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Abstract

The methanol industry is one of the most dynamic industries in the world and methanol is one of the
three important products of chemical industry in the world. According to the foreseeable scarcity of
energy resources in the future, the direct use of methanol as a clean fuel and produce hydrogen for
a fuel cell is highly regarded.

Methanol is a key product to create added value from energy sources including natural gas and coal.
In this work, methanol industry has been analyzed from an economic perspective, and future vision
of methanol has been sketched in Iran and the world. The production and consumption of methanol
in Iran and the world, methanol market in the world, supply and demand for methanol and other
details about the methanol economy have been described. Also, the predictions of the future of
methanol in Iran and the world is presented. Iran's methanol would be having a significant impact
on the methanol industry and the global economy in the future.
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1. Introduction

Methanol is one of the three most important products of chemical industry in the world and
many materials derived from it. Also, due to the lack of predictable future energy sources,
direct use of methanol as a clean fuel and/or produce hydrogen for a fuel cell, is highly regar-
ded. Methanol is one of the most important products of upstream petrochemical industry for
numerous products that can replace with petroleum derivatives and use to produce a range
of petrochemical products. Methanol is a key product to create added value from natural gas
and coal. It has an important role in the global economy. Because of the importance of metha-
nol in the country and the increasing demand for this product in the world, where necessary,
the various aspects of methanol process & its economy are examined.

Due to abundant reserves of natural gas in our country, it is a major producer of methanol
in the world. Also, due to low natural gas prices and profitability of the production of methanol
from natural gas, extensive investments have been made in this area.

Also, a small part of methanol is consumed in downstream industries, and most methanol
production is exported in raw form to other countries. The amount of methanol produced in
the country in the future could effect on global markets of methanol. On the basis, in this
research, the vision of methanol industry, final methanol vision in the country, economy and
the global market for methanol and its derivatives at now and in the future have been inves-
tigated. As well as appropriate ways to deal with the drop in prices of methanol with a proper
conversion of methanol to higher value-added products is provided.
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2. Methanol industry vision

Methanol trade in the past years with several major changes has been met. Recently, the exten-
sive growth in demand and production capacity of methanol in China has taken place, and this
trend will continue as long as this process is economically feasible. An important factor in
global demand for methanol is due to methanol conversion to olefins projects (MTO) in the
future [2-31, By increasing of application of derivatives of methanol and also use it as fuel in
China and rest of the world, it is anticipated that methanol industry is expected to expand
significantly in the coming years. The use of methanol as fuel and mixed with petrol creates a
vision clearly in demand for methanol as a clean fuel in the coming years [7:10-11,18]1 High
capacity of methanol production in North America, this country will become an importer into
an exporter of methanol. At the moment, East Asian countries and Europe are methanol impor-
tant importer, and this trend will continue in the coming years. In Iran, because of the abun-
dance and availability of natural gas, methanol production is considered to be special, and
several methanol production units are under construction and commissioning.

3. Supply and demand for methanol

Supply and demand for methanol in the world since 2008 and forecast up to 2023 is shown
in Figure 1. The trend of methanol production since 2008 up to now has had increasing so that
there is always an excess of methanol in the world. According to this report, it had in 2013
the world's methanol production capacity of 98 million tons, the consumption of 59.5 million
tons and the remaining of 38.5 million tons. Forecasts show that the empty capacity of
methanol production in 2023 will be equal to 36.2 million tons. The expected production
capacity of methanol in Iran 8.8 million tons is considered in 2023. However, despite plans
being built in the country, methanol production capacity more than this amount and will be
equal to 34.7 million tons in 2023.
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Fig. 1. The production, consumption and production capacity of methanol and predict the coming
years in the world (IHS reported in 2013)

Due to the significant surplus of methanol in the world markets and also low growth demand
for methanol of the main importer countries, it is expected that increasing of Iran's methanol
production capacity to decline the world price of methanol in the future. On the other hand, if
the continuity of low natural gas prices, due to low methanol prices in Iran, may not develop
many of methanol production units in Europe and America. In this case methanol as a raw
product with very low price with no economic justification and technical leaves the country.

