration of dissolved solids increases. If the concentration gets too high, the 
solids can cause scaling and corrosion in the system. For that, part of the circulating water is kept out of the 
system to limit the dissolved solids in recirculating water within the desirable limits. Based on the 
requirement, two different types of cooling towers are considered: 
 
i) Indirect cooling tower for CCU and other misc. consumers 
ii) Direct cooling tower for WGS Gas quench tower 
 
The indirect cooling water system will cater to the secondary cooling of heat exchanger requirement for CCU 
and misc. consumers such as compressors, gas turbines, etc.  The direct cooling tower shall be used for the 
quench tower of the WGS unit to bring down the temperature of conditioned BF gas. To optimize makeup 
water and blowdown water quantity, blowdown water from the CCU cooling tower shall be used as a 
makeup for the direct cooling water circuit. The expected quantity and quality from the Indirect cooling 
tower blowdown are furnished in Table 5. 
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Table 5: Expected Indirect Cooling Tower Blowdown Water Quantity and Quality 

Parameter Unit of Measurement Value 
Flowrate GPM 120-125 
pH  7-8.5 
TDS mg/L 900-1100 
Chloride mg/L 60-75 
Calcium mg/L 150-180 

 
For the direct cooling tower of WGS, the expected blowdown water quantity shall be 205-210 GPM. 
Blowdown water from the cooling tower and effluent water from the DM plant shall be discharged at the 
project boundary at a certain pressure and be treated in the existing effluent treatment plant within the 
Burns Harbor steel plant. 
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1.0 Background 
Dastur International Inc. has designed and engineered a solution that maximizes the decarbonization of 
available BF gas by capturing 2.8 million tonnes per annum (mtpa) of carbon dioxide (CO2) emissions from 
blast furnaces (BFs) at Cleveland-Cliffs’ 5-million tonnes/year steel production plant in Burns Harbor, 
Indiana. This includes the design and integration of an optimum BF gas flow distribution system, an 
innovative BF gas conditioning process, an efficient solvent-based carbon capture technology, and an 
economical steam and power generation system. 
 
The proposed carbon capture scheme envisaged at Burns Harbor is depicted in Figure 1. The available BF 
gas (Stream 1) is tapped from the BF header and undergoes a compositional shift by passing it through a 
series of Water Gas Shift (WGS) Reactors, which converts ~80% of the carbon monoxide (CO) in the BF gas 
to CO2 (Stream 2). The increase in CO2 content (22% in BF gas vs. 32% after the WGS unit) in the shifted 
gas enables the capture of up to 85% of CO2e in the available BF gas, with benefits of lower capture island 
footprint, single train, lower CAPEX and easier fit within the space-constrained Burns Harbor plant. The 
post-capture H2-rich fuel gas (H2RF or Stream 3) is sent to the existing powerhouse to produce captive 
power for in-plant use; the use of the H2-rich fuel gas instead of the BF gas (present scenario) in the 
powerhouse does not require any modification to the existing burners, thus minimizing disruptions to 
existing operations.  
 
Figure 1: Proposed Carbon Capture Solution for Burns Harbor (Proprietary Design) 

 
 
 
Table 1: Composition and Streams in Figure 1 

Stream  Units Stream 1 Stream 2 Stream 3 Stream 4 
Gas composition 

     

CO vol. % 22.4 3.8 5.5 - 
CO2 vol. % 21.9 32.5 2.3 100 
H2 vol. % 9.1 22.1 32.1 - 
H2O vol. % 0.9 4.2 6.0 - 
N2 vol. % 45.7 37.3 54.2 - 
Gas Temp °F 86 91 113 95 
Gas Pressure psia 17 17 15.7 2215 
Gas Vol. Flow Rate MMSCFD 429 518.4 357.4 160.5 
Mass Flow Rate Klb/h 1368 1526 756 770 
Gas CV Btu/SCF 96.9 72.4 106.4 - 
Energy Rate MMBtu/d 41,527 37,791 37,791 - 
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Given the requirement of both power & steam, a combined heat and power unit (CHP), a back pressure 
turbine (BPT), and LP boilers have been considered for the project. To supply boiler-feed water to CHP and 
LP boiler de-mineralized (DM) water plant has been envisaged. Separate cooling towers are considered for 
direct cooling and indirect cooling circuit.  
 
2.0 Permitting Study Requirement 
The envisaged project of setting up a carbon capture facility in the existing Burns Harbor Plant of Cliffs 
includes systems handling toxic/hazardous waste materials (solid, liquid, or gaseous). It includes handling 
wastewater as well as spent chemicals. To dispose of such waste, permits are required from appropriate 
agencies before commissioning the project facilities. The envisaged system will also contain high-raised 
towers. Several permits need to be acquired from various authorities for the construction of the proposed 
facilities for the envisaged project, as is the statutory requirement by these authorities. 
 
