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a b s t r a c t

For more than a decade, Nobel laureate George Olah and coworkers have advocated the Methanol

Economy – replacing petroleum-based fuels and chemicals with methanol and methanol-derivatives –

as a path to sustainable development. A first step to this vision appears to be occurring in China. In the

past five years, China has quickly built an industry of coal-based methanol and dimethyl ether (DME)

that is competitive in price with petroleum-based fuels. Methanol fuels offer many advantages,

including a high octane rating and cleaner-burning properties than gasoline. Methanol also has some

disadvantages. A coal-based Methanol Economy could enhance water shortages in China, increase net

carbon dioxide emissions, and add volatility to regional and global coal prices. China’s rapidly

expanding Methanol Economy provides an interesting experiment for what could happen elsewhere

if methanol is widely adopted, as proposed by Olah and researchers before him.

& 2011 Elsevier Ltd. All rights reserved.
1. Introduction

China has abundant coal resources but scarce oil and natural gas.
Adapting to such limitations, it has developed a chemical industry
that relies primarily on coal as a feedstock (Fig. 1; An, 2010; Xie
et al., 2010). In recent years, the industry has experienced rapid
growth, most notably in the production of both methanol (Fig. 2;
Xiao, 2010) and dimethyl ether (DME) (Fig. 3; CPN, 2010). In 2009,
475% of methanol in China was made from coal, with the rest
coming from natural gas (Peng, 2011). Methanol is commonly used
to produce formaldehyde, methyl tertiary butyl ether (MTBE), acetic
acid, DME, esters, olefins, and a potentially long list of other
petrochemical products. It and its derivatives are used for fuels,
pesticides, medicines, and various industrial purposes.

This paper emphasizes methanol’s applications in fuels. In China,
the recent growth in methanol demand is being driven by direct
blending with gasoline (Kong, 2011; Li et al., 2009). DME, a
derivative of methanol, is also blended into liquefied petroleum
gas (LPG) and sold as a fuel for residential uses (Zhang, 2011).

The rapid expansion of methanol and DME as fuels in China
appears to fit Nobel Laureate George Olah’s vision of a Methanol
Economy (Olah et al., 2009), recognizing that earlier researchers
promoted the use of methanol as a fuel (e.g., Reed and Lerner, 1973;
Phillips and Takahashi, 1990). As Olah suggested, methanol and DME
fit well within most existing energy infrastructure. Methanol can be
ll rights reserved.
used in today’s internal combustion engines, and DME can be burned
in common household stoves and water heaters. The transition from
oil and gas to methanol would also likely be easier than a transition
to the Hydrogen Economy or to electric vehicles. The Methanol
Economy could therefore, in principle, be a relatively feasible and
affordable path towards replacing oil. As the world’s largest metha-
nol consumer and producer, accounting for 420% of global metha-
nol output (Fig. 4; Chemical Week, 2009), China could play a leading
role in a transition to the Methanol Economy.
2. Methanol policy in China

The Sino-American Scientific Collaboration initiated the first
methanol pilot project for vehicles in China in 1995. Ford Motor
Company donated a methanol engine and assisted in developing
the first methanol automobile in China (Kostka and Hobbs, 2010).
The Chinese government then promoted methanol fuels for
automobiles from 1998 to 2008. However, political support for
methanol fuels nationally waned after 2008 (Kostka and Hobbs,
2010). National subsidies for engine conversion to methanol fuels
were discontinued, and methanol pilot projects for cars were
downgraded from national programs to provincial initiatives.

Despite the announcement of a national standard for M85
(85% methanol) gasoline in 2009, the Chinese government has
delayed the approval of a M15 (15% methanol) national standard.
Because M85 gasoline requires an engine conversion, it therefore
has limited market acceptance. By delaying the M15 standard, the
Chinese government appears to be deterring the legalization of
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Fig. 1. A schematic representation of China’s coal-based chemical industry.