In 2008 and 2009, global demand for methanol was low because of the recession and the
progress was 4 and 2%, respectively. The research results of IHS Institute in 2013 show that
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global demand for methanol in 2010 to 2012 grew about 23%. It is expected that methanol
demand in the coming years has a growth rate of over 8% from 2012 to 2022. The countries
of North East Asia, Europe, and North America were the largest importer of methanol areas in
the world in 2012 that have about 80% of the world's methanol imports. North America up to
2022 will be a more balanced situation because high volumes of methanol production capacity
in different areas are expanding.

In the decades 1980s and 1990s, America was largest consumer and exporter of methanol
in the world. However, now China is in the first place in the world. Before the rise in natural
gas price in the late 1990s, America had a production capacity of 10 million tons per year
methanol. In late 2005, this capacity was 785 thousand tons per year, which led to most of
the country's needs by supplying methanol imports. Natural gas price in America in 1999, was
equal to 2$ per million BTU and up to 2005 rose about 8 dollars per million BTU. The increase
in natural gas price led to a reduction in capacity in the country's methanol production. But
this trend by the progress of science and technology and the possibility to withdraw from new
sources has changed.

China is the world's largest producer of methanol which 54% of the world consumption
capacity of methanol and 44% of the world production capacity of methanol (26.5 million tons
per year) in 2013 related to this country. This country has specific plans to reduce imports of
methanol and tries the major needs of the country's methanol, to be supplied through coal
resources in the country. In 2013, about 99.5% produced methanol from coal is produced in
China. This amount equal to 64% of the total produced methanol in this country.

Methanol industry in the world already reached to peak capacity expansion. Since 2007,
the production capacity of methanol with a rate of 14.3% in the year is increased. Whereas,
methanol demand's rate in the industry has 8.6% per year growth. The demand for methanol
in Western Europe between 2011 and 2016 with an average annual growth rate 2.6% has
increased. North America in 2011, has imported about 6-7 million tons of methanol and It is
anticipated that by increasing domestic production of methanol in America, this value is
declined. China has been expanding extensively in downstream units such as methanol to
olefins, methanol-to-propylene, and methanol to dimethyl ether. These units are accounted
the huge proportion of the country's methanol consumption of this country.

4. Methanol production and consumption in Iran

In 1338 Arabic countries of the Persian Gulf while increasing exploitation of the region's oil
and gas resources, Iran started activities in the field of petrochemical with the construction of
Shiraz petrochemical and production of urea. According to the Islamic Republic of Iran
Customs, the average price of imported and exported goods of the petrochemical industry in
the 1393 year were 2800 and 900 $ per ton, respectively, which these figures indicative raw
retail of petrochemical products. These products enter the country by standing in value-added
chain increase with several times prices. Despite a fifty-year history of the petrochemical
industry in Iran, an export of low-value products is axis development of operational units. This
has led to a disproportionate growth of production capacity of some low-value goods
regardless of proper solutions for increasing value-added of them.

Iran with more than 33 trillion cubic meters of natural gas in the world is as one of the
major poles of methanol production in the world. Now, there is 5 million tons of methanol
production capacity in the country using natural gas feedstock that exported to world markets
especially East Asia and Western Europe. In Table 1 methanol production units and production
capacity in 2014 is presented. Methanol consumption in the country is less than 300 thousand
tons per year, which amounts to only about 6% of methanol in the country and more than
94% methanol production of petrochemical units is exported as crude. China, Japan, the
Republic of Azerbaijan, Slovenia, Afghanistan, Italy, Belgium, Thailand, Taiwan, South Korea,
Sri Lanka, Iraq, Egypt, the Netherlands, and India are the most important consumers of
methanol of Iran. Now, Iran is the largest exporter of methanol to China so that in 2010, 44%
of China methanol market was supplied by Iran.
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Table 1. Methanol production plants in Iran

