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1 INTRODUCTIONTOTHEMANUAL
		 1.1 purpose of the manual
This chapter explains the purpose of the manual and provides an
introduction to the methanol value chain. The Methanol Institute’s
Product Stewardship policy and contact information are also included.
We at the Methanol Institute intend this manual to serve as a guidance
document for methanol distributors and users like you. The purpose
of the manual is to promote the safe handling of methanol in order
to protect your health and that of your co-workers, your workplace,
the environment, and your community.
You may be a wastewater treatment plant operator in India, a
biodiesel plant manager in Canada, a Health and Safety Coordinator
at a formaldehyde plant in Mexico, a tanker truck driver at a chemical
distribution warehouse in Algeria, a research engineer developing
a fuel cell in New Zealand, an antifreeze production supervisor in
East Siberia, or a shipping terminal manager in China. You and your
colleagues in the worldwide methanol supply chain together speak
dozens of languages and are located in practically every country in
the world.
This manual is designed to be a primary resource for information
on methanol specifically for you who are responsible for its safe
handling. It presents current information on methanol’s properties,
potential environmental and health and safety hazards, safe handling
practices, emergency response procedures, product and distribution
stewardship, and risk communication.
The manual’s chapter organization and content are intended to
provide you with convenient access to practical information. Key facts
and useful references are highlighted in the text. Additional technical
data, such as methanol’s chemical, physical, and thermodynamic
properties, can be found in the appendices. The reference section
presents a list of scientific and technical resources for more in-depth
research.
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For additional convenience, we have included a glossary of scientific
terms and commonly used acronyms to help you navigate through
the regulatory and technical language.
In addition to the manual, we have a companion Methanol Safe
Handling Video available, and we also have Fact Sheets available
on a number of topics related to methanol safe handling. These
include tainted alcohol poisoning, methanol fire detection
extinguishment, a crisis communication guidebook and more.
All of our safe handling materials are available on our website at:
https://www.methanol.org/safe-handling/
		 1.2 the methanol value chain
Methanol is a product with many useful characteristics that allow it
to serve as a fuel or fuel additive, a chemical feed stock, a solvent,
a refrigerant, and a component or intermediate in many consumer
goods. Methanol is also a hazardous chemical with significant toxic,
flammable, and reactive properties that can produce deleterious
impacts on human health and the environment when not properly
handled.
Natural sources of methanol include volcanic gases, vegetation,
microbes, and insects, and it is also manufactured from a variety
of inorganic and organic sources. Most methanol is produced from
natural gas in large, integrated chemical manufacturing plants
located in regions where hydrocarbon feed stocks are plentiful,
such as the Persian Gulf, the Caribbean, South America, Africa, and
Russia. In China, in particular, most methanol is produced from coal.
Although methanol is consumed throughout the world, the largest
users are in regions that have high industrial development, such as
Western Europe, North America, and Asia (Japan, China, Taiwan, and
South Korea). World methanol demand in 2019 was an estimated
83,000,000 metric tonnes.
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Due to the geographical distance between the major manufacturing
centers and the principal users, as much as 80% of the world’s annual
methanol production is transported between continents by trans-
ocean shipping. Methanol is received and stored in marine terminals
and trans-shipped via truck, rail, and barge to chemical production
facilities and bulk distributors, where it is stored in tank farms and
repackaged into smaller containers. Tanker trucks and trailers
complete the distribution network, delivering methanol to the wide
range of final users in the methanol value chain.
More recently developed industrial uses of methanol include its
application as a denitrification agent in wastewater treatment plants
and as a reagent and solvent in biodiesel production facilities.
New applications of methanol are emerging, as a marine and road
transport fuel, as a fuel for industrial boilers, kilns and cookstoves,
and with technological innovations, such as fuel cells for vehicles and
consumer electronic products.
Methanol is amenable to recycling by removing impurities through
distillation and introducing the recovered material back into the
process. Waste methanol has high-caloric value and can be used to
recover energy through thermal destructive processes that generate
heat to fuel other reactions.
		 1.3 methanol institute
			 product stewardship policy
As the global trade association for the methanol industry, product
stewardship is our primary concern.
The Methanol Institute’s Product Stewardship Committee is
responsible for methanol health and safety initiatives, including
product risk evaluation, exposure risks throughout the supply chain,
education, and training on proper methanol handling. The product
stewardship tools developed by the committee and its individual
members will benefit the global methanol industry. The committee
will closely coordinate with other working committees to provide
maximum support to Methanol Institute initiatives.
