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Abstract

A variety of solutions and pathways to create and strengthen adaptation to
climate change according to the characteristics of the Iranian petrochemical
industry have been introduced in this study and were divided into different
categories in terms of the timing required for implementation (short-term,
medium-term and long-term) as well as the implementation nature (green, soft
and grey). In the next step, these solutions were evaluated from
the technical-economic-executive point of view, according to 8 criteria, and the
present adaptation capacity of the petrochemical industry was evaluated based on
5 elements for each solution. All evaluations were semi-quantitatively based on
the expert's judgement. Finally, based on the two indicators of "executive
attractiveness™ and "adaptation capacity”, adaptation solutions to climate change
in the petrochemical industry were prioritized. The results of this study revealed
that the solutions identified to create adaptation to climate change in
the petrochemical industry have a suitable executive appeal and adaptation
capacity exists in an optimal extent among petrochemical companies.
The solutions that got the highest score in terms of executive attractiveness
include energy efficiency in equipment and processes and buildings, renewable
energies (solar, wind, etc.), flare reduction, and evaluating and managing
natural, safety, and health risks. It was also found that solutions such as CCU and
CCS, water condensate collection and water recovery, as well as recycling and
recovering waste into products or energy, are among the solutions that have the
least practical appeal and are considered as strategic options.
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1. Carbon Capturing and Utilization
2. Carbon Capturing and Storage
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1. Self-Adaptive Risk-Based Inspection Planning
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Table 1. Introducing criteria for evaluating solutions and definitions of each level.

Criterion

Scoring

Sustainability

Effectiveness

Risk & Uncertainty

Opportunity

Implementation

Emission
Reduction

Implementatio
n Cost

Impact

Urgency

Benefits

Opportunity

Financial
Provision

Necessary
Structure

Leads to increased
emissions
High
implementation cost

Effective for a few
future solutions

Relevant risks occur
in the long term
No additional
benefits without
climate risks
No opportunity for
implementation

No identified source
for capital provision

Requires knowledge
and technology
transfer from abroad

Has no effect on
emissions

Moderate
implementation cost

Effective for many
future solutions

Relevant risks occur in
the medium term

Benefits exist
regardless of climate
risks
Opportunity can be
created
Capital provision is
possible but not
guaranteed

Feasible with domestic
technical capabilities

Leads to emission reduction

Low implementation cost

Effective for a wide range
of future solutions

Relevant risks occur or in
the short term
Significant benefits with or
without considering climate
risks
Implementation opportunity
currently exists

Required capital is available

Carried out with
organization's knowledge
and facilities

Executive
Attractiveness

Executive
Implementation

Future Programs

Further Investigation

Sy gl g3 Lo ylSol ) o (aas Y Jgua

Table 2. Determining the level of solutions based on ranking.

Solutions where the benefit-to-cost ratio is high, and their impact will be observed in the short
term. (Score: 18 to 24)
Solutions where the benefit-to-cost ratio is reasonable, but their impact will be observed in the

Solutions where the benefit-to-cost ratio is low or uncertain and require further investigation.

Description

long term. (Score: 13 to 18)

(Score: 8 to 13)

Adaptation

Capacity

ol oalealindi (sLa yISel ) (51 3 (518 Hheu Cad )15 7 slacu (8 a3 ¥ gua

Table 3. Definition of adaptive capacity levels for identified solutions.

Description

Maturity (3)

Average (2)

Adaptation capacity is at an acceptable and developed level. (Score: 12 to 15)

Adaptation capacity is at an average level but requires evolution.

(Score: 8to0 12)
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Solutions Priority Matrix

Adaptation Capacity

Further
Investigation

Future Programs | Implementation

Executive Attractiveness
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Figure 1. Matrix of prioritization of Adaptation solutions.
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4

Area

Energy

Emission

Product

Water

Waste

Risk
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Table 4. Measures to adapt to climate change in petrochemical industries.

Solution (Action)

Renewable Energies (Solar, Wind, etc.)

Biomass Energies (Algae, Biomass, etc.)

Optimization of Energy Consumption in Equipment,
Processes & Buildings

Fuel Transition

Carbon Capture and Storage (CCS)

Carbon Capture and Utilization (CCU)

Reduction of Flare Gas Intensity

Reduction of Various Emissions in Processes and Equipment

Low Carbon Hydrogen Production (Green and Blue)

Low Carbon or Renewable Methanol and Ammonia
Production

Collection and Recycling of Wastewater
Water and Wastewater Treatment
Desalination and Seawater Treatment
Water Usage Improvement