Production plants Annual production Feedstock of plants Location

Khark Methanol 660 thousand tons Associated sour 9asses feed Khark
extracted from the oil regions

Surplus natural gas and
Fanavaran Methanol 1 million tons carbon dioxide for Razi and
Maroon Petrochemical

Petrochemical special
economic zone

Pars special economic
zone
Shiraz Methanol 85 thousand tons The main gas line Shiraz

Zagros Methanol 1.65 million tons South Pars refinery Phases

However, so far effective and serious planning to increase the value added of crude
methanol and prevent its sale has not taken place. However, the amount of produced methanol
in the country has shown a rising trend. In addition to the existing methanol production units,
several units are being built. Commissioning the units, more than 19.14 million tons per year
of methanol production capacity will be added in the country.

Also, in addition to projects under construction, with commissioning other petrochemical
units in different parts of the country, particularly Makran coast has agreed to produce
methanol. With the commissioning of the petrochemical units, 10.6 million tons per year will
be added to methanol capacity in the country. According to Figure 2, the total capacity of
methanol in the country will be reached to 34.7 million tons per year up to next 10 years.

According to reports published by the
405 Institute of IHS, methanol consumption in
e the world in 2013, equal to 59.5 million tons
and Iran's share in the supply of methanol
is 8%. Now we can supply more than 38.5
million tons of methanol in the world and
many parts of the world such as Europe and
America, despite the higher production of
methanol, a substantial portion of its
requirements through imports supplying.
Due to the oversupply of methanol and
availability capacity of methanol production
© The total capacity with completed projects in the world, significant increases in the
production of methanol by planning taking
place in the country and exports huge
quantities of methanol to other countries

357 W The methanol project under construction

30- M Current capacity

Current capacity

Figure 2. Iran's methanol production capacity now
and in the future

certainly significant decrease in the world price of methanol in the future.

In general, estimates show that due to the lack of natural gas feedstock in Saudi Arabia
and Trinidad and Tobago, Iran in the future, with the advantage of gas reserves and production
and use of new petrochemical complexes of methanol production can be used as a second lar-
gest producer of this petrochemical product in the world market. Iran's rival countries in the
field of methanol production are one of the foremost countries and benefit from high techno-
logies to produce chemicals and petrochemicals in the world. The use of these technologies is
effective directly on the costs and quality of product and leads to a higher quality product with
lower cost. However, the competitors have been built an industry of value-added products of
methanol beside in the methanol production units, which have been able to reduce
transportation costs and feed and reduce energy consumption, improve response time and
interactions across the supply chain. Some of the products such as acetic acid and MTBE are
currently being produced in the country, and in the near future with the abandonment of
MTBE, there will be no market for it. The use of methanol as a fuel in the country is considered,
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too. Also, one of the projects-studies in Iran is the conversion of methanol to olefins with a
capacity of 3.3 million tons.

5. Supply and demand for methanol derivatives

Methanol derivatives are including formaldehyde, MTBE, to improve octane fuel, acetic acid,
methyl-metacrylate, additives to plastics and so [4-6:9:14-151 For China being at the center of
global growth, fuel application is one of the primary reasons for methanol demand.

Tens of valuable materials can be produced from methanol, while very few of them are
produced in Iran. This suggests the need for production of downstream products from
methanol that with these products, considerable value-added will accrue to the country.