CHAPTER
ONE
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		 1.4 methanol institute contact
			 information
The Methanol Institute’s headquarters are located in Singapore, with
U.S. offices near Washington, D.C. and offices in Brussels and Beijing.
For additional information or to find out more about the Institute and
its programs, please contact:
Mr. Gregory Dolan; CEO
Methanol Institute
225 Reinekers Lane, Suite 205
Alexandria, VA 22314
(703) 248-3636
gdolan@methanol.org
www.methanol.org
		 1.5 about the authors
The Methanol Institute’s Product Stewardship Committee
commissioned the authors of the original manual, Alliance Consulting
International, with the preparation of the second edition and now
fifth editions. They are an environmental and health and safety
professional services firm based in San Diego, California. The
project team consists of Enrique Medina (MS, CIH, Environmental
specialist, editor, and project manager), and Robert R. Roberts (MS,
MBA, Process Engineering and Reliability specialist). For additional
information on Alliance Consulting International, please contact:
Mr. Enrique Medina, MS, CIH
President
Alliance Consulting International
3361 28th Street
San Diego, California 92104
(619) 297-1469
(619) 297-1023 (fax)
emedina@pulse-point.com
www.pulse-point.com
CHAPTER
ONE
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The Methanol Institute commissioned Wellon Safety Solutions Inc.
with revising the Methanol Safe Handling Manual for this fourth
edition. Revisions consist primarily of updated and more detailed
information regarding process safety management (PSM), as well as
providing specific guidance for PSM application for the safe handling
of methanol. Wellon Safety Solutions is an EHS and Process Safety
consulting firm based in Calgary, Alberta. For additional information,
please contact:
George C. Wellon, P.Eng., CRSP
Principal Consultant Wellon Safety Solutions Inc.
35 Elmont Rise SW Calgary,
Alberta T3H 4X9 Canada
(587)703-4556
gcwellon@wellonsafety.com
www.wellonsafety.com
The Methanol Institute commissioned SP Technical Research Institute
of Sweden with revising the Methanol Safe Handling Manual Fire
Safety chapter for the fourth edition. Revisions consist primarily of
updated and more detailed information regarding general fire safety
information as well as fire detection, extinguishment with sprinkler
and foam, extinguishment with inert gas, and first fire response
routines. SP Technical Research Institute of Sweden is located in
Borås, Sweden. For additional information, please contact:
Franz Evegren
Senior Research Scientist in
Fire Safety Engineering and Risk Management
SP Technical Research Institute of Sweden Safety - Fire Research
Box 857, SE-501 Borås, Sweden
+46 (0)10 516 50 88
+46 (0)33 41 60 12 (fax)
franz.evegren@sp.se
www.sp.se
CHAPTER
ONE
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		 1.6 disclaimer
As part of its commitment to methanol product stewardship, the
Methanol Institute has prepared this Manual. Our intention is to
improve the awareness of safe and environmentally sound practices
for the handling of methanol throughout the global distribution
chain. The information, procedures, recommendations, and data
presented in this Manual are informational only, and the Manual is
designed to provide general guidance only. The Methanol Institute
and the report authors assume no liability whatsoever with respect
to the accuracy and completeness of the information, procedures,
recommendations, and data presented in this Manual and disclaim
all liability arising out of the use of such information, procedures,
recommendations, and data. All users of this Manual must still use
their own independent judgment and discretion in ensuring that
they handle methanol safely and communicate appropriately. In
doing so, they must develop the specific systems that best fit their
management structure, product lines, location, and other factors
that are unique to the user. We encourage you to research the local
codes and regulations that may be applicable to the handling of
flammable and hazardous materials such as methanol. This Manual
is not a substitute for applicable laws and regulations, nor does it
alter the obligation of the user to comply fully with federal, state,
provincial and local laws.
CHAPTER
ONE
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2 METHANOL GENERAL
INFORMATION
This chapter summarizes the character of methanol as a chemical
compound, the life cycle or value chain of methanol, and both
established and emerging uses of methanol.
		 2.1 what is methanol?
Methanol is a colorless alcohol, hygroscopic and completely miscible
with water, but much lighter (specific gravity 0.8). It is a good solvent,
but very toxic and extremely flammable. This simple single-carbon
alcohol is a volatile solvent and a light fuel.
