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Key Takeaways

e Steady Demand Growth: Global caustic soda demand is projected to rise from roughly
83 million metric tons (Mt) in 2024 to about 95 Mt by 2030, a modest ~2% annual
growth. Asia-Pacific drives this expansion (over 50% of consumption), led by China and
India’s expanding alumina, textile, and chemical sectors. Mature markets in North
America and Europe see flat-to-slow growth (~1% CAGR), constrained by efficiency
gains and outsourcing.

e Supply & Capacity Constraints: Global production capacity was ~100 Mt in 2022, with
only ~6% growth expected by 2030 — lagging demand. Most new capacity is in Asia
(adding ~3.9 Mt by 2030), while Western regions face plant closures or slow expansions.
With plants typically running ~85-90% utilization, the supply-demand balance could
tighten by 2025-2027, risking shortages and price spikes if additional projects don’t
materialize.

e Price Outlook — Volatility Ahead: Caustic soda prices spiked to record highs in 2022
(e.g. >$700 per dry metric ton (dmt) FOB U.S. Gulf) amid supply disruptions and soaring
energy costs, then corrected in 2023 as demand softened and operations normalized.
For 2025, baseline forecasts see U.S. Gulf export prices stabilizing around
$400-$500/dmt, Europe (NW Europe FD) around $450-$550 (still elevated due to
higher costs), and Asia around $300-$400 CFR. Upside risks (energy shocks, outages)
could push prices back near 2022 highs, while a deep recession could depress them into
the low-$300s.

e Regional Standouts: China remains the dominant producer and consumer (=40% of
global output), though its growth is maturing. North America enjoys a cost advantage
from cheap shale-based power, making the U.S. a top exporter (about 5 Mt exported
annually, ~30—40% of its output). Europe is challenged by high electricity and carbon
costs — its production fell in 2022 amid record natural gas prices, turning Europe into a
net importer. Middle East capacity is rising (Saudi, Qatar, Oman) to serve local
aluminum and chemical projects, with surplus potentially targeting South Asia. Latin
America (notably Brazil) sees robust demand growth in pulp and alumina, outpacing
local supply and increasingly reliant on U.S. imports.

e End-Use Drivers: Alumina refining (for aluminum) and pulp & paper remain the largest
end-uses globally, each accounting for an estimated 10-20% of caustic soda
consumption. Alumina demand (and thus caustic) is buoyed by a 3-4% yearly rise in
aluminum production (for lightweight autos, packaging, etc.), especially in Asia. The
pulp/paper sector is growing ~8% annually in Latin America (packaging boom) even as
digitalization caps growth elsewhere. Other key sectors include organic chemicals (e.g.
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solvents, propylene oxide), soaps & detergents, textiles (cotton and viscose fiber
processing), and water treatment — all seeing steady, GDP-linked growth. Substitution by
other alkalis (soda ash, lime) remains limited due to process specificity.

Chlor-Alkali Co-Product Dynamics: Caustic soda is co-produced with chlorine in a
fixed ratio. Weak chlorine derivative demand (e.g. a PVC downturn) can lead producers
to cut chlor-alkali operating rates, unintentionally tightening caustic supply. This “chlorine
balancing” is a persistent market factor: for example, in late 2024, U.S. chlorine demand
was soft, and a major producer declared force majeure on caustic, constraining supply
and lifting prices ~40% from Q4 2023. Conversely, strong chlorine demand (e.g. vinyls
boom) can induce caustic oversupply. The need to manage this balance means caustic
soda availability (and pricing) can swing sharply with conditions in the vinyls, epoxy, and
other chlorine-consuming sectors.

Trade Flows Reshaping: Caustic soda is highly traded (~14-16 Mt, ~17% of output,
moves internationally each year). The U.S. has emerged as the largest exporter,
sending nearly half its exports to Brazil alone (Brazil took ~50% of U.S. export volume in
2024 for its growing alumina and pulp industries). Other top importers are Australia (for
alumina refining) and various emerging markets lacking local production. China exports
some caustic (especially flakes) to Southeast Asia and Africa, though its net exports may
waver with domestic demand swings. Trade patterns through 2030 will be influenced by
protectionism — e.g. India maintains anti-dumping duties to shield its producers, and a
new U.S.—EU tariff dispute in 2025 imposed 15% duties on EU chemical imports
(including caustic). Freight logistics are also pivotal: high shipping costs in 2021-2022
curtailed some export flows, whereas easing freight in 2023 reopened arbitrage, even
allowing European producers to competitively ship caustic to the U.S. East Coast.
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1. Executive Summary

The global caustic soda market (sodium hydroxide, NaOH) is entering a period of moderate
growth but heightened uncertainty. Demand is expected to expand gradually through
2025-2030, reaching roughly 90-95 Mt by 2030 from ~83 Mt in 2024, driven primarily by
emerging economies. However, supply-side and cost constraints loom large. Limited new
capacity additions (only ~1% per year globally) and energy and environmental challenges could
tighten the market, while the unique co-production of chlorine and caustic soda adds complexity
to operating decisions. Prices, which hit unprecedented highs in late 2021-2022 and then
cooled in 2023, are forecast to remain volatile. Executives in chemical production, procurement,
and trading must navigate these dynamics with data-driven strategies. Key findings and outlook
elements include:

e Demand Growth & Regional Highlights: Global caustic soda consumption is forecast
to grow at a modest ~1.5-2% CAGR through 2030 in our Base Case, in line with broader
industrial activity. Asia-Pacific will account for the majority of new demand. China
remains the single largest market (=40% of world output), but its growth is slowing to
low-single digits as its heavy industries mature. Instead, the strongest growth is
expected in India and Southeast Asia (boosted by textiles, alumina, and chemical
processing expansions), and in parts of the Middle East (as new aluminum and refinery
projects come online). North America’s demand is set to rise only slightly (0.5-1%/yr),
and Europe’s to stay roughly flat, as high energy costs and environmental policies cap
heavy industry output. Key end-use sectors — notably alumina refining and pulp &
paper — underpin this growth globally.

e Supply-Side & Technology: On the supply side, global caustic soda capacity was
approximately 100.6 Mt in 2022. Only incremental capacity additions (net ~6% increase
by 2030) are firmly planned, mostly new membrane-cell chlor-alkali plants in Asia.
Membrane technology — which is more energy-efficient and environmentally friendly —
now dominates new builds and comprises the majority of existing capacity (e.g. ~85% of
installed capacity in Europe). Older diaphragm-cell plants (some still using asbestos
diaphragms in places) persist in North America and parts of Asia due to lower power
consumption on impure brine, but are gradually being replaced or upgraded. The
once-common mercury-cell process has been largely phased out: Europe shut its
mercury-based capacity by 2017 (per EU regulations), and remaining mercury plants
globally are expected to close by 2025 under the Minamata Convention. Consequently,
by 2025 nearly all production will be via membrane or modern diaphragm cells,
improving product quality and environmental profile.

e 2020-2024 Market Baseline: The pandemic and energy crisis created whipsaw
conditions in 2020-2024. In 2020, global caustic soda demand dropped ~3-5% as
industrial activity slowed (notably in alumina, paper, textiles), wiping out roughly three
years of growth. Most downstream sectors except water treatment and detergents saw
contractions. This was followed by a robust rebound in 2021-2022: demand recovered
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alongside industrial output, while supply was constrained by several factors — hurricanes
and unplanned outages in the U.S., China’s power rationing in late 2021, and especially
Europe’s energy crunch in 2022. European chlor-alkali production fell sharply in 2022
because natural gas and electricity prices spiked to record levels, rendering many plants
uneconomic. By Q3 2022, European export prices for caustic soda soared above
$800/tonne (surpassing even the 2018 highs seen during the mercury phase-out). U.S.
producers increased exports to supply Europe’s shortfall, but globally the market
tightened and prices hit multi-year peaks.

Correction in 2023: In 2023, market conditions eased. European energy costs
normalized and chlor-alkali operating rates partially recovered; at the same time,
demand destruction emerged in some regions due to high prices and economic
slowdown. Global caustic soda demand growth slowed to near zero in 2023 (with
softness outside the Americas). The result was a rare surplus: by mid-2023 caustic
supply lengthened and prices began falling. Trade flows adjusted — European
producers who had cut output ramped back up and even started exporting caustic to
the U.S. as local prices there remained higher. In the U.S., caustic soda prices, which
had been buoyed by earlier export demand, dropped from about $600/dmt in early 2023
to under $350 by late 2023. Asia saw prices bottom out near $250-$300 in late 2023
amid weak Chinese demand. By Q4 2024, global caustic soda benchmarks were
roughly: $370-$420/dmt FOB U.S. Gulf, $450-$500/dmt FD NWE (Northwest Europe),
and $300-$330/dmt CFR Southeast Asia, representing a dramatic comedown from the
2022 peak. These swings underscore the market's susceptibility to energy costs and
co-product dynamics.

Co-Product Constraint (Chlorine Balance): It is crucial to note that chlor-alkali
producers cannot adjust caustic soda output without considering chlorine. For every 1.1
tons of 100% NaOH produced, ~1 ton of chlorine gas is co-produced. In periods of weak
chlorine demand (e.g. a downturn in PVC, isocyanates, etc.), producers may curtail
operating rates, which directly tightens caustic supply. This happened in late
2023—early 2024: global construction slowed, PVC producers reduced chlorine offtake,
and chlor-alkali utilization fell. Caustic soda, ironically, then shifted from surplus toward
balance, stabilizing prices. Some producers also manage the chlorine balance by
converting chlorine to other products (like EDC, bleach, HCI) to keep caustic output
high — a strategy OxyChem, for example, has explored to “produce higher-value caustic
soda” by effectively consuming more chlorine internally. This co-production constraint will
continue to influence caustic soda availability and is factored into our utilization and price
outlook (see Section 4).

Key End-Uses (2024): Figure 1A summarizes estimated global caustic soda demand by
end-use in 2024. The alumina refining industry (Bayer process) is traditionally the
single largest consumer, responsible for roughly 20—-21% of caustic soda use worldwide.
Close behind is the pulp & paper sector (digesting and bleaching processes), which
accounts for about 15% of global demand (and nearly 10% even in North

No 32, Esref Bitlis Blvd, Pendik, Istanbul, Tlrkiye
www.istaykimya.com | info@istaykimya.com | +90 545 449 4653


http://www.istaykimya.com

America/Europe). Organic chemical manufacturing (which includes production of
propylene oxide, polycarbonates, ethylene amines, etc., as well as myriad acid
neutralization steps in chemical processes) is another major category — in North America
it actually tops the list at ~23% of consumption. Inorganic chemicals like titanium
dioxide pigments, sodium phosphates, and bleach (sodium hypochlorite) collectively
claim a similar share (~20% globally). Soap and detergent production, textile
processing (e.g. cotton mercerization, viscose fiber making), and water treatment are
significant medium-sized segments, each typically in the single-digit percentages
globally (though textiles can be >30% of caustic demand in textile-heavy countries like
India). Regionally, the end-use mix varies: for example, Latin America devotes an
estimated 26% of its caustic to pulp & paper and ~30% to alumina, whereas North
America’s caustic use skews more to organic chemicals and pulp, with minimal alumina
refining onshore. These differences inform regional demand growth projections (Section
8).

Technology Split & Phase-Outs: By 2024, an estimated ~80% of world caustic soda
output comes from membrane cell technology, ~20% from diaphragm cell, and <1%
from remaining mercury cell plants (mostly in the FSU and Asia, slated for closure).
Membrane cells have become standard for new capacity due to superior energy
efficiency and environmental performance (no mercury, no asbestos). Europe’s capacity
is nearly all membrane after an aggressive conversion program (mercury was banned
and asbestos diaphragms heavily regulated). The U.S. still operates some diaphragm
units (often using non-asbestos diaphragms now), valued for their ability to use
lower-purity salt and flexibility, though even U.S. producers like Olin and Westlake have
been converting old diaphragm lines to membrane. This shift has slightly reduced the
power consumption per ton of NaOH produced globally, but caustic soda remains a
highly energy-intensive product — electricity can comprise up to 40% of cash production
cost in modern membrane plants (and even more in Europe’s high-cost grid
environment). As Section 5 details, energy price trends (especially for electricity) are
thus critical to supply economics and price setting.

Trade Flows (2020-2024): Caustic soda is traded internationally both as a 50%
aqueous solution (typically via chemical tankers or ISO-tanks) and as solid flakes/prills
(in containers or bags). Global trade volumes averaged ~14 Mt per year pre-2020 and
have fluctuated between 14—-16 Mt in recent years. The U.S. is the leading seaborne
exporter, benefiting from large Gulf Coast production and competitive costs. From
2018-2022 the U.S. exported an average of ~5 Mt/year, roughly 30-40% of its
production. Nearly half of these exports now go to Brazil, making Brazil the world’s top
import destination by volume. Other major importers include Australia (which imports
virtually all the caustic for its alumina refineries, around 1.5 Mt/year across all suppliers),
Canada and Mexico (which import from the U.S. due to regional trade and shortfall of
local output), Latin American countries like Chile (mining, pulp) and Jamaica
(alumina), and parts of Asia and Africa that lack domestic chlor-alkali capacity. China
has oscillated between net import and export positions; in 2023 China exported about

No 32, Esref Bitlis Blvd, Pendik, Istanbul, Tlrkiye
www.istaykimya.com | info@istaykimya.com | +90 545 449 4653


http://www.istaykimya.com

0.5 Mt of solid caustic (mostly to Southeast Asia), but its net exports can shrink if internal
demand spikes. Europe historically was near self-sufficient, but in 2022 imported
significant tonnage (est. >1 Mt) from the U.S. and Asia due to its production cutbacks. By
2024, with European output recovering, some European producers (e.g. in France,
Spain) even resumed exporting, including opportunistic shipments to the U.S. East
Coast when prices arbitraged favorably. Trade is also shaped by tariffs and duties: for
instance, India has long imposed anti-dumping duties on imports from various countries
(EU, U.S., China, etc.) to protect domestic producers, and as of August 2025 the U.S.
implemented a 15% tariff on most EU chemical imports, including caustic soda, in a
broader trade dispute — a move likely to curtail EU->US caustic flows. These policy shifts
are monitored in our risk watchlist (Section 9).

In summary, the 2020-2024 baseline period saw extreme volatility but also highlighted structural
trends: Asia’s growing dominance in both production and consumption; energy cost as a swing
factor in effective supply; and the importance of co-product (chlorine) markets. This sets the
stage for our 2025-2030 outlook, where we project demand by region and sector, anticipate
capacity changes, forecast price trajectories under various scenarios, and examine how trade
flows and regional competitiveness may evolve.
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2. Market Definition & Methodology

Caustic soda, or sodium hydroxide (NaOH), is a strongly alkaline inorganic chemical used in a
wide array of industries. It is typically produced as a co-product with chlorine via the chlor-alkali
process (electrolysis of sodium chloride brine). In commerce, caustic soda is traded in two
primary forms:

e Liquid caustic soda — a 50% NaOH solution (the most common commercial
concentration). This is often shipped in bulk tankers or large containers. The Harmonized
System (HS) code for sodium hydroxide in aqueous solution is 2815.12.

e Solid caustic soda — in the form of flakes, prills (pellets), or briquettes, typically 298%
NaOH. Solid caustic is easier to store and is used where smaller volumes are needed or
where long-distance transport of water is inefficient. Its HS code is 2815.11.

For clarity, this report uses quantities in dry metric tons of NaOH (100% basis). A tonne of 50%
liquid caustic contains 0.5 t dry NaOH. Prices are likewise given per dry metric ton (usually
denoted $/DMT). All monetary values are in U.S. dollars unless noted.

Product Grades: Commercial caustic soda is relatively standardized. Typical grades are
rayon-grade (high purity for the viscose fiber industry), membrane-grade (from membrane cell
plants, low in salt), and technical grade. Purities are generally 50% for liquid and 98-99% for
solids. We do not distinguish explicitly between these grades in demand/supply numbers, as
they are interchangeable for most uses.

Key Industrial Process: Chlor-alkali production involves electrolyzing salt (NaCl) brine to yield
chlorine (Cl:) at the anode and sodium hydroxide (and hydrogen gas) at the cathode. The
overall reaction: 2 NaCl + 2 H.O — Cl. + H. + 2 NaOH. Three process technologies exist —
mercury cell (obsolete due to environmental toxicity), diaphragm cell (uses a porous diaphragm
to separate products; older units used asbestos fibers), and membrane cell (uses ion-exchange
membranes; now state-of-the-art). Each technology yields caustic soda of differing purity and
concentration; modern membrane plants typically produce ~32% NaOH which is then
evaporated to 50%.

Market Modeling Approach: This outlook combines bottom-up analysis of demand drivers in
major end-use sectors with capacity-based supply modeling. We compiled data from industry
sources (e.g. chlor-alkali association statistics, trade databases) for 2020-2024 to establish the
base. For demand forecasting (2025-2030), we applied growth rates to each end-use within
each region (influenced by outlooks for those industries — alumina, paper, etc.) and summed to
region totals. For supply, we tracked announced capacity additions and retirements (see Table C
in Section 4) and applied assumed operating rates. The co-product constraint is explicitly
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considered: chlorine demand projections (particularly for PVC) inform the feasible operating
rates for caustic soda. A simplified model for the electrochemical unit (ECU) — the notional
chlorine + caustic production unit — was used to ensure that if chlorine demand in a region falls
below a certain level, caustic output is correspondingly curtailed (and vice versa). Pricing
forecasts were developed by examining historical price correlations with operating rates
(tightness), energy costs, and trade balances. The Base Case assumes no major disruptions,
with economic growth near consensus forecasts (global GDP ~2.5-3%/yr) and energy prices
following the futures curve as of mid-2025 (e.g. European natural gas ~$20/MWh, U.S. Henry
Hub gas ~$3—-4/MMBtu in 2025-26).

Data Sources: We drew from a range of reputable sources: global trade figures (UN Comtrade,
IHS Markit, ITC Trade Map) for verifying import/export volumes; production and demand data
from industry consultants (e.g. IHS/S&P Global, CRU, ICIS outlooks), and financial/operational
reports of major chlor-alkali producers (Olin, Westlake, Tata Chemicals, etc.). Government and
association publications were key for specific regions — e.g. EuroChlor for European capacity,
the Chlorine Institute for U.S. technology shares, USGS for U.S. production statistics, and the
International Aluminium Institute for alumina output (to gauge caustic demand in that sector).
Prices and market commentary were cross-verified using chemical price reporting services
(ICIS, Argus) and public price indexes (e.g. Intratec and chemical market blogs). All data is
as of early August 2025 unless otherwise stated. Where sources provided conflicting figures (for
instance, differing estimates of global demand or capacity), we have noted the range and made
a reasoned choice (with justification in footnotes or the Appendix).

Forecast Horizon & Scenarios: The outlook extends to 2030, with greater detail (annual or
quarterly) for 2025-2026 and broader trends through 2030. Given uncertainties, we developed
alternative scenarios (Section 4.3) — High Energy Cost, Recession, China Rebound,
Geopolitical Disruption — to stress-test the base case. These scenarios use modified
assumptions (e.g. +50% to European electricity prices, or —2% to global GDP in 2026) and the
model computes impacts on operating rates, trade, and prices. Sensitivity analysis (Section 4.4)
further quantifies how key inputs (like power cost or freight rates) affect the price outlook.

Market Definition Boundaries: Our analysis covers caustic soda (NaOH) and does not
explicitly include potassium hydroxide (KOH, a similar alkali but a separate smaller market).
Geographically, we segment the world into North America (U.S. and Canada; Mexico is included
in Latin America for this report’s purposes), Europe (including Russia and CIS in some datasets,
but we’'ll specify if excluded), China, Rest of Asia-Pacific, Middle East & Africa (MEA), and Latin
America. Trade data is typically reported by country; we aggregate to these regions in our
discussion of net exporters/importers.

Units & Conversions: 1 metric ton = 1,000 kg. Monetary units in USD. Energy in this report is
occasionally mentioned (for cost assumptions) in MWh (megawatt-hour) or GJ (gigajoules); 1
MWh = 3.6 GJ. Caustic soda solution density: 50% NaOH has specific gravity ~1.53 at 20°C,
but weight references are standardized to dry metric tons of NaOH content. Table F in Section
10 provides a summary of key assumptions and indices used (e.g. a power cost index, freight
cost index, etc.) to ensure transparency.
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Limitations: The accuracy of our outlook is subject to data quality and unforeseeable events.
Some regions (notably China) have data discrepancies — e.g. Chinese production figures vary
between official sources and industry estimates. We have triangulated multiple sources, but
there remains an uncertainty margin (we estimate +5% on global demand figures). The forecast
scenarios are not exhaustive; unpredictable factors like major technological breakthroughs
(e.g. a new chlor-alkali process), pandemic-scale disruptions, or radical policy changes
(e.g. carbon taxes far beyond current trends) could shift the trajectory outside our modeled
range. Nonetheless, by presenting a range of scenarios and clearly stating assumptions, we aim
to equip decision-makers with a transparent view of what the future may hold under various
conditions.
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3. 2020-2024 Baseline

In this section, we establish the baseline state of the caustic soda market coming into 2025. We
examine global demand and supply from 2020 through 2024, with breakdowns by region, and
highlight the key end-use sectors driving consumption. We also review the technology split and
the status of the mercury process phase-out.

3.1 Global Demand & Supply by Region (2020-2024)

Global demand for caustic soda in 2020 is estimated to have been around 77-78 Mt, a drop
from ~80 Mt in 2019 due to the COVID-19 pandemic’s impact on industrial activity. By 2024,
demand recovered to approximately 83—-84 Mt, slightly above the 2019 pre-pandemic level —
implying a net growth of only ~1% over the four-year span. This “lost growth” during 2020-2021
is noted by industry experts. Table 1 below presents the regional demand split and growth trend
from 2020 to 2024:

Table 1 — Global Caustic Soda Demand by Region, 2020-2024 (Million tons)

Region 2020 2021 2022 2023 2024 2020-24 CAGR

Asia-Pacific 39.0 41.0 42.5 43.0 44.0 +3.1%

—of which China  (28.0) (29.5) (30.5) (30.8) (31.5)  (+3.0%)

—of whichIndia  (3.5) (3.7) (3.9) (4.0) (4.2) (+4.7%)

North America 11.0 11.5 12.0 11.8 12.0 +2.2%
Europe 10.5 11.0 10.8 10.2 10.5 —0.0%
Rest of Asia 5.0 5.4 5.6 5.7 5.8 +3.8%
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Middle East & Afr. 4.0 4.2 4.3 4.4 4.5 +3.0%

Latin America 7.5 8.0 8.2 8.4 8.6 +3.5%

Global Total 77.0 81.1 83.4 83.5 84.6 +2.4%

Sources: S&P Global (Platts), IMARC; figures are estimates. 2020 dip and 2021 rebound based
on industry reports. China’s share ~40% in 2024. Europe includes Russia/CIS in these figures.
North America includes US and Canada (Mexico in LatAm).

Key observations: Asia-Pacific is by far the largest consumer, at roughly 50% of global
caustic soda demand in 2023. China alone used ~31 Mt in 2024 (about 37% of world demand)
— its large alumina, chemical, and textile industries drive this. India and Southeast Asia together
contribute around 10% and are growing faster than the global average (~4-5%/yr recently) as
industrialization progresses. North America (~14% of global demand) recovered to about 12 Mt
in 2024; U.S. consumption accounts for the bulk of this (the U.S. “market size” was reported at
21 Mt in 2024, but that figure includes exports — actual U.S. domestic use is closer to 9 Mt, with
the rest exported). Europe (estimated ~10.5 Mt in 2024) has been roughly stable — demand
growth in certain applications (water treatment, packaging) is offset by declines in others and
some outsourcing of heavy industry. Europe’s consumption dipped in 2023 amid high energy
prices and recessionary pressures, but partially recovered in 2024.

Latin America (~8.6 Mt in 2024) is notable: Brazil dominates regional demand with its sizeable
alumina refining (e.g. Alunorte) and pulp & paper industries. Latin America’s demand grew
~3.5% CAGR 2020-24, faster than the global rate, due to new pulp mills and increasing
aluminum production in Brazil. Middle East & Africa (~4.5 Mt combined in 2024) is the smallest
region but growing steadily (~3%/yr). Middle East demand comes from refining (petroleum and
alumina in the Gulf), chemicals, and water treatment (desalination plants require NaOH for pH
control). Africa’s consumption is relatively low and tied to soaps, textiles, and mining (South
African mining and alumina in Guinea/Ghana).

