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Abstract

Carbon Capture, Utilization, and Storage (CCUS) is considered as a very important technology for reducing
greenhouse gas emissions. While reducing the emissions, it enables the existing industries to continue their operations.
Most of the previous studies on this topic focus only on the microeconomic analysis of CCUS and its macroeconomic
aspects, in particular its construction phase has not been covered. The objective of this paper is to address this gap
by evaluating the macroeconomic impact of constructing a CO2 capture system in Saskatchewan, Canada. This study
uses a provincial Input-Output (IO) table for Saskatchewan and the Leontief model to analyze how investment in the
construction phase of the capture system, focusing on direct equipment costs, affects industry output, GDP, and
employment. The results from this analysis show that an investment of CAD 217.8 million can result in an output
increase of approximately $1.83 billion, a GDP impact of $900 million and the creation of about 5,588 jobs. These
findings show that the construction of carbon capture projects in a specific region can generate significant benefits
across the supply chain and can lead to economic growth in that region. This paper also highlights the steps that should
be taken and limitations of such analysis and proposes future directions for addressing these limitations.
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1. Introduction

Climate Change and the negative impacts of Greenhouse gas (GHG) emissions, in particular CO», on the environment
is an urgent issue worldwide (Leonzio & Shah, 2024). To address this issue, about 130 countries suggested “zero
carbon” climate plans to reduce these emissions (Zhou et al., 2023). Global CO; emissions rose by 6% in 2021, and
as per one of the reports of the Intergovernmental Panel on Climate Change (IPCC), in order to reach the net-zero
emissions target by 2050, the production of greenhouse gases (GHG) must be cut by approximately 45% between
2010 and 2030 (Gowd et al., 2023). Carbon Capture Utilization and Storage (CCUS) is considered one of the solutions
that enables the economic growth of industries and, at the same time, tackles environmental challenges (d’Amore &
Bezzo, 2020).

CCUS is the process of preventing CO, from being emitted into the air by collecting it from the emission sources,
storing it permanently, or utilizing it in other industrial processes (Yang et al., 2023). This technology has the effect
of making the current industrial plants keep running and, meanwhile, capture their emissions (Fan et al., 2022). It has
three main steps: first, Gathering CO; from industrial or power plants; second, transporting captured CO, via various
methods like pipelines or vehicles; and third, injecting it into reservoirs for storage or utilization (Foukolaei et al.,
2024). The Global Status of CCS Report mentions that 65 commercial CCUS facilities exist worldwide that can absorb
0.1% of CO; emissions, which shows that its development is not fast enough to reach "zero carbon" goals by 2050
(Rakhiemah & Xu, 2022). As a result, it will be very challenging to achieve neutral carbon goals considering current
CCUS capacities, and without supporting policies and regulations, its commercialization will not be possible (Yetiskin
et al., 2023). Without supporting policies and regulations, CCUS commercialization will not be possible because it is
a new technology and is associated with many uncertainties (Jiang et al., 2020).

Another important challenge that can prevent CCUS projects from commercialization is its high costs and financial
uncertainties (Yao et al., 2021). To tackle these problems and reduce the uncertainties, careful financial analysis and
calculations such as cost-benefit analysis, feasibility studies and evaluation of its environmental, social, and economic
aspects, which are the triple bottom line of sustainability, are very important (Fan et al., 2022; Liyanage et al., 2021).
Since CCUS is a very important topic worldwide, many countries like Canada encourage their high-emitting industries
to adopt them (Wang et al., 2023), and there is no doubt that this huge investment in these technologies will affect the
overall supply chain and economy (Chen & Jiang, 2022). Since the majority of previous studies on these technologies
mainly focused on their micro-level economic implications through methods like cost-benefit analysis or techno-
economic analysis and the broader macroeconomic impacts of CCUS projects have been ignored, this study aims to
capture their economic implications on the overall economy and supply chain by using input-output (I-O) analysis in
the Canadian context. As a result, this study, which is one of the first studies that explores the macroeconomic
implications of CCUS technologies in Canada using the I-O analysis method, can provide valuable insights for
business owners and policymakers who are seeking to employ CO, capture in their processes. Considering the
importance of CCUS technologies and their broader impacts, this study explores to answer the following questions:

1. How can Input-Output (I-O) analysis be used to assess the macroeconomic and supply chain implications of
constructing CO: capture facilities?

2. What industry classifications and data mapping are required to model the construction phase of CO- capture
projects in an I[-O framework?

3. What are the key considerations and limitations in applying I-O analysis to our case?

After the introduction, the second chapter covers the literature review. The third chapter discusses the methodology
and Input-Output framework results of the literature review. Finally, the fourth and fifth chapters cover the application
of I-O analysis to CCUS and the conclusion, respectively.

1.1 Objectives

The objective of this study is to develop an Input-Output framework to analyze the economic impacts of a carbon
capture project in its early stages on the supply chain. In this analysis, the value of investment in capital expenditures
is considered for evaluation of the macroeconomic impacts of constructing a CO, capture system in Saskatchewan,
Canada. It focuses on capital costs of direct equipment related to a capture facility to estimate changes in industry
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output, GDP, and employment. It also highlights the steps of developing this IO framework and the limitations related
to it for analyzing the construction phase of a carbon capture project.