These permits can be required at various stages of the project implementation spanning the period of pre-
construction, during construction, and before the commencement of start-up & operation of the plant. The 
permit validates the plans of the owner of the proposed plant and ensures that all the guidelines for 
construction, operations, and waste stream treatment/disposal are followed. 
 
The required permits can be categorized into different sub-sections of Federal and State permits, biological 
and cultural, water, waste, regional and local permits. The Federal and State permits include the air permit, 
the permit for nucleonic devices, and the permit related to the FAA Notice of the proposed construction 
form 7460-1. An air permit is required by industries that have the potential to release waste gases or 
particles into the air. The type of air permit required for each emission source may vary depending on several 
factors such as emission source category, their potential to emit, types of equipment and operations, and 
the area where the emission source is located. The biological and cultural permits include the water quality 
review. This review deals with National Pollutant Discharge Elimination System (NPDES) permits to sources 
of wastewater discharge into streams, lakes, and other water bodies.  
 
Since wastewater discharge is a standard procedure in chemical industries/ projects, it is mandatory to 
acquire permits and authorizations regarding the various aspects of wastewater discharge. These permits 
include a water discharge permit for construction, a new/modified drainage permit, a wastewater treatment 
permit, and a wastewater permit. The waste permit consists of the permit for a Class VI well for the 
sequestration of CO2. This is the most sensitive and critical permit for the envisaged project and has the 
highest estimated review/ approval time. The permit would test the suitability of Class VI wells and validate 
the safety of CO2 sequestration in the proposed well. The state of Indiana requires other permits and 
authorizations. Such permits include final building permits, temporary building & construction permits, and 
tall structure construction permits. These permits validate the building construction and ensure that the 
buildings are within the permissible heights approved by the concerned agency.  
 
3.0 Broad List of Permits Needed 
This note broadly mentions the permits needed for setting up a Carbon Capture (CC) facility in the existing 
Burn Harbor Plant of Cliffs. 
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Table 2: Broad List of Permits Required for Carbon Capture Facilities at Burns Harbor 

Permit Description Permit or Authorization Estimated Review 
/Approval Time 
(Months) 

Responsible 
Party 

Federal and State Permits and Authorizations 

Air Permit for Construction Prevention of Significant 
Deterioration of Air Quality  
(PSD Permit) 

9 months minimum 
for IDEM approval. 

Owner 

Nucleonic Level Devices Registration TBD Owner 
FAA Notice of Proposed Construction 
Form 7460-1 

Notification 3 months, as 
applicable 

Contractor 

Biological and Cultural 

Water Quality Review Indiana Department of 
Environmental Management 
(IDEM) 

3 months minimum Owner 

Water 

Water Discharge Permit for 
Construction 

 Indiana Department of 
Environmental Management 
(IDEM) 

N/A Contractor 

New/Modified Drainage Permit  Indiana Department of 
Environmental Management 
(IDEM) 

1 month, as 
applicable 

Owner 

Waste Water Treatment  Indiana Department of 
Environmental Management 
(IDEM) 

Notification only, as 
applicable 

Owner 

Waste Water permit  Indiana Department of 
Environmental Management 
(IDEM) 

Notification only, as 
applicable 

Owner 

Waste 
UIC Permit- Class VI Wells EPA 3-4 years Owner 
Regional and Local Permits and Authorizations 

Final Building Permits Indiana Department of 
Homeland Security 

6 months Contractor 

Temporary Construction & Building 
Permits 

Indiana Department of 
Homeland Security 

6 months Contractor 

Tall structure construction Indiana Department of 
Transportation 

6 months Owner 
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1.0 Introduction 
A preliminary Hazard & Operability (Pre-HAZOP) analysis has been done as part of the HAZOP review 
process. This analysis primarily focuses on the plant's hazardous materials and the generation of those in 
major operations.  As the outcome of the Pre-HAZOP investigation, a list of hazards or generic hazardous 
situations has been prepared. This list is made exhaustive to take care of the worst possible situations. 
Potential, cause, effects, outcome, and qualitative ranking are also made for each item. 