Methanol, also known as methyl or wood alcohol, is a colorless
organic liquid at normal temperature and pressure (NTP: 72o F and
1 atm). Though correct, this description is a small part of what a
handler must know and understand in order to transport, store, and
use methanol safely.
Methanol is a remarkably useful material that means different things to
different users. To some, methanol is a fuel, to others a fuel additive,
to still others a chemical feed stock, a solvent, a refrigerant, or a
component of antifreeze. Emerging applications of methanol include
its use as a vehicular and marine fuel, a source of protons for direct
methanol fuel cell technology and as a turbine fuel for electric power
generation.
The particular hazards of methanol that matter most to your facility
depend in large part on how methanol is received and stored, how
it is used, where it is used, and how much is stored and used at any
given time. Failure to control hazards associated with a small amount
of methanol can be problematic with virtually no consequence; loss
of control of a large quantity can be catastrophic. Section 2 of this
manual provides an overall view of methanol for both large and small
quantity handlers, transporters, and users.
Five overriding considerations are important when handling methanol:
CHAPTER
TWO
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1. 
Methanol is a flammable, easily ignited liquid that burns and
sometimes explodes in the air.
2. 
The molecular weight of methanol vapor is marginally greater
(denser) than that of air (32 versus 28 grams per mole). As a
result, and depending on the circumstances of a release or
spill, methanol liquid will pool and vapor may migrate near
the ground and collect in confined spaces and low-lying
areas. It is expected that methanol vapor, being near neutral
buoyancy, will dissipate readily from ventilated locations. Do
not expect it to dissipate from non-ventilated locations such
as sewers and enclosed spaces. If ignited, methanol vapor
can flash back to its source.
3. Incertainspecificcircumstances,methanolvapormayexplode
rather than burn on ignition. Methanol containers are subject
to Boiling Liquid Expanding Vapor Explosion (BLEVE) when
heated externally.
4. 
Methanol is a toxin; ingestion of a small amount (between
one and two ounces, approximately 10 to 30 milliliters, or less
than a 1/4 cup) may cause death; lesser amounts are known to
cause irreversible blindness. Do not swallow methanol liquid,
do not breathe methanol vapor, do not walk in pooled liquid,
and do not allow vapor or liquid to contact skin. Methanol
absorbs through the skin and other tissues directly into the
blood stream.
5. Methanolistotallymiscibleinwaterandretainsitsflammability
even at very high concentrations of water. A 75v% water and
25v%methanolsolutionisconsideredtobeaflammableliquid.
This has important consequences for firefighting.1
Methanol
is a chemical solvent, which has important implications for
materials selection and also firefighting.
The methanol molecule contains a single carbon, and is thereby
the simplest alcohol that can be derived from normal, saturated
hydrocarbons – namely, methane (CH4), ethane (C2H6), and propane
(C3H8). The two- and three-carbon-derived alcohols are ethanol and
propanol, respectively.
1
Refer to Methanol Institute Safe Handling Technical Bulletin “Using Physical and Chemical Properties
to Manage Flammable Liquid Hazards: Parts 1A, 1B, 2 and 3.”
CHAPTER
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The chemical names for alcohols come from the names of the
corresponding hydrocarbon groups. Accepted naming convention
drops the “e” ending and adds “ol.” Common alcohols – methanol
(CH3OH), ethanol (C2H5OH), and propanol (C3H5OH) – have similar
physical and chemical properties, but very different toxicity hazards.
As the number of carbon atoms in alcohol molecules increases, the
length of the straight carbon chain increases, the molecular weight
of the alcohol molecule increases, freezing point temperature
decreases, and boiling point temperature increases.
Alcohols are structurally similar to water. Some properties of alcohols,
specifically of methanol, resemble properties of water. Both water
and methanol are polar molecules. If mishandled, methanol poses
hazards to life safety. It is flammable, toxic, reactive with alkali metals
and strong oxidants, and 100% miscible in water. These properties
necessitate specific measures in handling storage, as discussed in
more detail in future sections.
Table 1 lists the structural formulas, systematic names, common
names, and solid melting and boiling point temperatures for three
representative alcohols.
If mishandled, methanol poses hazards to life safety. It is flammable,
toxic, reactive with alkali metals and strong oxidants (e.g., bromine,
bromates, chlorates, chromates, etc.) and is 100% miscible in water.