On the supply side, global caustic soda production in 2024 was close to demand at ~84 Mt,
implying an overall operating rate around 83% (with installed capacity ~102 Mt that year).
Regionally, capacity is distributed differently from demand: Asia (especially China) has a
capacity surplus, whereas regions like Latin America and Africa are deficit and rely on imports.
China’s nameplate capacity is on the order of 48-50 Mt/year, far above its domestic needs;
however, some Chinese capacity (especially older diaphragm plants) runs at low utilization or
stands idle in weak market conditions. North America had ~14 Mt/year capacity in 2024 and
produced ~12 Mt (~85% utilization). Europe’s capacity shrank after mercury plant closures
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(down to ~11-12 Mt/year capacity) and ran at perhaps 70—75% utilization in 2022—23 due to the
energy crisis. The Middle East has seen new plants (e.g. in Saudi Arabia, Qatar) lifting its
capacity to ~3—4 Mt, but some of this serves export markets. Latin America’s capacity (~3 Mt,
mostly in Brazil and Mexico) covers only ~35% of its demand, so the region imports heavily (the
U.S. being the main supplier).

In summary, by end-2024 the global market was largely balanced, with slight excess capacity
globally but not necessarily in the right locations. This forms the base from which we project
forward.

3.2 Key End-Use Sectors

As introduced, caustic soda’s usage spans diverse sectors. Figure 1B provides an approximate
percentage breakdown of caustic soda consumption by end-use sector for the world and
selected regions (latest data ~2022—-24). While exact shares vary year to year and by source,
the consensus is that alumina production and pulp & paper are among the top consumers
globally, each roughly 15-20% of total demand, followed by chemical manufacturing (organic
and inorganic combined often 30-40%), with textiles, soaps & detergents, and water
treatment making up most of the remainder.

e Alumina Refining (Aluminum Production): Caustic soda is indispensable in the Bayer
process of refining bauxite ore into alumina (Al.Os), which is then smelted to produce
aluminum. On average, producing 1 ton of alumina consumes about 0.07-0.1 tons of
NaOH (depending on bauxite quality). This sector traditionally accounts for ~20% of
global caustic use. In 2021-2022, alumina output growth stalled due to pandemic
aftereffects and supply chain issues (including a global chip shortage affecting auto
demand for aluminum). Alumina’s recovery in 2023-24 has been uneven: China’s
alumina production has plateaued (capacity curbs, environmental constraints), whereas
output is growing in the Middle East (e.g. Ma’aden in Saudi Arabia) and expected to
surge in Indonesia (as new refineries come online post-bauxite export ban). North
America and Europe have relatively small alumina sectors (most aluminum smelters
there import alumina), so alumina accounts for only a few percent of their caustic usage.
However, alumina is critical for caustic trade: for example, Australia (with ~20 Mt
alumina capacity and no domestic NaOH production) is a massive caustic soda importer,
sourcing material mainly from the U.S. Gulf and Asia to feed refineries that support its
aluminum industry. Similarly, the U.S. exports significant caustic to Brazil and Jamaica
for bauxite processing. Looking ahead, aluminum demand is forecast to grow ~3—-4%
CAGR this decade, which will support steady growth in caustic consumption by alumina
refineries (with potential upside if higher-impurity bauxite sources are tapped, requiring
more NaOH per ton).

e Pulp & Paper: Caustic soda is used in the Kraft pulping process to digest wood chips
(breaking lignin bonds) and in bleaching sequences, as well as in recycling (de-inking)
processes. It's also used to adjust pH in papermaking. Globally, pulp and paper
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consume on the order of 8—-10 Mt of NaOH per year (roughly 10% of world demand).
This share is higher in wood-rich regions: e.g., in Latin America, pulp/paper constitutes
~26% of caustic use (owing to Brazil, Chile, etc.), and in Northern Europe it’s significant
(Finland, Sweden mills). The 2020 pandemic initially caused a packaging boom (due to
e-commerce) and spike in tissue demand, which helped pulp producers, but overall
paper demand trends are mixed — graphic paper is in secular decline, while packaging
and tissue grow with population and online shopping. In 2022-2024, high caustic prices
were a pain point for pulp mills, but many were able to pass costs on during the pulp
price upcycle. Going forward, several large pulp capacity additions (Brazil's Suzano,
Klabin, etc.) are coming online 2024-2026, which will boost caustic consumption in
South America. Our forecast assumes global pulp & paper-related caustic demand
grows ~1.5%l/yr, with faster 5-8%/yr growth in LatAm (from a small base) and flat to
modest declines in Europe/North America (mill closures balanced by greater chemical
usage at remaining mills for higher whiteness levels, etc.).

Organic Chemicals: This is a broad category comprising many processes — e.g.
production of propylene oxide via the chlorohydrin route (older method, still used in
some plants, generates CaCl. waste and requires NaOH for neutralization),
polycarbonate and epoxy resins (where NaOH is used to absorb HCI byproduct when
phosgene or epichlorohydrin are used), oleochemicals (fatty acid neutralization in soap
making overlaps here), and general acid neutralization in fine chemicals. In North
America, organic chemical synthesis was the top use at ~23% of caustic consumption in
2015. Globally, one estimate held that “about 60% of all chemical products are produced
directly or indirectly using chlorine and/or caustic soda” — reflecting how fundamental
chlor-alkali is to the chemical value chain. For caustic soda itself, we estimate ~15% of
global consumption goes into various organic chemicals production. Growth in this
segment tends to track overall chemical industry growth. One interesting sub-segment is
lithium processing for batteries: converting spodumene ore to lithium hydroxide
requires NaOH, and the booming EV battery sector is creating new pockets of demand
(though still small relative to alumina or pulp). Argus projections indicate battery
materials could be a top-4 growth segment for caustic by volume, after alumina, pulp &
paper, and traditional organics. We include battery sector demand within the chemicals
category, contributing to slightly above-GDP growth rates in Asia-Pacific chemical
caustic use.

Inorganic Chemicals & Others: Caustic soda is used to make a variety of inorganic
compounds: e.g. sodium aluminate (for water treatment and as a paper sizing agent),
sodium hypochlorite (bleach) which is produced by reacting chlorine with NaOH,
sodium phenolate (for some herbicides), and sodium silicates. It's also critical in
water treatment (municipal wastewater and drinking water plants use NaOH for pH
control and precipitation of heavy metals) — water treatment accounts for a few percent
of total demand globally (e.g. ~3% in North America). As environmental standards rise
and more water infrastructure is built (particularly in Asia and Africa), this use will grow,
though from a small base. The soap and detergent industry uses NaOH to saponify fats
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(bar soaps) and in detergent manufacturing (for pH and as a builder component).
Soap/detergent likely represents ~5% of global caustic demand. It grows with population
and hygiene standards; in regions like Africa, this is a notable growth area. Textiles
(especially cotton and man-made cellulosic fiber like viscose/rayon) is another big user:
caustic is used in cotton scouring/mercerizing and is a reactant in producing viscose
from cellulose. In India, as noted, textiles consume ~30% of domestic caustic — India’s
large cotton textile and dye industries rely heavily on it. Globally perhaps ~8—-10% of
caustic goes to textiles, and this could rise with the growth of viscose production (which
is expanding in China and ASEAN due to fashion demand and as a cotton alternative).

To illustrate regional differences, consider Brazil: over 60% of its caustic consumption is in just
two sectors — pulp & paper and alumina. In contrast, Western Europe uses a larger share in
chemicals and less in alumina (Europe has few alumina refineries). Russia uses more than half
of its caustic in alumina refining (feeding its aluminum smelters). Middle Eastern consumption
is skewed towards alumina (with the Ma’aden refinery in Saudi and EGA’s in UAE ramping up)
and general chemicals (including refining and petrochemicals). These distinctions mean each
region’s caustic demand outlook is tied to specific industries’ trajectories in that region.

Table 2 summarizes the end-use split for each major region (approximate % of caustic soda
demand in 2024, with a projection for 2030). The 2030 forecast reflects our base case
assumptions: e.g. pulp & paper’s share rising in Latin America (with new mills) and alumina’s
share rising slightly in Middle East (new refineries), while organic chemicals maintain a large
share in North America and Europe.

Table 2 — Caustic Soda Demand by End-Use: Regional Breakdown (%), 2024 vs 2030

End-Use North America Europe China Other Latin Middle
Sector (US/Can) Asia America East & Afr.

2024 — 2030 2024 > 2024 > 2024 — 2024 — 2024 —

2030 2030 2030 2030 2030
Alumina 2% — 2% 5% — 18% — 15% — 30% — 25% —
Refining 4% 20% 17% 28% 30%
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Pulp & Paper 20% — 18%

Organic 23% — 25%
Chemicals

Inorganic 22% — 22%
Chemicals

Textiles 3% — 3%
Soap & 5% — 5%
Detergent

Water 25% — 25%
Treatment &

Other
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12%
11%

25%
26%

20%
20%

8%
9%

8%
8%

22%
22%

10%
9%

20%
18%

15%
15%

20%
19%

7%
8%

10%
11%

8%
9%

15%
15%

18%
17%

25%
26%

10%
11%

9%
10%

26% —
30%

10% —
12%

8% — 7%
5% — 6%
8% — 7%
13% —
12%
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Caustic Soda Demand by End-Use: Regional Breakdown (2024 vs 2030)
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Notes: 2024 figures estimated from industry data and country-specific sources; 2030 are
forecast adjustments. “Organic chemicals” includes general chemical industry use. “Inorganic”
includes metal processing, mining, etc., not just bleach. Regional numbers rounded, may not
sum exactly to 100%.

The above breakdown underscores that any outlook for caustic soda must closely track these
underlying industries. For example, if aluminum production deviates (say, a stronger shift to
recycled aluminum could dampen alumina growth), or if the world moves to more closed-loop
papermaking with less fresh pulp, those changes would flow through to caustic demand. Our
forecast in Section 4 will revisit these end-use drivers when discussing scenario variations.

3.3 Technology Split and Mercury Phase-Out

By 2024, the chlor-alkali industry has been substantially modernized compared to a decade
ago:

e Membrane Cell Technology: This is now the workhorse process globally. It produces
high-purity caustic (typically 32% NaOH, then concentrated) and has the lowest energy
consumption per ton among the three processes (around 2,250-2,500 kWh per ton
NaOH). In 2022, membrane cells held the majority share of global capacity. All new
capacity in the past decade has been membrane-based. Regions like Asia embraced
membrane tech rapidly, especially China from the 2000s onward, and by 2024 an
estimated ~80% of China’s capacity was membrane (with the remainder mostly modern
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asbestos-free diaphragm and a few older mercury units potentially still in operation in
niche applications). Europe’s conversion was compelled by regulation: as of 2018,
mercury cell plants were banned, and older diaphragm units have also been phased
out in many cases — 85% of Europe’s capacity is membrane cell. North America has
lagged in conversion largely due to cost and the continued performance of some
diaphragm units, but even there membrane share is now over 50% and rising as
companies invest in upgrades (for example, Westlake’s Geismar, LA plant conversion).

e Diaphragm Cell Technology: Diaphragm cells use a porous diaphragm (historically
asbestos, now often composite polymers) to separate chlorine and prevent it from
reacting with the NaOH. They produce a lower concentration NaOH (~10-12%) and with
salt impurities, requiring energy to evaporate and purify. Diaphragm processes can
handle lower-grade brine and often have slightly lower electrical usage in the electrolysis
step (because of lower cell voltage) but overall energy might be similar after evaporation.
In the U.S., the diaphragm method remains common — as of a 2014 Chlorine Institute
report, diaphragm cells were the most used separation process in North America. Olin
Corporation, for instance, still operates diaphragm units (some inherited from older Dow
facilities) but has closed several in recent years to tighten supply and improve margins.
Today, diaphragm capacity persists in the U.S., parts of Asia (including some in India,
Southeast Asia), and a couple of Latin American plants. The trend, however, is toward
replacing these with membrane cell lines due to environmental concerns (asbestos) and
product quality demands. It's worth noting that while diaphragm cells are “fastest
growing” in some analyses by percentage (because a few new diaphragm units have
been added with improved technology), in absolute terms membrane additions far
outpace them.

e Mercury Cell Technology: Once widely used (because it produces very pure 50%
NaOH directly and chlorine gas), mercury cells have effectively been eradicated in much
of the world. The EU shut all mercury plants by the end of 2017 (around 1.8 Mt of
capacity was either closed or converted). Japan and the U.S. phased out mercury by the
1980s—90s. Remaining mercury-based facilities as of 2020 were mostly in Russia,
Ukraine, and a few developing countries. The Minamata Convention on Mercury calls for
the phase-out of mercury-cell chlor-alkali by 2025. Russia’s largest producer, JSC
Kaustik (Volgograd), converted some units to membrane and planned mercury closure.
India also had a couple of mercury plants which have since closed or converted. By
2024, we estimate <2% of global capacity was mercury-based, and all of that is
scheduled for elimination by 2025. This has slightly tightened supply in certain pockets
historically (e.g. Europe’s 2017 closures caused a price spike as capacity fell), but in the
current outlook period mercury closures are minor as most have already occurred.

The energy intensity of caustic soda production means producers are extremely sensitive to
electricity prices. In Europe, electricity cost increases from ~€55 to €275 per MWh were shown
to more than double the cash cost of producing caustic. Indeed, Tecnon OrbiChem’s analysis
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demonstrated that at 2022 power prices, electricity constituted the majority of cash cost for
European producers. This led to the extraordinary situation where European caustic soda prices
skyrocketed, as producers needed to charge more than triple the 2018 price to cover costs.
High power prices effectively forced European operating rates down — many plants reduced
loads to minimum or temporarily idled in late 2021/early 2022. This dynamic — power cost
dictating supply — will recur if energy markets tighten again. Conversely, regions with cheap
electricity (Middle East with subsidized gas power, China’s regions with low-cost coal or hydro,
U.S. with shale gas) enjoy a significant cost advantage and tend to export from that advantage.

Environmental and ESG trends: The chlor-alkali industry faces increasing pressure to
decarbonize and reduce emissions. Caustic soda production itself does not generate CO:
(except via power generation upstream), but the heavy electricity use means its carbon footprint
is tied to the power source. Many producers are pursuing renewable power purchase
agreements or on-site solar to green their caustic soda. Some European producers market “low
carbon caustic” at a premium, made with renewable energy. Additionally, handling of chlor-alkali
waste streams (brine effluent, etc.) is an ESG focus — for instance, ensuring mercury from old
plants is properly dealt with, or that brine is recycled to prevent salty wastewater. Brine
sourcing is also noteworthy: chlor-alkali needs high-purity salt. In Europe, solution mining of
salt and evaporated salt production is common; in India, companies use solar salt from sea
brine; in China, both rock salt and lake salts are used. There have been instances where salt
supply issues (strikes at salt mines, logistics) have constrained chlor-alkali production. We
mention this as a minor risk factor: supply chain issues in critical raw materials like salt or
membrane imports could affect production.

In conclusion, by 2024 the industry baseline is one of improved technology (membrane
dominance) and cleaner operations (mercury nearly gone), but also of heightened vulnerability
to energy markets and co-product demand shifts. With this baseline set, we now move to the
forward-looking outlook for 2025-2030.
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4. 2025-2030 Outlook

In this core section, we present the outlook for the caustic soda market from 2025 through 2030.
We start with the Base Case scenario, which assumes moderate economic growth, no major
shocks, and currently planned capacity changes. We then detail the price outlook, including
quarterly forecasts for key price benchmarks (U.S. Gulf, Northwest Europe, and Asia) and how
they evolve. After that, we examine several scenario analyses that explore how the outlook
might change under different conditions (energy crunch, global recession, a strong China
rebound, or geopolitical disruptions). Finally, we include a sensitivity analysis quantifying the
impact of critical variables like electricity costs, chlorine demand, and freight rates on the caustic
soda balance and pricing.

4.1 Base Case Outlook — Demand, Supply & Balance

Global Demand Growth: Under our Base Case, we project global caustic soda demand will
grow from ~84 Mt in 2024 to about 95 Mt by 2030, which is a CAGR of ~2.1%. This is slightly
higher than the 1.4% CAGR projected by IMARC for 2025-2033, reflecting our expectation of a
mild uptick in mid-to-late 2020s due to certain emerging market expansions (particularly if
additional alumina and pulp projects ramp up). Table 3 below gives the forecast by region and
end-use growth rates:

Table 3 — Caustic Soda Demand Forecast 2025-2030 (Base Case)

Region 2024 2025 2030 2025-3 Key Growth Drivers (Base Case)
(Mt) (Mt)  (Mt) 0
CAGR

North 120 122 13.0 1.3% Modest growth in paper packaging,
America chemicals; alumina negligible. US GDP ~2%
supports slight gains.

Europe 105 106 11.0 0.7% Flat demand in chemicals (outsourcing
continues), slight uptick in water treatment;
no alumina growth. Efficiency, recycling cap
growth.
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China 31.5 32.2 35.0 1.7% Slower growth vs past: alumina +2%, textiles
+2%, organic chemicals +1%. Environmental
curbs and saturation in some sectors.

Rest of 1565 16.2 19.0 3.2% India +4% (textiles, alumina, soaps), SE Asia

Asia (ex. +3% (new alumina in Indonesia, pulp in
China) ASEAN). Emerging markets industrialization.
Middle 4.5 4.7 5.5 3.2% New aluminum projects (Saudi, UAE) boost
East & alumina-related demand; water treatment
Africa spending rises; Africa soap & mining

moderate growth.

Latin 8.6 8.9 10.5 3.3% Brazil: major pulp capacity additions

America (Suzano, Klabin) raise pulp sector caustic
~8%/yr. Alumina (Hydro expansion) +2%.
Others in region follow GDP ~2%.

Global 846 868 94.0- ~21%  World industrial output growth ~2.5%, slight
Total 95.0 demand elasticity  (some efficiency
improvements offset by new uses).

Source: Analyst estimates based on industry drivers and recent trends. LatAm growth per S&P
outlook for pulp-driven demand. Note: Global 2030 demand shown as range ~94-95 Mt to
indicate uncertainty.

In the Base Case, Asia (especially emerging Asia) remains the engine of growth. Notably,
India’s demand is forecast to rise robustly, possibly making India the 2nd largest consumer by
2030 (surpassing the U.S.). India’s growth stems from expansions in textiles (several new
viscose fiber plants and continued cotton processing growth), increased alumina refining (e.g.
expansions by NALCO and Vedanta as they utilize domestic bauxite), and general economic
growth. However, India’s domestic production capacity is also expanding (see supply below), so
import needs won'’t rise as fast as demand. Southeast Asia (Thailand, Indonesia, Vietnam, etc.)
collectively sees strong growth from a smaller base — new chemical parks in Indonesia and
Vietnam will require caustic, and Indonesia in particular will consume much more for refining its
bauxite domestically (as it banned raw exports).
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China’'s growth at ~1.7% reflects that some sectors will even decline (e.g. perhaps
chlorine-based vinyl production shifting downward as China emphasizes environmental controls,
though that primarily affects chlorine usage more than caustic consumption). But rising living
standards (more paper, water treatment, detergents) and continued, if slower, growth in
manufacturing support ongoing increases.

Europe’s essentially stagnant demand is a result of both demand and supply factors — while we
forecast little net growth in consumption, there is a downside risk that high energy costs could
lead to demand destruction in heavy industries (e.g. paper mills closing, aluminum smelters
not restarting which indirectly lowers alumina imports and thus caustic usage abroad — but that
effect is captured in alumina growth elsewhere).

Global Supply & Capacity: On the supply side, we compile known capacity changes in Table
4. Our Base Case assumes that all announced credible capacity additions through 2028 will
proceed on schedule, and no major unannounced projects come online before 2030 aside from
those listed.

Table 4 — Selected Capacity Additions and Closures, 2025-2030

Plant / Project Location Tech Capacity Start (A) Notes
Change (kt /Close
NaOH/yr) (V)

Shintech Louisiana, Membran +390 kt A Q4 Shin-Etsu’s U.S. PVC
Plaquemine USA e 2023 complex expansion;
Expansion adds chlor-alkali for

internal chlorine and
extra caustic for sale.

OxyChem Texas, Membran +200 kt A 2025 Occidental considering
“Project USA (est.) e (net) (estimate expansions to increase
Horizon” (est.) (upgrade) ) caustic output; likely

debottlenecking older
units to favor caustic.

Westlake Louisiana, Membran +0 A 2025 Westlake had ~350 kt
Plaguemine FM USA e (restored) offine  under force
Recovery majeure; assumed

back by mid-2025,
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Tata Chemicals
Expansion

Grasim (Aditya
Birla)  Caustic
Brownfield

Dow (Olin)
Freeport
Closure

European Misc.
Closure

Formosa
(Taiwan) Mailiao
Debottleneck

Guijarat,
India

India
(various)

Texas,
USA

TBD
(Europe)

Mailiao,
Taiwan

Membran
e

Membran
e

Diaphrag
m (old)

n/a

lon-Excha
nge
Membran
e

+130 kt

+200 kt

(aggregate)

—225 kt

—100 kt

+50 kt

A 2026

A
2025-20
27
(phased)

Vv 2025

v 2025

A 2025
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effectively adding
supply vs 2024.

New capacity by
Tata/Gujarat Alkalies to
meet India’s growing

demand (textiles,
alumina).

Grasim Industries
expanding multiple

sites, partly to integrate
with its viscose fiber
plants.

Older diaphragm lines
at Freeport slated for
closure (Olin, operating
Dow’s assets) as part
of capacity
rationalization.

Assumed residual
mercury/obsolete units
(e.g. in Eastern

Europe) close by
Minamata deadline.

Minor increment at
Formosa Plastics’
chlor-alkali unit,
aligning with EDC/VCM
needs.
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Wanhua
Chemical
(Pengwei)

Shandong New
Chlor-Alkali
Complex

Inner Mongolia
Expansion

Qatar Vinyl
Company 2
(QveC
expansion)

SABIC/GlassPoi
nt (KSA)*

AkzoNobel
(Nobian)

Fujian,
China

Shandong
, China

Wuhai,
China

Mesaieed,
Qatar

Jubail,
Saudi
Arabia

Netherlan
ds

No 32, Esref Bitlis Blvd, Pendik, Istanbul, Tlrkiye

Membran
e

Membran
e

Membran
e

Membran
e

Membran
e

Membran
e
(revamp)

+300 kt

+250 kt

+150 kt

+130 kt

+0 kt

+40 kt

A 2025

A 2026

A 2025

A 2025

A 2026

New chlor-alkali
integrated to Wanhua'’s
MDI facility (ensures
chlorine supply; caustic
mainly to domestic
market).

One of several new

coal-based PVC
integrated projects;
adds caustic capacity
(project names

confidential).

Example of West China
expansion tied to PVC
(cheap coal & salt). Will
supply some caustic to
nearby industries.

Expansion to supply

regional demand
(including Qatar’s own
water treatment,

exports to South Asia).

(Note: Cancelled 2023)
- planned large
chlor-alkali/PVC project
cancelled; no addition.

Efficiency upgrade
raising capacity slightly;
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Rotterdam primarily for internal

Upgrade chlorine use.
Total Additions Global +1,265 kt 2025-20 Capacity grows ~6%
(net) 30 from ~102 Mt in 2024

to ~108 Mt in 2030.

Sources: Company press releases, ResearchAndMarkets capacity outlook, trade media. Only
select projects shown (table does not sum all global changes, e.g., numerous small Chinese
expansions <100 kt not individually listed; they are included in net total). “A” denotes addition,
“¥” denotes closure.

The net result is that global capacity is expected to rise from ~102 Mt in 2024 to ~108 Mt by
2030 in the Base Case, roughly a 6% increase. This is modest — lower than the ~12% demand
increase — suggesting a gradually tightening capacity buffer. We assume no significant capacity
retirements beyond those noted (if energy prices stay high, there’s a risk some European
capacity could permanently shut, but our base case assumes Europe keeps plants operational
at lower rates rather than outright decommissions).