 
2.0 Procedure 
Pre-HAZOP for the envisaged project of CO2 capture from BF gases has been prepared following the 
guideline of AIChE as applicable for extensive processes.  
 

i) Pre-HAZOP has been made for the following facilities: 
- Construction and Project related activities 
- Water Gas Shift Reactor (BFG compression to Quench Tower Outlet)  
- Carbon Capture Unit (Quench tower outlet to H2RF Gas Outlet and CO2 Compressor 

outlet)  
- BOP facilities (Steam and Power Generation Unit) 
 

ii) A team of process specialists, construction managers, environmental engineers, system 
designers, instrumentation engineers, and project managers has been formed for Pre-HAZOP 
analysis, review, and documentation.   
 

iii) All the relevant information, like process description, process flow diagram, layout, heat & 
mass balance, P&IDs, control strategy, effluent summary, site information, environmental 
norms, etc., has been gathered from technology suppliers or host sites or the DASTUR design 
team.  

 
iv) The process has been studied in detail, and a wide range of potential project risks have been 

identified. Risk is any deviation from the project design intention that can result in unsafe 
operating conditions or unexpected difficulties during operation.  

 
v) The categories of potential hazards that have been predicted and considered during the 

HAZOP review are the following: 
- External and environmental hazards  
- Facility/interface hazards  
- Health hazards  
- Project implementation issues 
 

vi) Commercial risks (for example, cost overrun, delays, cashflows, payment terms, etc.) are not 
the study's objective and are not considered in this study. 
 

vii) HAZOP is an organized form of analysis that facilitates a systematic evaluation of the probable 
hazards associated with the specific process and operational issues that can affect the CCU 
and WGS plant. 

 
viii) For this study, the normal operating mode has been addressed. Startup/shutdown and 

abnormal operation issues have been considered deviations. 
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ix) To conduct the Pre-HAZOP study, questions have been asked regarding the deviations to the 
process parameters to evaluate consequences from a design intent perspective at selected 
locations in the process flow.  It is focused on identifying significant issues, particularly those 
which can significantly impact the plant's environment, health, and safety. The team’s 
comments have been recorded regarding each deviation as agreed upon by the team. The 
proposed recommendations from these discussions were noted on the worksheet as actions. 
During detailed engineering, these actions are needed to be considered.  

 
x) The worksheet developed for recording Pre-HAZOP findings was reviewed during each 

meeting. The team has chosen the deviations, and any condition, function, malfunction, or 
operation that can result from the deviation being evaluated has been noted in the Cause 
column. The Consequences column has been used to mention the resulting worst-case 
consequences from each cause if no safeguards are in place. In case of system safeguards are 
sufficient to protect the plant, such as instrumentation, alarms, shutdowns, relief valves, or 
operator action to mitigate the consequences are included in the design. System safeguards 
have been recorded in the Safeguards columns of the worksheet. If the available safeguards 
are insufficient to address the issue/protect the plant from the identified consequences, the 
team has decided that a change is warranted to improve safety or operability. 
Recommendations have been mentioned in the Recommendations column for a revisit during 
the FEED and construction phase. These changes can be in hardware, instrumentation, 
controls, or operating procedures. The HAZOP worksheet acts as a record of all the review 
sessions.  
 

xi) The team has also assigned the Hazard Category form I-IV depending on the significance of 
the causes and effects of the hazard. Most concerning hazards are marked in ‘Red’ and 
'Orange.’ And low/no risk hazards are marked in 'Green’ and ‘Yellow.’ The definition of the 
Hazard Category is given below: 

 
- Hazard Category I:  Negligible (Single first aid; no impact on Environment & Safety) 
- Hazard Category II:  Marginal (Temporary injury; minor impact on Environment & 

Safety) 
- Hazard Category III: Critical (1-5 fatalities; significant impact on Environment & 

Safety) 
- Hazard Category IV: Catastrophic (5-10 fatalities; Long term impact on Environment 

& Safety) 

xii) The safeguards identified in the current study are based on the design proposed during the 
Pre-FEED stage. This can be served as the front-end input to other risk management and 
process hazards analysis studies conducted during FEED. The Pre-HAZOP findings for the Pre-
FEED stage have been included in the HAZOP worksheet (Annexure 1).   

 
 

3.0 Findings 
The safeguards mentioned in the study address the risks to mitigate hazards. If the identified safeguards 
are insufficient to avoid hazards, additional recommendations are made—these are to be discussed during 
the FEED and construction phase.  The recommendations are included in the HAZOP worksheet (Annexure 
1). Abbreviations used in the Pre-HAZOP worksheet are given in Table 1. The top 5 risks identified in the 
projects are shown in Table 2. 
 