Fig. 2. Growth of methanol production and demand in China from 2000 to 2010.
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nation-wide methanol blending. Nevertheless, methanol fuels
have proven to be commercially viable, and several provincial
governments continue to support methanol development and
have legalized methanol gasoline standards locally.

In spite of the de-emphasis of methanol nationally, methanol-
based industries continue to expand rapidly in China through local
or provincial supports. Private gasoline stations often blend metha-
nol in gasoline without consumers’ knowledge, and LPG distribu-
tors similarly add DME to LPG (Luo, 2009; Wang, 2010a). In fact, its
illegal status makes methanol blending more profitable than it
would be with legal standards. Illegally blended methanol content
is sold at the same price as gasoline. If legalized, standard methanol
gasoline would be required to be properly labeled and sold at a
lower price than regular gasoline because of its reduced energy
content. Such unannounced blending is now common in China
(Wang, 2010b). A Chinese business magazine has described metha-
nol automotive fuels as a bottom–up revolution (Luo, 2009). Some
estimates suggest that about 3–5 million metric tons of methanol
were blended into gasoline in 2009, approximately 3.5–5.8% of
China’s gasoline consumption that year (Peng, 2011; Wang, 2010).

In China’s most recent five-year plan (2011–2015), the national
government aims to cap methanol production capacity at 50 million
metric tons per year by 2015. The main reasons for containing the
expansion of a coal-based chemical industry appear to include



Fig. 3. Growth of the dimethyl ether (DME) industry in China from 2005 to 2010.

Fig. 4. Global methanol production in 2009.
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concern for overcapacity, potential water resource shortages, and
competition with the power industry for coal resources. How
seriously the government will in fact pursue the methanol cap is
unclear. Even if the cap is successful, at full capacity the coal-based
methanol industry would be still able to substitute more than half of
China’s gasoline supply by 2015.

Continued overcapacity is notable in China’s coal-based chemi-
cal industry. The National Development and Reform Commission in
China concluded that the reason for the overcapacity was the
incentive for ‘‘Quan Di’’ or ‘‘enclosure’’ of coal resources (NDRC,
2009; Mo, 2010). Specifically, in China all mineral resources are
public properties, and local governments generally allocate coal
mineral rights. In recent years, coal-rich provinces and local
governments have expanded conventional development by cou-
pling assignment of their mineral rights to developers’ investment
in local value-added processing of coal. As a result, coal mining
companies build new processing facilities, such as coal-to-metha-
nol and coal-to-DME plants, to acquire the mineral rights, even if
market demand may not justify the additional capacity.
3. Implications

The development of a Methanol Economy in China has pro-
found economic and environmental implications. Coal-based
methanol production could provide China with a domestic alter-
native to imported oil and reduce conventional automotive
emissions. However, the expansion of coal-based methanol could
exacerbate water shortages in coal-rich but arid regions, increase
greenhouse gas emissions, jeopardize consumer safety, and add
possible volatility to coal prices in China and worldwide.

3.1. Water resources

The availability of water resources presents a serious con-
straint to China’s Methanol Economy. China’s coal resources are
concentrated in a few severely water-limited provinces, namely
Shanxi, Inner Mongolia, Shaanxi, and Xinjiang, and the coal-based
chemical industry is a water-intensive one. Producing one ton of
methanol from coal requires about 20 m3 of fresh water and
discharges significant amounts of wastewater (Chen et al., 2008).
In addition, coal mining consumes substantial water resources
(Qiu, 2010). China’s national government considers water
shortages as a major rationale for restricting the expansion of
the Methanol Economy in the coal-rich provinces (Xiao et al.,
2011). Local governments have taken a different view, however.
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The scarcity of water has not deterred them from developing coal-
based chemical industries. If the Methanol Economy continues to
expand in coal-rich, water-scarce regions, it may lead to unsus-
tainable withdrawals of surface and ground water and harm
surrounding ecosystems. If coal-based chemical developments
cause substantial water shortages, the Chinese government may
strengthen its restrictive policy.