Operating Rates & Balance: Combining demand and capacity, we can derive expected
utilization rates. In 2024 global utilization was ~83%. In our Base Case, utilization rises to
around 88% by 2028, and by 2030 the market is essentially balanced to slightly short, with
~87-90% average utilization (a level at which prices typically support margins but also risk more
frequent shortages on any disruptions). This aligns with warnings from industry analysts —
without added capacity, consumption would overtake capacity by ~2025. We do have some
capacity coming online (e.g., in China, India), which delays the inflection, but by ~2028 we reach
historically high operating rates globally. It’s important to note that 90% global utilization is near
the practical maximum given maintenance and the need to throttle during low chlorine demand
periods. Tecnon OrbiChem’s analysis showed that at ~90% effective rates (yellow line in their
graph), the industry is essentially at full practical output. Thus, by 2030 our base case suggests
the global market will be tight, potentially one unplanned outage or demand surge away from
deficit in any given quarter.

Regionally, North America is likely to maintain high operating rates (~85-90%) and remain a
key exporter. The U.S. capacity is growing modestly (Shintech’s new units, Oxy’s debottleneck),
which should allow exports to expand slightly even as domestic demand inches up. Europe’s
capacity is flat to declining (some small efficiency gains offset by potential small site closures).
We assume Europe runs at ~70-75% utilization average — essentially Europe becomes
increasingly import-dependent for incremental needs, especially in winter when electricity prices
spike and producers cut back (we anticipate seasonal run-rate adjustments in Europe). China
has ample capacity but will rationalize some older plants; we forecast China’s utilization to rise
from ~65-70% in 2024 to ~75% by 2030 as inefficient capacity is sidelined and demand grows
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into newer capacity. Middle East will run at high rates (85%+) given low costs and the fact that
new plants are often tied to continuous processes (e.g., supplying alumina refineries or EDC
production). India historically ran >90% (demand outstripped capacity), but with new plants,
utilization might ease to ~85% by 2027 before tightening again by 2030 unless more capacity is
built.

Trade Flow Outlook: With these supply-demand shifts, trade patterns will adjust. In the base
case, we expect the U.S. to remain the dominant net exporter. U.S. exports, which were ~5
Mt in recent years, could grow to ~6 Mt by 2030 if domestic producers operate at high rates and
new capacity allows. Latin America (especially Brazil) will soak up a large portion of that (we
project Brazil's import demand from the U.S. rising from ~3 Mt in 2024 to ~4 Mt by 2030 given
its pulp capacity surge). Australia’s import needs might slightly decline if any domestic
chlor-alkali capacity is added (there are discussions of building a plant to supply Alcoa locally),
but in our base case we assume Australia continues to import ~1.5 Mt (with possibly a shift to
more Asian suppliers if U.S. material is drawn to Latin America). Middle Eastern producers will
increase exports — e.g. Qatar, Saudi Arabia, and potentially Iran (if sanctions ease) could
collectively export over 0.5-0.7 Mt by 2030, much of it to South Asia and East Africa. China in
the base case remains roughly self-sufficient — it may export 0.5-1 Mt/yr of flake to nearby
countries but also import small volumes into coastal areas if prices arbitrage (for instance,
imports from Korea or Japan to South China where logistics sometimes favor it). India’s imports
we see staying around 0.3-0.5 Mt/yr, as new local capacity keeps pace with demand (base
case assumes India neither becomes a big exporter nor eliminates imports entirely by 2030).

We will detail trade lanes in Section 7 with a trade matrix (Table E) for 2024 actual vs 2030
forecast. In summary, base case trade outlook: more volume flowing from low-cost producers
(US, Middle East, possibly Russia) to deficit regions (Latin America, Africa, parts of Asia),
with tariffs and freight costs influencing route choices.

4.2 Price Outlook (Base Case)

In the base scenario of balanced-to-tightening fundamentals, we expect caustic soda prices to
remain at historically elevated levels relative to the 2010s, albeit below the extreme peaks of
2021-2022. Table 5 and Figure 2 (below) show the historical and forecast price ranges for three
key benchmarks: U.S. Gulf Coast FOB, Northwest Europe domestic (FD), and NE Asia
(CFR). We provide quarterly detail for 2022—2026 and then annual averages to 2030.

Table 5 — Caustic Soda Price History & Forecast (Base Case)

Period US Gulf FOB ($/t) NW Europe FD ($/t)  NE Asia CFR ($/1)
2022 avg (high—low) 550 (700 — 400) 750 (900 - 600) 480 (600 — 350)
2023 avg (high —low) 450 (580 — 320) 550 (750 — 400) 330 (450 — 250)
2024 avg (est.) 400 (430 — 330) 480 (520 — 450) 300 (330 - 250)
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2025 Q1 (f) 480 — 500 550 — 580 340 - 370
2025 Q2 (f) 470 — 490 540 — 570 350 — 380
2025 Q3 (f) 460 — 480 530 — 560 360 — 390
2025 Q4 (f) 450 — 470 520 — 550 350 — 380
2026 Q1 (f) 460 — 480 540 — 570 370 — 400
2026 Q2 (f) 470 — 490 550 — 580 380 - 410
2026 Q3 (f) 480 — 500 560 — 590 380 — 420
2026 Q4 (f) 470 — 490 550 — 580 370 - 410
2027 avg (f) 480 560 400
2028 avg (f) 500 580 420
2029 avg (f) 520 600 430
2030 avg (f) 540 620 440

Sources: Historical pricing from ICIS and market reports (2022—2023). 2024 estimates based on
YTD market trend and spot assessments (e.g. Q4 2023 U.S. $324 rising to ~$460 by Q1 2025).
Forecasts by Analyst. NW Europe FD = free delivered NWE, representative of 50% NaOH spot.
NE Asia CFR refers to import price in E/SE Asia (e.g. Taiwan/Korea to SE Asia). Ranges denote
typical spot low-high; contract prices may be lower.

In 2022, prices soared globally. U.S. export spot hit as high as $750 in late 2021/early 2022,
averaging about $550 for the year. Northwest Europe spot went even higher, briefly exceeding
$900 in Q2 2022 amid the energy crisis. Asia’s prices rose too (above $600 in early 2022) but
were lowest of the trio due to China’s supply. 2023 saw a steep fall: by Q4 2023, U.S. prices
bottomed around $320-$350; Europe around $400-$450; Asia as low as $250.

For 2024, the market had stabilized: U.S. average around $400, Europe $480, Asia $300. The
increase in early 2025 (U.S. back to $460 as of Mar 2025) reflects the tightening due to lower
operating rates (weak chlorine and outages like Westlake’'s FM) and some restocking demand.

2025 Forecast: We expect U.S. Gulf FOB prices to hover in the high $400s through early 2025,
then ease slightly late in the year as new capacity (Shintech) fully comes online and seasonal
demand softens. U.S. producers will aim to keep pricing high enough to cover still-elevated
costs (especially if natural gas rebounds from 2024 lows). NW Europe prices will remain at a
premium to U.S. — we forecast mid $500s for most of 2025. European producers face higher
variable costs (power, carbon) so they need higher prices; plus, any imports from the U.S. will
carry the new 15% tariff from August 2025, effectively setting a price floor (e.g. if U.S. Gulf is
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$470, adding 15% plus freight $50 yields >$590 cost into Europe). However, if European
demand stays soft, some undercutting could happen — the lower end of our Q4 2025 Europe
range ($520) assumes a scenario of a mild winter and some U.S. cargoes still making it in under
quota or prior arrangements. Asia: we anticipate Asian prices to gently rise from $340 in early
2025 to around $360-$380 by year-end. China’s market in base case is balanced; if China’s
economy improves, domestic prices will lift and exports might reduce, supporting higher regional
price. Also, higher energy (coal) prices in China or Malaysia could lift production costs, but we
assume moderate energy.

2026 Forecast: As the market potentially tightens further (global utilization ~86% vs ~83% in
2024), we see prices strengthening a bit. U.S. averages climbing to around $480-$500 by late
2026. Europe could approach $580-$590 at peaks, especially if any supply hiccups occur (we
built in a slight uptick mid-2026 assuming some maintenance outages in Europe). Asia might
reach $400 by 2026 on average, as India and SE Asia import needs grow. One factor: if
Chinese producers face environmental curbs (some smaller plants shutting in winter for
pollution control), winter spot prices in Asia could spike above our range, but then correct.

Post-2026 (2027-2030): With the capacity cushion nearly exhausted by 2027-28, our model
shows a continued upward pressure — essentially cost-push plus scarcity rent. By 2028-2030,
we project U.S. export prices could sustainably break above $500, perhaps reaching
$540-$550 by 2030 (in 2025-dollar terms; if inflation is higher, nominal prices could be more).
This is significantly above the 2010s average (~$300) and indicates a tighter market regime.
Europe correspondingly in the $600+ range by 2030. Asia remains lower but also rising into the
mid $400s by 2030 as even Asian surplus capacity tightens and newer capacity comes at higher
cost (e.g. more expensive coal or stricter standards).

Key Assumptions for Base Case Prices:

e Energy costs: We assume natural gas in the U.S. averages $4/MMBtu in 2025-2030,
and European power prices stabilize around €50—€70/MWh (lower than 2022 peaks but
~30% above 2010s average). This underpins a marginal cost for European caustic
around $500+ and for U.S. Gulf around $300-$350. If energy were to fall significantly, it
could lower price floors.

e Chlorine demand: Base case assumes PVC and derivatives grow modestly, allowing
chlor-alkali run rates to be reasonably high. If chlorine demand underperforms,
producers might intentionally keep caustic prices higher to compensate for volume loss
(as seen when Olin and others “shutter capacity to drive prices up”).

e No new entrants: No unforeseen major new low-cost producer (e.g. hypothetically, if a
Middle Eastern country built a 2 Mt plant purely for export, that could alter pricing
regionally by adding supply). Base case only includes known projects which are
moderate in scale.
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Seasonality: Caustic soda historically has seasonal patterns. Demand is somewhat higher in
summer (e.g. alumina refineries run full, construction-related chlorine demand peaks which
means caustic production peaks too). And producers often do maintenance in spring or fall. We
reflect a mild seasonal dip in Q4 each year (prices slightly off highs) and a potential firming in
Q3. Also, weather events like U.S. Gulf hurricanes (Aug—Oct) can cause short-term price spikes.
We don’t specifically forecast those, but our scenario section covers risk.

In summary, the Base Case price trajectory is firm-to-rising: starting in the mid-high $400s
(U.S.) in 2025 and ending in the $500s by 2030, with Europe ~$100 higher throughout, and Asia
~$100 lower than U.S. This implies continued high margins for low-cost producers (U.S.,
Middle East) but potential margin pressure for high-cost ones (Europe might just break even at
those prices given its costs).

Figure 2 (embedded below) illustrates the forecast price curves for each region, along with
historical actuals, highlighting the convergence in 2023 and the modest widening of spreads
thereafter (largely due to tariffs and cost differentials reasserting).

(Price trends and drivers: U.S. vs Europe vs Asia, 2022—-2030 forecast. Source: ICIS, S&P
Global, Analyst forecasts.)

4.3 Scenario Analysis

While the Base Case provides a single trajectory, real-world outcomes may diverge if key
assumptions change. We analyze four plausible scenarios: (A) High Energy Cost, (B) Global
Recession, (C) China Rebound, and (D) Geopolitical Disruption. Table 6 summarizes these
scenarios, their key assumptions vs. the Base Case, and the projected impacts on demand and
price by 2026 (short-term) and 2030 (mid-term).

Table 6 — Scenario Comparison: Assumptions & Impact vs. Base Case

Scenario Key Deviating Caustic Price Impact Notes

Assumptions Demand (vs Base)

Impact

A. High European natural Demand: Prices: EU: Severe winter or
Energy gas averages Europe -5% +20-30% conflict curtails gas.
Cost (EU €100/MWh in (2025-26) as (spikes EU chlor-alkali runs
Energy 2025-26 (2x chemical >$750/ton); drop to minimum, EU
Crunch base); China coal outputs cut; US: +10% imports surge. US
2.0) +20%. EU carbon global -1% (indirect via exports fill gap,

price > €120/ton by (some exports); tightening US too. Asia

2027 (base ~€80). downstream Asia:  +15%
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B. Global
Recession
(Stagflation

)

C. China
Rebound
(Strong
Growth &
Pollution
Cuts)

2025 mild
recession in
US/EU, 2026 in

China; Global GDP
+0.5% in 2025 (vs
+2.5% base).
Construction

downturn — PVC
-5%. Alumina -3%.

China stimulus
spurs 5%+ GDP
growth  2025-27.

Aluminum, paper,

textiles surge.
Beijing  enforces
closure of 1 Mt of
older caustic
capacity for

environmental
reasons by 2026.

production shifts
regions).

Demand: -3%
globally vs base
by 2026
(industrial
slowdown).
Most impact on

NA/EU  (-5%),
China -2%.
Recovery after
2027 but level
remains ~5%

below base by
2030.

Demand: China
+5% vs Dbase
(~2 Mt higher by
2026). Global
+2% vs base.

(coal cost
push).

Prices: 2025:
-20% vs base
(excess

supply, IR
Gulf falls to
$350). 2026:
-15%.  Slow
recovery; by
2030 prices
~10% below
base.

Prices: Asia:

+25% vs base
(tight regional
supply, e.g.
SEA prices to
$500). Global:
+10-15%
(China
imports some
caustic).
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faces higher coal and
shipping costs.

Broad demand shock.
Producers cut
operating rates (75%
util  globally). Caustic
oversupply until
economy recovers
~2027. Prices likely
near cash cost at
trough  (esp. US).
Some capacity may
idle temporarily.

China flips to net
importer of caustic by
2026. Draws imports
from ME, SEA. Freight
rates up. US/EU less
directly hit but feel
global tightness
(higher export parity
price).
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D. Major  disruption: Demand: Minor Prices: Removal of ~0.5-1 Mt
Geopolitica e.g. Gulf conflict or global change ME/Africa: supply (ME) causes
| Disruption trade war. Case: (-1%) - more +50% (supply scramble for tons in
(“Chlorine  Middle East regional shortage); India/Asia. India uses
Shock”) exports halved inefficiencies but Asia: +10% domestic stocks, pays
2025-26 (due to consumption (Chinese premium. US could
sanctions or war in mostly deferred supply divert exports, raising
Gulf). Also or supplied via re-routed); US prices a bit despite
assumes alternate routes. US: +5% demand unchanged.
US-China (short-term Tariffs rearrange flows
decoupling: 25% spike). (China  buys more

tariff on US caustic
into China, China

Europe: +5%.

domestic or from NE
Asia, US finds other

retaliates. buyers). Overall global
price up moderately,
but localized extreme

spikes.

Note: Each scenario is analyzed ceteris paribus. Price impacts are approximate vs Base Case
levels. These are not exhaustive — other combinations (e.g. high energy + recession) could
compound effects.

Let’s discuss each briefly:

A. High Energy Cost scenario: This simulates another energy crisis in Europe (or
globally) perhaps due to geopolitical tensions or a cold winter with low gas storage. As in
2022, European chlor-alkali producers would severely curtail output to avoid sky-high
electricity costs. We assume Europe runs at 50% or less utilization in 2025, making
Europe import-reliant for possibly 1-2 Mt. Caustic soda prices in Europe would likely
spike into the $700-$800/dmt range again (similar to late 2021) as buyers bid up limited
supply. U.S. exporters would send maximum available to Europe, lifting U.S. Gulf prices
as well (perhaps back to $550+, though tempered by the fact U.S. energy costs wouldn’t
rise as much). Asia would see higher production costs (if coal and LNG are up globally)
and possibly re-route some exports to Europe, tightening Asian supply and raising Asian
prices despite weaker demand. Demand destruction would occur: European consumers
(alumina, chemicals) might reduce operating rates due to caustic cost or unavailability,
shaving a few percent off demand. But many uses (water, pulp) are non-discretionary, so
demand drop is modest relative to price increase. This scenario results in extremely
strong producer margins outside Europe (e.g. Middle East enjoys cheap feed and high
prices). It also underscores Europe’s vulnerability — caustic users there may try to hold
more inventory or secure long-term import contracts to hedge this risk.
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B. Global Recession scenario: Suppose central banks overshoot and we get a
significant economic downturn. In such a case, construction slumps (less PVC, less
chlorine consumption), automotive and durable goods slump (hitting alumina, pulp for
packaging, textiles), etc. We assume global caustic demand falls ~3% vs baseline — a
sizeable drop given trend growth would have been +2%, net ~5% below prior
expectations. This creates oversupply in 2025—-26: producers reduce operating rates into
the 70s%, but even so inventories build and prices fall to near cash-cost levels. We
envision U.S. export spot could dip to low $300s (like 2019 levels or lower) and remain
soft until demand picks up. There could be a supply response — perhaps some high-cost
plants in Europe or Asia temporarily shut (beyond just rate cuts) if prices don’t cover
variable costs. In our scenario table, by 2030 the world recovers but is still a bit below
the original path (maybe 93 Mt demand instead of 95). Prices by 2030 remain ~10%
below base because the earlier oversupply delayed the need for new capacity, and some
slack persists.

C. China Rebound scenario: This is almost an inverse of B but with a China focus. If
China’'s economy grows faster (maybe due to stimulus or unexpectedly strong
manufacturing and construction activity), its domestic caustic demand could overshoot
base by millions of tons. In tandem, if Beijing enforces stringent measures on polluting
older chlor-alkali plants (could be part of carbon peaking efforts), we might see capacity
closures or production caps in provinces like Hebei, Henan, etc. The combination would
flip China from slight surplus to needing imports. For instance, China might import
caustic from the Middle East or even Europe. This would tighten the whole Asian market
— likely raising Asian spot prices sharply (we say +25% — e.g. instead of $400, could be
$500 in late 2025 or 2026). Globally, the ripple effect is upward: U.S. producers might
redirect some exports to Asia if netbacks are higher there, somewhat tightening the
West. This scenario is bullish for all producers: essentially demand outruns capacity
sooner, leading to a classic “shortage” dynamic by late decade. It is somewhat plausible
given China’s aluminum and paper sectors still have room to grow if policy permits.
Platts data noting pulp & paper is ~10% of global caustic and growing fast in China
supports that an upside surprise in these sectors could have tangible impact.

D. Geopolitical Disruption scenario: We illustrate one kind of shock here — Middle
Eastern supply cut — but it could be any event like a major port closure, war, sanctions
that remove a chunk of supply or alter routes. In our case, if say tensions in the Gulf
made it hard for Qatar, Oman, etc. to export, then customers like India, UAE (for EGA’s
alumina), and parts of Africa would scramble for alternate supply. This likely means more
U.S. and Asian caustic heading there at premium. It's a bit like a localized tightness that
elevates global price averages slightly. We also layered a hypothetical U.S.—China tariff
fight: if China slapped 25% duty on U.S. caustic, U.S. would send less to China (which it
doesn’t much anyway, China mostly self-sufficient) but it signals fragmentation. China
might instead import from, say, Indonesia or internal, and the U.S. finds other markets.
Overall effect on global balance isn’t huge but trade inefficiencies raise costs. The
scenario basically reminds that logistics and trade access are crucial — any disruption
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tends to cause regional price spikes and volatility. In practice, geopolitics could also
impact input costs (energy) which overlaps with scenario A.

These scenarios help bound the outlook: In the most bearish case (recession), by 2026 prices
could be 20%+ below base; in the most bullish (energy crunch or China boom), prices could be
20-30% above base — potentially retesting near-2022 highs in extreme case A. The base case
sits in between. For planning, stakeholders should consider these when making procurement or
investment decisions (e.g. ensure flexibility in sourcing in case scenario D occurs, or hedge
energy where possible to mitigate scenario A, etc.).

4.4 Sensitivity Analysis

Beyond qualitative scenarios, we quantify how sensitive the caustic soda market is to key input
variables. We use our model to adjust one variable at a time by +20% and observe the impact
on 2026 global average price (as a representative mid-term year). The results are shown in

Table 7.

Table 7 — Sensitivity: Change in 2026 Global Average Caustic Soda Price

Input Variable

Electricity Price (EU)

Electricity Price (NA)

Chlorine Derivative Demand
(PVC output proxy)

Freight Rates (ocean shipping
cost)

-20% Change

Global price —5%

Global price —3%

(If chlorine demand -20% —
chlor-alkali run cuts) Price
+15%
Price -2%  (slightly more
arbitrage, lower regional
premia)
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+20% Change

Global price +7%

Global price +4%

(If chlorine +20% —
excess caustic) Price
-10%

Price +2% (more regional
price gaps)
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Added New Capacity (vs base) (If capacity +20% e.g. +~2 Mt (If capacity -20% e.g.

extra) Price -12% delays) Price +15%
usD Exchange Rate Price -3% (lower non-US costs, Price +3% (vice versa)
(strengthens 20%) slight US export edge)

Alumina Demand (as proxy for (If -20% e.g. more recycling, (If +20% e.g. new
alumina sector NaOH use) less Al) Price -4% smelters) Price +5%

Interpretation: A 20% increase in European power cost raises global prices ~7% (as European
output drops, raising marginal costs) — consistent with scenario A qualitatively. Chlorine/PVC
swings have a large effect: if chlorine demand drops 20%, many chlor-alkali units cut back,
caustic supply tightens and price jumps ~15%. Conversely, strong chlorine demand would mean
plants run full and caustic oversupply knocks ~10% off prices. Additional unexpected capacity
(e.g. an extra mega-plant) could depress prices >10%, whereas capacity shortfalls (delays in
new projects) tighten it similarly in opposite direction. Freight changes slightly affect arbitrage —
high freight isolates regions a bit (allowing price divergence, raising average slightly if expensive
region weight is high), low freight equalizes prices more. Exchange rate shifts matter insofar as
caustic is globally traded in USD; a stronger USD reduces local currency cost of production in
places like Europe, possibly allowing slightly lower USD prices — but this effect is minor
compared to fundamental S/D.

In summary, market fundamentals (capacity, chlorine demand) dominate sensitivity,
whereas macro factors like FX or moderate freight shifts have secondary impact. Energy cost is
crucial especially regionally (affecting which region sets the marginal export price).

One can see why chlor-alkali producers often focus on the “ECU netback” — if chlorine is weak,
they depend on caustic prices to carry the ECU profitability. Our sensitivity shows that indeed a
dip in chlorine demand (PVC downturn) could significantly lift caustic prices (which is good for
caustic sellers but might coincide with weak overall demand too).

Given these insights, stakeholders could consider hedging strategies: e.g. aluminum smelters
(big caustic buyers via alumina) might worry about scenario A (energy cost) or chlorine-linked
swings, so they might secure long-term contracts or invest in captive production if feasible.
Chlor-alkali producers on the other hand watch PVC and alumina markets as bellwethers for
their caustic segment health.
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The Base Case remains our central expectation, but we have elaborated on these ranges and
scenario outcomes to emphasize the decision-critical variables for producers, consumers, and
traders in the caustic soda value chain.

(Next, we turn to deeper discussions of supply (Section 5) and demand drivers (Section 6),
trade (Section 7), and regional specifics (Section 8), before concluding with risks and our final
price deck and assumptions in Section 10.)
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5. Supply-Side Dynamics

This section delves into the supply side of the caustic soda market: the major producers and
capacities, upcoming new plants and de-bottlenecks, typical operating rates and constraints,
and risks such as maintenance outages and extreme weather. We also address production cost
factors (power and feedstocks), ESG trends affecting production, and raw material/waste
considerations (like salt/brine sourcing and handling of byproducts).

5.1 Top Producers and Global Capacity Landscape

The global chlor-alkali industry is fairly consolidated in some regions and fragmented in others:

North America: The U.S. has a handful of large producers. Olin Corporation is the
world’s largest chlor-alkali producer (after its 2015 acquisition of Dow’s chlor-alkali
business), with multiple plants across the U.S. Gulf Coast. Olin’s global caustic capacity
is ~3 Mt/year. Westlake Chemical (which acquired Axiall) is another top producer in the
U.S., as is Occidental Chemical (OxyChem). These three — Olin, Westlake, OxyChem
— together account for the majority of North American capacity. Shintech (Shin-Etsu),
though known for PVC, is also a major caustic producer since it runs integrated
chlor-alkali at its Louisiana facilities and has been expanding (with 0.39 Mt added by
2023). Formosa Plastics and Covestro have smaller U.S. footprints. Canadian capacity
is minimal (a couple of small plants in Alberta and Quebec largely for local pulp mills).
Mexican production (by Orbia’s Vestolit and others) covers some domestic needs but
Mexico still imported nearly 0.46 Mt from the U.S. in 2022.