 
DE-FE0031937 / 0006 

 
Attachment-5: Hazard & Operability Review 
 5 

Table 1: Abbreviations 
Acronym Description 

BD Blowdown 

BFG Blast Furnace gas 

BFW Boiler feed water 

C/V Control Valve 

CW Cooling Water 

DCS Distributed Control System 

DEL Delivery 

HH High High 

HP High Pressure 

I/L Inlet 

IA Instrument air 

LL Low Low 

LP Low Pressure 

MCMS Machine maintenance system 

MOV Motor operated valve 

OEM Operation and Maintenance 

O/L Outlet 

PDI Pressure differential indicator 

PM Pressure Safety Valve 

PSV Pressure differential indicator 

S/D Shutdown 

SMP Standard Maintenance Procedure 

SOP Standard Operating Procedure 

VFD Variable frequency drive 

STARRT Safety Task Analysis Risk Reduction Talk 
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Table 2: Top five Risks Identified from Pre-HAZOP 
System Deviation Cause Consequence Initial risk ranking Safeguard Action/Recomme

ndation 

General Line Failure Mechanical part 
malfunction 

Gas leakage from 
the pipeline 

IV Gas detectors & safety 
systems will be in line to 
detect & cater to the incident, 
Safe emergency S/D 

Will be finalized 
during the FEED 
study 

BFG 
compre
ssor 

Seal Failure Primary seal 
leakage 

BFG compressor trip IV N2 venting along with BFG to 
the flare system  
Safe emergency shutdown 
actuation 

Will be finalized 
during the FEED 
study 

Absorbe
r 

Pressure 
HH 

LP CO2 cooler 
leakage 

Feed inlet 
disturbance due to 
pressure on the 
higher side will be 
observed 

IV PSV to be provided (will be 
included during FEED study) 

CCU island trip to 
be provided on HH 
Pressure. 

CO2 

compress
ion 

Seal Failure Primary seal 
leakage 

CO2 compressor trip IV Vented N2 along with high-
press CO2 to the flare system 

Safe emergency 
shutdown-trip 
logic to be 
incorporated 

CO2 

pumps 
Pump 
Failure 

Material/seal 
failure 

CO2 compressor 
venting will be 
observed 

IV Pump bypass for blowdown & 
relief will actuate 

Safe emergency 
shutdown to be 
incorporated 

Conden
sate 
Circuit 

Low-
pressure 
Boiler 
blasting 

Release of Hot 
water/Steam/M
etal parts 

Major Injury will 
occur 

IV Safety Valves, DCS interlock, 
and Hydro test will be inline 

Safety valve 
inspection during 
overhauling 

Major Injury will 
occur (hot burn) 

Periodic testing of 
safety valve 
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Annexure – 1 
 
Area 1: Construction and Project Hazards 

System Deviation Cause Consequence Initial Risk 
Ranking 

Safeguards Action/Recommendation 
 

Line Failure Mechanical 
part 
malfunction 

Gas leakage from 
the pipeline 

IV Gas detectors & safety 
systems will be in line to 
detect & cater to the incident, 
Safe emergency S/D 

Will be finalized during the 
FEED study 

 
IA Failure Global trip C/V fail position III Interlock logic will lead to safe 

emergency S/D  
CW Failure Global trip Cooling water 

circuit S/D 
III Interlock logic will lead to safe 

emergency S/D  
Fire Hazards Flash Fire Injury of 

personnel 
II Work Permit Procedure Job Hazard Analysis/STARRT 

 
Construction 
waste 

Disposal of 
Construction 
waste /Dust 

Dust exposure, 
improper waste 
disposal 

II Construction waste 
management plan, Dust 
control plan 

Will be finalized during the 
FEED study 

 
Natural 
Disaster  

Extreme 
weather 
condition 

Personal injury 
and potential 
damage to 
equipment 

II Site emergency rescue plan, 
Assembly point, early event 
detection, alarming system 

Adequate assembly points to 
be arranged at the Site 

 
Incident of 
contagious 
disease 

Diseases with 
high infection 
rates 

Personnel 
exposure 

III Appropriate ES&H Plan and 
use of proper PPE as a face 
mask 

Will be finalized during the 
FEED study 

 
Noise Start-up and 

operating 
noise 

Exceed regulatory 
limit 

II Design to meet permit limit Will be finalized during the 
FEED study 

 
Spill disposal Liquid and 

solid 
uncontrolled 
disposal 

Occupational 
exposure / 
Environmental 
exposure 

II Design specification for site 
conditions 

Spill containment and proper 
disposal to be ensured 

 
Vehicle 
accident 

Rush driving 
or traffic rules 
violation 

Personnel injury 
or equipment 
damage 

II Traffic rules, speed limit  Vehicle traffic regulations 
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System Deviation Cause Consequence Initial Risk 
Ranking 