Several options exist for reducing at least some of these
limitations but are unlikely to be a solution in the short term.
One option is to transport coal to wherever water resources are
available. However, coal-transport railways and highways in
China are already in high demand; the expansion of coal transport
capacity is unlikely to catch up with the rapid expansion of coal-
fired power, and maintaining a stable electric power supply is a
higher priority to the Chinese government than developing the
Methanol Economy. Another option is to transport water from
wetter regions to the drier, coal-containing provinces. China is
currently implementing south-to-north water diversion projects
with three designated routes. The eastern and middle routes
currently under construction are designed to supplement urban
water supplies. The western route, which would potentially
increase water supply to the coal-rich region, is still being
planned and will not be completed for at least a decade.
The availability of water is therefore likely to continue to be a
severe constraint in the near future.

3.2. Energy security for fuels

A buildup in methanol and DME production capacities would
provide China with a readily available alternative to petroleum-
based fuels and chemicals in post-peak-oil scenario or as an
emergency reserve in a temporary oil crisis (Deffeyes, 2001).
However, the availability of excess capacity alone cannot provide
a sufficient safeguard against disruption of oil supplies unless the
capacities for coal mining and transport expand accordingly.

Supplementing petroleum-based fuels with coal-based metha-
nol is not only technically feasible but apparently affordable.
Methanol’s heat content is about half of gasoline’s, but methanol
burns more efficiently than gasoline in an internal combustion
engine (Olah et al., 2009). Roughly 1.4 t of methanol can replace
one ton of gasoline (Li, 2008). Because methanol is usually priced
at one third to one quarter the price of gasoline (Table 1),
blending methanol in gasoline in China is currently profitable,
even if illegal in some places.

Natural-gas-based methanol is also an alternative to petro-
leum-based products. Outside of China, methanol is primarily
made from natural gas. In the United States, increased supply of
shale gas and other unconventional sources is expected to keep
gas prices relatively low (Ridley, 2011). Increasing methanol
imports (Fig. 2) could therefore be an alternative to domestic
coal-based methanol.

3.3. Carbon dioxide emissions

As a transportation fuel, coal-based methanol has a larger
CO2 footprint than gasoline. The lifecycle CO2 emissions for a
Table 1
Gasoline and methanol prices in China.

Gasoline prices

(Chinese Yuan/metric ton)

Methanol prices

(Chinese Yuan/metric ton)

2009 6220–7900 1600–2800

2010 7900–8530 2200–3200
coal-based methanol fuel are �5.3 t CO2 per ton of methanol
burned (Zhu et al., 2010). In contrast, the lifecycle CO2 emissions
are �4.03 t CO2 per ton of gasoline, with 3.14 t CO2 per ton of
gasoline at the end of the car’s exhaust pipe (USEPA, 2005) and a
further 22% of CO2 emissions from upstream processing (Brandt
and Farrell, 2007).

Replacing a ton of gasoline requires �1.4 t of coal-based
methanol, which has lifecycle CO2 emissions of �7.42 t. This value
is 84% higher than the lifecycle CO2 emissions (4.03 t) from 1 t of
gasoline. Without a plan to transition to more sustainable methanol
production, such as a potential biomass-based process, a coal-based
Methanol Economy would be far worse than a petroleum-based
economy in its contribution to global warming.

3.4. Risks of leakage and explosion

When used in automobiles, methanol can degrade some
plastic or rubber components in the fuel systems of conventional
gasoline or diesel vehicles. It can also corrode some metals,
including aluminum, zinc, and magnesium (Olah et al., 2009).
The degrading effects are usually relatively slow and only become
apparent over long-term methanol use. Unfortunately, in China,
considerable methanol blending in gasoline is done illegally. Over
the long term, drivers are unable to attribute the cause of engine
damage to any particular gasoline station. If the government
cannot enforce fuel quality standards effectively, perhaps a more
effective way to ensure safety is to require all vehicles be made or
retrofitted to be safe for methanol. A legalized and formally
regulated methanol gasoline standard can better protect consu-
mers by requiring the blenders to add additives to neutralize the
degrading and corrosive effects and to label properly (Wang,
2010).