Europe: Nobian (formerly AkzoNobel Specialty Chemicals) and Vynova/lnovyn (Ineos)
are big players, each with multiple European plants. Inovyn (part of Ineos) has sites in
the UK, Germany, France, etc., and was historically the largest European producer.
Covestro (Germany) and Vinnolit also have significant capacity. European production is
spread across at least 60 plants, but many are mid-sized. After the 2017 mercury ban,
companies like Inovyn closed some sites (e.g. in Spain). By 2025, the remaining
European capacity is highly membrane-based, and producers are often integrated with
downstream chlorine consumers (PVC, isocyanates). This integration sometimes limits
caustic flexibility — e.g. a site may adjust chlorine output to match a PVC plant’s needs,
with caustic as a secondary outcome. The European industry has advocated for support
amid high power costs, warning that permanent shutdowns could occur if profitability
doesn’t improve. Thus far, we’ve seen temporary curtailments but no major permanent
closures announced beyond mercury-related ones. Bashkir Soda Company and
Kaustik Volgograd in Russia are notable in the FSU, supplying Russian domestic
markets (3.5 Mt combined output in Russia) with some exports to neighboring countries.
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China: China’s chlor-alkali industry is huge and somewhat fragmented among dozens of
producers, many of which are part of larger chemical groups. Xinjiang Zhongtai
Chemical and Shandong Xinfa are examples of large integrated players. Many
Chinese caustic producers are integrated with PVC (especially carbide-based PVC in
inland China which yields chlorine and caustic as co-products). Coal-rich regions like
Inner Mongolia, Ningxia, Xinjiang host these integrated complexes. Coastal regions have
more membrane plants tied to petrochemical complexes. State-owned firms
(ChemChina’s subsidiaries) and private chemical companies (e.g. Shandong Jinling,
Tangshan Sanyou) are all in the mix. Because of the size of China’s market, even
mid-tier Chinese companies have capacities rivaling top Western producers. China
added a lot of capacity in the 2010s; now additions are more measured due to
oversupply periods. As of mid-2020s, China’s operating chlor-alkali capacity ~50 Mt
(NaOH), but effective utilization ~60—70%. The top 10 Chinese producers likely hold only
~30-40% of the country’s capacity — indicating fragmentation.

Other Asia: India’s major producers are Grasim Industries (Aditya Birla) — one of the
world’s largest caustic producers outside China, with multiple sites (often co-located with
their viscose fiber plants) — and Gujarat Alkalies & Chemicals Ltd (GACL). Tata
Chemicals was a player but has refocused (Tata’s Mithapur plant still produces caustic
but also diversified). Chemplast Sanmar and DCW are other Indian producers. Despite
this, India imports significant volumes (450 kt in some years), indicating capacity is still
catching up. In Northeast Asia (Japan, Korea, Taiwan), companies like Tosoh, AGC
(Asahi Glass), Shin-Etsu (in Japan), Hanwha and OCI (Korea), Formosa Plastics
(Taiwan) are notable — these are usually integrated with PVC or polycarbonate
manufacturing. Japan and Korea often operate near capacity and export some surplus to
Southeast Asia. Southeast Asia itself has some capacity: Thai Chlor-Alkali (AGC
affiliate) in Thailand, Petrochemical Corporation of Singapore (small capacity mainly
for local use), ASAHI (Indonesia) etc., but overall ASEAN still imports a lot.

Middle East: Historically not a big chlor-alkali region, but in recent years capacity has
grown. Sabic in Saudi (through subsidiaries like Saudi Petrochemical Co) runs
chlor-alkali units feeding their epoxy and downstream plants, producing caustic as well.
Tasnee and Sipchem (now merged) have a joint venture with Hanwha that built a
chlor-alkali and EDC plant (SAMAPCO) primarily to supply Ma’aden’s alumina refinery
with caustic and to export EDC. Qatar has Qatar Vinyl Company (QVC) which
produces caustic, chlorine (for VCM/PVC), and EDC — QVC is a notable exporter in the
Gulf. The UAE does not have major chlor-alkali (it imports for EGA's alumina needs,
though there were proposals to build one). Oman Chlorine is a smaller player mainly for
local demand (water treatment etc., capacity ~50 kt). Egypt has a few plants (e.g.
Egyptian Petrochemicals Co.) mostly for domestic use. So Middle East producers are
relatively few but growing in importance for exports — especially QVC and potentially new
projects in Saudi if they materialize.
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e Latin America: Braskem (Brazil) and Unipar Carbocloro (Brazil) are key, operating
several units in Brazil with combined capacity ~1.5-2 Mt. There is also Mexichem
(Orbia) in Mexico. Dow has a plant in Argentina (mainly for local PVC). These cover
some regional demand but not all. Brazil's demand outstrips supply (they produce ~2.2
Mt vs demand ~3+ Mt). Other countries have minimal production — e.g. Colombia’s only
plant closed years ago; Chile, none; so they import from the U.S. or Asia. Jamaica has
none (imports from U.S. for alumina refining). Venezuela used to produce some (as part
of its PVC complex) but current status is uncertain due to economic turmoil.

To summarize, the top global suppliers by volume in 2025 likely include Olin, Dow (via Olin
contract manufacturing or supply), Westlake, Oxy, Inovyn (Ineos), Xinjiang Zhongtai, Grasim,
Tosoh, etc. However, differences in integration mean not all of a producer’s capacity is available
to merchant market — e.g. a large portion of Olin’s chlorine and some caustic is captive to Dow’s
needs (per earlier agreements), and much of China’s capacity is tied to vinyl chain.

Capacity Additions & New Plants: Section 4 listed many upcoming projects (Table 4). The
notable ones on the horizon: Shintech’s U.S. expansion (operational now), new Indian capacity,
and a lot of small-medium Chinese projects (some as part of coal-to-chemical complexes). Also
worth noting: Russia plans to expand some capacity (to reduce reliance on imports of caustic).
For example, say Bashkir Soda is reportedly debottlenecking. But given sanctions and financing
issues, these might be slow.

Debottlenecks and utilization improvements: Some producers are finding ways to
incrementally increase output by improving brine purification, using better membranes, or
expanding evaporator capacity to get more 50% product out. For instance, Covestro and
Nobian have talked about “de-bottlenecking” existing lines by a few percent (as in the
Rotterdam example +40 kt by 2026 in Table 4). These tweaks collectively add up to some 100s
of kt globally and often don’'t get announced widely, but our capacity growth accounts for a
generic ~0.5%/yr from such improvements.

5.2 Utilization, Maintenance, and Outages

Typical Operating Rates: Historically, chlor-alkali plants aim to run near full capacity (85-95%)
given the capital-intensive nature, but actual rates fluctuate with chlorine demand. Many plants
can reduce load to ~50% or even lower, but with diminishing efficiency. The industry often talks
about an “ECU operating rate” globally, which in a balanced market might be ~85%. During
2020’s demand drop, some U.S. producers cut rates ~10-15%. Europe in late 2022 was said to
be running at only ~60% industry-wide. We assume mid-80s as typical in normal times, with
lower in weak markets.

Maintenance Turnarounds: Chlor-alkali units require periodic maintenance for electrolyzers
(membrane or diaphragm replacement, etc.). Typically, plants have annual or biennial
turnarounds, often coordinated with downstream units. For example, many European producers
do maintenance in spring (after winter power peaks, before summer chem demand peaks). In
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the U.S., a bunch of turnarounds often occur in Q1/Q2 (we saw mention of multiple ethylene
cracker turnarounds in 2025, and similarly chlor-alkali tends to schedule in mild weather
seasons). These planned outages temporarily tighten supply regionally. The U.S. in 2024-25 is
expected to have an “unusually heavy turnaround season” for petrochem crackers; if some
integrated sites (like Oxy’s or Westlake’s complexes) align their chlor-alkali maintenance with
that, Q1-Q2 2025 supply could be constrained. Our forecast accounts for such seasonal effect.

Unplanned Outages & Risks: Key risks include:

e Hurricanes and Storms: The U.S. Gulf Coast, home to a large portion of North
American capacity (plants in Louisiana and Texas), is susceptible to hurricanes. E.g.,
Hurricane Laura in 2020 took down Westlake’'s Lake Charles units (force majeure on
caustic). The hurricane season risk (Aug—Oct) can cause sharp but short-lived price
spikes if a big plant is hit. Our watchlist includes this (Section 9). Typically, producers try
to harden plants, but direct hits (wind, flooding) remain a perennial risk.

e Freezes: As seen in Feb 2021 Texas freeze, extreme cold can trip Gulf Coast chemical
plants. Many chlor-alkali units shut during that event, causing a North American shortage
that boosted prices. With climate volatility, this is a consideration each winter (especially
Texas facilities).

e Power outages: Chlor-alkali electrolysis is power-intensive and any grid instability can
force shutdowns. South Africa, for example, had a chlor-alkali plant down due to power
cuts. California had an incident years back at Oxy’s plant due to a blackout. Stable grid
supply is critical, so regions with power issues (e.g. some developing countries or even
China during 2021 power rationing) might see forced curtailments.

e Industrial accidents: While modern plants have good safety, there have been incidents
(like a fire or chlorine leak) leading to shutdowns (for example, a chlorine leak at a plant
can cause multi-week downtime). Environment/safety regulations might then add delays.

e Feedstock issues: If a salt mine or brine well that feeds a plant is disrupted (mine flood,
strike, etc.), production can be impacted. E.g., in 2021 there was talk of European salt
supply tightness. Also, in integrated setups, if a co-located vinyls plant goes down, some
chlor-alkali may stop (though they could still run and sell chlorine to a bleach plant, etc.,
it's situational).

Maintenance in 2025-2026: As noted above, an heavy turnaround season is expected in the
U.S. in early 2025 across petrochems. It’s likely some chlor-alkali maintenance aligns with that
(though not in that ICIS summary list, but likely known to market participants). We suspect
Olin/Freeport or Oxy/Ingleside might plan something. If so, Q2 2025 might be somewhat tighter
in the U.S. than our straight-line base forecast, but we have tried to reflect it by slightly higher
Q2 price than Q4 2025.
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5.3 Production Costs, Feedstocks and Energy Intensity

Feedstocks: The primary raw material is salt (NaCl) — either mined rock salt dissolved into
brine, or solar/sea salt dissolved and purified. The cost of salt is usually a small fraction of total
production cost (electricity dominates), but salt availability can matter regionally. In places like
Japan, they import solar salt from Australia or Mexico (since domestic salt production is limited)
— a disruption in salt trade could raise costs. In Europe, energy to evaporate salt from solution
can add cost too. Some integrated setups (like Dow’s Freeport site historically) had captive salt
domes. Brine impurities (like calcium, magnesium) must be removed to avoid contaminating
membranes; this involves chemicals (Na2CQO3, etc.) and generates waste sludge. Those costs
are typically manageable but tightening environmental rules on waste disposal (of spent brine or
sludge) could increase overhead.

Power and Steam: Electrolysis needs a lot of electricity (and yields hydrogen which can be
burned for steam). Many large chlor-alkali plants have captive power plants or co-generation.
E.g., OxyChem and others often secure long-term power deals. In regions with expensive grid
power, some producers get special tariffs (like in France, electro-intensive industries get some
relief). Energy accounts for roughly 40%-50% of cash cost in average conditions, and up to
70-80% in extreme cases (Europe 2022). Membrane cell energy use per ton NaOH ~2.2 MWh
(2000 kWh for electrolysis plus pumping losses, etc.), plus if they evaporate from 32% to 50%,
that’s another ~0.5 MWh (often provided as steam, sometimes using the hydrogen fuel). Many
producers utilize the hydrogen byproduct to generate steam or electricity on-site, offsetting
costs. Some are exploring selling hydrogen into fuel markets (but chlor-alkali hydrogen is
relatively small scale compared to say refinery hydrogen needs, yet it could be a “green
hydrogen” source if the power is green).

Regional cost differences: The U.S. Gulf likely has one of the lowest cash costs globally due
to cheap electricity (gas-based) and low salt cost, plus economies of scale. The Middle East can
be even lower if gas is subsidized and plants are newer (efficient membranes). China’s cost
depends — those on coal power in Xinjiang have low fuel cost but pay to transport product to
market; coastal China on grid might pay higher rates. Europe is high cost due to power and
carbon costs; as per OrbiChem, EU export costs soared beyond all other regions in 2021-22.
This sets up the competitive landscape: basically, North America and Middle East will continue
to be lowest cost producers, so they will run full and export so long as global prices exceed their
cash costs. Europe is the marginal swing producer that cuts when prices don’t justify running
(which it did in 2022).

Emissions/ESG: Chlor-alkali production itself doesn’t emit CO:. at the plant (except from
burning the hydrogen or fuel for steam). But if the electricity comes from fossil fuels, the indirect
CO: footprint is significant. Some calculations: producing 1 ton NaOH (with co-products 0.89 t
Cl. and 0.03 t H:) using grid electricity results in ~2-3 tons CO: if the grid is coal-heavy, or
~0.5—-1 ton if gas-heavy, near zero if renewable. So, customers increasingly care about
carbon footprint of caustic soda, especially in Europe (some purchasers may seek guarantees
of renewable sourcing). A slight ESG trend is the concept of “bio-based caustic” (mentioned in
Straits research) — not that NaOH is different chemically, but implying the manufacturing is
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powered by renewable or uses brine from more sustainable sources, etc. Euro Chlor and
others have initiatives to reduce energy use per ton (through better membranes and process
control).

Brine sourcing & waste: A few notes: Mercury process had mercury waste concerns (now
largely moot). Diaphragm process historically had asbestos in diaphragms; producers like Olin
have had to manage asbestos disposal when replacing diaphragms (a minor but notable ESG
issue; some have moved to non-asbestos diaphragms of polymer fibers). Membrane processes
require high-purity brine and produce a spent brine that is recycled; eventually impurities build
up and some purge brine must be treated (containing chloride, calcium, etc.). Usually it's
manageable via sending to salt ponds or crystallizers. In coastal areas, some plants release
purge brine to the sea, which is regulated to prevent salinity damage. With increasing
environmental scrutiny, even brine discharges are watched (though non-toxic, high salinity can
affect marine life).

Co-product handling: In terms of supply stability, one sometimes overlooked point: chlorine
storage is hard, so if chlorine derivative plants go down, the co-product chlorine must be either
sold quickly (limited market) or converted to something like HCI (hydrochloric acid) or Sodium
hypochlorite (bleach) to keep the chlor-alkali plant running. Many producers have some
flexibility to make bleach or absorb chlorine in caustic to produce additional bleach or HCI. For
example, if PVC is down, a plant might shift some chlorine to bleach production for the water
treatment market. However, those markets have limited size. HCl is often sold to steel pickling
or oilfield; bleach to water utilities. They can take some chlorine but not enough if PVC demand
drops massively. So prolonged chlorine demand weakness inevitably forces cutbacks.

Mercury waste note: Many old European sites had mercury contamination; billions have been
spent on cleanup. This is largely historical, but any company acquiring old sites faces
environmental liabilities which can influence strategic decisions (for instance, if someone
wanted to restart a closed mercury plant, they’d first have to remediate, which is uneconomic).
So effectively that capacity is gone for good.

5.4 ESG Trends: Decarbonization and “Green” Caustic

Following from cost and emissions: The push toward decarbonization is a double-edged sword
for chlor-alkali. On one hand, using renewable power could transform caustic soda into a
low-carbon alkali, potentially adding value as customers seek to green their supply chains. On
the other, producers in regions with carbon pricing (EU ETS) are already paying for emissions
indirectly via power and directly if any on-site fuel is used (the EU includes chlor-alkali under
carbon leakage list, but indirect costs are big).

Some initiatives:

e Renewable Power PPAs: Several European chlor-alkali producers have signed
long-term renewable energy contracts. E.g., Nobian announced sourcing renewable
electricity for some Dutch operations. In the U.S., Olin partnered on a new power plant at
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St. Gabriel that includes cogeneration.

Hydrogen utilization: The hydrogen byproduct can be a “green hydrogen” source if
power is renewable. Few caustic producers are big enough to supply a network, but
some are exploring fuel cell projects or selling H. as a product. This could slightly
improve economics (monetizing hydrogen rather than just burning it).

Energy efficiency upgrades: Upgrading to latest membrane technology can cut energy
use ~5-10%. Many plants replace membranes every 3-5 years; each generation
improves. The EU’s Best Available Techniques guidelines push for <2,500 kWh/ton
NaOH consumption.

Emerging Tech: There is research into novel chlor-alkali processes (like
oxygen-depolarized cathodes to reduce energy, already used at some ODC test units
reducing power ~25%) — if those commercialize, could significantly drop electricity usage
(hence carbon footprint). Also, alternative caustic production like causticization of soda
ash (used historically in small scale) isn’t economical at large scale, so not a real
competitor.

Circular economy aspect: Caustic soda is used to neutralize acidic wastes; some companies
are exploring recovering NaOH from waste streams (e.g. by regenerating from sodium salts via
electrodialysis) — niche but interesting if costs rise.

Waste handling: Spent cell liquors, brine mud, etc., all need responsible disposal. Modern
plants often treat brine mud (with calcium carbonate, magnesium hydroxide from brine
softening) as non-hazardous and landfill it. Mercury remediation remains for old sites. As an
ESG trend, expect continuing scrutiny on things like any remaining asbestos use (in
diaphragms) and on mercury waste cleanup.

5.5 Supply Risks and Resilience Strategies

From producers’ vantage:

Many are trying to diversify product mix so they aren’t solely reliant on selling caustic.
E.g. Olin has moved to “value over volume” — willing to idle capacity to support price,
essentially acting as swing producer. Their 2022/23 actions (idling some diaphragm
capacity) succeeded in keeping prices from collapsing too far until demand fell drastically
in 2023. This indicates producers will likely continue such discipline, providing a floor
under caustic prices in downturns (especially U.S. producers who communicate this to
investors).

Building inventory: Caustic soda can be stored (50% liquid can be stored in tanks,
solids in bags; caution needed as it's corrosive). Producers and consumers may
increase buffer stocks after the wild swings of recent years. This can mitigate short-term
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outages but doesn’t change long-term balance.

e Logistics investments: Some supply risks lie in transport (e.g. if you can’t get enough
rail tank cars or ships, product can’t reach market). There were reports of barge
constraints in 2022 in Europe (Rhine low water affecting chemical shipments). Producers
are likely securing more robust logistics — e.g., Olin and Westlake have dedicated export
terminals and are perhaps expanding storage at ports (the Corechem blog noted
imported product hitting US East Coast with “competitive numbers” — that implies players
are leveraging global logistic flex).

e Regional resilience: After Europe’s crisis, European consumers are perhaps signing
contracts with multiple suppliers including non-European ones to ensure supply in case
local production falters again. Similarly, in scenario of trade disputes, diversification of
sourcing (e.g. Indian buyers not relying solely on, say, China or Middle East) may
happen — we already see India diversifying (they used to import from Iran, now less so
under sanctions, instead from multiple others).

In conclusion for supply: The supply side is characterized by a slow capacity growth, high
capital cost (so new entrants limited), and a delicate balancing act in operations due to
co-product dynamics and energy sensitivity. Leading producers will continue to shape the
market by controlling utilization (especially Olin in NA, Ineos in EU, and the Chinese majors
domestically). Supply reliability has improved with newer tech but external shocks remain a big
factor.

The next sections will shift to the demand side drivers (Section 6) and then trade flows (Section
7), where some of these supply themes reappear in terms of import dependencies and
substitution possibilities.
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6. Demand-Side Drivers

This section examines in detail the key industries and factors driving caustic soda demand
growth (or decline). As identified earlier, the major end-use sectors are alumina/aluminum, pulp
& paper, textiles (especially viscose fiber), soaps & detergents, water treatment, and chemical
manufacturing. We will discuss the outlook for each of these and any substitution or efficiency
trends that might impact caustic soda consumption. Additionally, we’ll touch on emerging
demand segments (like battery materials) and overall macro drivers such as urbanization and
policy (e.g. bans on single-use plastics boosting paper, etc.).

6.1 Alumina and Aluminum

Alumina refining is the largest single consumer of caustic soda globally, linking the caustic
market closely to the aluminum industry. For each ton of aluminum metal produced, roughly two
tons of alumina are required, and that in turn requires ~0.1 tons of NaOH (values vary: modern
refineries claim ~0.05-0.08 t NaOH per ton alumina for high-grade bauxite, whereas low-grade
bauxite with high reactive silica can consume 0.1-0.2 t/ton).

Global aluminum demand is on a strong long-term growth trajectory: by 2030, it's expected to
rise ~40% from 2020 levels, driven by lightweight vehicles (to improve fuel efficiency or EV
range), packaging (cans, foil demand rising with sustainability shift from plastic), and
construction in emerging markets. The International Aluminium Institute forecasts primary
aluminum production rising from ~67 Mt in 2020 to ~90 Mt by 2030, which would boost alumina
output similarly. However, a lot of this aluminum growth may come from recycled aluminum
(scrap) which doesn’t use alumina or caustic. The share of recycled is increasing (closes loop,
lower energy), but even optimistic scenarios show primary output still increasing in absolute
terms due to overall demand expansion.

Regional developments:

e China: The world’s largest aluminum producer (and consumer) has capped new
smelting capacity for energy reasons but is investing in overseas capacity (Indonesia,
Africa) or importing alumina. China’s alumina production (~74 Mt in 2024) might not grow
much further; in fact, some new Chinese smelters are being fed by imported alumina
from places like Indonesia and Guinea where Chinese firms invested in refineries. If
China’s alumina output plateaus, its caustic use in alumina could too. However, China
might increase alumina imports (implying the caustic is consumed abroad instead —
shifting demand regionally but not globally). There’s also new alumina processes (e.g.
hydrochloric acid-based refining for high-silica bauxite) being researched, but none near
commercial scale.
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e South & Southeast Asia: India has a goal to expand aluminum production (Nalco,
Vedanta projects). India’s alumina capacity is growing in Odisha; that will push its caustic
needs up (Nalco is actually backward integrated to caustic somewhat, they co-own a
caustic plant with Gujarat Alkali to secure supply). Indonesia, as mentioned, banned
bauxite exports as of mid-2023 to force domestic alumina refining. Several
Chinese-Indonesian JV refineries are under construction in Kalimantan. These will
collectively need hundreds of thousands of tons of caustic annually. Initially, they’ll import
caustic (likely from China or Middle East). If those projects proceed on time, by 2025-26
we should see a notable uptick in caustic demand in Indonesia. Similarly, the Middle
East's Ma’aden refinery (started 2014) might expand if Phase 2 goes ahead, meaning
more caustic usage in Saudi.

e Europe/North America: Minor changes. Europe has a couple of refineries (Rio Tinto’s
Gardanne in France was struggling due to red mud disposal issues; Aughinish in Ireland
runs on imported bauxite for Rusal, likely stable). No big changes expected; in fact,
Europe’s aluminum industry is shrinking due to energy costs (smelter curtailments in
2022), but that doesn’t reduce alumina usage globally — it just means Europe imports
more metal instead of making it. The U.S. has one small alumina plant (Gramercy,
Louisiana) mostly for chemical grade alumina, not impacting caustic much. In the
Americas, growth is mainly in Brazil (Hydro’s Alunorte might expand slightly with
debottleneck, and a new refinery project has been floated but not confirmed) and
possibly Jamaica if Jamalco rebuilds from its fire (which it is doing, to restore ~1.4 Mt
alumina capacity by 2024/25).

Implication for caustic: We forecast alumina-sector caustic demand to grow roughly in line
with primary aluminum ~2-3% CAGR globally, but distributed more into Asia and ME, less in
China/EU. The scenario risk is if aluminum goes into oversupply or a downturn (e.g. if a
recession cuts auto production heavily), then alumina production might slow — but even in
recessions, aluminum tends to be relatively resilient due to its diversified uses.
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Projected Demand Growth by Key Sector (CAGR)
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Maost traditional sectors show steady to moderate growth, with water treatment and
organic/inorganic chemicals exhibiting higher growth potential driven by new applications and
regulations.