2. Literature Review

2.1 Micro-Level Studies

CCUS is an emerging technology that addresses climate change problems. The financial viability of these technologies
has been widely evaluated through different methods, such as techno-economic analysis, which focuses on its micro-
level economic implications. For instance, Zhou et al. (2023) focus on the optimization of the CCUS process as an
important requirement for the economic viability of these technologies. Rakhiemah and Xu (2022) and Fan et al.
(2020) employ the cost-benefit analysis method for evaluating the economic feasibility of CCUS, considering its
utilization in Enhanced Oil Recovery (EOR). (Gowd et al., 2023) assess the viability of CCUS projects, and their
findings show that although CCUS is technologically feasible, economic barriers and lack of proper supporting
policies can restrict their commercialization. Ye et al. (2022) utilize system dynamics to evaluate the economic
feasibility of CCUS projects with a focus on industries like coal-fired power plants and oil extraction. Suicmez (2019)
conducted a feasibility study for the deployment of CCUS technologies in the Danish North Sea by introducing oil
price, discount rate, CO, cost, and tax incentives as key parameters that can influence the economic viability of these
technologies. Chauvy et al. (2021) assess the economic viability of CCUS by Techno-economic Analysis (TEA) and,
simultaneously, focuses on its environmental performance via cradle-to-gate life cycle assessment and mention that
CCUS can become economically viable as CO, can be used to create products such as methane, methanol, carbonates,
etc.

2.2 Macro-Level Studies

As the implementation of CCUS has economic effects on the entire supply chain, especially in energy-intensive
industries such as power plants, it is extremely critical to study its macroeconomic effects. Ostovari et al. (2023)
discuss the macroeconomic effect of CCUS through a review of the literature and highlight that substantial investment
and enabling policies are needed for the commercialization of CCUS. The macroeconomic studies by Ampomah et al.
(2024) show that although CCUS adoption can face different technical and economic challenges, its large-scale
adoption and its integration with EOR have the potential to introduce opportunities for economic growth. Basri et al.
(2024) discuss that innovations in CO, utilization and changing it to economically valuable products can support the
circular economy.

2.3 Input-Output Analysis

The input-output (I-O) method is a very important tool in macroeconomic analysis since it can capture the economic
interdependencies between different industries and sectors, as well as how changes in one industry can affect other
industries (Jung et al., 2024). It has different applications in various studies. For example, Okuyama (2004) used the
input-output analysis method to evaluate the economic impact of disasters and highlighted that this method enables
them to simulate the economic impacts of earthquakes and help policymakers understand how to tackle this issue.
Kim and Kim (2015) assessed the economic contribution of the hospitality sector and measured its direct, indirect,
and induced effects on the local economy. Dumas et al. (2008) used the input-output analysis to calculate the economic
contribution of the healthcare system and gave suggestions on how their findings could be useful in informing
healthcare funding policy.

2.4 Input-Output Applications in Energy and CCUS Studies

The input-output analysis method has also been increasingly used in energy sector studies, including the ones that are
relevant to CCUS. Liu et al. (2020) used an Environmentally Extended Input—Output (EEIO) analysis method to
evaluate the environmental impact of different energy systems in Canada and Saskatchewan through their lifecycle.
This paper incorporates every energy system's emission figure in the IO table for calculating the direct and indirect
emissions of various sectors. It supplies information on environmental issues related to various energy systems.
Wimmer et al. (2023) Employed the Input-Output approach to analyze how the shift from fossil fuels to renewable
energies can impact the national economy of Japan. They also used historical 1O tables to find out how changes in
energy consumption can influence economic interdependencies between industries, which is very important for
understanding the broader impact of energy transition. Chen and Jiang (2022) use the Input-Output method to analyze
CCUS's macroeconomic impacts and mention that investment in these technologies has the potential to create many
jobs. They assess the long-term economic and social impacts of CCUS projects, including GDP contribution, job
creation, and industry growth.
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2.5 Research Gaps
Although there are studies covering the economic analysis of CCUS projects, the majority of studies focused on the

microeconomic aspects of these projects and their financial feasibility. However, there is still a large gap in the
macroeconomic evaluation of CCUS and its broader impacts on the supply chain and overall economy, in particular
in the Canadian context. Moreover, existing literature has not covered the construction phase of CO, capture projects,
which plays a critical role in understanding their initial economic impacts. Therefore, the objective of this paper is to
introduce an IO framework for the macroeconomic analysis of CCUS projects in their construction phase in

Saskatchewan.

3. Methods

3.1 Scope

In this study, an Input-Output method is employed to evaluate how a Carbon Capture, Utilization, and Storage (CCUS)
project can impact the overall supply chain, and it focuses on the CO; capture facility only for a Hydrogen refinery
plant in Canada Saskatchewan and excludes its transportation, storage, or utilization stage. This is because the capture
phase is associated with extensive investment, and it can significantly affect the economy (Lin et al., 2021). In addition,
this paper only considers the construction phase of the CCUS plant because this phase has immediate impacts on the
economy since extensive investment in equipment and labor can influence GDP and employment rate and evaluating
it can provide us with information about the initial economic aspects of these technologies before they are operational

(Turner et al., 2019).

3.2 Input-Output Analysis Framework

The Leontief input-output model is basically constructed by considering past economic data from a specific region. It
focuses on the activity of different industries and the flow of products between them while they produce outputs for
and consume inputs from each other. This information can be shown in a matrix while the rows represent the
distribution of outputs by producers, and the columns show the consumption of inputs by user industries. These
interindustry relationships are shown in the Intermediate part of the matrix. In contrast, Final Demand is shown in the
additional columns and represents the sale of products to final markets such as governments or households. Moreover,
there are some additional rows called Value Added and represent non-industrial inputs such as imports, taxes, labor,
etc. (Miller & Blair, 2009). According to Miller and Blair (2009), the input-output framework is shown in Table 1,

and the model is represented as:

Table 1. Input-Output Transaction Table (Miller & Blair, 2009)
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x=Ax+f
Where:
e x =total output vector (n X 1)
e A =technical coefficient matrix (n X n)
e [ =final demand vector (n X 1)
Rearranging the equation:
x=U-A)"f

Here, (I — A)~! is known as the Leontief inverse and shows the total output required from each industry to satisfy
the final demand. To find the Leontief inverse, first, the Technical Coefficient Matrix should be found by using the
following equation:
Zi j
ai Ji = —
%
Where:
e  z;;= value of input from industry i to j
e x;= total output of industry j
This represents the input that is needed from industry i to produce one unit of output in industry j. Then, the Leontief
inverse matrix is derived as:
L=U-4A)"1
It captures the total (direct and indirect) output impact of a one-unit change in final demand across all industries. Once
the final demand vector f is found, total output changes are calculated as follows:
x=Lf
By finding out the total changes in output, changes in GDP and employment rate can also be calculated.