These properties necessitate specific measures in handling storage,
as discussed in more detail in future sections.
Figure 1. Methanol CH3
OH
 


	20. METHANOL SAFE HANDLING  MANUAL: 5TH
EDITION 12
Molecular
Structure
Systematic
Name
Common
Name
Liquid
Freezing Point
Liquid
Boiling
Point
CH3
OH Methanol
Methyl
Alcohol;
Wood
Alcohol2
-144°F (-97°C) 149°F (65°C)
CH3
CH2
OH Ethanol
Ethyl Alcohol;
Grain Alcohol3 -175°F (-115°C)
172.4°F
(78°C)
(CH3
)2
CHOH
2-Propanol
(Isopropanol)
Isopropyl
Alcohol
-194.8°F
(-126°C)
206.6°F
(97°C)
Table 1. Three Representative Alkane-Derived Alcohols
2

Prior to 1926, methanol was referred to as “wood alcohol.” During this period, methanol was produced
by destructive distillation of wood.
3 
Grain alcohol, or ethanol, is produced by fermentation of grain. Typically, small amounts of methanol
are produced along with ethanol. Because methanol is a potent poison, it is necessary to separate the
methanol before consuming the ethanol.
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Methanol producers are typically located in regions of the world that
produce an excess of natural gas, areas that mine large amounts of
coal, and/or industrialized countries that can access natural gas in
large quantity at relatively low shipping cost. Natural gas supplies
are increasing as a result of new drilling and hydro-fracturing
technology, which allow development of previously unrecognized
low-cost reserves. Another market trend is caused by the cost of
manufacturing methanol from natural gas versus other sources such
as coal. Because it is less expensive to manufacture methanol from gas
than from coal, high-cost coal-to-methanol producers are curtailing
production, particularly in China, in order to take advantage of lower-
cost imported methanol (Saudi Arabia, New Zealand, Malaysia, and
Indonesia). Table 2 shows global methanol supply and demand balance.
		 2.2.1 methanol manufacture
		 2.2 the methanol life cycle
			 (value chain)
Methanol is produced, stored, and shipped in enormous quantities.
Global methanol production continues to expand at high speed,
led by the US and China. Worldwide, over 90 methanol plants have
a combined production capacity of about 110 million metric tons
(almost 36.6 billion gallons or 138 billion liters) and 2019 methanol
demand is estimated (excluding China’s CTO sector, at 83 million
metric tons).
Table 2.
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The global methanol market in the foreseeable future will likely
be driven by supply and demand in China as China’s high-cost,
coal-based sources go offline, and by energy-related applications
in the transportation sector and the power sector. Methanol is
experiencing increased application as a replacement for gasoline in
China and around the world.
Demand for fuel oxygenates such as Methyl Tertiary Butyl Ether
(MTBE) has increased as has demand for formaldehyde and acetic
acid. Other increases in demand appear to be coming from increased
use of methanol as a gasoline replacement, as marine fuel and fuel
for industrial boilers, cookstoves and kilns, primarily in China, and
for biodiesel, and demand for Dimethyl Ether (DME), a liquid fuel
similar to Liquefied Petroleum Gas (LPG) has fallen due to low-cost
petroleum.
Originally, methanol was produced by destructive distillation of
wood; it is now produced largely from natural gas in large, integrated
chemical manufacturing plants. In some regions – particularly China
– methanol is produced from the gasification of coal. Because of the
western world’s dependence on hydrocarbon fuels, and manufacture
of derivative products, methanol is produced in regions where
feedstock is plentiful (Persian Gulf, the Caribbean, South America,
Africa, and New Zealand). Methanol is consumed in regions that
have a high level of industrial development. By contrast, methanol
fuel and fuel additives are in high demand in regions with developing
economies. North America, Western Europe, and a handful of
Asian countries (Japan, China, Taiwan, and South Korea) consume
methanol as chemical feedstock, and in the case of China, as a
replacement fuel. These regions manufacture derivative products:
formaldehyde, olefins, resins, methylamines, methyl chlorides,
silicones, dimethyl terephthlate (DMT), terephthalic acid (TPA), and
methyl methacrylates.