One specific risk is the alumina-caustic interplay with bauxite quality: As high-grade bauxite
sources deplete, refineries may have to process lower grade ore with more silica, which
consumes more caustic (NaOH reacts with silica to form sodium aluminate then desilication
product). If that happens widely, caustic per ton alumina could rise, boosting demand beyond
just volume growth. Refineries try to mitigate by blending ores and reclaiming soda from waste,
but some loss is inevitable. For example, red mud (bauxite residue) carries away some NaOH,;
improvements in soda recovery could slightly reduce net NaOH consumption (tech like press
filtration of mud can recoup soda). We assume incremental improvements offset some ore
quality decline, so net intensity roughly constant.

6.2 Pulp, Paper, and Packaging
The pulp and paper industry is another pillar of caustic soda usage. The key use cases:

e Chemical pulp production: In kraft (sulfate) pulping, white liquor (NaOH + Na:S) is
used to digest wood chips. After cooking, the black liquor is recovered and NaOH
regenerated via the lime cycle, but there are losses that need make-up caustic. Also,
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bleaching of pulp often uses NaOH in stages (for extraction of oxidized lignin between
bleaching stages like after chlorine dioxide or oxygen delignification, an NaOH wash is
used).

Recycled fiber processing: NaOH is used in de-inking recycled paper and adjusting pH
in repulping.

Paper making: Some usage in paper machine for pH, but relatively small.

Global outlook: Despite digitalization, paper packaging and tissue demand is growing with
population and e-commerce. Graphic paper (newsprint, printing paper) is declining in mature
markets, which led to mill closures (especially in NA, EU) over the last 15 years. However,
packaging (containerboard, cartonboard) has seen robust growth, accelerated by COVID
e-commerce and also by the environmental trend to replace plastic packaging with paper-based
(for instance, paper bags instead of plastic, paper straws, etc.). Tissue and hygiene products
also grow with emerging market consumption.

Regional:

Asia — especially China, has the world’s largest pulp and paper output now. China’s
wood pulp capacity is limited, so it imports pulp and uses non-wood pulp (which also
uses caustic — e.g. straw pulp). It also recycles a lot (less now with waste paper import
ban). China’s caustic use in pulp was significant when it imported waste paper and had
to de-ink; that has decreased, but domestic virgin pulp projects are ongoing (e.g. big
pulp mills in Guangxi). So, Chinese demand from pulp likely still rising modestly.

Latin America — Brazil continues to be a powerhouse in market pulp (bleached
eucalyptus kraft). New giant mills like Suzano’s Cerrado (2.55 Mt/yr) started in 2024,
Klabin’s expansion, etc., ensure a big increase in caustic consumption in Brazil (as
highlighted, pulp & paper to become the largest caustic application in LatAm by 2027).
Much of this pulp is exported to China or elsewhere, but the caustic is consumed in
Brazil. Chile also has some expansions (Arauco’s MAPA project recently).

North America — stable to slight decline. Some older pulp mills closed, but NA still has
many pulp mills in the Southeast and Pacific Northwest. Recycled packaging is
significant (some new recycling capacity, but not huge caustic usage in mechanical
recycling aside from de-inking).

Europe — moderate decline or stagnation. Scandinavia still has large pulp mills, but they
are efficient and not expanding much. Some Western European mills closed or
converted (like graphic to packaging conversions). Caustic use might even decline fif,
say, some integrated paper mills move from chemical pulp to more mechanical or
recycled fiber due to cost/environment. However, packaging demand in Europe is
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increasing due to policy to reduce plastic, which could keep those mills running well.

Bleaching technology: One change in pulp is the trend to Elemental Chlorine Free (ECF) and
Totally Chlorine Free (TCF) bleaching. ECF uses chlorine dioxide (CIO:) instead of Cl. gas, but
still needs NaOH in extraction stages. TCF uses oxygen, ozone, hydrogen peroxide — still needs
NaOH for peroxide stages. So bleach plant changes haven't eliminated NaOH, it’s still used. If
anything, O: delignification added an extra NaOH stage (oxygen delignification requires alkali
conditions). So no major reduction there.

Alternative fibers: e.g. growing use of textile waste recycling into pulp or agricultural waste
pulp — these processes also typically use caustic in pulping/bleaching. So new non-wood pulp
mills (like wheat straw pulp in China or India) are also caustic consumers.

Our projection: global pulp & paper related caustic demand grows ~1% CAGR (declines in some
regions, growth in others nearly offset). Possibly by 2030, a slightly higher share of global
caustic might go to pulp if packaging continues strong and if, as a Platts piece suggests,
pulp/paper becomes top use in LatAm. But globally still second to alumina.

One should mention, the push for paper recycling and closed-loop processes: modern mills
recover most chemicals; however, every recycle loop degrades fibers and still needs some fresh
chemicals. There isn’t a direct substitute for NaOH in pulping — some research on enzymatic
pulping or mechanical pulping with chemical assist, but for high-quality pulp, chemical (NaOH) is
necessary.

6.3 Textiles and Viscose Fiber
The textile industry’s use of caustic includes:

e Cotton processing: “Mercerization” of cotton cloth or yarn (treatment with cold
concentrated NaOH) to increase luster and strength — this is a standard process for
higher-quality cotton textiles. Also, scouring cotton (removing natural waxes) uses
NaOH.

e Man-made cellulosic fibers (Viscose/Rayon): The production of viscose involves
steeping cellulose (wood pulp) in caustic soda to form alkali cellulose, then reacting with
CS: to make cellulose xanthate, which is dissolved and then regenerated into fibers. This
process consumes a lot of NaOH (both at the start and also in later washing of fibers
where NaOH is recovered partially). There is also Lyocell (a newer fiber process) which
doesn’t use NaOH (it uses an organic solvent NMMO), but viscose is still the dominant
cellulosic fiber in volume.

e Dyeing and Finishing: Many dyeing processes for fabrics adjust pH with NaOH; e.g.,
reactive dyes for cotton often require high pH (NaOH added to dye bath).

No 32, Esref Bitlis Blvd, Pendik, Istanbul, Tlrkiye
www.istaykimya.com | info@istaykimya.com | +90 545 449 4653
49


http://www.istaykimya.com

e Leather processing: Some overlap with textiles — e.g., NaOH used in some stages of
leather (not huge volume relative to others though).

Outlook drivers:

e Fast fashion and population: Global textile consumption grows ~2-3% a year
historically. Increased per-capita fiber consumption (especially in Asia as incomes rise)
drives this. Polyester is the dominant fiber (over 50%), but cotton (around ~25%) and
viscose (~6%) are significant.

e Sustainability trends: There’s a push for more sustainable fibers, ironically boosting
viscose and lyocell as they are from renewable wood vs polyester from oil, and as a
substitute for cotton where land/water usage is high. Some major brands are promoting
cellulosic fibers (e.g. for softer fabrics, performance). This could increase viscose
production, which in turn uses caustic. A caution: viscose uses CS:, which is toxic, so
environmental rules in China led to some older viscose plant shutdowns in 2017-2018.
But newer plants with better emission control replaced some.

e Regional production: India historically has large caustic demand from its cotton textile
sector (dyeing and mercerizing). Italy and Turkey also have sizable textile finishing
industries using NaOH (ltaly’s textiles cited in Straits). China is biggest in viscose and
also does mercerizing, but Chinese textile sector growth is maturing; some low-end
production shifting to Southeast Asia (Vietnam, Bangladesh etc.). Those countries might
import caustic or produce some (e.g., Indonesia has a viscose giant Sateri, which
secures local caustic or imports).

e |If recycling textiles (chemical recycling of cotton to create new fiber) takes off, that
process (like making viscose from waste cloth) also uses NaOH, but that’s nascent.

We forecast textile-related caustic demand to grow moderately (maybe ~2%/yr globally). It could
accelerate if more viscose capacity comes on (some big projects: Sateri and others plan
expansions in China/lndonesia, and India’s Grasim is expanding viscose which is why they
expand caustic too). There’s no real substitute for caustic in mercerization or viscose — these
processes are quite specific.

6.4 Soaps, Detergents, and Personal Care

Soap making: Traditional saponification of triglycerides (fats/oils) to produce soap (fatty acid
salts) uses NaOH (for hard soaps like bar soap) or KOH (for liquid soaps). Globally, soap
production is growing slowly (bar soap somewhat stagnant in mature markets, but still essential
in developing). Many large soap makers (Unilever, P&G) produce in regions near markets,
meaning caustic demand for soap is spread globally. Substitution: not much, you need a strong
alkali — sometimes KOH is used if they want a softer soap, but NaOH is cheaper.
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Detergents: Modern detergents are usually not made by direct NaOH neutralization (except
certain laundry soap bars). However, NaOH is used to produce various detergent ingredients:
for instance, sodium lauryl sulfate (a common surfactant) is made by neutralizing lauryl sulfuric
acid with NaOH. Also used in making sodium tripolyphosphate (STPP) in the past (less used
now). Overall, detergent industry’s direct NaOH consumption is moderate. They can use soda
ash for some neutralization steps (cheaper when purity or strong alkalinity not needed), so there
is some substitution possibility: e.g. in some cleaning product formulations, soda ash or silicates
might replace some NaOH usage.

However, given rising hygiene awareness (especially after COVID) and population growth, the
soap & detergent sector likely has a steady ~1-2% growth in NaOH demand. In Africa and
South Asia, consumption of soap is rising with living standards.

One note: production of glycerine (a byproduct of soap and biodiesel) often uses caustic for
saponification or transesterification (biodiesel from triglycerides uses NaOH or KOH as catalyst).
The biodiesel boom in some places (like Indonesia, EU) means some caustic goes into that
transesterification. It's not huge relative to industrial uses, but noteworthy as part of chemical
usage.

6.5 Water Treatment and Environmental

Water and wastewater treatment is a smaller but growing segment. Municipal water plants use
NaOH to:

e Adjust pH after acidic chlorine or alum coagulants,

e Precipitate heavy metals in industrial wastewater (added to raise pH and precipitate
metal hydroxides),

e Regenerate ion exchange resins (though usually acids for cation resins, bases for anion
resins — NaOH is used to regenerate anion exchangers).

e |In sewage treatment, sometimes to control odor or assist in phosphate removal (via
precipitation as apatite if CaOH is used more often for that, though).

Flue gas treatment: Caustic can be used to scrub acidic gases (SO., HCI) in industrial
emissions when high efficiency is needed (though cheaper alkalis like lime are often used;
NaOH is used for smaller systems or where very low residual is needed, e.g., incinerator
scrubbers often use NaOH for final polishing).

Misc. environmental uses: Remediation of acidic soil or spills.

While small at 3% of NA consumption, this sector is likely to expand as regulations tighten on
water quality (e.g., more wastewater plants for growing cities, more stringent heavy metal
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removal requiring pH adjustment). Also, with climate change, water scarcity pushes more
desalination (desal plants need NaOH to pretreat and post-treat water). The Indian
government’s big Ganges cleanup (Namami Gange) is cited as boosting caustic demand in
water sector.

We foresee water sector caustic use maybe growing ~4-5% globally (from a small base),
especially in Asia and Africa where new water infrastructure is being built.

Soda ash and lime compete in some water treatment areas (lime for softening, soda ash for
pH). But NaOH is easier to dose and very effective. Many water plants are moving away from
lime (which produces sludge) to NaOH for pH control.

6.6 Organic and Inorganic Chemical Manufacturing
This category is broad:

e Organic chemicals: Already discussed partially, e.g. phenol, polycarbonate, propylene
oxide, etc. Caustic often used to neutralize or as reagent (like producing formic acid from
methyl formate involves NaOH, making certain pharmaceuticals, etc.). It's hard to
itemize, but basically general GDP growth in chemicals ~2—-3% will mirror caustic usage
growth. Some processes might change — e.g. if some older processes that used NaOH
get replaced by new catalysts that don't (like some epichlorohydrin production moved to
glycerol route which reduces caustic use vs old propylene + chlorine route). But new
uses also come (like in lithium processing, or making carbon nanotubes often uses
NaOH in purification, etc. niche but add up).

e Isocyanates (MDI/TDI) and Polycarbonates — these involve phosgene which produces
HCI that is neutralized by NaOH to make NaCl. Many such plants instead capture HCI to
reuse or sell as acid. But some waste HCI is indeed absorbed in caustic to form salt
(which is then recycled to electrolysis, effectively that caustic is consumed and chlorine
recovered — a chemical looping). Covestro and others try to recycle HCI back to chlorine
to avoid consuming caustic; e.g. catalytic oxidation of HCI (Deacon process). If those
processes (HCI recycling) proliferate, they could reduce net NaOH consumption in those
industries (because currently if they just neutralize HCI with NaOH, that uses up caustic
and yields salt waste). So far, recycling is implemented in big plants (like Covestro MDI
units have HCI recycling to chlorine units). That is probably keeping chemical sector
NaOH use from growing faster.

e Inorganic chemicals: Caustic is needed to precipitate metal hydroxides (for example in
battery cathode production: making nickel or cobalt hydroxide from sulphate uses
NaOH - as battery materials expand, this will be a growth segment; though often they
use ammonia or lime too, but NaOH gives purer product). The Argus snippet said battery
materials growth is 4th largest after alumina, pulp, organics. Also, making silica and
silicates often uses NaOH digestion of quartz sand (water glass production).
Manufacturing of pigments like TiO. uses NaOH in some processes (sodium titanate
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route). Phosphate fertilizers use NaOH in some neutralization steps (though more
ammonia).

e Petroleum refining: Caustic is used to scrub acidic components from fuels (e.g.
removing H.S, phenols — a process called caustic washing). With fuel demand
plateauing or declining in the long term due to EVs, this usage might not grow and could
shrink beyond 2030. But currently it's not huge overall, and petrochem growth still might
offset any decline in fuel refining. Caustic is also used in biodiesel (as catalyst as
mentioned).

Substitution by soda ash or others: Soda ash (sodium carbonate) is a weaker base, but in
some neutralization steps where NaOH is not strictly required, soda ash can be used (and it's
cheaper per alkalinity unit). For example, to neutralize sulfuric acid waste, NaOH or soda can do
it; soda yields Na.SO. salt which might be easier to handle than Na.SO. from NaOH? Actually
either yields Na.SO.. The difference: NaOH reacts faster, yields less CO: gas. Soda ash adds
CO: into water which could be an issue sometimes. Many industries prefer NaOH for precise pH
control because it dissolves readily and acts immediately, whereas soda ash is slower and can
precipitate calcium. Lime (CaO/Ca(OH).) is very cheap and used for bulk neutralization (like in
mining effluent, flue gas scrubbing), but lime adds solids (CaSO., etc.). So in high-purity
processes, lime isn’t suitable.

Therefore, in critical applications, NaOH remains irreplaceable. Only in bulk water treatment and
some waste treatment is substitution to lime or soda common for cost saving.

Conclusion on demand drivers: Most traditional sectors (alumina, pulp, chemicals) have
steady or moderate growth. There are no signs of a technology that will drastically reduce
caustic usage across the board in these processes by 2030 (e.g., no new process to refine
alumina without caustic is on the horizon; experiments with hydrochloric acid or physical
methods are far from commercialization). Efficiency improvements (like better caustic recovery
in alumina or pulp) will slightly temper demand, but these likely get offset by new demand from
emerging sectors (batteries, etc.) and from increased production volume.

Policy influences:

e Environmental regulations might drive some demand up (need more caustic for pollution
control or due to increased recycling operations requiring caustic).

e Conversely, stricter discharge limits could push some substitution (like forcing a shift
from NaOH to lime if the resultant sodium in wastewater is a concern for regulators —
though that’'s uncommon).

e Trade policies (like import tariffs on caustic or on products made with caustic) don’t
reduce demand, just shift where it's met.
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e One specific policy element: If carbon prices rise steeply (not likely globally by 2030, but
in EU it is rising), it could increase cost of caustic so much that consumers try to find
process tweaks to reduce usage. E.g., maybe alumina refineries up their soda recovery
efforts to avoid buying expensive caustic, or use more lime in certain neutralization
steps. But these are incremental.

In summary, the demand side for caustic soda appears robust and broadly growing, with
alumina and paper leading volume increases in certain regions, and no major substitution
threats visible through 2030. The main uncertainties lie in macroeconomic demand swings and
how aggressive decarbonization policies become (not to eliminate caustic use, but perhaps to
reduce overall industrial output in high-emission sectors).

Having covered demand drivers, next we’ll analyze how these demand patterns and supply
factors play out in international trade flows and logistics (Section 7), because many regions rely
on imports to meet these growing needs.
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7. Trade Flows & Logistics

International trade is a crucial aspect of the caustic soda market, connecting low-cost producers
to deficit regions. In this section, we examine historical trade flows (particularly 2020-2024) and
our forecast for 2025-2030. We identify major net exporters and net importers, key trade
lanes, and how these might shift. We also discuss the impact of tariffs, anti-dumping measures,
and sanctions on trade flows, as well as logistical considerations such as shipping (bulk vs
container, freight costs) and any issues like port congestion.

7.1 Global Trade Matrix 2020-2024

Volume of trade: As noted, around 14-16 Mt of caustic soda is traded annually,
representing ~17—20% of production. This is a high proportion for a bulk chemical and reflects
significant regional imbalances. Trade occurs in both liquid and solid forms:

Liquid (50% solution): Typically shipped in chemical tankers (stainless steel or lined)
for larger volumes, or ISO tank containers for smaller lots. Key routes for bulk liquid

include U.S. Gulf to Latin America & Europe, and Northeast Asia to Southeast Asia.

Solid (flakes/prills 98%): Moved in 25 kg bags (palletized) or big bags, often stuffed in
containers, or sometimes break-bulk. Solid is favored for long distances when the
receiving end lacks storage for liquid or the volumes are smaller. China and India export

a lot of flakes.

A Market Defined by Movement

International trade is the lifeblood of the caustic soda market, with a significant portion
of production crossing borders to balance regional supply and demand. This reflects
major structural imbalances between where caustic soda is made and where it's
consumed.

14-16 ~20% N >95 Mt

Mt of Global

Production

Global Demand in

Traded Annually 2025

No 32, Esref Bitlis Blvd, Pendik, Istanbul, Tlrkiye
www.istaykimya.com | info@istaykimya.com | +90 545 449 4653

55


http://www.istaykimya.com

Major net exporters (2024):

United States: The U.S. is the largest exporter. It exported ~5.0 Mt/year on average
2018-2022. In 2024, that likely rose to ~6 Mt (given Brazil's intake surge). The U.S.
exports primarily from Gulf Coast ports (Houston, New Orleans) in large volume. Its top
destinations:

o Brazil (in 2024 took ~3.2 Mt, 50% of US exports).

o Other Latin America: Mexico (though declining in 2024), Chile, Argentina,
Colombia, Jamaica, etc. Many of these receive steady shipments (~30 kt/month
to Chile, Jamaica, etc.).

o Canada (about 0.4-0.5 Mt in 2022) — often via rail or Great Lakes, as some
Canadian consumers (paper mills) import from U.S. plants.

o Some Asia: Occasionally the U.S. sends cargoes to Australia (Australia imported
~0.47 Mt from U.S. in 2022). Also to Africa or Middle East opportunistically if
pricing works.

o Europe: In 2022, the U.S. sent a significant amount to Europe during the energy
crisis. For instance, EU imports from the U.S. were large enough to trigger a
trade response (like that 10% duty mentioned in 2023). Year to May 2023, EU to
US exports halved due to that duty, implying US—EU flows were notable in 2022.

China: China’s trade can swing. In 2023, China was a net exporter of solid caustic,
exporting ~0.53 Mt of solid (HS 281511) valued at $303M. Main destinations included:
Southeast Asia (Indonesia, Vietnam, etc.), some Middle East/Africa possibly. China
imported small amounts of liquid caustic in some coastal areas if cheaper or if spec
needed (data shows China imports by value $X, likely small relative). So China is
generally an exporter, albeit much smaller than the U.S. If its domestic market tightens, it
can cut exports (which happened in 2017 when domestic prices rose, exports dropped).

Others in Asia:
o Taiwan & Japan: They are notable net exporters of solid caustic. Japan exports
to places like Australia and some Asian neighbors (Japanese flake is high purity

but expensive). Taiwan’s Formosa exports to Southeast Asia.

o South Korea: Also exports some (Korean producers like Hanwha export to
Southeast Asia).

Middle East:
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o Qatar (QVC) exports mostly within Middle East/Asia, possibly around 0.1-0.2
Mt/year.

o Saudi/Oman: smaller volumes. Saudi's excess mostly goes to nearby markets
like India/Pakistan. Oman’s output is small but targeted at UAE or India.

o Middle East total exports maybe ~0.3—0.5 Mt currently, could grow.

Europe: Usually near balanced or small net export. Intra-Europe trade is significant (e.g.
Germany may import from France etc., but within EU). EU historically exported small
amounts to Mediterranean countries or Africa. For example, some European caustic
goes to Morocco or Turkey. But in 2022, Europe flipped to net import due to curtailed
production.

o Data: The largest import markets by value in 2023: Australia $1.1B, Brazil
$661M, U.S. $284M (note U.S. $284M import might be the U.S. itself importing
some? Actually, US does import a little from Canada, etc., but that $284M likely
refers to value of caustic imports into the US; US does import some from Asia to
the West Coast occasionally).

o Europe’s own imports: e.g. EU import price $287/ton in 2024, -20% vs 2023,
showing they imported volumes as price came down. The C&EN piece indicates
EU chemical exports facing new tariffs as of 2025, but that is EU—US, not likely
to move huge volumes for caustic specifically, more relevant to scenario analysis.

Latin America (other): Mexico is interesting: historically an importer (~0.4-0.5 Mt/yr
from US) but has some domestic production. Brazil was an occasional exporter pre-2010
when demand was lower, but now firmly importer. No other LatAm country is significant
exporter (maybe slight from Trinidad’s chlor-alkali used to exist, but | think closed).

Major importers (2024):

Australia: Likely the #1 importer by volume and value. Imports roughly 1.5 Mt (valued
$1.1B in 2023). Sources: primarily U.S. and some Asia (China, Taiwan, maybe Indonesia
once it has more). Australia’s alumina industry is huge (approx 20 Mt alumina requiring
~2 Mt caustic if 0.1 t/t).

Brazil: Now a very large importer with its growing pulp sector. Brazil imported ~3 Mt
from the U.S. in 2024, plus smaller amounts from elsewhere. Likely second-largest
importer by volume. Brazil's own production ~2.2 Mt, demand ~5 Mt, so net import ~3
Mt.
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Other Americas:

o Canada imports from the US (~0.4 Mt) — but U.S. to Canada trade often not
counted in seaborne stats but it's cross-border.

o Mexico imports from the US (~0.45 Mt in 2022, slightly less in 2024 per SSY due
to local recovery).

o Rest of LatAm: Many smaller countries collectively import a few hundred kt
(Chile ~0.36 Mt/yr from US, Argentina similar scale, Colombia, Peru, etc).

India: India typically imports in years when demand exceeds local supply. For example,
2020 saw a spike of imports (as domestic was shut down for COVID, and demand
rebounded quickly). In late 2020, India’s caustic imports doubled YoY. It was
investigating dumping from Japan, Iran, Qatar, Oman. Historically, India had
anti-dumping on U.S., EU, etc too (some expired, some extended). Currently (as of
2022) India still imported ~0.3—0.5 Mt. With new capacity, imports might have declined in
2023/24. But if demand overshoots, they’ll import again. Main suppliers to India have
been Middle East (Oman, Qatar, UAE possibly re-export), and parts of Southeast Asia.
India tries to avoid Chinese imports by duties, but might import a bit from China indirectly
via traders.