4. Data Collection

This chapter describes the data collection process for our Input-Output analysis of the construction phase of a CO»
capture system in Saskatchewan, Canada. In the 1O table, the final demand vector includes activities like export,
household consumption, investments, etc. Since we only consider the construction phase of a capture system, the
collected data is used to form the final demand of our input-output table.

4.1 Capital Cost Data for CO: Capture

The capital cost (CAPEX) data for this analysis was derived from a publicly available technical report published by
the US Department of Energy's National Energy Technology Laboratory (NETL). This report is the primary source
for identifying the list of equipment required for a carbon capture plant and the value of each piece of equipment. In
this report, the capital cost of a carbon capture plant is estimated, including equipment-level costs and Total Plant
Costs (TPC), considering different industries such as cement, steel/iron, and hydrogen refineries (Hughes & Zoelle,
2022). Although the Input-Output model framework can be used for any industry, in this study, hydrogen refinery
data was considered for the development of our model because this industry includes a broader list of equipment
compared to other industries. The case specifications are shown in Table 2.

Table 2. Case Specifications

Case Refinery Hz
Capacity (ton/year) 87000
Capture Capacity (%) 90%
CAPEX (8) $160,556,000 USD
Year 2018

4.2 Input-Output Tables and Industry Classification
To develop our input-output model, provincial input-output (I0) tables for Saskatchewan were found in Statistics
Canada. The latest version of 10 tables is for the 2021 reference year and was published in November 2024.
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Next, each piece of equipment found in the report by Hughes and Zoelle (2022) was assigned to its relevant industry
using the North American Industry Classification System (NAICS) Canada (2022, 2024). Industry assignment was
done using official NAICS definitions and relevant classification tools provided by Statistics Canada. Table 3 shows
equipment assignments to the industries.

Table 3. Capital Expenditure Assignment to Industries

Item No. Description NAICS Industry
3.1 Feedwater System BS333300 Commercial and service industry machinery manufacturing
3.2 Water Makeup & Pretreating BS333300 Commercial and service industry machinery manufacturing
33 Other Feedwater Subsystems BS333300 Commercial and service industry machinery manufacturing
34 Industrial Boiler Package w/Deaerator BS332400 Boiler, tank and shipping container manufacturing
3.5 Other Boiler Plant Systems BS332400 Boiler, tank and shipping container manufacturing
3.6 NG Pipeline and Start-Up System BS486200 Pipeline transportation of natural gas
3.7 Waste Water Treatment Equipment BS333300 Commercial and service industry machinery manufacturing
3.9 Miscellaneous Plant Equipment BS339900 Other miscellaneous manufacturing
5.1 ADIP-Ultra CO2 Removal System BS333900 Other general-purpose machinery manufacturing
5.4 CO2 Compression & Drying BS333900 Other general-purpose machinery manufacturing
5.5 COz Compressor Aftercooler BS333900 Other general-purpose machinery manufacturing
5.12 Gas Cleanup Foundations BS23C500 Other engineering construction
74 Stack BS332A00 Cutlery, hand tools illlfnitfl;z 1fraizrgwated metal product
7.5 Duct & Stack Foundations BS23C500 Other engineering construction
9.2 Circulating Water Pumps BS333900 Other general-purpose machinery manufacturing
9.3 Circulating Water System Aux. BS333900 Other general-purpose machinery manufacturing
9.4 Circulating Water Piping BS332A00 Cutlery, hand tools iﬂ’fnfltfl;ziﬁzzcated metal product
9.5 Make-up Water System BS333900 Other general-purpose machinery manufacturing
9.6 Component Cooling Water System BS333900 Other general-purpose machinery manufacturing
9.7 Circulating Water System Foundations | BS23C500 Other engineering construction
11.2 Station Service Equipment BS335300 Electrical equipment manufacturing
11.3 Switchgear & Motor Control BS335300 Electrical equipment manufacturing
11.4 Conduit & Cable Tray BS335300 Electrical equipment manufacturing
11.5 Wire & Cable BS335300 Electrical equipment manufacturing
12.8 Instrument Wiring & Tubing BS335300 Electrical equipment manufacturing
12.9 Other 1&C Equipment BS335300 Electrical equipment manufacturing
13.1 Site Preparation BS23C500 Other engineering construction
13.2 Site Improvements BS23C500 Other engineering construction
133 Site Facilities BS23C500 Other engineering construction
14.5 Circulation Water Pumphouse BS23C500 Other engineering construction

4.3 Final Demand Vector Construction

After each piece of equipment is assigned to an industry using the NAICS system, the total cost of investment in each
industry can be found by aggregating the estimated cost of equipment items that fall under that specific industry. These
values can be added to the Final Demand vector of our Input-Output table, which shows the value of a new investment
in the Saskatchewan economy for the construction of a capture facility.
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The cost data found in the NETL report are in 2018 US dollars. Since our Input-Output tables are in Canadian dollars
and are for the year 2021, we need to convert the cost data by following these two steps:

1. Currency Exchange: First, the 2018 US dollar values are converted to 2018 Canadian dollars using the average
2018 exchange rate (1 USD = 1.2957 CAD), which is provided by the Bank of Canada (Table 33-10-0163-01:
Monthly Average Foreign Exchange Rates in Canadian Dollars, Bank of Canada, 2025).