Safeguards Action/Recommendation 
 

Process and 
rainwater 
disposal 

Water is 
directed to 
the storm-
water line and 
process water 
is treated 

Contamination of 
water 

II 
 

Rainwater and fire water 
capacity management to be 
reviewed 

 
Unplanned 
interruption 
during 
construction 

Alarm during 
the 
construction 
activity which 
cannot be 
aborted 

Possible 
personnel injury 

II Construction EHS Plan will 
address the issue 

Plan to be reviewed 

 
Rigging 
during 
construction 

Strong wind Personnel injury 
or equipment 
damage due to 
rigging failure 

II Rigging plan to be developed Will be finalized during the 
FEED study 

 
Crane use Crane boom 

failure 
Personnel injury 
or equipment 
damage 

II Crane addressing plan to be 
reviewed 

Will be finalized during the 
FEED study 

 
Lack of 
escape 
route 

Any 
emergency 
that requires 
evacuation 

May not be able 
to evacuate fully 

II The emergency procedure 
includes an evacuation plan 

Will be finalized during the 
FEED study 

 
Area 2: Hazards for Water Gas Shift Island (BF Gas main inlet to Quench Tower Outlet) 

System Deviation Cause Consequence Initial Risk 
Ranking 

Safeguards Action/Recommendation 

BFG 
Compressor 

1. Seal 
Failure 

Primary 
seal 
leakage 

BFG compressor 
trip 

IV N2 venting along with BFG to 
the flare system  
Safe emergency shutdown 
actuation 

Will be finalized during the 
FEED study 

2. CW Failure Global trip BFG compressor 
trip 

III Gas bypass to powerhouse 
Safe emergency shutdown 
actuation 
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System Deviation Cause Consequence Initial Risk 
Ranking 

Safeguards Action/Recommendation 

3. Discharge 
Pressure HH 

Discharge 
MOV 
closing 

BFG compressor 
trip 

II Gas bypass to powerhouse 
Safe emergency shutdown 
actuation 

4. 
Temperature 
HH 

Suction 
temp HH 

BFG compressor 
trip 

II Gas bypass to powerhouse 
Safe emergency shutdown 
actuation 

5. Vibration 
HH 

MCMS 
parameter 
imbalance 

BFG compressor 
trip 

II Gas bypass to powerhouse 
Safe emergency shutdown 
actuation 

6. Flow LL BF gas 
fluctuation 

BFG compressor 
trip 

II Gas bypass to powerhouse 
Safe emergency shutdown 
actuation 

BFG Pre-
Heater 

1. NG C/V 
Failure 

Inst 
malfunctio
n 

PH will trip due to 
Pre-heater LL O/L 
temp 

II Reactor I/L MOV will close in 
logic 
Bypass to be opened 
immediately (logic to be 
provided during FEED study) 

Will be finalized during the 
FEED study 

2. LP Steam 
C/V Failure 

Inst 
malfunctio
n 

Reactor I/L flow & 
temp fluctuation 
will be observed 

II Reactor I/L LL flow trip logic in 
line 
Bypass to be opened 
immediately (logic to be 
provided during FEED study) 

3. Pressure 
HH 

ID fan trip Reactor I/L flow & 
temp fluctuation 
will be observed 

II BFG PH trip 
Safe emergency shutdown 
actuation 

4. 
Temperature 
HH 

NG C/V full 
open 

Reactor I/L temp 
high 

II Steam flow from the main 
header adjusted by C/V along 
with LP steam by-pass 

5. Flow LL BF gas 
fluctuation 

Reactor I/L flow & 
temp fluctuation 
will be observed 

II Reactor I/L LL flow trip logic 
actuation will be observed, 
and Safe emergency shutdown 
actuation 
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System Deviation Cause Consequence Initial Risk 
Ranking 

Safeguards Action/Recommendation 

WGS 
REACTOR 

1. 
Temperature 
HH 

Runway 
reaction 

Reactor emergency 
trip 

II Gas bypass to powerhouse 
Safe emergency shutdown 
actuation 

Will be finalized during the 
FEED study 

2. Flow LL BF gas 
fluctuation 

Reactor emergency 
trip 

II Gas bypass to powerhouse 
Safe emergency shutdown 
actuation 

3. PDI HH Catalyst 
bed 
choking 

Reactor emergency 
trip 

II Gas bypass to powerhouse 
Safe emergency shutdown 
actuation 

4. MOV 
failure 

Mech 
malfunctio
n 

Reactor emergency 
trip 

II Gas bypass to powerhouse 
Safe emergency shutdown 
actuation 

WGS Boiler 1. 
Temperature 
HH 

High 
reactor O/L 
temp 

Q.T overhead high 
temp will be 
observed 

II BFW & LP steam control valve 
adjustment will be required 

Will be finalized during the 
FEED study 

2. 
Temperature 
LL 

Exchanger 
leakage 

Shifted Gas & 
steam mixture will 
be observed 

III BFW & LP steam control valve 
adjustment will be required, 
Safe emergency shutdown 
actuation 

3. Pressure 
HH 

Flow 
blockage 

Q.T MOV will close II Gas bypass to powerhouse 
Safe emergency shutdown 
actuation 