Waste and Waste Reduction

Waste Sorting

Recycling and Conversion of Waste into Products or Energy

Assessment and Management of Natural, Safety and Health

Risks

Assessment and Management of Risks Related to Climate
Policy

Increased Research and Development Budget

Expected Main Results

Energy Security, Carbon Footprint Reduction

Energy Security, Carbon Footprint Reduction

Energy Security, Energy Consumption Reduction
Emission Reduction

Carbon Footprint Reduction of Products

Carbon Footprint Reduction of Products, Economic
Value Creation

Carbon Footprint Reduction of Products

Carbon Footprint Reduction of Products

Carbon Footprint Reduction, New Product

Carbon Footprint Reduction, New Product

Water Consumption Reduction, New Water Resources

Water Consumption Reduction, New Water Resources

New Water Resources

Water Consumption Reduction

Environmental Protection, Circular Economy

Environmental Protection, Circular Economy

Environmental Protection, Circular Economy

Preparedness for Floods, Heavy Rains, Heat Waves,
Storms

Preparedness for Stringent Laws in International
Markets

Emission Reduction, Climate Change Adaptation
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Table 5. Division of solutions in terms of timing and type of action.

Area Code Solution (Action) Type Timing
Energy 1 Renewable Energies (Solar, Wind, etc.) Grey Mid-term
Energy 2 Biomass Energies (Algae, Biomass, etc.) Grey Mid-term

Optimization of Energy Consumption in Equipment &
Energy 3 P vy - P quip Green Short-term
Buildings
Energy 4 Fuel Transition Green Short-term
Emissions 5 Carbon Capture and Storage (CCS) Grey Long-term
Emissions 6 Carbon Capture and Utilization (CCU) Grey Long-term
Emissions 7 Reduction of Flare Gas Intensity Grey Mid-term
. R ion of Various Emissions in Pr n
Emissions 8 eduction of Various . ssions ocesses and Grey Short-term
Equipment
Product 9 Low Carbon Hydrogen Production (Green and Blue) Green Long-term
Low Carbon or Renewable Methanol and Ammonia
Product 10 . Green Long-term
Production

Water 11 Collection and Recycling of Wastewater Green Short-term
Water 12 Water and Wastewater Treatment Green Mid-term
Water 13 Desalination and Seawater Treatment Green Mid-term
Water 14 Water Usage Improvement Green Short-term
Waste 15 Waste and Waste Reduction Soft Short-term
Waste 16 Waste Sorting Soft Short-term
Waste 17 Recycling and Conversion of Waste into Products or Energy Grey Mid-term

. Assessment and Management of Natural, Safety and Health .
Risk 18 59688 g . n y Soft Mid-term
Risks
. Assessment and Management of Risks Related to Climate
Risk 19 g ) ! ! Soft Short-term
Policy
Risk 20 Increased Research and Development Budget Soft Mid-term

TR N ..\_:‘d._&)f )|)_9 ‘5_;‘ 6LQ4AL|)J 9 Ls_>|):>‘ iU 9 o ALz S Lg.uL.wuuj) U.JL...J).: 6)l§)Lu.' é‘ch)lSo‘) 6_:[.\)) Gl""
L.Q))Lum )L,..A‘ wL..:‘); |) gL)Jb B Y- 9 us_ﬁ bl Q‘y@ )‘ sL)sb as AR o0 uLAMJ (?) Js» sl 00 dj‘)‘ U"”U u;l B
53] 6 paS 5ol 45 60l o JLke plaieds 0,8 plolid ] Cesliie dilie sl lne ;L5 55Luiel 4z oo lSel,
5 Sloslos bbb Cogit oyl slosar wilad S oY Lol (il colie gl Coleiys 5 gl Sl ggeme 5 03, oS

e 23w ol s glegle o (Sobel ol izl Ll la S, &S« Jsaz ol Gobulyy el 435S L]