2. Inflation Factor: After we find the Canadian dollar value of our costs, we need to adjust it to the 2021 Canadian
dollar by applying the inflation factor of Saskatchewan. Based on the Bank of Canada, the inflation factor can
be calculated by using the Consumer Price Index (CPI). According to the Statistics Canada (Table 18-10-0004-
01 Consumer Price Index, Monthly, Not Seasonally Adjusted, 2025), CPI increased from 135.62 in 2018 to
142.04 in 2021. By having the CPI, the inflation factor is equal to 1.047 by using the following equation:

CPly021

CPlo1s

After assigning each piece of equipment to the relevant industry using NAICS and converting the costs to 2021

Canadian dollars, the resulting industry-level values form the final demand vector of our 1O table. These values show

the amount of investment in each industry to construct a carbon capture facility.

Inflation Factor =

4.4 Key Assumptions

Since the data that is collected for this paper is US-based, for more simplicity, we assumed that the market conditions
of the US and Canada are comparable. Therefore, only the exchange rate is used to convert US values to Canadian
dollar values. This assumption imposes some limitations on this study, and it is important to acknowledge that some
important differences, such as labor costs, taxation, and market dynamics, are not considered, and it can impact the
accuracy of the results. As a result, this issue will be addressed in future studies by performing sensitivity analysis and
comparing the results under different circumstances.

5. Results and Discussion

This chapter explains how the input-output (I0) model can be employed by using final demand data, which is
constructed in Section 4. Although the numerical results are not reported in this paper, the purpose of this chapter is
to show how the IO model can be utilized to capture the economic impacts of a carbon capture project in its
construction phase. This structure can be used in future studies with real data for any carbon capture project.

5.1 Model Implementation and Results

After the final demand vector is constructed in Section 4, it should be multiplied by the Leontief Inverse, which was
found using the Saskatchewan 2021 Input-Output table. The results of this multiplication give us a new total output
vector that shows the output value required to support the investment. In this case, the change in output because of
investment in a carbon capture project is equal to $1,834,770,000.91. After we find the output value generated by our
investment in each industry, we can use this value to determine the gross domestic product (GDP) and employment
impact of our investment on Saskatchewan's economy.

5.2 Estimating GDP and Employment Impacts

e Gross Domestic Product (GDP) Impact
To find the impact of a CO, capture project with assumed specifications on Saskatchewan's GDP, after finding the
new total output vector based on (Miller & Blair, 2009), the following equation can be used:

GDP Impact = Z(Axi X VA Ratio;)

l

Where:
e x; = Total Output of industry i
. VA Ratioi — Value Added;
Output;

In our case, with an investment of USD 160,557,000.21 (2018), equivalent to CAD 217,811,000.57 (2021), the GDP
impact is equal to CAD 900,455,000.45, which represents approximately 1% of Saskatchewan’s initial GDP.

e Employment Impact
Employment Impact can also be calculated considering the following equation based on (Miller & Blair, 2009):
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Employment Impact = Z(Axi X EC))

L

Where:
e EC; = Employment Coefficient =

Total Employment in Industry;

Total Output of Industry

In this case, based on Statistics Canada (Table 14-10-0202-01 Employment by Industry, Annual, 2025), total
employment in 2021 in Saskatchewan is equal to 466,785 jobs, and the employment impact of this investment is equal
to 5,588. This means this investment can create 5,588 jobs in Saskatchewan, which is 1% of the overall existing jobs.

e Changes in Output by Industry
In this section, changes in output by industry as a result of a CCUS project construction are found for directly related
industries to the project by following the Leontief Inverse steps. Based on the results, the largest effects are
concentrated in equipment industries such as general-purpose machinery manufacturing (CAD 182,789,000),
commercial and service industry machinery manufacturing (CAD 36,239,000), and electrical equipment
manufacturing (CAD 28,694,000). On the other hand, the impacts on construction-related industries (CAD 3,274,000)
and natural gas pipeline transportation (CAD 929,000) have the lowest changes.

Table 4. Changes in Output by Industry

Code Title change in total output
BS23C500 Other engineering construction $ 3,274.43
BS332A00 Cutlery, hand tools and other fabricated metal product manufacturing $ 6,274.83
BS332400 Boiler, tank and shipping container manufacturing $ 3,799.40
BS333300 Commercial and service industry machinery manufacturing $ 36,239.44
BS333400 Ventilation, heating, air—_conditioning and cgmmercial refrigeration S 2.683.67

equipment manufacturing
BS333900 Other general-purpose machinery manufacturing $ 182,788.53
BS335300 Electrical equipment manufacturing $ 28,693.97
BS339900 Other miscellaneous manufacturing $ 1,626.14
BS486200 Pipeline transportation of natural gas $ 928.76
Total $ 266,309.17

This results show the importance of equipment and technology industries in CCUS projects. In total, the directly
related industries make up CAD 266,309,000.17 of change in output, while the overall change across all industries is
CAD 1,834,770,000.91. This means that the majority of economic gains are in industries that are not directly linked
to the project, which shows the importance of indirect supply chain effects. The details of output by industry are shown
in Table 4.

5.3 Discussion

In this paper, an Input-Output method is used to find the macroeconomic impacts of constructing a carbon capture
plant in Saskatchewan, Canada. This method enables us to understand how capital investment in a CO, capture system
can affect the economy and overall supply chain. The Leontief Inverse calculations used in the IO analysis can track
how investment in a specific project and changes in final demand can spread through the economy by increasing the
total output of not only relevant industries but also other industries that are not directly connected to a specific project
or industry. By utilizing this method, we could quantify the changes in total output of different industries, GDP impact
and employment impact in Saskatchewan, Canada, as a result of investment in a CO, capture project. The results show
that the construction of a specific Carbon capture project can stimulate different industries, which shows the
importance of the clean energy transition and its broad interindustry linkages.