Technology for production of methanol will likely continue to evolve
throughout this century as feedstocks change, low-pressure and
low-temperature catalysts improve, applications for methanol
change, and market demand increases. Continued technological
improvements are expected in catalyst efficiency and catalyst
tolerance of feed stream impurities. Improved catalysts may increase
the variety of feed materials that can be used to manufacture
methanol, and lower manufacturing process energy requirements.
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		 2.2.2 sustainable production
Sustainable production of methanol derives from three specific
chemical characteristics:
1. 
Methanol comprises the widely abundant and almost
ubiquitous methyl and hydroxyl groups.
2.	
Methanol is chemically simple, and is readily synthesized
from a variety of carbon-containing materials, through
productionfromsomeofthesematerialsismoreexpensive
than from others.
3. Methanol is a fundamental building block for a wide
variety of useful materials: fuels, glues, plastics, solvents,
antifreeze, and others.
CHAPTER
TWO
In small amounts and low concentrations, methanol is a
naturally occurring material. It is a natural byproduct of most
bacterial- driven bio-decomposition cycles. Chemical plants have the
ability to replicate and accelerate these natural processes. As a result,
methanol,ormoreappropriately,bio-methanol,canbemanufactured
from natural materials even more easily and efficiently than
ethanol, the next-larger alcohol molecule, and from less-expensive
non-food- stuff feedstock. For more information on Renewable
Methanol, see MI’s Renewable Methanol Report here: https://www.
methanol.org/wp-content/uploads/2019/01/MethanolReport.pdf
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Methanol is an eminently recyclable material. As a solvent, it can be
readily separated from contaminates by distillation. Similarly, excess
reactant can be recovered at the end of a process, refined, and
recycled back into the process.
		 2.2.2.1 recycling
		 2.2.2.2 reuse
Because methanol is a basic building block in a large number of
chemically complex materials such as plastics, it can be recovered
from these materials by chemically destructive processes, which
decompose complex inorganic molecules into their simple
components.
MI MEMBER CARBON RECYLING INTERNATIONAL'S
MI MEMBER CARBON RECYLING INTERNATIONAL'S
EMISSIONS-TO-LIQUIDS TECHNOLOGY IS THE DIRECT
EMISSIONS-TO-LIQUIDS TECHNOLOGY IS THE DIRECT
SYNTHESIS OF CARBON DIOXIDE TO METHANOL.
SYNTHESIS OF CARBON DIOXIDE TO METHANOL.
CHAPTER
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		 2.2.2.3 waste management
Methanol is a commonly used solvent in many organic reactions, and
the resulting spent methanol is considered a hazardous waste in the
United States. Distillation of the spent solvent to recover methanol
for recycling is a standard process. However, some contaminants
may be too difficult, hazardous, or expensive to remove. In such
cases, spent methanol waste may find use as secondary fuel for
energy recovery.
In the future, new processes with new catalysts will be used for
recovery of waste organic materials. As with the denitrification
application in sewage water treatment plants, described in a
subsequent section, methanol will be used to reduce waste from
existing processes and reuse waste from other waste streams.
2.3 the uses of methanol
Methanol markets have changed during the course of the past 20
years as usage and demand patterns are continuing to shift. Evolving
global economic, energy, and environmental realities will continue to
drive the methanol market in the foreseeable future. During the first
quarter of 2008, crude oil prices spiked over $140 U.S. per barrel.
At the same time, natural gas (methane) prices (in the United States
in particular) lagged behind crude oil prices. Use of food crops to
produce ethanol fuel has been blamed in part for driving supply
and demand of staple food items. These circumstances provided an
increased incentive to use methanol as a replacement for ethanol as
a direct additive to motor fuel to reduce air emissions, and perhaps
eventually as an alternate for gasoline in automobiles. While crude oil
prices are currently at lower levels, the cyclical nature of the global
oil market means higher prices are likely to return in the future.
Other new fuel/energy applications for methanol are emerging, such
as marine fuel applications, diesel substitution, methanol-fueled
turbine engines, biodiesel, and direct methanol fuel cells. In addition,
applications, such as wastewater treatment, are using increasing
quantities of methanol for denitrification.
CHAPTER
TWO
 


	27. METHANOL SAFE HANDLING  MANUAL: 5TH
EDITION 17
Currently, formaldehyde manufacture accounts for about 34%
of methanol demand for production of urea-formaldehyde and
phenol-formaldehyde resins, glues, and adhesives. These are used
extensively as bonding agents in particleboard, plywood, and fibrous
wood panels. At present, the distribution of methanol demand is
changing radically. This is expected to continue during the next
decade as a greater percentage of methanol production is used for
energy applications.