DME can damage the rubber seals of LPG cylinders and cause
leaks over time, and several accidents have occurred as a result.
The Chinese government banned illegal blending of DME in LPG,
but enforcement appears ineffective. The leakage problem could
be resolved by replacing the rubber seal with a material that is
safe for both DME and LPG (Zhang, 2011). Retrofitting the
cylinders may also be more effective in ensuring safety than
repeatedly reaffirming an ineffective ban on illegal DME blending
that continues.

3.5. Urban air quality

Methanol–gasoline blends contribute to generally lower auto-
motive emissions. The carbon monoxide (CO) and total hydro-
carbon (THC) emissions from burning methanol–gasoline blends
in a spark-ignition engine are significantly lower than for gasoline
alone, whereas emissions of nitrogen oxides (NOX) are compar-
able (Liu et al., 2007). However, a further breakdown of the
hydrocarbon emissions (before catalytic conversion) reveals sub-
stantial increases in methanol and formaldehyde. The three-way
catalytic converters in typical gasoline-powered cars can largely
eliminate formaldehyde and reduce unburned methanol fairly
effectively (Liu et al., 2007; Zhang et al., 2011). Nevertheless, the
expanded use of methanol fuel may lead to an increase of
methanol and formaldehyde in urban air.

Potential methanol leaks are another pathway for reducing
urban air quality. A recent study by Clarisse et al. (2011)
documented methanol concentrations over Beijing that were
ten-times higher than predicted by biogenically based models.
In fact methanol was the only pollutant that their model did not
simulate well. The possibility of direct methanol leaks into the air
over Beijing was not considered by the authors.

Finally, existing health studies on urban air quality typically
only consider hydrocarbons as a group and rarely evaluate the



C.-J. Yang, R.B. Jackson / Energy Policy 41 (2012) 878–884882
effect of prevalent low-level methanol and formaldehyde. More
research on methanol/formaldehyde pollution is needed in light
of the recent developments in China’s Methanol Economy.

3.6. Drinking water safety

Assessments of the potential impact of methanol fuel on
drinking-water safety in China are currently lacking. Methanol
is toxic and fully miscible in water. Methanol leaks during its
distribution in trucking or in supply at gasoline stations could
present a threat to human health and safety. If ingested, as little
as 10 ml of pure methanol can cause permanent blindness and
30 ml can be fatal (Vale, 2007). Existing gasoline distribution
systems are not designed to handle methanol. To ensure public
safety, distribution networks need to be re-evaluated and retro-
fitted, if needed, to handle the effects of methanol. Methanol
poses little long-term threat to ecosystems because it is biode-
graded quickly in both aerobic and anaerobic conditions and
therefore is unlikely to accumulate in the environment.

3.7. Global energy economy

Historically, coal prices have been more stable than oil and
natural gas prices. In recent years, however, coal prices have been
unusually volatile. The expansion of China’s coal-based chemical
industry may explain some of that volatility. In China, coal-based
chemical products increasingly compete with petroleum products
in the marketplace. A foreseeable consequence would be enhanced
substitution between coal and oil, and hence, more similarity
between coal and oil prices. In the past, the United States used to
be the marginal supplier and price-setter in the global coal market,
and coal prices were relatively uncorrelated with oil prices
(Ellerman, 1995). The rapid rise of the Chinese economy has
changed the balance of the world coal market and may be altering
the dynamics of pricing.

China used to be a net exporter of coal. Since the early 2000s,
its exports have been shrinking and its imports growing (National
Bureau of Statistics, 2010). In 2009 China became a net importer
of coal for the first time, and it surged to be the world’s second
Fig. 5. Coal and oil prices
largest importer the following year (IEA, 2011; Kebede and Taylor,
2011). The sheer size of China’s coal demand, with rapid growth
and increasing reliance on imports, is likely to impact coal prices
overseas (Oster and Davis, 2008). China now consumes three
times as much coal as the United States does. With substantial
consumption and excess capacity, the coal-based chemical indus-
try is likely the marginal consumer of coal in China, and possibly a
new price-setter or influence on the world coal market.