The sectoral breakdown of results provides further insight into how these impacts are distributed across the economy.
The largest direct gains are concentrated in machinery and equipment manufacturing, with general-purpose machinery
manufacturing (CAD 182,789,000), commercial and service industry machinery manufacturing (CAD 36,239,000),
and electrical equipment manufacturing (CAD 28,694) showing the highest output increases. Altogether, directly
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related industries account for CAD 266,309,000.17 in total output change, compared to an overall provincial output
increase of CAD 1,834,770,000.91. This indicates that the majority of benefits accrue to industries not directly tied to
the project, underscoring the strength of indirect and supply-chain effects.

6. Conclusion

This study developed an Input-Output (IO) framework to evaluate the macroeconomic and supply chain impacts of
constructing a CO: capture facility in Saskatchewan, Canada. The focus of the analysis was specifically on the
construction phase of the project. It included only the capture process rather than the full CCUS project, which
included transportation, storage, and utilization. Unless previous studies focused more on microeconomic analysis of
these technologies using methods like cost-benefit analysis or techno-economic analysis, and only a few studies
covered the Canadian context, this work focuses on filling the gap in the literature by developing an I-O method for
the construction phase of a CCUS plant to capture its broader impacts on Saskatchewan, Canada economy during the
early stages of the project.

To identify the value of investment, the costs of direct equipment required for a carbon capture plant were considered.
By applying these costs to the 2021 Saskatchewan Input-Output tables and using Leontief Inverse calculations, the
model estimated that investment in this hypothetical project could cause an increase of about 1.83 billion in industrial
output, an increase of approximately $900 million in GDP, and creation of about 5,588 jobs, accounting for 1% of
total provincial employment. These results show that these projects can have a broad economic impact on the overall
supply chain and investment injections into these projects can spread through the whole economy.

Another aspect covered in this study is mapping capital expenditures to proper industries using the North American
Industry Classification System (NAICS) and converting the costs of the 2018 US dollar to the 2021 CAD dollar by
applying the currency exchange rate and inflation rate.

While the findings of this paper show the benefits of investment in these projects, several limitations exist, such as
excluding transportation, storage, and utilization processes, as well as focusing only on the construction phase and
excluding the operational phase; in addition, US-based costs are considered for the analysis and are converted to
Canadian dollars, which might not be able to reflect the exact local conditions. However, the findings of this study
can provide a practical framework for the macroeconomic analysis of CCUS projects in both the operational and
construction phases since it can capture the changes caused by these projects, like job creation, GDP, and changes in
output through the supply chain.

It is important to know that the results of this study are indicative rather than predictive since the analysis relies on
several assumptions, such as US-based structures for the costs and market conditions. Therefore, using actual
Canadian data will result in more accurate results, and it is essential. However, despite these assumptions and
limitations, the results of this study provide valuable insights for Canadian policymakers since it shows the potential
of these technologies in job creation and their impact on the economy. These findings support the government's
adoption of effective funding mechanisms and the introduction of industrial decarbonization strategies and regional
development plans.

6.1 Limitations and Future Research Directions
Due to some limitations in this study, future research should address these limitations. For instance:
e To improve the accuracy of the results, the analysis can be done using real data from CCUS projects in Canada.
e Future studies can cover both the construction and operational phases of a carbon capture facility to provide a
more holistic view of how these technologies can impact and stimulate other industries and the overall
economy.
e  Covering the full CCUS process, including capture, transportation, storage, and utilization, can be very helpful
since all these processes can significantly impact the economy in both the operational and construction phases.
e  Future studies can utilize this framework to analyze CO, capture facilities in other industries, such as cement
and steel.
e  Future research can enhance the IO model to be more dynamic and capture some changes, such as changes in
price or market reactions.
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e Broader analysis is needed to capture the impacts of CCUS projects on industries beyond the immediate scope
considered in this study.

e  Future research should also evaluate the efficiency of CCUS systems under different contexts and compare
them with alternative energy technologies to assess their competitiveness.

Acknowledgements
Special thanks to Petroleum Technology Research Centre (PTRC) for their support and guidance throughout this
research.

References

Ampomah, W., Morgan, A., Koranteng, D. O., & Nyamekye, W. 1., CCUS Perspectives: Assessing Historical
Contexts, Current Realities, and Future Prospects, Energies, vol. 17, no. 17, pp. 4248, 2024.
https://doi.org/10.3390/en17174248

Basri, A. H. M., Ismail, W. R., Kumar, O. T., & Veloo, S., Hydrogen vs. Hydrogen-Free: Unveiling the Dynamics of
Carbon Capture & Utilization (CCU) Comparison, Journal of Energy, vol. 45, no. 3, pp. 213-221, 2024.
https://doi.org/10.2118/218555-ms

Chauvy, R., Verdonck, D., Dubois, L., Thomas, D., & De Weireld, G., Techno-economic feasibility and sustainability
of an integrated carbon capture and conversion process to synthetic natural gas, Journal of CO2 Utilization, vol.
47, pp. 101488, 2021. https://doi.org/10.1016/j.jcou.2021.101488

Chen, D., & Jiang, M., Assessing the Socio-Economic Effects of Carbon Capture, Utility and Storage Investment
From the Perspective of Carbon Neutrality in China, Earth’s Future, vol. 10, no. 4, pp. 1-10, 2022.
https://doi.org/10.1029/2021EF002523

d’Amore, F., & Bezzo, F., Optimizing the Design of Supply Chains for Carbon Capture, Utilization, and Sequestration
in Europe: A Preliminary Assessment, Frontiers in Energy Research, vol. 8, pp. 190, 2020.
https://doi.org/10.3389/fenrg.2020.00190

Dumas, C. F., Hall, W. B., & Garrett, P., The Economic Impacts of Medicaid in North Carolina, North Carolina
Medical Journal, vol. 69, no. 2, pp. 78-85, 2008. https://doi.org/10.18043/ncm.69.2.78