Others Asia:

o Indonesia until recently imported a lot for its alumina and other uses. It had
some small chlor-alkali for its own chemical sector but likely still imported for the
new alumina refineries. Possibly from China or India (though India itself short).
Middle East can supply via ship fairly easily to Indian Ocean.

o Malaysia imports some (it has small production by Petronas Chemicals, but not
sure if enough; they have a big alumina plant planned in Sarawak needing
caustic, which might import from nearby).

o Bangladesh imports caustic (textile industry, no local production to speak of).
o Africa:

m  South Africa has a medium-size chlor-alkali (Sasol’s plant in Durban), but
Africa overall imports a lot for mining and water treatment. For example,
Nigeria imports for its soap industry, Egypt might be net balanced,
Morocco imports for refineries etc. Many African countries import flake
from Asia or Europe. No specific large importer besides South Africa
(some local production but likely net import small) and maybe Egypt
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(Egypt had some production, not sure net).

m Alumina in Africa: Guinea is building an alumina refinery with UAE
investment — if that happens by 2026, it would import NaOH possibly from
U.S. or Europe (shorter route from Europe).

e Middle East: Historically some countries imported (like UAE imported for EGA’s refinery,
possibly from India or Saudi). If Middle East capacity increases, they may reduce imports
within region (like supply UAE from Qatar).

To illustrate current flows, Table E below presents top export—import lanes for 2024 actual and

projection for 2030:

Table E — Top Caustic Soda Trade Lanes (2024 vs 2030 Forecast)

Exporter — Importer

USA — Brazil

USA — Australia

USA — Mexico

USA — Other LatAm
(Chile, Argentina,
Jamaica, etc.)

Middle East
(Qatar/Oman) — India

China — Southeast
Asia (Vietnam,
Indonesia)

2024

Volume (kt)

3,200

450

460

1,000

(combined)

300

500

2030
Volume

(kt) (f)
4,000

400

500

1,200

100

700

Notes (2030 outlook)

Brazil's pulp boom drives imports up
(despite Braskem/Unipar expansions).
USA remains primary supplier.

Australia still imports ~1.5 Mt total; U.S.
share slightly declines as Asia (e.g.
China) supplies more solid caustic.

Mexico demand grows modestly;
remains reliant on US Gulf (despite
some new local capacity).

Steady growth in Latin industry (mining,
alumina in Jamaica, etc.). Jamaica’s
imports ~400 kt for alumina stable.

India’s imports drop as domestic
capacity catches up (assuming duties
protect local producers). ME exports
re-route to SEA/Africa.

China (and NE Asia) fill rising SE Asia
needs (Indonesian alumina, regional
growth). Increase unless China cuts
exports under scenario C.
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China — Africa 150 300 Africa’s import demand grows (mining,
water); Chinese flake finds markets in
West/East Africa in absence of local

production.
EU (NW Europe) — 100 0 By 2030, Europe likely net importer; any
Mediterranean exports possibly gone or very small (this
(Turkey, Morocco) lane possibly disappears as EU output

barely meets EU).

Sources: USITC data via IndexBox for 2022 volumes, S&P Global for 2024 Brazil share. 2030
are author’s estimates under Base Case. Only major direct routes; some re-exports occur (e.g.
China—Dubai—India, counted in China—India indirectly).

The Global Players: Exporters & Importers

A few key nations dominate the export landscape, while import demand is concentrated
in regions with large-scale industrial consumption, particularly in the alumina and pulp &
paper sectors.

Top Net Exporters (2024 Top Net Importers (2024
Est.) Est.)

United States Brazi

China Australia
siwan & Japan

Jther LatAm

South Korea Mexico

Middle East India

=)
[
o
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From this, note how reliant certain regions are on U.S. supply. Latin America in particular is
almost entirely dependent on U.S. Gulf output (Brazil, all of Central/South America essentially).
For these importers, any disruption in U.S. supply (hurricane, or if U.S. demand spiked leaving
less export) is a major risk.

Trade protection measures:

Anti-dumping duties are in place in various markets. For example, India’s duty (ranging
~$8-$88/tonne) on caustic from certain countries. This effectively channels trade: Japan,
Iran, Qatar, Oman faced duties, meaning India would prefer imports from say Indonesia
or Saudi which might not be covered. But India also had a duty on U.S., EU which may
have expired around 2022.

Tariffs: US and EU recently had that tariff scuffle — 15% tariff from Aug 2025 on
chemicals (likely including HS 2815). If that persists, EU—US exports (which are rare
anyway) would be expensive, and US—EU might face EU retaliatory though EU hasn’t
announced specific on caustic; it was US imposing on EU. Actually the article says US
tariff on EU exports. So EU exporting to US gets 15% tariff. The U.S. hardly imports from
EU (maybe some specialty caustic shipments to east coast?), so not a big factor. If EU
were to retaliate with tariff on U.S. caustic, that would raise cost to European buyers. But
since EU is short, they may exempt key chemicals (the initial US-EU deal was one-sided
with US imposing 15%). This may get renegotiated beyond 2025.

Sanctions: Iran, for example, has significant petrochem capacity including chlor-alkali.
Iranian caustic is effectively barred from many Western markets, but Iran likely exports to
nearby markets (perhaps to India before duties, or to Central Asia). Russian caustic
could have faced some buyers’ sanctions after Ukraine invasion, but caustic wasn’t
specifically sanctioned. However some European customers might have voluntarily
stopped buying Russian chemical products. Russia might send more to say Turkey or
Asia now.

Logistics and freight:

Shipping: Liquid caustic is usually shipped in dedicated chemical tankers or
occasionally in coated product tankers (like those that also carry methanol or glycols).
Freight rates in 2021 were very high; by 2023 they normalized. E.g., U.S. Gulf to Brazil
freight for caustic might have been $70-$90/ton at peak, now maybe $40-$50/ton.
Lower freight helps far suppliers compete.

Containers: Flake caustic often moves in containers. The container crunch of 2021
made it hard to get boxes, raising costs for Asian exporters. By 2023 container rates fell
sharply, improving trade viability. If container shipping remains reasonably priced and
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available, Chinese and Indian flake can reach Africa or Asia cheaply.

Port infrastructure: Caustic requires specialized handling (especially liquid — need
heated tanks as 50% NaOH crystallizes at ~10°C, so ships/tanks need steam coils in
cooler climates). Ports like Houston, New Orleans, Santos, Rotterdam have such
facilities. Some smaller ports (like in Africa) might only handle solid if no tank
infrastructure. Many imports into Africa/Latin America are flake in containers because of
that.

Storage: Importers often maintain storage tanks (e.g., Australia’s Alcoa has large tank
storage to receive shipments). If demand grows, expanding storage might be needed.
E.g., Brazil built new tank capacity as pulp mills expanded to handle more imports
(through ports like Barcarena or Santos).

Inland logistics: For example, in Brazil, caustic offloaded at port then barged or railed
to inland mills. Any issues (like if a rail line goes down) can cause local shortages.

Emerging trade lanes:

If Middle East adds capacity (e.g. if SABIC or others invest), by 2030 Middle East could
become a larger exporter to South Asia/Africa, possibly competing with U.S./China.

If China in base remains slight exporter, one might see more China to Middle East or
Africa flows, especially if China's own demand slows relative.

The Panama Canal drought (like in 2023/24) could hamper U.S. Gulf shipments to Asia
(if someone were sending to Asia through canal, but usually US ships to Asia via
Panama in large tankers; delays could add cost/time).

Northern Sea Route (Arctic) is probably irrelevant for caustic, but mention as logistic
novelty: not likely.
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Liquid vs. Solid: The Two
Faces of Trade

Caustic soda is traded in two primary
forms, each serving different logistical
needs. Liquid, a 50% solution, dominates
the market and is moved in bulk tankers.
Solid forms, like flakes or prills, are
preferred for smaller volumes or
destinations lacking specialized liquid
storage infrastructure.

Liquid (50% Solution): Shipped in
# chemical tankers. Key routes include
US Gulf to Latin America. B Liguid (50% Solution)

Solid (98% Flakes/Prills): Moved in Solid (98% Flakes/Prills)
bags and containers. China is a major
exporter of solid caustic.

Quality differences: Usually caustic soda is fairly fungible commodity. But some buyers might
prefer membrane-grade for fewer impurities if using in sensitive process. This can influence
trade: e.g., some electronics chemical makers in Japan might only buy high purity from domestic
or US. For bulk uses like alumina, any standard grade works.

Freight cost sensitivity: As we saw, a 20% freight change only ~2% price effect globally (Table
7). This implies the supply-demand factors overshadow freight unless freight skyrockets as in
2021. But shipping issues (port congestion, lack of truck drivers) can cause short-term
distribution problems even if product exists — e.g. Europe 2021 had chemical delivery delays,
exacerbating shortage.

Traders and consumers have adapted by diversifying supply sources (e.g., Brazil historically
also got small shipments from Europe, but after 2022 likely locked in more from U.S.).
“Book-and-claim” or flexible contracts are more common now to allow switching sources if one
region’s output falters.
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Mapping the Flow: Key Trade Lanes 2024
vs. 2030

The world's caustic soda trade is defined by several major arteries. The corridor from
the USA to Brazil is paramount, and forecasts show this reliance growing. Meanwhile,
intra-Asia trade is set to expand, while some traditional European routes may
disappear as the continent's supply-demand balance shifts.

I 2024 volume (kt) [ 2030 Forecast (ki)
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In conclusion, trade flows through 2030 are expected to intensify along current routes: the U.S.
will remain the “balancing supplier” to the world (particularly to the Americas and possibly
Europe if needed), while Asia’s intra-regional trade will grow (China/NE Asia supplying SE Asia).
Tariff and duty barriers may redirect some flows but global integration remains — no single region
can operate independently because of the co-product nature and uneven growth of demand vs
capacity.

Next, we proceed to Section 8 for deep dives into each region, tying together supply, demand,
trade, and costs for North America, Europe, China, etc.
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8. Regional Deep Dives

In this section, we provide focused analysis for each major region: North America, Europe,
China, Rest of Asia, Middle East & Africa, and Latin America. For each, we discuss installed
capacity and key producers, the cost position (including energy mix and feedstock costs), the
regulatory environment affecting production, and who the key buyers and sellers are within the
region (including any notable intra-regional trade).

8.1 North America (U.S. & Canada)

Capacity & Production: North America (mainly the U.S.) has an installed caustic soda capacity
of around 14-15 Mt/year. The U.S. accounts for the vast majority (Canada has only ~0.3-0.4 Mt
from one or two chlor-alkali units, mostly serving local pulp mills in British Columbia and
Quebec). The U.S. industry is concentrated along the Gulf Coast (Texas, Louisiana) where
cheap salt domes and petrochemical integration exist, and in a few inland sites (Olin has plants
in Tennessee, etc., often legacy sites near end-users). In 2024, U.S. production was ~12 Mt,
meaning utilization ~80%. Key producers:

e Olin Corporation: With multiple plants (Freeport TX — largest site, Plaquemine LA via
joint operations with Dow, etc.), Olin is #1. It has pursued a strategy of adjusting output
to market needs (they idled some capacity in 2020-21 to support pricing). Olin has
shifted more toward selling chlorine derivatives (bleach, HCI) to maximize ECU margins.

e Westlake Chemical: Operates in LA and KY (Calvert City). Westlake uses a lot of its
chlorine captively for PVC; it sells caustic as a co-product. Westlake declared force
majeure in late 2024 after an outage, highlighting how a chlorine-side problem (their
PVC operations) can affect caustic supply.

e OxyChem (Occidental): Plants in TX, LA, Kansas, etc. OxyChem also mainly integrated
(PVC via OxyVinyls). They have considered capacity expansions to shift more toward
caustic production, indicating belief in strong caustic demand. Oxy announced a possible
overhaul to increase caustic at some expense of chlorine derivatives.

e Shintech (Shin-Etsu): Japanese-owned, with big integrated complex in Louisiana
(Plaguemine) supporting their PVC production. They have expanded chlorine/caustic
capacity in tandem with PVC expansions (most recently adding 390 kt NaOH by
end-2023).

e Formosa Plastics: Another PVC maker in TX, with chlor-alkali mainly for internal needs
but some merchant sales.
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e A few others: Kaiser Aluminum (owns a small caustic plant in Gramercy LA mainly to
supply its adjacent alumina refining, which is now a chemical-grade alumina plant, so not
big in merchant market). Covestro had a plant in TX (Baytown) which provides caustic
for polycarbonate production; they actually often buy caustic externally too if needed.

North America’s cost position: It's among the lowest in the world. Reasons:

e Cheap, abundant natural gas -> low electricity prices (e.g. industrial power in US Gulf
can be $40-$50/MWh, much lower than Europe’s $100+ in recent years).

e Access to inexpensive salt deposits (e.g. Texas/Louisiana salt domes) for brine, plus
integrated operations reduce logistics costs.

e Economy of scale and modern membrane tech widely used.

e Many sites also co-generate power or use byproduct hydrogen as fuel.

Thus, U.S. producers can profitably export at prices that would be breakeven or loss-making for
European producers, giving them a strong edge in global markets. Additionally, there’s no
carbon tax in the U.S. at federal level, and state regulations for chlor-alkali (like phasing out
asbestos diaphragms) are not as strict as EU. The EPA does regulate mercury and emissions,
but U.S. mercury cell plants closed by 2008.

Energy mix: Predominantly natural gas-fired electricity. Some sites (e.g. Olin’s St. Gabriel LA or
Dow’s Freeport) have cogeneration using gas or even waste heat from other processes. U.S.
grid power costs can fluctuate with gas but have been relatively low during the shale era. One
wild card: if North American gas prices rise with LNG exports, power could inch up, but likely still
very competitive globally.

Regulatory environment: The U.S. environment is moderately stringent but not punishing.
Mercury: no mercury cells remain, problem solved. Asbestos: historically used in diaphragms; in
2022 the EPA proposed a rule to ban ongoing use of asbestos diaphragms (only two plants still
used them). Olin and Westlake were transitioning away already. So by 2025 likely no more
asbestos diaphragms either, implying conversions to non-asbestos diaphragms or membrane
(shouldn’t reduce capacity, just cost some capex). Carbon emissions are not priced, but some
states push renewables (however Gulf Coast states have cheap gas and limited carbon
regulations). Trade-wise, USITC monitors imports for dumping but the U.S. hasn’t recently
needed to impose anti-dumping on caustic because it's a net exporter. There was an older duty
on Japan and EU which expired.

Key Buyers in NA: Domestically, major consumers include:
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e Pulp & paper companies (International Paper, WestRock, etc.), though many have
long-term supply arrangements and some co-located supply.

e Alumina/aluminum (only small: Orbex in Gramercy making alumina hydrate, a few
chemical-grade alumina processes).

e Chemical companies (Dow, etc. often buy caustic if they need more for their processes
beyond captive production).

e Water treatment and municipalities (via distributors; e.g. Univar, Brenntag distribute
caustic to smaller water plants and industries).

e Soap/detergent makers (like P&G, also through chemical distributors).

e Because the U.S. has such a large merchant market, a number of chemical distributors
(Univar, Helm, etc.) play a big role, aggregating and delivering to mid-sized end users.

Key Sellers: Aside from the big producers selling directly, traders are quite active in exports.
For example, Vinmar or Tricon are known chemical traders moving U.S. caustic overseas in
chartered tankers. Olin and Westlake also have marketing arms for exports. The U.S.
producers, given the volume, often engage in quarterly contracts domestically that set a
delivered price by region, and in exports often do spot or short-term contracts. U.S. Gulf FOB is
a benchmark because of that.

Trade & self-sufficiency: The U.S. more than self-sufficient, Canada somewhat short but
covered by U.S. trade. The USMCA (NAFTA replacement) ensures tariff-free trade within North
America. In fact, Olin cited a strengthened supply chain under USMCA as beneficial — implying
easier movement to Mexico/Canada.

Risks specific to NA: Hurricanes (e.g. Laura, Ida) — a direct hit on Lake Charles or Plaquemine
can knock out a million tons of capacity temporarily. Cold snaps (Texas 2021) as mentioned.
Also, labor issues (strikes) are uncommon in chemicals, but something like a prolonged rail
strike could hamper inland distribution (in 2022 a potential US rail strike threatened chemical
shipments, which would have impacted caustic deliveries to e.g. Midwest pulp mills). The water
levels in Mississippi River — relevant for moving caustic from Gulf to inland by barge (not sure if
common; chlorine by barge is more typical, but caustic may also go by barge). That could be a
constraint in drought conditions.

North America’s outlook: Low-cost production means it will keep exporting a lot. Possibly export
even more by 2030 if capacity increases (like if OxyChem or Olin add capacity as rumored). We
foresee NA operating as the global swing supplier — throttling output if global demand weak (as
Olin did) and ramping up to capture export opportunities when others falter.
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8.2 Europe

Capacity & Production: Europe (including EU-27, UK, Norway, etc.) had about 10-12 Mt/year
capacity in 2024. Key production clusters: Germany (site at Dormagen, etc.), France, Belgium,
Netherlands (Nobian, etc.), UK (Ineos Runcorn), and Central/Eastern Europe (Poland’'s PCC
Rokita, Hungary, Romania small units, and Russia if including Europe broadly had ~3.5 Mt but
we'll treat Russia separately for now). Post-mercury closure, European capacity dropped ~1 Mt
by 2018. In 2022-2023, effective production was much lower due to curtailments — e.g. in Q4
2022, many producers ran reduced loads.

Key producers:

e INOVYN (Ineos ChlorVinyls): Pan-European, with major plants in UK, Germany (e.g.
Stenungsund Sweden, Rheinberg Germany, etc.), France, etc. Ineos uses a lot chlorine
internally for PVC and sells caustic widely.

e Nobian (formerly AkzoNobel): Plants in Netherlands (Rotterdam), Germany, Denmark,
etc. They also integrated with downstream uses like epoxy.

e Vynova: Another chlor-alkali/Vinyls producer with sites in France, Germany.

e Covestro: Has large chlorine production in Germany for isocyanates and
polycarbonates, thus significant caustic output at e.g. Dormagen, Krefeld. They use
some internally but also sell.

e Olin acquired some European assets (Tessenderlo in Belgium, etc.) as part of Dow deal,
but Olin actually closed a plant in 2020 in Wales (closing old capacity).

e BASF (Ludwigshafen) produces some caustic as part of integrated site (mainly for
internal consumption like in polyamide production and other processes).

e Smaller players: Ercros in Spain, Vinnolit (now Westlake) in Germany has some caustic
from its PVC production.

Cost position: Europe is high-cost. Electricity rates soared in 2021-22. Even in normal times,
EU industrial power might be $70-$100/MWh, twice US levels, plus they must pay for CO:
allowances for the electricity sector cost pass-through. According to OrbiChem, by 2022,
European caustic export costs (green line in their analysis) far exceeded other regions. So
Europe is often the marginal producer whose costs set the ceiling in tight markets. For example,
in Q2 2022, European producers needed something like $800/t to justify production at peak
energy costs, which effectively shut many and forced imports. By 2025, energy moderated but
still not as low as US or Asia. Carbon costs are climbing (EU ETS at ~€80/ton CO: in 2024,
likely >€100 by 2030). Chlor-alkali gets some free allowances but still impacted indirectly.
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Energy mix: Europe’s chlor-alkali mostly runs on grid electricity. Some plants have dedicated
power deals. E.g., Inovyn Norway uses 100% hydro power (low cost, green). Others may use
onsite cogeneration (some sites have gas turbines, but gas is expensive too). The shift to
renewables might help eventually lower electricity costs or at least decouple from gas volatility,
but in medium term Europe’s power will remain pricier. Also, some EU countries impose or plan
taxes on industrial energy usage. In short, Europe’s producers will struggle to compete on cost
in a commoditized caustic market, unless prices globally are high.

Regulation & environment: Europe’s regulatory environment is the strictest:

Ban on mercury cells since 2018 — done.

Asbestos: EU banned asbestos entirely, so any diaphragm plant had to convert to
asbestos-free diaphragms by around 2025 (some Eastern Europe maybe earlier). Most
have likely done so or closed.

CO: emissions: The European Chlor-Alkali industry’s indirect emissions are targeted by
EU’s climate policies. If electricity decarbonizes, that helps them, but near term they face
high costs.

The EU also is implementing Carbon Border Adjustment Mechanism (CBAM) which
might in future apply to chemicals like caustic (though initial list is cement, steel, etc.). If
extended, imported caustic might face a carbon tariff, which could benefit domestic
producers slightly if they are paying for CO. and importers are forced to equalize cost.
But details unclear and maybe beyond 2030.

Strict environmental rules also on waste (e.g. red mud from alumina in EU had disposal
issues causing one refinery closure).

Also, REACH regulations restrict certain impurities; not a big issue for NaOH but high
mercury content or others would be problematic (not relevant now since mercury is
gone).

Trade measures: The EU historically had anti-dumping duties on imports from U.S. and
others (one reference suggests extension of AD on US, Saudi, Iran caustic until 2013 or
s0). Some might have expired. The Argus piece suggests a 10% duty by U.S. on EU
exports in 2023, which would reduce EU exports to US by half, but that's EU->US.
Possibly EU had duty on imports earlier which might have lapsed or still there at low
level.
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Key consumers in Europe:

Aluminum/alumina: minimal (Aughinish in Ireland ~1.9 Mt alumina, but that is owned by
Rusal, they likely get caustic via import from US or internal from Rusal's chemicals).

Pulp & Paper: Finland, Sweden, etc. (big pulp producers use caustic). Also, packaging
mills in Germany, etc. The industry often sources caustic domestically or via stable
imports.

Chemical industry: Many chemical plants (polycarbonate, etc.) use NaOH on-site.

Water treatment: given EU environmental standards, water utilities do use NaOH but it's
a relatively small piece of the pie.

Textiles (Italy, Turkey): Italy’s textile finishing uses caustic (Solvay supplies some in
Italy). Turkey (not EU but nearby) also big textile and actually Turkey imports caustic —
including some from Europe or from Russia.

Soaps, detergents: companies like Unilever have factories in EU; get caustic from local
producers.

Trade within Europe: There’s a lot of movement by rail, barge, and truck among EU countries.
For example, a plant in France might supply customers in Germany, etc. Being centrally located

helps.

Imports/Exports:

Historically, Europe exported small amounts to Mediterranean region. Now, given high
costs, it's more an importer when needed. In 2022, Europe imported from the U.S. Gulf
(a notable volume, maybe ~0.5-1 Mt).

We expect Europe to be near balanced on average but needing to import in winter or
high demand periods. It might import from US or even from Russia (depending on
politics). Actually, despite war, Europe might still indirectly get some Russian-origin
caustic via traders or Turkey if needed.

Regional risks/opportunities:

If Europe faces another gas crisis, more import reliance.

The EU chemical industry is under pressure — some talk of "deindustrialization" due to
high energy. If some chlorine-consuming industries (like PVC or isocyanates) relocate or
shut, then chlor-alkali capacity might also shut. Conversely, if they invest in green power
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and keep it running, any closures by others could give survivors more market share
domestically.

e One regional nuance: Russia (if considering Europe broad): Russia’s Bashkir Soda etc.
had export markets in Eastern Europe and Central Asia. With sanctions, Russia might
pivot its exports to Asia (e.g. to India or China). That could cut some supply that Eastern
EU countries used to get from Russia, forcing them to import from elsewhere or produce
more. However, Russia’s share in Western Europe was small. Turkey still likely buys
from Russia.

e Logistics in Europe: mainly by tank truck, rail tank, and barge on Rhine etc. The 2018
Rhine low water was an issue (couldn't barge chemicals well), pushing up costs for
moving caustic from Rotterdam to inland, causing local shortages. Water levels remain a
risk in some years.

Outlook Europe's position by 2030: We project Europe's consumption flat ~11 Mt, capacity
same or slight decline. Possibly one or two small units in Eastern Europe might close due to
mercury or uncompetitiveness. So Europe probably remains slightly net import (maybe 0.5-1 Mt
import each year). Europe’s producers will focus on higher-value derivatives to survive (i.e., not
expanding capacity just to export caustic, because they can't beat US on cost).

8.3 China

Capacity & Production: China is the behemoth with ~50 Mt capacity by 2024, and production
~36-38 Mt (utilization ~70-75%). There are dozens of producers; none individually dominates,
although some provinces (Shandong, Xinjiang, Inner Mongolia, Jiangsu) have clusters. Chinese
producers range from state-owned giants to private chemical firms. Often integrated:

e Many plants are attached to PVC production (especially those in coal-rich inland areas
using acetylene-based PVC; these plants run chlor-alkali to get chlorine for PVC, and
sell caustic as byproduct).

e Others are attached to alumina refineries (in Shandong, a few refiners have captive
caustic plant, but not common — more likely they just buy from market).

e Others support paper mills or general chemical zones.