BFW Pre-
Heater 

1. 
Temperature 
HH 

High WGS 
boiler O/L 
temp 

Q.T overhead high 
temp will be 
observed 

II BFW & LP steam control valve 
adjustment will be required 

Will be finalized during the 
FEED study 

2. 
Temperature 
LL 

Exchanger 
leakage 

Shifted Gas & 
steam mixture will 
be observed 

III BFW & LP steam control valve 
adjustment will be required, 
Safe emergency shutdown 
actuation 

3. Pressure 
HH 

Flow 
blockage 

Q.T MOV will close II Gas bypass to powerhouse 
Safe emergency shutdown 
actuation 
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System Deviation Cause Consequence Initial Risk 
Ranking 

Safeguards Action/Recommendation 

Quench 
Tower 

1. Level LL Feed 
fluctuation 

Process 
condensate pump 
suction head issue 
will be observed 

II VFD to control sump level, 
Pump to be stopped (Logic will 
be given during FEED study) 

Will be finalized during the 
FEED study 

2. Level HH 1 Pump trip Process 
condensate pump 
suction head issue 
will be observed 

II VFD to control sump level 
Draining to be done to a 
closed system 

3. PDI HH Flow 
restriction 
due to 
choking 

Sump level 
fluctuation will be 
observed 

II VFD to control sump level 
Draining to the closed system 
manually or water for 
washdown required or 
maintenance shutdown will be 
required 

4. 
Temperature 
HH 

Reactor O/L 
temp HH 

Q.T overhead high 
temp will be 
observed 

II Recirculation water flow 
increase to adjust 

5. Flow LL BF gas 
fluctuation 

Stripper feed 
fluctuation leads to 
level LL & absorber 
level increase will 
be observed 

II VFD to control sump level 

 
 



 
 

DE-FE0031937 / 0006 
 

Attachment-5: Hazard & Operability Review 
 12 

Area 3: Hazards for Carbon Capture and Compression Island (Quench Tower Outlet to H2RF Gas to Power House and Compressed CO2 Delivery Point) 
System Sub-System Deviation Cause Consequence Initial Risk 

Ranking 
Safeguards Action/Recommendation 

Absorber Contactor 1. Inlet CO2 fluctuation BF operation philosophy & 
WGS reactor degree of shift 
changes due to catalyst aging 

Column temperature 
profile & amine flow will be 
changed accordingly 

II Quench Tower O/H analyser 
measurement & diversion to the 
powerhouse will be required 

Analyser to be provided close to the I/L 
of the absorber to get the exact 
measurement for CCU operation. 

2. Level LL Flooding in the absorber will 
be observed 

Rich amine pump suction 
head issue will be observed 

II VFD to control the sump level will be 
required 

Pump-stopping logic to be provided 
accordingly. 

3. Level HH Dumping in absorber will be 
observed 

Rich amine pump suction 
head issue will be observed 

II VFD to control the sump level will be 
required 

Draining provision to be provided to the 
closed system manually 

4. PDI HH Flooding in the absorber will 
be observed 

Sump level fluctuation will 
be observed 

II VFD to control the sump level will be 
required 

Dosing of anti-foaming on actuation of 
HH PDI will be required 

5. Pressure HH LP CO2 cooler leakage Feed inlet disturbance due 
to pressure on the higher 
side will be observed 

IV PSV to be provided (will be included 
during FEED study) 

CCU island trip to be provided on HH 
Pressure. 

6. Temperature HH Inlet BF gas CO2 2 
concentration high 

1. Amine flow fluctuation 
will be observed due to 
exothermicity & CW flow in 
a trim cooler will increase 
to maintain lean amine 
temperature                                  
2. CW flow in the absorber 
cooler will increase to 
maintain the temperature 

II 1. Inlet analyser measurement & trim 
cooler o/l temperature will be observed                                      
2. Absorber cooler o/l temp controller 
will be adjusted accordingly 

Diversion to powerhouse before entering 
WGS island to be provided during FEED 
study 

7. Flow LL BF gas turndown operation Column temperature 
profile & amine flow will 
change accordingly 

II All level & temp controller adjustments 
will be required accordingly 

 

Cooler Vessel 1. Level LL Flooding in the USV bed of the 
absorber 

Gas blow-off to the pump 
will be observed 

II Level controller response will be inline Pump auto stop & isolation (logic to be 
provided) 

2. Level HH Pump malfunction Vessel press will increase II Level controller response will be inline Draining provision to be provided to the 
closed system manually 

3. Pressure HH Sudden level build-up due to 
pump malfunction 

Level will increase II Press controller response will be inline Draining provision to be provided to the 
closed system manually 