Methanol market divided into two segments Non-fuel (such as formaldehyde, olefin
production such as ethylene and propylene, DMT, acetic acid, MMA, solvents and applications
such as methylamine and methyl chloride synthesis which these materials used in various
industries including adhesives, paints, melamine dishes, switches, acrylic used in neon signs
and traffic signs, etc.) [4 2 151 and the fuel (including MTBE, DME, combined with gasoline and
other applications fuel, including biodiesel, fuel cells for hydrogen production) [5/ 7, 10, 14, 18]

Expected demand for methanol as a fuel increases from 5 million tons in 2012 to 11 million
tons in 2022, indicating a 12% growth in this field. With combined ratio of methanol to fuel
equal to 15% and slightly higher, methanol consumption in this area could increase to 15
million tons per year. In China, more than 7 million tons per year of methanol mixed to gaso-
line to produce fuel. Other potential uses for methanol is biodiesel production using methanol
as a feedstock. In Europe and other countries seems to use this field is almost not possible because
in these countries most of the agricultural production are used to produce biodiesel which is
consistent with the policies of food production and agricultural development. Another field of
use of methanol is converted to dimethyl ether. This way when the new rules to reduce sulfur
in fuel are intensified, or enough low-sulfur fuel is not available, can be important.

Figure 3 shows the distribution of various products produced from methanol to 2013 and
forecast up to 2017. It can be seen, the greatest amount of methanol consumption in recent
years has been related to its use to produce chemical products. Forecasts show that this will
continue in the future. It is also seen the greatest growth in the products from methanol is
related to fuel and energy sector.
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Fig. 3. Growth products from methanol [14]

Due to the volume of production and export of methanol in Iran, it seems that at least 10
million tons of methanol in the next 5 years there will be a surplus in the country. So many
ways to convert methanol into high-value products such as propylene (MTP) [12] Dimethyl
ether (DME) ['7] gasoline (MTG) [13]1, olefin (MTO) [2-31, Polystal, methyl methacrylate and
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Polymethyl methacrylate can be noted that with excess methanol in the future, has the
technical and economic feasibility. The direct use of methanol as a fuel and fuel additives is a
context for utilization of methanol. Surveys show that only 6% of produced methanol of
country is consumed inside which mainly is converted to acetic acid and MTBE. According to
Figure 4 can be seen that most of the methanol in the world in 2013 is converted to
formaldehyde, dimethyl ether, fuel additive, acetic acid, MTBE and other products.

Also, similar this trend is predicted for 2023.
Hence the fund of converting methanol to the
solvent products that have a high proportion of
demand in global markets seems
economical. Macro policies in the country
incline to increase the value added of
methanol to use new processes such as MTO,
MTP and convert methanol to fuel (methanol
to gasoline). In 2013, the share of these
processes for methanol conversion had been
reported 2%. Forecasts show that the share
of MTO and MTP processes of converting
Figure 4. Status of products from Methanol in the methanol and methanol _as fugl will increase
world (According to HIS 2013) to 8% and 14%, respectively in 2023.

2013

5%
.WW/_VTO‘\

Among the main based petrochemical products are ethylene and propylene which consume
in the production most of the products downstream petrochemical. Ethylene is obtained from
produced ethane of naphtha cracking and other hydrocarbon products, mainly. However, the
amount of produced propane of these units to propylene production is small and is produced
mainly as a byproduct. So propylene due to different supply and demand situation needs more
attention. The important derivatives of propylene include polypropylene, acrylonitrile,
propylene oxide, phenol, oxo alcohol, acrylic acid, isopropyl alcohol, oligomers and other
required intermediate materials for the electronics industry, automotive, construction,
packaging and like it.

Currently, formaldehyde is the main product produced from methanol which in 2010, about
27%, and in 2013 about 32% of world demand for methanol is formaldehyde production. The
greatest demand for formaldehyde is in the construction industry that it is used as a binder to
prepare various products. In developed countries, by expanding the use of engineering
products, demand for formaldehyde has increased. Formaldehyde is a need for the
manufacture of composite products. For example, construction industry recession is reduced
demand for formaldehyde.