Fan,J. L., Li, Z., Li, K., & Zhang, X., Modeling plant-level abatement costs and effects of incentive policies for coal-
fired power generation retrofitted with CCUS, Energy Policy, vol. 165, pp. 112959, 2022.
https://doi.org/10.1016/j.enpol.2022.112959

Fan,J. L., Shen, S., Xu, M., Yang, Y., Yang, L., & Zhang, X., Cost-benefit comparison of carbon capture, utilization,
and storage retrofitted to different thermal power plants in China based on real options approach, Advances in
Climate Change Research, vol. 11, no. 4, pp. 415-428, 2020. https://doi.org/10.1016/j.accre.2020.11.006

Gowd, S. C., Ganeshan, P., Vigneswaran, V. S., Hossain, M. S., Kumar, D., Rajendran, K., Ngo, H. H., &
Pugazhendhi, A., Economic perspectives and policy insights on carbon capture, storage, and utilization for
sustainable development, Science of the Total Environment, vol. 883, pp. 163656, 2023.
https://doi.org/10.1016/j.scitotenv.2023.163656

Hughes, S., & Zoelle, A., COST OF CAPTURING CO2 FROM INDUSTRIAL SOURCES, Energy Reports, vol. 5,
pp. 132-143, 2022.

Jiang, K., Ashworth, P., Zhang, S., Liang, X., Sun, Y., & Angus, D., China’s carbon capture, utilization and storage
(CCUS) policy: A critical review, Renewable and Sustainable Energy Reviews, vol. 119, pp. 109601, 2020.
https://doi.org/10.1016/j.rser.2019.109601

Jung, J., Lee, K., Kim, J., & Yun, J.,, A Case Study on Input-Output Analysis in the Defense Industry, Science,
Technology and Society, vol. 29, no. 2, pp. 242-261, 2024. https://doi.org/10.1177/09717218241238257

Kim, H., & Kim, B., Economic Impacts of the Hotel Industry: An Input-Output Analysis, Tourism Review, vol. 55,
no. 2, pp. 34-41, 2015. https://doi.org/10.1108/tr-11-2014-0056

Leonzio, G., & Shah, N., Recent advancements and challenges in carbon capture, utilization and storage, Current
Opinion in  Green and Sustainable Chemistry, vol. 46, pp. 100895, 2024.
https://doi.org/10.1016/j.cogsc.2024.100895

Lin, Q., Liang, X., Lei, M., Zhang, Y. M., Pan, Y. R., & Wang, N., CCUS: What is It? How Does It Cost? Techno-
Economic Analysis, Climate Mitigation and Adaptation in China: Policy, Technology and Market, pp. 109-179,
2021.

Liu, L., Huang, G., Baetz, B., Cheng, G., Pittendrigh, S. M., & Pan, S., Input-output modeling analysis with a detailed
disaggregation of energy sectors for climate change policy-making: A case study of Saskatchewan, Canada,
Renewable Energy, vol. 151, pp. 1307-1317, 2020. https://doi.org/10.1016/j.renene.2019.11.136

© IEOM Society International 83



Proceedings of the 2™ World Congress on Industrial Engineering and Operations Management
Windsor, Canada, October 14-16, 2025

Liyanage, D. R., Hewage, K., Karunathilake, H., Chhipi-Shrestha, G., & Sadiq, R., Carbon capture systems for
building-level heating systems—a socio-economic and environmental evaluation, Sustainability (Switzerland),
vol. 13, no. 19, pp. 10681, 2021. https://doi.org/10.3390/sul31910681

Miller, R. E., & Blair, P. D., Input-Output Analysis Foundations and Extensions, Cambridge University Press, 2nd
Edition, 2009.

North American Industry Classification System (NAICS) Canada 2022., Statistics Canada = Statistique Canada, 2024.

Okuyama, Y., Modeling Spatial Economic Impacts of an Earthquake: Input-output Approaches, Disaster Prevention
and Management an International Journal, wvol. 96, no. 4, pp. 535-552, 2004.
https://doi.org/10.1108/09653560410556519

Ostovari, H., Kuhrmann, L., Mayer, F., Minten, H., & Bardow, A., Towards a European supply chain for CO2 capture,
utilization, and storage by mineralization: Insights from cost-optimal design, Journal of CO2 Utilization, vol.
72, pp. 102496, 2023. https://doi.org/10.1016/j.jcou.2023.102496

Rakhiemah, A. N., & Xu, Y., Economic viability of full-chain CCUS-EOR in Indonesia, Resources, Conservation and
Recycling, vol. 179, pp. 106069, 2022. https://doi.org/10.1016/j.resconrec.2021.106069

Suicmez, V. S., Feasibility study for carbon capture utilization and storage (CCUS) in the Danish North Sea, Journal
of Natural Gas Science and Engineering, vol. 68, pp. 102924, 2019. https://doi.org/10.1016/j.jngse.2019.102924

Table 14-10-0202-01, Employment by industry, annual, Statistics Canada, 2025.
https://doi.org/https://doi.org/10.25318/1410020201-eng

Table 18-10-0004-01, Consumer Price Index, monthly, not seasonally adjusted, Statistics Canada, 2025.

Table 33-10-0163-01, Monthly Average Foreign Exchange Rates in Canadian Dollars, Bank of Canada, Statistics
Canada, 2025. https://doi.org/https://doi.org/10.25318/3310016301-eng

Turner, K., Alabi, O., Low, R., & Race, J., Reframing the Value Case for Carbon Capture and Storage, Energy
Economics, vol. 5, pp. 132-143, 2019.