Fig. 5 shows the price movements of coal from China, Aus-
tralia, South Africa, and the United State’s central Appalachian
region compared with Dubai oil (IMF, 2011; NACEC, 2011; Li,
2010; EIA, 2011). Coal prices appear to have moved largely in
tandem with oil prices in recent years. As China’s Methanol
Economy grows, we may expect continued volatility of coal
prices.
4. Discussion and future prospects

The development of China’s Methanol Economy comes with
both benefits and costs. It provides affordable alternative fuels
using domestic resources and can help improve urban air quality.
In contrast, it may also exacerbate water shortages, increase net
greenhouse gas emissions, and jeopardize consumer safety, while
possibly increasing coal price volatility.

China appears to lack a national consensus on whether the
Methanol Economy should be promoted or restricted. The rapid
expansion of coal-based chemical production in China suggests
that a viable business model exists in spite of the national
government’s discontinued support. In the coming years, the
national government’s policy appears to be to contain rather than
to promote the Methanol Economy. In contrast, local supports
will likely continue.

Several unique features of the Chinese political economy have
contributed to the rapid expansion of the coal-based chemical
industry. The resource enclosure incentive for building coal
processing facilities effectively bundles local production of coal
chemicals with coal mineral rights. Higher coal prices in recent
years have also provided mining companies with considerable
from 2005 to 2011.
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cash to invest in coal chemical facilities. The availability of excess
coal chemical capacities, in turn, provides alternative markets for
coal, thereby enhancing the coal industry’s price-bargaining
power and contributing to higher coal prices.

In March 2011, the National Development and Reform Commis-
sion issued a notice on the orderly development of the coal
chemical industry. It stipulated the guiding principle of ‘‘Shan Da
Ya Xiao’’—continue to build big plants but suppress smaller
projects, in order to achieve economy of scale and improve
efficiency. Coal-based methanol or DME projects with capacities
smaller than one million tonnes per year are now forbidden.
However, the announced 50 million tonnes per year cap on
methanol capacity for 2015 is not legally binding. It is unclear
how seriously the Chinese government will pursue this target.

Despite its leading market share in the global Methanol Econ-
omy, China’s methanol policies have been erratic. The growth in
methanol and DME production in recent years appears to be
fortuitous, fostered by both the hidden incentives of resource
enclosure and profit from illegal methanol blending in gasoline
and DME in LPG. The slow progress in making national standards
for methanol gasoline seriously lags the realities of the Chinese
market. In the future, China’s national methanol policy should be
more proactive, including increased safety precautions and ideally
a substantive plan for addressing the increased CO2 emissions from
methanol production.

According to Olah’s vision, the Methanol Economy could
contribute to a sustainable future where carbon-neutral methanol
is produced from biomass and recycled carbon dioxide (CO2).
Turning biomass into methanol is a relatively mature technology
and is likely cheaper and easier to produce than cellulosic ethanol
(Wyman et al., 1993; Hamelinck et al., 2005). Although, biomass-
based methanol in China could in principle reduce net greenhouse
gas emissions and mitigate competition for coal between power
generation and coal-based chemicals, to our knowledge there is
no obvious plan to use biomass or other renewable sources of
energy for producing methanol and its derivatives.

China’s Methanol Economy is too big to ignore. Policymakers
inside and outside of China should track its development, and
policy responses in China and possibly elsewhere are needed to
manage its impacts. In the 1980s and 1990s, California promoted
methanol as an automotive fuel (Ward and Teague, 1996). In fact in
the early 1990s, methanol was a more accepted automotive fuel
than ethanol in the United States (Cushman et al., 1991), and the
United States even helped initiate methanol fuel programs in
China. Very little data are available on how and why methanol
policy and programs ended in the United States. In light of recent
developments in China, US policy researchers may re-examine the
US experience and consider how China’s growing methanol econ-
omy could affect coal and other raw material prices and whether
methanol fuels might make a comeback in the United States.
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