Absorber Cooler CW TV-384 Failure Inst malfunction Solvent temp going to LSV 
bed will increase 
accordingly absorber temp 
profile change 

II Absorber cooler O/L temp measurement, 
C/V bypass to be opened manually to 
maintain the uniform flow according to 
temperature 

C/V bypass operation to be specified 
during the FEED study 

UWW & LWW Vessel & Pumps 1. Vessel Level LL Flooding in UWW bed of 
absorber 

Gas blow-off to the pump 
will be observed 

II Level controller response will be inline Pump auto stop & isolation(logic to be 
provided) 

2. Vessel Level HH Pump malfunction Vessel press increase will 
be observed 

II Level controller response will be inline Draining provision to be provided to the 
closed system manually 

3. Vessel Pressure HH Sudden level build-up due to 
pump malfunction 

Level will increase II Press controller response will be inline Draining provision to be provided to the 
closed system manually 

UWW Coolers CW TV-Q84 Failure Inst malfunction Solvent temp going to 
UWW bed will increase 
accordingly absorber temp 
profile change 

II Absorber cooler O/L temp measurement, 
C/V bypass to be opened manually to 
maintain the uniform flow according to 
temperature 

C/V bypass operation to be specified 
during the FEED study 

Lean Rich 
Exchanger 

LRX-HE 1. FV Y10 Failure Inst malfunction Stripper operation will be 
affected due to sudden 
flow isolation 

II Cold rich bypass operation to run 
stripper in 50% turndown 
C/V bypass to be opened immediately to 
maintain the flow through the LR 
exchanger 

C/V bypass operation to be specified 
during the FEED study 

2. FV Y20 Failure Inst malfunction Stripper operation will be 
affected due to sudden 
flow isolation 

II Cold rich bypass operation to run 
stripper in 50% turndown 
C/V bypass to be opened immediately 

C/V bypass operation to be specified 
during the FEED study 
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System Sub-System Deviation Cause Consequence Initial Risk 
Ranking 

Safeguards Action/Recommendation 

3. XV-003/4 Failure Inst malfunction Stripper feed isolation will 
occur 

II 
 

CCU island trip to be provided 

4. XV-011/012 Failure Inst malfunction Lean amine flow isolation 
will occur 

II 
 

CCU island trip to be provided 

Trim Coolers CW TV-545 Failure Inst malfunction Lean solvent temperature 
going to absorber will 
increase accordingly & 
absorber temperature 
profile will change 

II Trim cooler o/l temp will be measured 
accordingly,  
C/V bypass to be opened to maintain 
uniform flow according to temp 

C/V bypass operation to be specified 
during the FEED study 

Stripper Contactor 1. Level LL Feed fluctuation Lean amine pump suction 
head issue will be observed 

II VFD to control the sump level will be 
required 

Pump to be stopped accordingly 

2. Level HH 1 Pump trip Lean amine pump suction 
head issue will be observed 

II VFD to control the sump level will be 
required 

Draining provision to be provided to the 
closed system manually 

3. PDI HH(3 positions) Flow restriction due to choking Sump level fluctuation will 
be observed 

II VFD to control the sump level will be 
required 

Draining to the closed system manually 
or water for washdown required or 
maintenance shutdown required 

4. Pressure HH LP/HP interchanger leakage Stripper column trip & feed 
isolation will occur 

II On-off solenoid valve to be provided 
during FEED study 

CCU island trip to be provided, ON/OFF 
XV to be provided instead of manual 
valve & CO2 compressor trip actuation 

5. Temperature HH LP/HP interchanger  leakage Stripper column trip & feed 
isolation 

II On-off solenoid valve to be provided 
during FEED study 

CCU island trip to be provided, ON/OFF 
XV to be provided instead of manual 
valve & CO2 compressor trip actuation 

6. Flow LL FV Y20 cold rich bypass 
malfunction due to IA failure 

Stripper feed fluctuation 
leads to level LL & absorber 
level increase will be 
observed 

II VFD to control the sump level will be 
required 

Control valve bypass to be opened 
immediately & partial close draining from 
the absorber 

Steam Heaters FV-Q80/81 Failure Inst malfunction Reboiling stopped & 
temperature profile 
disturbance will be 
observed 

II Fail open C/V which will remain 
unaffected during IA press fluctuation 

Control valve bypass to be opened 
immediately 

LP & HP 
Interchangers 

Leak in HE-1402/1403 Material failure leads to 
Stripper press HH 

Stripper column trip & feed 
isolation will occur 

I XV to be provided instead of manual 
valve & CO2 compressor trip actuation 
(during FEED) 