It is expected that use of methanol as a fuel will be increased in the next years. The use of
methanol as a fuel is containing MTBE, biodiesel, combined with gasoline and dimethyl ether.
Methanol as a mixture with gasoline in China has been widely used. With the significant
increase in the price of conventional energy sources (such as in 2009), use of methanol as
fuel will further increase.

MTBE was allocated 11% of global methanol demand in 2013. In the previous years, MTBE
as the second most widely used product was produced from methanol. MTBE domestic demand
in the United States of America increased, by legislation for cleaner air in 1990. The use of
oxygenated compounds in gasoline was required to prevent air pollution. In this country, MTBE
was first oxygen compounds for use in new gasoline. However, due to MTBE leaks from
underground tanks of gasoline, its use was challenged. In other regions of the world, especially
in countries that still used from lead compounds to improve the octane number, MTBE
consumption is likely to grow.

Acetic acid accounted 11% of methanol consumption in 2013, and the same trend is also
expected to be maintained until 2018. Main consumption of acetic acid is production vinyl
acetate monomer. Therefore the demand for acetic acid is highly dependent on the demand
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for vinyl acetate. Acetic acid is also used as a solvent for the production of terephthalic acid.
From 2013 to 2018, demand for acetic acid at the rate of 7/5% per year will grow which is
less than its growth rate in the past five years (equal to 6.5%).

Methanol-to-olefin and propylene applications are growing, and it is expected between 2013
and 2018 with annual growth rate of 46.5% associated. The method used for the production
of olefins and propylene from methanol now is exclusively in China which since 2011 has
started and now is accounted for 2% of methanol consumption and with a capacity of 61
thousand tons per year of methanol is in operation. When the prices of natural gas compared
to crude oil price are low, the process of converting methanol to light olefins particularly
ethylene and propylene is economical. This process has high investment costs. For example,
investment of a methanol-to-propylene conversion unit with the capacity of 450 thousand tons
per year was about 850 million dollars (in 1393) [11, Converting methanol to propylene plant
is available in China, and use of this process in the Middle East is at the stage economies.

6. Methanol prices

600 The majority of the production costs of
methanol from natural gas related to
reforming and preparing the gas stages.

500
= Distribution costs for investment in
gaoo different parts of the commissioning of a
£ methanol unit are: Desulfurization (2%),
L reforming and cooling gas (32%), steam
§ generation (14%), compression (24%),
g N methanol synthesis (22%) and distillation

s (6%) [16]1, Changes in methanol prices in

the past years and forecasts up to 2018
0 are shown in Figure 5. It is observed that
2002 2004 2006 2008 2010 2012 2014 2016 . .

methanol prices fell sharply in the years

Figure 5) Asian methanol prices from 2002 to 2016 2008 to 2009 due to the global economic
(Source: Methanex corporation report) 9] recession. Also, the price of methanol has
increased from 2009 to 2014 and from $ 250 per ton in 2009 to $ 470 per ton in 2014
increased. Methanol price since 2014 up to now has continuously decreased. Methanol price
fluctuations in recent years are due to an oversupply of methanol and are dependent on the

ability of import and export of methanol and natural gas prices.

7. Conclusion

Methanol as an intermediate product plays an important role in increasing the value added
of natural gas, the global economy, and energy. Over the past years, there has been surplus
production capacity of methanol in the world and forecasts also show that this trend will
continue in the future. So it will affect the global economy of methanol and the methanol
industry strongly, and it will be more in the future with the significant increase of methanol
production capacity of Iran and other countries. The results show that now methanol as raw
with low-value currency exits from the country that this process is not economical and the
review is essential. According to the supply and demand for methanol and methanol production
capacity, development of downstream industries for increasing of value added of methanol
seems essential. Forecasts show that the use of methanol in the field of fuel and energy in the
future will assign a high share of global demand. Suitable areas of increasing the value added
of produced methanol in Iran are its use as a fuel, fuel additives, fuel cell hydrogen production,
conversion to acetic acid and formaldehyde and conversion to light olefins and gasoline.
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