Wang, X., Tang, R., Meng, M., & Su, T., Research on CCUS business model and policy incentives for coal-fired
power plants in China, International Journal of Greenhouse Gas Control, vol. 125, pp. 103871, 2023.
https://doi.org/10.1016/j.ijggc.2023.103871

Wimmer, L., Kluge, J., Zenz, H., & Kimmich, C., Predicting structural changes of the energy sector in an input-output
framework, Energy, vol. 265, pp. 126178, 2023. https://doi.org/10.1016/j.energy.2022.126178

Yang, J., Yang, C., Gu, Q., Zhu, C., Luo, M., & Zhong, P., Economic evaluation and influencing factors of CCUS-
EOR technology: A case study from a high water-bearing oilfield in Xinjiang, China, Energy Reports, vol. 10,
pp- 153-160, 2023. https://doi.org/10.1016/j.egyr.2023.06.013

Yao, X., Yuan, X., Yu, S., & Lei, M., Economic feasibility analysis of carbon capture technology in steelworks based
on system dynamics, Journal of Cleaner Production, vol. 322, pp. 129046, 2021.
https://doi.org/10.1016/j.jclepro.2021.129046

Ye, ], Yan, L., Liu, X., & Wei, F., Economic Feasibility and Policy Incentive Analysis of Carbon Capture, Utilization,
and Storage (CCUS) in Coal-Fired Power Plants Based on System Dynamics, Environmental Science and
Pollution Research, 2022. https://doi.org/10.1007/s11356-022-24888-4

Yetiskin, Y. M., Uctug, F. G., & Mac Dowell, N., The role of policy instruments on the deployment of carbon capture,
storage and utilization technologies: A case study in Tiirkiye, International Journal of Greenhouse Gas Control,
vol. 130, pp. 104004, 2023. https://doi.org/10.1016/j.ijggc.2023.104004

Zeraati Foukolaei, P., Alizadeh Asari, F., Khazaei, M., Gholian-Jouybari, F., & Hajiaghaei-Keshteli, M., From
responsible sourcing of wastes to sustainable energy consumption in the blue hydrogen supply chain: Case of
nearshoring in Nuevo Leon, International Journal of Hydrogen Energy, vol. 77, pp. 1387-1400, 2024.
https://doi.org/10.1016/j.ijhydene.2024.06.079

Zhou, W., Pan, L., & Mao, X., Optimization and Comparative Analysis of Different CCUS Systems in China: The
Case of Shanxi Province, Sustainability (Switzerland), vol. 15, no. 18, pp. 13455, 2023.
https://doi.org/10.3390/su151813455

Biographies

Sama Hosseini Androod is a PhD student in Industrial Systems Engineering at the University of Regina, Canada.
She holds a Master’s degree in Industrial Engineering with a focus on Financial Systems and a Bachelor’s degree in
Industrial Engineering, both from Azad University in Tehran, Iran. Her research focuses on the economic implications
of Carbon Capture, Utilization, and Storage (CCUS) and blue hydrogen on supply chain operations in Canada. She
also examines sustainable supply chain management, with recent works presented at the International Conference on
Industrial Management and Production (ICIMP) 2024. Sama has extensive experience working with industry

© IEOM Society International 84



Proceedings of the 2™ World Congress on Industrial Engineering and Operations Management
Windsor, Canada, October 14-16, 2025

professionals and academic experts on various industrial engineering topics. She has a solid background in Enterprise
Resource Planning (ERP) systems, having worked as an ERP Specialist at System Group in Tehran, Iran for 4 years.
Additionally, Sama has earned several certifications in supply chain management, data analysis, and optimization,
further enhancing her expertise in logistics and ERP systems. She currently works as a researcher at the Petroleum
Technology Research Centre (PTRC), where she contributes to research on CCUS and blue hydrogen’s impact on
supply chains.

Shabana Kamal is currently a Postdoctoral Fellow at the University of Regina, Saskatchewan, Canada. She holds a
PhD in Finance from Victoria University of Wellington, New Zealand, where her doctoral research focused on the
economic and financial impacts of droughts on agricultural sectors and financial markets. Prior to her current role, Dr.
Kamal served as a Senior Analyst in the Financial Stability Assessment and Strategy division at the Reserve Bank of
New Zealand, where she led thematic reviews on governance, risk management, and financial inclusion across
regulated financial institutions.Dr. Kamal brings over 17 years of experience across academia, central banking, and
commercial finance. She has held managerial roles in multiple financial institutions and worked as a financial
accountant in an international development organization. Her research interests include financial stability, climate-
related financial risk, agricultural finance, and risk governance. Her work has been published in Weather, Climate,
and Society and presented at several international conferences, including NZAE, IDRiM, and the CEFGroup Climate
Finance Symposium. She holds the Canadian Risk Management (CRM) designation and has completed specialized
training in financial supervision through the IMF and Seneca Polytechnic. Proficient in tools such as R, STATA, SQL,
and Excel (VBA), Dr. Kamal continues to contribute to research, and policy efforts aimed at enhancing financial
resilience in the face of environmental and systemic risks.

Sharfuddin Ahmed Khan is currently an Associate Professor and Associate Program Chair of Industrial Systems
Engineering at the University of Regina, Saskatchewan, Canada. Prior to this role, he served as a Lecturer (September
2009 — August 2019) and later as an Assistant Professor (September 2019 — December 2021) at the University of
Sharjah, United Arab Emirates. He then joined the University of Regina as an Assistant Professor (January 2022 —
June 2025) before being promoted to his current position. Dr. Khan has contributed extensively to top-tier academic
journals and Scopus-indexed conferences in areas such as supply chain management, sustainability, and engineering
management. His research has been published in renowned journals, including Business Strategy and the
Environment, Supply Chain Management: An International Journal, IEEE Transactions on Engineering
Management, Production Planning and Control, International Journal of Production Research, and Operations
Management Research, among others. He has also authored book chapters and published books with leading academic
publishers such as Taylor & Francis and Emerald Publishing. Dr. Khan has successfully secured significant research
funding and has supervised and co-supervised numerous graduate students at master’s and doctoral levels. His research
continues to make a strong academic impact. A detailed overview of his scholarly work is available on his_Sharfuddin

Ahmed Khan - Google Scholar

Maham Sohail is a PhD student of Industrial Engineering at the University of Regina. She holds a Bachelor of
Science degree in Sustainable and Renewable Energy Engineering from University of Sharjah, United Arab Emirates
and a Master’s degree in Environmental, Sustainability, and Green Technology from Keele University, United
Kingdom. Her current research focuses on the environmental assessment of Carbon Capture, Utilization, and Storage
(CCUS) technologies, highlighting blue hydrogen and life cycle sustainability. Her research interests
include sustainability analysis, nanotechnology, and advanced modeling and assessment tools. She has contributed to
several peer-reviewed journals including Journal of Cleaner Production, Applied Thermal Engineering, and Journal
of Molecular Liquids. conference papers and book chapters.