CCU island emergency trip actuation 

Stripper 
Overhead 
Condenser 

Condenser 1. Level HH of each 
condenser 

Pump trip & CW temperature 
variation 

Condenser & stripper press 
high leads to liquid 
carryover 

II Stripper overhead condenser drum for 
pump suction 

Manual draining from condenser & pump 
VFD control with a maximum capacity 

2. CW TV-284 Failure Inst malfunction Condenser & stripper press 
high leads to liquid 
carryover 

II Stripper overhead condenser drum for 
pump suction 

CW control valve bypass to be opened 
immediately 

Condenser Drum 1. Pressure HH Level HH Pump suction head issue II Level controller response VFD pump control with maximum 
capacity to be provided 

CO2 
Compression 

LP & HP Stages 1. Seal Failure Primary seal leakage CO2 compressor trip IV Vented N2 along with high-press CO2 to 
the flare system 

Safe emergency shutdown-trip logic to 
be incorporated 

2. CW Failure Global trip CO2 compressor trip III Gas bypass provision to powerhouse to 
avoid the trip 

Safe emergency shutdown-trip logic to 
be incorporated 

3. Discharge Pressure HH CW failure CO2 compressor trip III Gas bypass provision to powerhouse to 
avoid the trip 

Safe emergency shutdown-trip logic to 
be incorporated 

4. Temperature HH CW failure CO2 compressor trip III Gas bypass provision to powerhouse to 
avoid the trip 

Safe emergency shutdown-trip logic to 
be incorporated 

5. Vibration HH MCMS parameter imbalance CO2 compressor trip II Gas bypass provision to powerhouse to 
avoid the trip 

Safe emergency shutdown-trip logic to 
be incorporated 

6. Flow LL Stripper feed fluctuation CO2 compressor trip II Gas bypass provision to powerhouse to 
avoid the trip 

Safe emergency shutdown-trip logic to 
be incorporated 
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System Sub-System Deviation Cause Consequence Initial Risk 
Ranking 

Safeguards Action/Recommendation 

LP CO2 Cooler & HP 
sCO2 Condenser 

1. TV-114/224 Failure Inst malfunction CO2 compressor discharge 
press will rise in both 
stages 

II Partially to be vented by a flare from 
discharge- to be provided during the 
FEED study 

CW control valve bypass to be opened 
immediately in logic 

2. Leak in HE-1300/01/02 Material failure leads to CW 
contamination 

CW circuit shutdown & gas 
bypass to powerhouse will 
be observed 

III Gas detector installed to detect the 
leakage in the cooling tower 

Safe emergency shutdown-trip logic to 
be incorporated 

Dehydration Dehydration(Package 
Item) 

To be detailed in the 
FEED study 

     

Delivery sCO2 Pumps Pump Failure Material/seal failure CO2 compressor venting 
will be observed 

IV pump bypass for blowdown & relief will 
actuate 

Safe emergency shutdown to be 
incorporated 

Solvent Make 
Up 

Solvent & Additives XV-003 Failure Inst malfunction Dosing stopped II 
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Area 4: Hazards for Combined Heat and Power Plant (NG Gas main inlet, Power and Steam Generation and Delivery) 
System Deviation Cause Consequence Initial Risk 

Ranking 
Safeguards Action/Recommendation 

Hot well 
Makeup 
circuit 

Makeup line 
hammering 

Fall of the pipelines Unit partial S/D will 
be taken 

I Hanger Support will be 
provided 

Will be finalized during 
the FEED study 

GT/HRSG Start-
up/Shutdown 

Repositioning of GT 
dampers for 
smooth flue gas 
diversion to HRSG 

Due to high exhaust 
pressure, 
backpressure limits 
for GTGs are 
exceeded. Potential 
damage to the 
GTG(s), which will 
result in diffuser 
section and/or last 
stage of GTG turbine 
uncontained failure. 
(Potential harm 
and/or fatalities if 
failure is not 
controlled.) 

III GTG will be protected by 
a High-pressure trip. 
Dampers will be 
interlocked so flue gas 
path is always open. 

Will be finalized during 
the FEED study 

GT/HRSG Start-
up/Shutdown 

Mismatch of HRSG 
stack damper 

GTG(s) exhaust 
pressure is lower 
than designed, 
resulting in higher 
velocities of gas 
through the GTG 
turbine section, 
leading to vibration, 
and potential 
damage to the 
turbine. 

III Low-pressure alarm will 
actuate safe shutdown 
trip 

Will be finalized during 
the FEED study 

GT/HRSG Power failure GT trip CCU island global 
trip 

I Emergency shutdown trip 
will actuate 

Will be finalized during 
the FEED study 

GT/HRSG IA failure IA header pressure 
LL 

CCU island global 
trip 

I Emergency shutdown trip 
will actuate 

Will be finalized during 
the FEED study 