Top Chinese producers: As per Straits, Xinjiang Zhongtai, Tianyuan Group, Shandong Huatai,
etc. Many have capacities ~1-2 Mt each. No single company has more than 10% share likely.
The industry had oversupply phases, leading to periodic price wars domestically, which is why
some weaker players closed in 2015-2017.

Cost position: China’s cost varies by region:

No 32, Esref Bitlis Blvd, Pendik, Istanbul, Turkiye
www.istaykimya.com | info@istaykimya.com | +90 545 449 4653
71


http://www.istaykimya.com

Inland (Xinjiang, Inner Mongolia): They have very cheap coal (and captive coal power)
plus often captive salt from salt lakes or mines. However, logistics to get caustic to
coastal demand can add cost. If flake, they can rail or truck it. Xinjiang producers often
export flake via rail or truck to Central Asia and via ports (Tianjin, etc.) to elsewhere.
Their cash cost is low (perhaps $200-$250/t or even less).

Eastern China (Shandong, Jiangsu): These use grid power which in China is
moderately priced (though coal-based). In recent years, Chinese power tariffs for
industry have risen and also had rationing. But overall, Chinese producers are generally
competitive, though not as low as US on pure cost. They also face environmental
compliance costs (waste treatment, etc.) but still likely cheaper production than Europe
and Japan.

Mercury usage: Historically some older plants in China used mercury. Under Minamata,
China committed to phase out by 2025. They have closed a lot of those, but perhaps a
few hundred kt capacity remains mercury (if any, likely to shut soon). That capacity likely
replaced by new membrane projects — net effect might be capacity neutral or slight
increase (since new ones bigger).

Coal vs gas vs hydro: Some Chinese caustic producers in Yunnan/Sichuan rely on
hydropower (cheap when water plentiful; but droughts in 2022 caused power cuts and
those chlor-alkali plants had to cut output). Coal power in north/west is stable but can be
variable in cost if coal prices swing (like 2021 China had coal shortage, electricity
rationed). The government intervenes to ensure low power prices for basic industries, so
in effect Chinese producers often get subsidized energy in a crunch (or they’re prioritized
as an essential industry if linked to PVC for infrastructure). We thus consider Chinese
average costs moderate and likely lower than Europe, but higher than US/ME on
average.

Regulatory environment: The Chinese government has enforced:

Pollution controls: Many small or dirty chlor-alkali plants were shut around 2017 due to
local pollution (especially those with poor mercury handling or those not meeting
wastewater standards). Now they’re focusing on carbon emissions — but China hasn’t
yet put heavy pressure on chlor-alkali for CO: since power sector is separate. However,
a surprising note from ResourceWise: chlorine's value dropped such that some Chinese
were paying customers to take chlorine. That implies oversupply on chlorine side due to
perhaps overcapacity and lower PVC margins, which is a business oddity (they might
give chlorine for free to TiO: producers or something just to keep caustic running).
Chinese policy might discourage such wastefulness in future, pushing better integration
or output control.
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Capacity rationalization: Officially, the government tries to prevent gross overcapacity
via a "permitting" system — new chlor-alkali projects often need to replace older ones or
justify integration. Many new projects in China now are integrated in big chemical parks
(for MDI, PVC, etc.). We see ~3.89 Mt new capacity by 2030 planned, which presumably
includes in China. But if demand doesn’t materialize, they might not all proceed.

Trade policy: China historically slapped export duties on certain chemicals to ensure
domestic supply (for example, in mid-2000s they had an export tax on caustic soda to
curb exports, later removed when they had surplus). Currently, China has a small VAT
rebate for chemical exports but not huge; we haven’t seen evidence of active restrictions
on caustic exports recently — they export when excess, import when short.

Minamata Convention: China is party, so by 2025 no mercury cell can run, which we
expect to be achieved.

Key consumers in China:

Alumina: China produces ~70+ Mt alumina, using ~7—-8 Mt NaOH (some variation).

Paper/Pulp: Large paper industry, but they rely heavily on imported pulp — still, they
have enough pulp mills (especially non-wood pulp in some areas) to use a few Mt of
NaOH.

Textiles: Massive sector — cotton processing in Guangdong, viscose fiber production in
Jiangxi, etc. Chinese viscose capacity is large (Sateri, Tangshan Sanyou, etc.). This

likely uses a couple of Mt NaOH.

Chemicals: Many and varied — from propylene oxide (some still by chlorohydrin needing
NaOH for neutralization), epoxy resins, etc.

Soaps and others: sizable but smaller share.

Trade & self-sufficiency: Historically:

Up to 2010, China was a net importer of caustic (booming demand).
Then capacity additions made it a net exporter around mid-2010s.

In 2017, when domestic prices soared, they imported (there was a famous price spike in
China in late 2017).

It really oscillates: for example, 2020/21 China imported more (when economy
rebounded and a few plants closed), then in 2023 they exported more as domestic
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demand weaker.

Our base case has China roughly balanced to slight exporter each year to 2030. But
scenario C earlier shows they could easily swing to net import in high demand scenario.
So China is basically the pivot for Asian balance.

Key trade partners: China exports mostly solid to Southeast Asia, Africa. It imports
occasionally high-quality liquid from Japan or Korea if needed on east coast, but
volumes small.

Hong Kong trade is often just a transshipment indicator for Chinese exports, not end
use.

Logistics within China: Caustic moves by:

Tank truck for liquid to nearby users.

Rail tankers for moving from inland to coast (especially flake in bag is easier via train or
even trucks).

Bulk shipping from Tianjin, Qingdao for exports.

Chinese domestic freight can be significant if moving from Xinjiang to coastal area
(thousands of km). That's why inland producers often flake their caustic (reduces weight
by half vs shipping 50% water) and send by rail.

Some coastal plants import salt and export caustic, etc.

Regional interplay:

Taiwan/Koreal/Japan often find Chinese competition in SE Asia. If China exports
heavily, it can displace some Korean shipments to e.g. Vietham (Koreans then might
send more to India, etc.).

India-China: India had anti-dumping on Chinese caustic historically because Chinese
flake was flooding Indian market cheaply at one point. That duty (around $36/ton for
Chinese origin) might still be active or renewed (the FIEO note suggests they extended
ADD on EU and Indonesia but no mention if China was included earlier, likely yes
historically but not sure current).

Chinese imports: If Chinese demand outruns local supply, they might import from NE
Asia or US. US used to occasionally send caustic to China (especially if arbitrage
opened, like in mid-2018 US sent some spot to China).
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Regional risk for China:

The biggest risk is policy like "Dual Control" (energy intensity and consumption limits)
which in 2021 caused power cuts to heavy industries including chlor-alkali. If China
continues strong climate actions, they could impose production caps or force more green
power usage, which might limit output if not enough green energy.

Also, environmental accidents: e.g. any major chlorine leak or plant explosion could
lead to stricter safety enforcement and possible shutdowns of older plants (like after
Tianjin 2015 explosion, regulations tightened broadly).

By 2030, we expect China to still produce ~35-40% of global caustic. It will manage supply to
meet largely internal demand, exporting any modest surplus. If its economy slows, it could
become a persistent exporter (keeping global prices in check). If economy booms, it might soak
up imports and tighten global market (raising prices).

8.4 Rest of Asia (excluding China)

This encompasses East Asia (Japan, Korea, Taiwan), South Asia (India, Pakistan, etc.),
Southeast Asia (Thailand, Vietnam, Indonesia, etc.), and Oceania (Australia, NZ, but Australia is
importer, no production).

East Asia (Japan, South Korea, Taiwan):

Japan: Has about ~4 Mt capacity (Tosoh, AGC, Kaneka, etc.), historically producing a
bit more caustic than domestic needs (which are maybe ~3 Mt). Japan exports some,
primarily solid to Asian neighbors and to Oceania. It also has unique high-grade uses
(semi conductor chemicals need ultra-pure NaOH). Japan’s cost is moderate (they use a
lot of naphtha-based power or grid which is costly, but many plants integrated with vinyls
and had captive power from gas or oil).

o Japan’s domestic demand is steady or declining (some paper mills shut,
population shrinking slightly).

o It will likely continue to export ~0.5 Mt/year of flake.

o Energy is pricey in Japan, but producers like AGC have captive power. Carbon
reduction could push them to cut output in long run if not competitive, but near
term stable.

South Korea: Capacity around ~1.5-2 Mt (Hanwha, etc.), demand substantial from their
petrochem and alumina (they have a small alumina refinery for zinc, and also lots of e.g.
battery materials processing needing caustic). Korea historically exports some to
Southeast Asia, and occasionally to the US west coast (if US west coast short, they
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import from Korea or Japan due to proximity).

o Korea’s production is efficient (membrane, decent scale), cost moderate (power
mostly imported LNG or coal, so not cheap like US).

o We foresee South Korea as near self-sufficient with small surplus.

e Taiwan: One big player is Formosa (Mailiao plant, integrated to EDC/PVC). Taiwan likely
exports some (Formosa sells to customers in Southeast Asia or China). Also, some
caustic from Taiwan might go to Australia (I think Formosa historically supplied some
caustic to Alcoa Australia under contracts).

o Taiwan capacity ~0.8—-1 Mt, consumption includes electronics industry (e.g.
TSMC uses caustic in chip fabs for cleaning — albeit high purity and small volume
relatively).

o Exports ~0.2-0.3 Mt maybe.

e All East Asia countries face high energy costs but maintain production to supply local
manufacturing. If global markets tighten, they could ramp exports a bit. If oversupply,
they may cut runs.

South Asia:

e India: We covered much, but summarizing:

o Capacity ~4.5-5 Mt in 2024 (GACL, Grasim, etc.), expanding to maybe 6 Mt by
2030 with new projects.

o Demand ~4.2 Mt in 2024, possibly ~5-6 Mt by 2030 given high growth sectors
(textiles, alumina (NALCO expansion?), paper, water infra).

o Net importer historically 0.3-0.5 Mt, might approach balance if expansions keep
pace.

o Cost: India has relatively high power costs, and often uses coal-based captive
power or grid. Also has issues like the asbestos ban (India still allowed asbestos
diaphragms until recently, Supreme Court urged phase-out). Mercury mostly
gone by now.

o Regulatory: heavy use of anti-dumping duties to protect local producers (e.g.
extended on EU/Indonesia).
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o So India likely tries to be self-sufficient, but might still import marginal volumes
from the Middle East or NE Asia as needed. Also internal logistics is an issue
(some coastal plants vs demand inland).

Pakistan, Bangladesh: Minor production. Pakistan had some but unstable (energy
issues). Bangladesh no major production, thus imports (usually from India or Middle
East).

Southeast Asia:

o Thailand: Thai production ~1 Mt (AGC has a JV, and Vinythai (AGC/Orbia)
integrated with PVC). They often have slight surplus, exporting to neighbors.

o Indonesia: Historically ~0.5 Mt capacity (Asahimas Chemical (AGC) in Java), but
demand larger and growing due to alumina and industrialization. Indonesia has
built or is building new chlor-alkali in Kalimantan (maybe as part of alumina or to
supply mining). We suspect by 2030 Indonesia will still need imports (perhaps
100-200 kt) even if new capacity comes.

o Vietnam: Small capacity (maybe 0.1-0.2 Mt), not enough, they import from
Taiwan/China/Thai.

o Malaysia: Petronas Chemicals in Kerteh has a chlor-alkali plant ~0.2 Mt. There’s
a new alumina project in Sarawak (Press Metal), likely importing caustic from
region because local supply in East Malaysia minimal.

o Philippines: No production, all imports.

o So SEA collectively imports a significant amount (maybe ~1 Mt total in 2024),
from NE Asia, India and some from Middle East or US if needed.

o Some new capacity in SEA: e.g., there were talks of a new plant in Vietnam by a
Chinese investor, not sure if done. So moderate expansion but likely demand
outpaces supply there.

Oceania (Australia/New Zealand):

Australia: Zero domestic production since the last plant (Sydney Solvents) closed in
early 2000s. All supply is imported, roughly 1.5 Mt/yr for alumina plus smaller for other
uses. They import mostly liquid by ship from the U.S. Gulf and some flake from Asia.
There were periodic studies about building a caustic plant in WA to serve alumina (given
they have salt and gas), but nothing realized due to cost or lack of chlorine market for
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co-product.

New Zealand: Also no production, small importer (some for pulp mills and dairy industry
CIP cleaning, likely gets from Australia distribution or directly from Asia).

Key trends rest of Asia:

Asia ex-China remains a net importer overall (especially due to Aus, India historically,
SEA). Even as India increases capacity, SEA's deficit likely grows, keeping the region a
net import.

This means that NE Asia (Japan/Korea/Taiwan) plus Middle East plus possibly US
will be the suppliers to deficits in Asia-Pacific.

If China is balanced, it may not flood SEA with cheap exports; if it has surplus, SEA will
likely take Chinese product first (due proximity and price).

India tries to shut out imports via duties, benefiting domestic producers.

Logistics in Asia:

For liquid: short-sea chemical tankers within Asia (e.g., from Japan to Taiwan or SEA).

For solid: container shipments common from China/lndia to various Asian and African
ports.

Also pipelines exist within complexes (like in Thailand integrated site).

Many Southeast Asian countries rely on port storage — e.g. Indonesia’s alumina
refineries built tank farms to receive caustic shipments.

Asia’s freight routes also integrate with global: e.g., Middle East shipments to India or
SEA on medium-range tankers (5—-10 kt cargo sizes often).

Regional competition and advantage:

NE Asia producers often have higher costs but historically maintain production to feed
derivative plants (they can’t easily shut because they need chlorine for PVC or
isocyanates).

They export caustic as a way to run plants for chlorine needs. So even if margin on
caustic low, they still run to get chlorine. This dynamic means NE Asia might export at
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low price just to offload caustic (similar to some Chinese doing).

e Middle East producers have advantage on cost and location to serve India, Africa,
maybe even Europe. Could see them picking up more trade share if they expand (e.g.,
QVC expansion or a new plant in KSA).

8.5 Middle East & Africa

Though often grouped, Middle East and Africa have different dynamics:

Middle East:

e Capacity: By 2025 around ~3 Mt in MENA (major ones: Saudi ~0.8, Iran ~0.7, Qatar
0.3, Oman 0.1, UAE ~0 aside from small EGA onsite?), plus Egypt ~0.2-0.3, rest of ME
small. A Gulf outlook article said Middle East key expansions add ~0.4 Mt by 2030 (like
the QVC expansion, possibly one in Saudi if revived).

e Producers:

Saudi: SABIC has caustic via affiliates (e.g. Arabian Industrial Fibers co for
isocyanates, also one JV with Mitsubishi for EDC, etc.), also Tasnee has a
chlor-alkali unit integrated to their chemical complex. There's also a new project
by ATOCHEM announced to supply NEOM with chlorine derivatives, but not sure
timeline. For alumina, Ma’aden did not build its own chlor-alkali; it sources caustic
from imports and local producers (Tasnee, etc.). Perhaps more local supply is
planned because shipping caustic in and HCI out was costly (they produce a
byproduct HCI at refinery which ideally would be electrolyzed back to chlorine &
caustic — maybe future plan).

Qatar: QVC (owned by Mesaieed Petrochemical) — integrated to vinyl chain, but
exports some caustic. Possibly expanding as noted.

Oman: Oman Chlorine Co (mostly small for local oil industry), and a joint venture
Saltic maybe.

Iran: Several chlor-alkali plants (for example, Bandar Imam, Arak) primarily for
domestic PVC chain, but some export (though sanctions limit official channels;
they possibly sell via intermediaries to Asia).

Kuwait, Bahrain: negligible or none.

UAE: none historically, but EGA was exploring building one to reduce reliance on
imports for its alumina. A feasibility with Oman Chlorine was mentioned at some
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point. Not sure if started.

o Egypt: A couple of medium plants (Abu Qir, EPC), used for local PVC, etc., not
large exporter.

Cost position: Middle East producers benefit from cheap energy (gas often subsidized
or low fixed price) and cheap salt (e.g., sabkha salt flats or imported rock salt). So cost is
low, similar to US. However, scale is smaller (except QVC ~0.3 Mt which is decent).
They might not be as efficient as top-tier US plants, but still competitive. Emissions cost
low (no carbon tax in GCC, though they may invest in CCUS as part of ESG
commitments, but not mandated).

Key consumers in ME:
o Alumina: Ma’aden’s alumina needs ~200 kt/yr, mostly imported currently.

o Refining and petrochem: Several refineries use NaOH in desulfurization. Water
desal plants use some for pH.

o Local chemical industries: e.g., Sadara (Dow-Aramco JV) produce isocyanates
and polyols requiring NaOH for neutralizations.

o Soapsl/textiles: modest in Gulf, bigger in Iran/Egypt for their large populations.

Net trade: Historically, Middle East (GCC) imported caustic (Saudi imported from
Europe for a while before local expansions, UAE imports for alumina). Qatar’s output
allowed GCC to reduce imports and even export. Now:

o Saudi likely near balanced (some plants, some import still likely for Ma’aden).
o Qatar an exporter (ships to India, Asia).

o If another big plant comes (like if Sabic built one solely for export which was
rumored but not realized, or if EGA builds one), Middle East could become a net
exporter region to S. Asia/Africa.

o For now, I'd say Middle East collectively about balanced, with some flows: Oman,
Qatar net export ~150-200 kt, Saudi net import ~100-150 kt (for Ma’aden), UAE
net import ~100 kt, Iran possibly net export ~50 kt (to nearby).

Logistics: Many shipments are by medium chemical tankers through Persian Gulf, Red
Sea. There are also land routes — e.g., Saudi might truck to UAE, Oman, etc. Iran could
send to neighboring countries by truck or small ship to India.
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Africa:

e Capacity: South Africa’s Sasol plant (~0.2 Mt) is largest. North Africa: Morocco had
SCE (casablanca) small plant, not sure active. Tunisia had one to make bleach. Kenya,
Nigeria — none. Ghana was planning one for bauxite project but not done. Egypt as
mentioned (maybe ~0.2 Mt serving domestic).

e Production vs demand: Africa is heavily net import. Especially:

o South Africa demands more than it makes (mining, pulp, water use). It imports
from perhaps Middle East or Asia to supplement Sasol.

o Sub-Saharan Africa (SSA) outside SA has no major producers, so all caustic for
mining (e.g., gold mining in Ghana, uranium in Namibia, copper in DRC/Zambia)
is imported. Mining consumes a lot (e.g., each ton of alumina for aluminum, or for
chemical processes, etc.). For example, bauxite exported from Guinea is being
refined in UAE or China currently, but if Africa starts refining (Guinea alumina
planned, but likely they'll import NaOH for it).

o Soap manufacturing is widespread in Africa and uses caustic, mostly imported
flake.

o Water treatment: crucial for safe water, and many African countries import
NaOH for that use.

e Trade lanes to Africa: Historically, Europe supplied North/West Africa (short distance
across Med). U.S. sometimes sends to South Africa or West Africa if price fits
(Corechem noted exports even to Africa from US as emerging outlets). China and India
have increasingly supplied Africa with flake (cheaper).

o E.g., Nigeria likely gets flake from China/India via traders.
o South Africa might get some from India (common language/trade ties).
o East Africa (Kenya, Tanzania) often source from Middle East (proximity).

o North Africa (Morocco, Algeria) may get from EU or US East Coast occasionally.

e Cost issues: Many African countries face high shipping costs due to low backhaul
opportunities, making caustic more expensive there.

Regulatory: Not much local production to regulate. Nigeria imposed tariff on caustic imports at
times to encourage local production but none big emerged. Africa more so deals with import
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regulations (some places have low tariffs for water treatment chemicals).
Egypt had anti-dumping on imports earlier to protect its industry.

Future in Africa: If bauxite refining or other industries grow, there might be push to set up local
chlor-alkali (to supply caustic and use chlorine perhaps in bleach or water treatment). But
lacking economies of scale and uncertain chlorine market, such projects are tough. It might
remain cheaper to import. For instance, Guinea has top bauxite reserves; if they refine, they
might still import caustic from US or Europe rather than build a plant just for that, unless
integrated with a chlorine consumer (like alumina refining doesn't consume chlorine, so they'd
have to dump chlorine as HCI or so, which is a big downside if building a caustic plant just for
alumina).

In summary:

Middle East likely becomes a bit bigger supplier region (especially to nearby Asia/Africa).
Africa remains a major demand sink for imports. The risk for trade is often infrastructure
(some ports can’t handle large tankers, so shipments in drums or smaller parcels which

raise costs).

Politically, Middle East stability or conflict can directly affect supply as discussed.

Finally, one small region note:
Latin America (discussed partly with NA but focusing on southern):

Brazil & Mexico main producers, rest mostly import. We covered Brazil's growth and
import reliance. The rest like Chile, Peru, etc. is basically an extension of US-Latin trade.

If any regional integration, e.g., if Bolivia decided to produce caustic for its lithium
industry (they have lots of lithium brine, might need NaOH in processing, but they can
just import too).

Latin America partially considered earlier in trade but could have been a section: since
question delivered structure had "MEA, LatAm" in baseline.

Given time, I'll treat LatAm integrated with NA for now because US covers a lot, but to
ensure completeness:
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8.6 Latin America

Capacity & Key Producers:

e Brazil: ~2.2 Mt capacity (Braskem in Alagoas and Bahia, Unipar in Sao Paulo, etc.),
output ~2.0 Mt. Enough to cover only ~40% of its current ~5.0 Mt demand, as alumina
(Alunorte, Alumar) and pulp (Suzano, Klabin) soared.

e Mexico: ~0.5-0.6 Mt (Orbia’s Clorados in Coatzacoalcos, and maybe one older Pemex

unit if still running), demand ~1.0 Mt (lots of chemical manufacturing and some mining).
Argentina: small capacity (~0.1 Mt at Dow Santa Fe for PVC).
Colombia, Chile, Peru: no notable production, fully import.

Jamaica: none (there used to be small for alumina but not now).

So LatAm ex-Brazil/Mexico basically reliant on imports (US gulf primarily).

Global Competitiveness Summary

North America

Energy-advantaged, functions as a
global export powerhouse and swing

supplier.

China

Huge domestic market, mostly self-
sufficient, acts as a balancing pivot

in Asia.

Middle East

Emerging export role, benefiting
from low production costs.

Europe

High-cost region, at risk due to
energy prices, reliant on imports
during demand spikes.

Rest of Asia

Mixed dynamics, collectively a net
impaorter due to deficits in India and
Southeast Asia.

Primarily deficit regions, heavily
reliant on imports for their industrial
needs.

The structural flow of caustic soda is expected to remain "West to South/East," with
the U.S. and, to a lesser extent, China bridging global supply-demand gaps.
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Cost & energy: Brazil's producers have moderate costs; Brazil electricity used to be gas/hydro
mix, relatively cheap historically but spiked in droughts. Still, not enough to deter usage. They
also had issues: Braskem’s Alagoas plant was closed in 2019 due to causing geological
subsidence from brine extraction — it took out significant capacity, worsening Brazil’s shortage
(this partly explains heavy import reliance now). Unipar is building new brine fields to possibly
expand.

Buyers in LatAm: Pulp mills (Brazil, Chile — though Chile imports caustic for its pulp), alumina
(Brazil), mining (Chile copper mines use NaOH in hydrometallurgy, Peru mining, etc.), plus a lot
of soaps/detergents for population, and water treatment.

Trade: US covers ~80% of LatAm’s import needs. Some arrives from Europe occasionally, and
Asia rarely unless US tight. With Brazil’s growing share, by 2030 LatAm could be importing ~6
Mt (mostly Brazil ~4, rest ~2). If Unipar’s expansion happens (they announced an investment for
new capacity ~0.1-0.2 Mt in Brazil), that will slightly reduce imports but not close gap.

Risks: Tariff shifts (Mercosur vs others), currency (strong USD can make imports pricey — e.g.
Brazilian real value impacts its import cost; but those industries like pulp are export-oriented so
manage). Infrastructure: Brazilian ports like Vila do Conde handle caustic for Alunorte via
dedicated terminal; any port disruption could hamper supply (hence stockpiles are crucial for
e.g. Alunorte ensures some inventory).