(\&-¥) ca2tdg w0 9 340 o Loy — P09 Jw — Ol (g (o de & puiss

D a8l i b ()8 jlw sl )0l (2Ll 9 (2Ll

A-YY @ o — o) Kod g (509 585 ‘s.o.wlﬁ



2 ) Guslia sl jlare ubed p Lo lS0l ) (sulaadll - 8 ala ) gulis & J gaa . 39
Table 6. The results of technical-economic evaluation of solutions based on executive attractiveness criteria. 3 .
. Executive
Criteria Attracti
Solution ractiveness
(Action)
Emission Implementation Impact | Urgenc O P —— Financial Necessary
Reduction Cost P gency PP y Provision Structure
Renewable
Energies 8 1.8 2.8 25 8 2.8 25 2.3 20.8 Executive
(Solar, Wind, etc.) 5
Biomass Energies
(Algae, Biomass, 2.7 15 1.8 1.8 2.3 2.2 15 1.7 15.5 Future
etc.)
Optimization of
Energy
Consumption in 8] 2.5 8] 2.8 25 8] 2.7 25 22 Executive
Equipment &
Buildings
Fuel Transition 2.7 1.5 2 2.5 2.7 2.3 1.8 2.5 18 Executive
Carbon Capture
3 13 25 2.2 2.3 2.3 1.7 15 16.8 Fut
and Storage (CCS) uture
Carbon Capture
and Utilization 8] 1.2 2.5 2.3 2.7 2.3 15 15 17 Future
(ccu)
Reduction of Flare 3 17 23 2.8 2.8 3 23 18 198 Executive
Gas Intensity
Reduction of
Varlous Emissions 3 18 2.2 23 25 2.8 18 18 183  Executive
in Processes and
Equipment
Low Carbon
Hydrogen 3 12 23 17 25 23 15 13 158 Future
Production
(Green and Blue)
Low Carbon or
Renewable
Methanol and 2.8 1.3 2.3 1.8 2.3 2.3 15 1.2 15.7 Future
Ammonia
Production
Collection and
Recycling of 2.2 1.8 2.2 2.3 2.3 2.3 2 1.8 17 Future
Wastewater
Water and
Wastewater 2 2 25 2.5 2.5 2.7 2.3 2.2 18.7 Executive
Treatment
Desalination and 18 17 25 2.2 23 2.8 2.2 2.2 177 Future
Seawater Treatment
Water Usage 22 18 25 25 25 25 22 2 182  Executive
Improvement
Waste and Waste 2.2 23 2.2 23 23 2.8 23 2.2 187  Executive
Reduction
Waste Sorting 2 2.2 23 2.2 23 2.7 23 2.3 18.3 Executive
Recycling and
Conversion of 23 18 2.2 2 25 2.7 2.2 17 173 Future
Waste into
Products or Energy
Assessment and
Management of 22 23 25 23 25 2.8 23 2 19 Executive
Natural, Safety and
Health Risks
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Executive

Criteria

Solution

(Action)

Emission

Assessment and
Management of

Risks Related to 23 23 25 22
Climate Policy

Increased Research

and Development 2.8 1.8 2.7 2.3

Budget

Implementation . .
Impact | Urgenc Benefits [ Opportunit;

Attractiveness

Financial
Provision

Necessary
Structure

2.3 2.5 2.5 1.8 18.5 Future

2.5 2.7 2.2 1.8 18.5 Future
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Table 7. The results of determining the level of Adaptation with the identified solutions.

Action (Solution)

Financial
Resources

Human
Resources

Renewable Energy

. 2 1.7
(Solar, Wind, etc.)
Bioenergy
. 1.2 1
(Algae, Biomass, etc.)
Optimization of Energy
Consumption in Equipment and 2.7 2.3
Buildings
Fuel Change 1.7 1.8
Carbon Capture and Storage (CCS) 1.8 15
Carbon Capture and Utilization 17 13
(Ccu)
Reduction in Flare Gas Emissions 1.8 1.7
Reduction in Emissions in Various 18 18
Processes and Equipment : :
Low-Carbon Hydrogen Production
1.2 15
(Green and Blue)
Low-Carbon or Renewable Methanol
k . 1.2 1.3
and Ammonia Production
Collection and Restoration of 23 2
Aquatic Fluids ’
Water and Wastewater Treatment 25 2
Desalination and Water Purification 2.2 1.8
Improvement of Water Uses 2 2.3
Waste and Waste Reduction 2.2 2
Waste Segregation 25 23

elements score

Technical
Resources

Adaptation
Capacity

Information
Resources

Organizational
Resources

2.3 25 1.7 10.2 Medium
1.8 2 1.8 7.8 Initial

2.7 2.8 2.7 13.2 Mature
2 2.2 1.8 9.5 Medium
2 25 17 9.5 Medium
2 2.2 1.8 9 Medium
2.2 2.2 2.2 10 Medium
2.3 2.3 2.2 10.5 Medium
1.8 1.8 1.8 8.2 Medium
15 2 15 7.5 Initial

2.2 2.5 2.3 11.3 Medium
2.8 2.8 2.3 125 Mature
2.7 2.8 2 115 Medium
25 2.8 2.2 11.8 Medium
2.7 B 25 12.3 Mature
2.8 2.7 2.3 12.7 Mature
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< 9 Adaptation
elements score .
: %’) Capacity
3 . Action (Solution) . . . . .
‘\5 ‘q‘ Human Financial Technical Information Organizational
;;\ Resources Resources Resources Resources Resources
N9
'R a o - )
N ecycling and Conversion of Waste 18 2 25 25 2 108 Medium
¢ é into Product or Energy ’ ’ ’ ’
N -
-‘5 - Evaluation and Management of .
Re) i 2.2 2.2 2.7 25 2.2 11.7 Medium
N | Natural, Safety, and Health Risks
2 3
Evaluation and Management of Risks .
. . 1.8 13 2.7 2.3 1.8 10 Medium
\_,)\ = Related to Climate Policy
3 x>
Increase in Research and
| 2.2 2.2 2 2 2 10.3 Medium
—;D a Development Budgets
°N\
Y
9

Prioritizing adaptation solutions

'ule

Limited
Implementation

Maturity

e )

(Adaptation Capacity)
Average

Initial

Further Investigation

Future Programs Implementation

(Executive Attractiveness)
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Figure 2. The results of prioritizing solutions for the petrochemical industry's adaptation to climate change.
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