Dr. Saqib Khan has been associated with the University of Regina since 2007. He is an Associate Professor of Finance
and served as Interim Dean, Associate Dean - Academic, Associate Dean - Faculty Relations and Development, and
Program Lead-International, at the Hill and Levene Schools of Business. Dr. Khan holds an MSc. Chemistry degree
from Karachi University, MSc. Engineering from Pakistan Institute of Engineering and Applied Sciences, MBA from
Institute of Business Administration-Karachi, and PhD in Finance from Ivey Business School, University of Western
Ontario. Prior to joining academia, Dr. Khan has experience working in both public and private sector organizations.
In addition to the University of Regina, Dr. Khan has taught at the Ivey Business School, Brescia University College,
and Institute of Business Administration-Karachi. He has also been involved in executive education through the Center
for Experiential and Executive Learning at the Hill and Levene Schools of Business. Dr. Khan’s research interests are
in the areas of Derivatives and Risk Management, Corporate Finance, and Agricultural Finance. He is the holder of

© IEOM Society International 85


https://scholar.google.com/citations?hl=en&user=oV_EKlEAAAAJ&view_op=list_works&sortby=pubdate
https://scholar.google.com/citations?hl=en&user=oV_EKlEAAAAJ&view_op=list_works&sortby=pubdate

Proceedings of the 2™ World Congress on Industrial Engineering and Operations Management
Windsor, Canada, October 14-16, 2025

Agribusiness Research Scholar. He has co-authored several papers in top tier finance journals. He has also coauthored
several business cases. Dr. Khan has demonstrated leadership in a wide range of service areas within the University
as well as the business and broader community of Regina. He has served on the Labour Market Council and Investment
and Growth Committee of the Saskatchewan Chamber of Commerce, and on the board of several community
organizations.

Noha Razek received her PhD in Economics (specializing in energy and international economics) from the University
of Alberta in 2012 and a Galileo Master Certificate in Hydrogen Energy from the Renewable Energy Institute in the
UK in 2022. Currently, she is an Associate Professor at the University of Regina. Previously, she held various positions
in government, academia, and international research institutes in Canada and overseas, including Saudi Arabia. Her
research has been at the intersection between commodity, energy and financial markets; international
macroeconomics; geopolitics of energy markets; energy security; and energy transition risks, tackling emerging and
developing economies (Russia, Saudi Arabia, China, Egypt, and Ethiopia) as well as advanced economies (Canada
and the United States). She has published high-quality peer-reviewed journal papers, policy papers, and scholarly
articles; and has presented at national and international conferences, including the International Association for Energy
Economics (IAEE). She is a reviewer for several well-regarded peer-reviewed journals and a liaison for the American
Economic Association’s (AEA) Committee on the Status of Women in the Economics Profession (CSWEP).

© IEOM Society International 86



	1. Introduction
	1.1 Objectives
	The objective of this study is to develop an Input-Output framework to analyze the economic impacts of a carbon capture project in its early stages on the supply chain. In this analysis, the value of investment in capital expenditures is considered fo...
	2. Literature Review
	3. Methods
	3.1 Scope
	3.2 Input-Output Analysis Framework
	4. Data Collection
	This chapter describes the data collection process for our Input-Output analysis of the construction phase of a CO₂ capture system in Saskatchewan, Canada. In the IO table, the final demand vector includes activities like export, household consumption...
	4.1 Capital Cost Data for CO₂ Capture
	4.2 Input-Output Tables and Industry Classification
	4.3 Final Demand Vector Construction
	5. Results and Discussion
	5.1 Model Implementation and Results
	5.2 Estimating GDP and Employment Impacts
	5.3 Discussion
	6. Conclusion
	This study developed an Input-Output (IO) framework to evaluate the macroeconomic and supply chain impacts of constructing a CO₂ capture facility in Saskatchewan, Canada. The focus of the analysis was specifically on the construction phase of the proj...
	To identify the value of investment, the costs of direct equipment required for a carbon capture plant were considered. By applying these costs to the 2021 Saskatchewan Input-Output tables and using Leontief Inverse calculations, the model estimated t...
	Another aspect covered in this study is mapping capital expenditures to proper industries using the North American Industry Classification System (NAICS) and converting the costs of the 2018 US dollar to the 2021 CAD dollar by applying the currency ex...
	While the findings of this paper show the benefits of investment in these projects, several limitations exist, such as excluding transportation, storage, and utilization processes, as well as focusing only on the construction phase and excluding the o...
	6.1 Limitations and Future Research Directions
	Due to some limitations in this study, future research should address these limitations. For instance:
	 To improve the accuracy of the results, the analysis can be done using real data from CCUS projects in Canada.
	 Future studies can cover both the construction and operational phases of a carbon capture facility to provide a more holistic view of how these technologies can impact and stimulate other industries and the overall economy.
	 Covering the full CCUS process, including capture, transportation, storage, and utilization, can be very helpful since all these processes can significantly impact the economy in both the operational and construction phases.
	References