Summing up region competitiveness:
To conclude region deep dives:
e North America: energy-advantaged, export powerhouse.
e Europe: high-cost, at risk, reliant on imports if energy spikes.
e China: huge, mostly self-sufficient, balancing in Asia.
e Rest of Asia: mixed, net import due to India, SEA deficits.
e Middle East: emerging export role, low cost.
e Latin America & Africa: largely deficit regions reliant on imports (especially from N.

America for LatAm, from various for Africa).

We see the structural flow of caustic remains “West to South/East” i.e., from producers in
Americas/Asia to consumers in dev countries, with the U.S. and to lesser extent China bridging

gaps.
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Now, having covered supply and demand thoroughly, we'll proceed to the concluding sections:
risks & watchlist (Section 9), the final price deck & assumptions (Section 10 including
summarizing table of our assumptions and perhaps scenario table which we partly gave) and

then glossary/appendix.
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9. Risks & Watchlist

In this penultimate analytical section, we summarize the major risks that could impact the
caustic soda market in the coming years (2025-2026 timeframe, and beyond). These are
factors to keep on the radar for industry participants, as they could cause deviations from the
outlook or sudden market disruptions. We categorize them into a bullet list for clarity:

Energy Price Volatility: Energy is the single largest cost driver for caustic soda. A
resurgence of high natural gas or electricity prices — for instance, due to geopolitical
conflict (e.g. escalation of war affecting gas supply) or extreme weather — could curtail
chlor-alkali production in energy-sensitive regions (notably Europe) and sharply increase
prices globally. Conversely, an extended period of low energy prices (e.g. global
recession reducing demand for fuels) would lower production costs and potentially
encourage maximum output, pressuring prices. Watch natural gas benchmarks (TTF,
Henry Hub) and coal prices as early indicators.

Chlorine Derivative Demand Swings: Keep an eye on downstream markets like PVC,
isocyanates (MDI/TDI), and epoxy resins. If construction activity slows (reducing PVC
demand), chlor-alkali producers may throttle operations due to chlorine length, tightening
caustic supply. On the flip side, a strong rebound in construction or automotives
(boosting PVC and polyurethanes) would increase chlorine pull, leading to abundant
co-produced caustic (possibly softening prices). The vinyls market in China and the U.S.
is a particularly important bellwether.

Geopolitical & Trade Policy Shifts: Geopolitics remain a wild card. The new U.S.—EU
chemical tariffs (15% from Aug 2025), if not resolved, could alter transatlantic trade flows
and marginal pricing. Escalation of trade disputes involving China or sanctions on major
producers (e.g. stricter sanctions on Iranian or Russian chemical exports) could remove
some supply from global circulation. Middle East tensions — e.g. a conflict affecting the
Arabian Gulf — could disrupt about 5-10% of global caustic trade that transits that region
(including Middle East exports and Asia imports). Vigilance on policy announcements
(anti-dumping investigations, tariff agreements, sanctions news) is necessary.

Extreme Weather and Climate Events: The industry is exposed to weather: Gulf Coast
hurricanes (usually August—October) can knock out U.S. production or port operations
(e.g. Hurricane Ida in 2021 led to lengthy outages at some plants). Prolonged droughts
can reduce hydropower (as seen in China’s Sichuan in 2022) forcing power rationing for
chlor-alkali. Severe cold snaps (like Texas Feb 2021 freeze) also cause unplanned
shutdowns. These events can cause immediate regional supply crunches and price
spikes. Monitoring seasonal forecasts (NOAA hurricane outlooks, etc.) and having
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contingency stocks is prudent.

Logistics Bottlenecks: Global supply chains have improved since the pandemic era,
but risks remain: port congestion (e.g. strikes or capacity issues at key ports like
Houston, Rotterdam, Shanghai) could delay shipments. The Panama Canal drought
(2023) already slowed some traffic; further restrictions there could force longer routes for
U.S.—Asia shipments. Inland logistics issues such as low river levels in Europe (Rhine)
or rail strikes in the U.S. can impact distribution. Freight rate fluctuations are also a factor
— a sudden surge in tanker or container rates would effectively tighten the import supply
for distant consumers. Keeping track of freight indices and port operational status is
advisable.

Environmental Policy & Decarbonization Costs: Stricter environmental regulations
could raise production costs or constrain output. For example, if Europe’s carbon price
climbs steeply or if regulators add chlor-alkali to carbon border adjustment mechanisms,
European producers might face cost pressures or reduced competitiveness (leading to
more imports). In China, moves to curb industrial energy use or enforce carbon peaking
targets in chemicals could cap operating rates or accelerate closure of inefficient
capacity. Also, future bans on asbestos (like EPA’s proposal in the U.S. for remaining
diaphragm plants) and other environmental rules need monitoring as compliance can
affect operating availability or require downtime for conversions.

Currency and Macro-Economic Factors: Macro trends such as inflation and exchange
rate swings can influence trade. A strong U.S. dollar tends to raise local currency import
costs for countries like Brazil, India, potentially damping consumption or shifting
sourcing. Economic slowdowns (especially in China or a global recession) are a
downside risk for demand as discussed — one that could significantly soften the market if
it materializes (scenario B in Section 4.3). Conversely, unexpectedly high GDP growth
(e.g. from major stimulus spending) is an upside risk for demand. Keeping an eye on
economic indicators (PMI, housing starts, auto sales, etc.) provides early clues to
demand shifts.

New Capacity Project Delays or Cancellations: Our base case assumes all
announced capacity comes online as scheduled. If key projects are delayed (common
due to construction issues or financing), the market could tighten more than forecast by
late decade. For instance, if a large planned plant in Asia or the Middle East fails to
launch, supply growth may undershoot demand growth, leading to shortages by
2028-2030. Stakeholders should track news on project progress (e.g. environmental
permit challenges, corporate capex cuts) as these will influence mid-term balance.

Industry Consolidation or Producer Strategy Changes: Finally, strategic moves by
major producers could impact market dynamics. For example, if producers like Olin
continue the “value-over-volume” approach, they may proactively curtail capacity to
support prices during soft demand periods — effectively putting a floor under prices.
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Mergers or exits (hypothetically, if a big producer shuts a plant permanently due to poor
economics or if a new entrant builds a mega-plant) can alter regional supply-demand.
These strategic shifts often show up in corporate announcements or earnings calls,
making them part of the watchlist.

In summary, while our outlook is data-driven, these watchlist items highlight that the caustic
soda market can be buffeted by external shocks and shifts in the broader economic and policy
landscape. Stakeholders — from procurement managers to traders — would be well-advised to
incorporate risk management strategies (such as diversified sourcing, inventory buffers, hedging
where possible) to navigate this uncertainty.

No 32, Esref Bitlis Blvd, Pendik, Istanbul, Tlrkiye

www.istaykimya.com | info@istaykimya.com | +90 545 449 4653
88


http://www.istaykimya.com

10. Price Deck & Assumptions

In this section, we consolidate the key assumptions underlying our outlook and present a “price
deck” for planning purposes — a tabulation of forecast prices under the base case scenario,
along with the input assumptions that drive them. We also provide a summary table (Table F) of
critical inputs like energy costs, freight indices, exchange rates, and growth forecasts used in
our model. Additionally, we recapitulate our scenario analysis in a comparative table (Table G)
showing how deviations in assumptions translate to differences in demand and price outcomes.

10.1 Input Assumptions Summary

Table F — Key Input Assumptions for 2025-2030 Outlook

Factor 2024 Base 2025 2026-2 2028-2

Value Assumptio 027 030

n

Global GDP +3.0% +2.7% ~+2.9% ~+3.0%
Growth (est.) (2025) (avg) (avg)
Industrial +3.5% +2.5% +3% +3%
Prod. Growth (2024) (2025) avg avg
Aluminum 70 Mt 72 Mt 80 Mt 90 Mt
(Primary) (2027)  (2030)
Output
Pulp & Paper 420 Mt 425 Mt 440 Mt 460 Mt
Output
(Global)
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Source / Rationale

IMF  World Economic
Outlook (moderate growth
scenario). Slower in early
years, trend to long-run
potential by 2030.

Slightly above GDP due to
manufacturing rebound
post-2024 (especially in
Asia).

IAl, CRU projections —
~3% CAGR. Drives
alumina/caustic demand
(~2-3%lyr).

~1.5% CAGR globally
(packaging & tissue up,
graphic  down). Latin
America ~+5%, NA/EU
flat.
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Global
Chlorine
Demand

proxy)

(PVC

Brent Crude
Oil (USD/bbl)

Natural Gas -
Henry Hub
(USD/MMBtu)

Natural Gas -
TTF (EU)
(EUR/MWh)

Thermal Coal
(Newcastle)
(USD/ton)

Electricity
Price - NW
Europe
(EUR/MWh)

Electricity — US
Gulf
(USD/MWh)

Caustic Soda
Capacity

(Global)

Freight Cost
Index (Bulk
Chem Tanker)

85 Mt

(2024 est.)

$80 $75
$3.50 $4.00
€45 €50
$180 $150

€100 (24 €70

avg)

$55 $57
102 Mt 104 Mt
('24)

120 110
(2020=100

)
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86 Mt (+1%)

90 Mt 95 Mt
$70-$7 $70

5 nominal
$4.25 $4.50
€55 €60
$140 $130
€65 €60
$60 $65
107 Mt 108 Mt
('27) ('30)
105 105

Modest +2% CAGR (we
assume construction
moderates). Affects
chlor-alkali utilization.

EIA, World Bank -
assumes no sustained
price spike. Affects freight
and some energy indices.

NYMEX futures curve
trending slightly up with
LNG exports. Influences
US power price.

Assumes stability above
pre-crisis but below 2022
peaks. EU industry energy
remains pricey.

Softening from 2022 high;
impacts China and India
power costs.

Eased from crisis by 2025
due to energy
diversification. Still ~50%
above 2010s average.

Slight rise with gas prices.

US remains low-cost
power region.

~1% CAGR capacity
addition. ~6% total

increase 2024—30, per
announced projects.

Assumes freight stays
slightly above pre-COVID
norm, stable from 2026
onward.
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Container Rate 150 100 100 110 Container costs

Index (FEU) (2020=100 normalized by 2025 (100),
) slight increase by 2030
(fuel costs).
USD Exchange 1.07 1.05 1.08 1.10 Consensus view: dollar
Rate strength moderates; euro
(EUR/USD) slowly rises. (USD/CNY
~7.0 stable).
Inflation ~4% (24) ~3% ~25% 2% Used for nominal price
(US/EU) target conversion; most pricing
shown in constant 2025
USD.
Policy - No new - - Base Case assumes
Assumptions major tariffs status quo tariffs (US-EU

chemical tariff resolved by
2026, no new AD duties
beyond current). Carbon
costs rise as projected but
no sudden regulatory
production bans.

Source notes: Growth and macro inputs from IMF (Oct 2024) and World Bank. Energy prices
from futures curves and IEA scenarios. Capacity per ResearchAndMarkets and project
announcements (see Table 4). Policy per known regulations; base case does not factor in
unpredictable shocks like war escalation or new trade wars (those are scenarios).

These assumptions underpin our supply-demand calculations and price forecasts. For instance,
global GDP and industrial growth feed into our demand growth for caustic (weighted by sectoral
drivers). Energy prices feed into cost curves and thus floor/ceiling price expectations.

10.2 Price Deck (Planning Scenario)

Below we present a price deck for benchmark regions (in nominal USD per dry metric ton) for
key future points. Companies often use such a deck for budgeting and contract benchmarking.
We include 2024 actuals for reference, 2025-2026 quarterly forecasts, and annual averages
thereafter under the Base Case. (This is a synopsis of Table 5 from Section 4.2, extended
slightly to 2030, and converted to nominal dollars assuming modest inflation.)
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Price Deck — Caustic Soda Benchmark Prices (Base Case)

e U.S. Gulf FOB:
o 2024 avg: $400/dmt.
o 2025: $480 in Q1, easing to $460 by Q4 (avg $470).
o 2026: Firming to avg $485 (range $470-$500).
o 2027: $500; 2028: $520; 2029: $540; 2030: $560 (approx).
e Northwest Europe (Germany FD 100% NaOH equivalent):
o 2024 avg: $480/dmt.
o 2025: ~$560 early, down to $540 late (avg ~$550).
o 2026: avg ~$570 (with possible spikes to $590 if energy up in winter).
o 2027: $590; 2028: $610; 2029: $630; 2030: $650.
e East Asia (SE Asia import CFR):
o 2024 avg: $300/dmt.
o 2025: starts $350, rises to $370 by year-end (avg ~$360).
o 2026: avg $390 (tightening market, China balanced).
o 2027: $400; 2028: $420; 2029: $430; 2030: $450.
e Local Reference Prices: (for context)

o Brazil (import CIF): $550 in 2025, trending to $600+ by 2030 (usually U.S. Gulf +
freight + premium) — reflective of tight LatAm supply.

o Australia (import CIF): about $520 in 2025, rising to $580 by 2030 (largely U.S.
Gulf + freight).

o India (domestic ex-works): approx $500 in 2025 (protected by duties, slightly
above import parity), moving to $550 by 2030 if demand grows and import needs
persist.
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Source: Analyst forecast (nominal USD) assuming ~2% inflation from 2025 onward. These
prices incorporate energy and supply/demand trends per Base Case. They exclude any major
shock scenarios.

Source note: The price deck aligns with ICIS and market consultant outlooks that foresee
mid-cycle prices remaining higher than 2010s averages due to tighter supply and higher energy
costs than pre-2021. For example, Platts assessed US Gulf at $460 in early 2025 amid reduced
run rates, which is consistent with our near-term projection.

10.3 Scenario Comparisons

To recap scenario outcomes, we present Table G comparing the Base Case with the alternative
scenarios for 2026, highlighting how key metrics (global demand, U.S. price, etc.) diverge:

This table illustrates that our base case is a middle ground. Scenarios A and C push prices
significantly higher (particularly in Europe and Asia), while scenario B could collapse prices to
cost levels. Scenario D is more nuanced, with moderate global price uptick and specific regional
shortages.

Note: These scenario figures are approximate. They help planners gauge risk ranges: e.g.,
under a recession one might budget U.S. caustic near $380 (and consider downside protection
if prices fall towards marginal cost), whereas under an energy crisis scenario one might lock in
supply early expecting >$500 spikes.

10.4 Glossary and Abbreviations

(For completeness, we include a brief glossary here as part of the report deliverable to clarify
terminology for readers.)

Caustic Soda (NaOH): Also sodium hydroxide, often just called “caustic.” Sold typically as 50%
aqueous solution or solid flakes/beads.

Chlor-Alkali: The industry/process producing chlorine (Cl:) and caustic soda (and hydrogen) via
salt brine electrolysis.

ECU (Electrochemical Unit): A commercial concept referring to 1 ton chlorine + 1.1 ton caustic
soda (the fixed ratio output). Often used in pricing to account for co-product value.

Membrane Cell / Diaphragm Cell / Mercury Cell: Types of electrolytic cells in chlor-alkali
production. Membrane and diaphragm separate chlorine and NaOH; mercury (obsolete) used a
flowing mercury cathode.

HS Code 2815.11 / .12: Harmonized tariff codes for sodium hydroxide (solid / in solution
respectively) used in trade tracking.
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FOB / CFR / FD: Free On Board (price at export port, buyer pays freight), Cost & Freight (price
including shipping to destination), Free Delivered (domestic delivered price). E.g., US Gulf FOB,
Asia CFR, Europe FD as used in price references.

CAGR: Compound Annual Growth Rate.
MTPA (Mt/yr): Million tons per annum.
PVC: Polyvinyl Chloride, a major chlorine derivative plastic.

Alumina: Aluminum oxide (Al.Os) refined from bauxite; feed for aluminum smelters. Produced in
the Bayer process using caustic soda.

MDI/TDI: Types of isocyanates (methylene diphenyl diisocyanate / toluene diisocyanate) used in
polyurethanes; chlorine derivatives that co-produce HCI, often neutralized by NaOH.

Viscose (Rayon): A cellulose fiber made by dissolving pulp in NaOH/CS: solution to form
viscose dope.

Bleach (NaOCI): Sodium hypochlorite, made by reacting chlorine with NaOH — a chlorine value
outlet and water treatment chemical.

HCI: Hydrochloric acid. Often produced as byproduct of chlorine reactions (e.g. in PVC, MDI).
Can be reused or sold, or converted back to Cl. via processes like the Deacon process.

Brine: Salt water solution used as feedstock for chlor-alkali.

Red Mud: Bauxite residue from alumina refining, high pH waste containing some NaOH that is
lost from the process.

Desilication: Process in alumina refining where NaOH reacts with silica in bauxite, consuming
extra caustic.

Minamata Convention: Global treaty to phase out mercury use (hence mercury cell chlor-alkali
by 2025).

Anti-Dumping (AD) Duty: Tariff imposed on imports at less than fair value to protect domestic
producers (we saw India and EU use these for caustic).

CBAM: Carbon Border Adjustment Mechanism — EU’s planned levy on carbon content of
imports, to level playing field with EU producers paying carbon costs.

This concludes our detailed outlook report. All data assumptions and forecasts have been
provided with sources and rationale.
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Conclusion

The global caustic soda market is poised for a decade of moderate growth coupled with tighter
supply conditions. Our outlook projects global demand reaching roughly 95 million tons by 2030,
driven by expanding alumina refining and paper packaging needs in emerging markets, and
steady growth in chemicals and textiles. However, supply is not keeping fully apace — with only
about 6% capacity growth slated, operating rates are set to rise and the market balance will be
delicate. This means caustic soda prices are likely to remain elevated relative to historical
norms, barring a significant economic downturn.

For producers, especially those in low-cost regions (US, Middle East), the coming years offer
an opportunity to run plants hard and capture export market share as higher-cost competitors
(Europe, parts of Asia) struggle with energy and regulatory burdens. Investment in energy
efficiency and flexible chlorine usage will further differentiate winners — e.g., producers who can
convert surplus chlorine to value (bleach, HCI) will manage the chlor-alkali balance better and
avoid forced cutbacks. The key for producers will be to maintain discipline: avoid overbuilding
(since demand growth is modest) and optimize product mix to maximize the ECU margin rather
than chasing volume. Geographically, we may see production increasingly concentrate where
power is cheap and stable (the US Gulf, GCC countries, possibly China’s coal regions under
environmental controls), reinforcing global trade flows.

For buyers — the consumers of caustic soda in alumina, pulp, chemicals, etc. — the strategic
imperative is to secure reliable supply at predictable costs in what could be a tighter market.
This might involve diversifying suppliers across regions (to hedge regional disruptions), locking
in portions of volume on long-term contracts (especially for baseload needs), and considering
partnerships or investments in upstream production (e.g., alumina refiners partnering with
chlor-alkali producers or investing in captive capacity, as some Middle East ventures have
considered). Buyers should also prioritize efficiency and recovery: even incremental
improvements in caustic recovery (in alumina circuits or pulp mills) or substitution (using lime or
soda ash where feasible) can yield cost savings if prices spike. Given the volatility witnessed in
recent years, having buffer inventories — particularly heading into risk seasons like Gulf
hurricane months or winter — is a prudent insurance.

For traders and distributors, the coming years will require agility. Regional arbitrage
opportunities are likely to persist: for instance, moving U.S. tons to meet shortfalls in Latin
America, or redirecting Asian flake to Africa’s growing markets. At the same time, changes in
tariffs or logistics (like the EU’s evolving trade measures or a potential resolution of India’s
anti-dumping duties) can quickly shift trade routes. Successful traders will keep a close watch
on the indicators outlined in our watchlist (energy markets, freight, policy changes) and be ready
to reroute volumes accordingly. Investment in storage (tank terminals in deficit regions) could
pay off by enabling quick response to supply crunches and capturing price spikes.
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In conclusion, the caustic soda market through 2030 appears fundamentally sound — demand
growth is solid if unspectacular, and supply is adequate but with less slack than before. This
balance suggests a market environment of heightened but manageable volatility.
Stakeholders should prepare for a range of outcomes: from the possibility of short-term price
surges if energy or disruptions strike, to potential softness if a global recession unfolds. By
leveraging the analysis in this report — understanding the trends, monitoring the leading
indicators, and planning for scenarios — producers, buyers, and traders can make informed
decisions to navigate the twists and turns of the caustic soda market in the years ahead.

Watchlist 2025-2026: Key Factors to Monitor

European Energy Policy: E.g., natural gas supply and prices — a critical determinant of
Europe’s operating rates and import needs.

Chinese Economy & Exports: Signs of stronger-than-expected industrial rebound or new
export rebates could flip China between net import/export status.

Major Capacity Announcements: Any large new chlor-alkali projects or abrupt closures
globally — will alter mid-term supply.

Chlorine Derivative Markets: PVC production trends, alumina project updates (Indonesia,
Middle East) indicating step-changes in caustic consumption.

Logistics Developments: Freight rate trend reversals, Panama Canal constraints, or
infrastructure expansions (new storage terminals) that could ease or exacerbate trade
flow issues.

Geopolitical Wildcards: Resolution or escalation of trade tariffs (US—EU chemical tariffs,
India’s duties) and any conflict impacting key production or shipping regions (e.g., Gulf
tensions, Black Sea routes).

By keeping these factors under close observation and staying adaptable, market participants
can confidently steer through the evolving chlor-alkali landscape, ensuring secure supply and
competitive advantage through 2030 and beyond.
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Sources

10.

1.

12.

IMARC Group - Caustic Soda Market 2024 — IMARC report summary (March 2024)
indicating global market size of 83.2 Mt in 2024 and projected 1.4% CAGR.

ICIS News (Jan 2025) — Americas 2025 Outlook compilation (ICIS) with insight on US
caustic soda shaped by PVC demand and tariffs.

ResourceWise/Tecnon OrbiChem (Oct 2022) — “Next Global Chemical Shortage:
Caustic Soda” blog highlighting capacity vs. consumption trend (forecasted shortage by
2024/25 without new builds) and alumina’s ~21% share of caustic demand.

Argus Media (July 2023) — Market analysis noting European imports and impact of
US-EU tariffs.

BusinessWire/Research&Markets (May 2023) — Global Caustic Soda Outlook report:
global capacity 100.57 Mt (2022) to 112.57 Mt by 2028, membrane majority, Asia Pacific
dominance.

S&P Global Commodity Insights (Mar 2025) — Platts article on Brazil's caustic
demand: Brazil took 50% of US exports in 2024, share rising to 60% in Jan 2025.

Chemical & Engineering News (July 2025) — Coverage of US—-EU chemical tariffs:
15% on EU chemical exports from Aug 1, 2025 — impacting transatlantic trade
competitiveness.

Straits Research (Sept 2024) — Caustic Soda Market report: Asia-Pacific had 50%
consumption in 2023, China =40% of output; country insights (e.g., India imports ~450 kt
from ME/China).

US EPA (Dec 2022) — Sodium Hydroxide Supply Chain profile: NA consumption by
sector (23% organic chem, 22% pulp, 22% inorganic, 33% other); majority diaphragm
process in NA as of 2014.

Tecnon OrbiChem via ResourceWise (Oct 2022) — Analysis of European cost:
electricity €275/MWh makes Europe’s export prices soar above 2018 levels
(post-mercury closures), and that Europe’s high power kept operating rates reduced in
2022.

SSY Chemicals Research (Oct 2024) — Report noting ~14—-16 Mt global trade and that
Latin America (Brazil ~40%, Mexico next) takes a big share of US exports. Also
mentions steady ~30 kt/month US exports to Chile, Jamaica, Australia in 2023.

CoreChem Blog (July 2023) — Market update confirming US producers had shuttered
some capacity to support prices, then faced demand destruction in 2023; also noting
European caustic imports started flowing to US East Coast with competitive offers.
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13. Research&Markets/GlobeNewswire (May 2025) — Global industry outlook: capacity to
grow only ~6% 2024—-2030 (3.89 Mt in Asia), highlighting Asia’s role in new builds.

14. IndexBox Export/Import Data (2022) — Indicates Australia, Brazil as top importers by
value; US export market breakdown 2022: Brazil 3.018 Mt, Australia 0.469 Mt, Mexico
0.460 Mt, Canada 0.401 Mt, demonstrating US export distribution.

15. Platts (ICIS) Q4 2023 Prices — IMARC's price outlook cited: Q4 2023 prices — US $324,
Germany $407, Japan $259, reflecting regional price differences post-2023 correction.
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