		 2.3.1 chemical intermediates
Methanol is a basic building block for chemical synthesis and is,
therefore, the starting point for primary, secondary, and tertiary
derivatives. Formaldehyde is the primary product, followed by acetic
acid. Figure 2 summarizes the role of methanol in the production of
intermediate chemical feedstock.
Figure 2. Methanol as Intermediate
Chemical Feedstock
CHAPTER
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		 2.3.2 fuel applications
Supplementing and eventually replacing conventional motor fuels
with methanol received widespread attention during the spikes
in crude oil prices of the 1970s. In the 1980s, interest was again
generated in alternate sources of energy and specifically in alternate
motor fuels.											
			
Methanol was recognized at that time as a potential replacement for
crude-oil-derived gasoline. During the intervening years between the
1970andthe2010pricespike,variousagenciesandorganizationshave
assessed the hazards, challenges, and benefits of using methanol as
a motor fuel. A study by the United States Environmental Protection
Agency (EPA) [63] concludes that methanol is a safer motor fuel
than gasoline. Other studies have concluded that hazards posed
by the motoring public’s use of methanol are greater than those of
gasoline. An important factor often not considered in the discussion
is the proportion of methanol used in a fuel blend. Most current
blends envisioned for vehicle fuel range from 5-15% up to 100% pure
methanol. As methanol becomes widely available as a motor fuel.
The question of public safety when using methanol as a vehicle fuel
centers on its potential for causing vehicle fires, as compared to
gasoline.
CHAPTER
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According to a National Fire Protection Association (NFPA) study
[43], the incidence of vehicle fires in the United States has decreased by
45% between 1980 and 2006 to the lowest level in 20 years. Vehicle
fires were identified as being responsible for 15% of all civilian deaths
and 12% of all property losses. Interestingly, only 3% of vehicle fires
involved collisions, which accounted for over half the deaths. Over
half of the fires were due to vehicle component failure, such as fuel
system leaks, loose wiring connections, or cracked insulation. The
type of fuel is not the main factor in vehicle fire incidence. Proper
vehicle maintenance is the best prevention against a fire, according
to the NFPA.
CHAPTER
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Methanol, used as an automotive fuel, has multiple desirable safety
features:
• Methanolflameislowtemperatureandnon-luminous;therefore,
methanol fires generate substantially less radiant heat than
gasoline fires, which have higher flame temperatures and burn
with luminous flames. In fact, the U.S. EPA has estimated that if
all our cars were fueled with methanol, the incidence of vehicle
fires would be reduced by 90%, saving hundreds of lives per
year.
• 
Because of low-radiant heat generation, methanol fires spread
more slowly than gasoline fires. Likewise, allowable approach
distance is closer, so portable extinguishers can be used
more effectively to quench the fire. When using a portable
extinguisher, it is necessary to aim at the base of the flames,
not at the flames themselves.
• 
The concentration of methanol in air necessary for combustion
is approximately four times greater than that for gasoline.
Coincidentally, the vapor pressure of methanol at a specified
temperature is lower. At a predetermined temperature,
methanol releases less vapor than gasoline. In other works,
methanol must be raised to a higher temperature in order to
generate vapor concentrations (6 v%) necessary to support
combustion in air.
• 
Methanol vapor is near neutral buoyancy; therefore, vapors are
more likely to dissipate and less likely to flow along the ground
and accumulate in low-lying areas than those of gasoline.
Nevertheless, methanol vapor is reported to sometimes
accumulate in low-lying areas.
• 
Large methanol pool fires are best extinguished with
alcohol- resistant foam; however, small fires can be extinguished
with portable extinguishers and/or water spray, provided the
volume of water is at least 4 (and preferably 5) times the
volume of the methanol pool. Secondary containment must
be capable of holding a volume 4-5 times larger than that of
the methanol pool.
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These considerations also apply to normal transportation modes
and especially to automobile fires. In fleeing from an automobile
gasoline fire, the factors of time to escape, temperature, safe standoff
distance, rate of fire propagation, and ease of flame suppression
are critical life safety considerations. This is particularly true of
methanol/gasoline-blended fuels. Considerations for tank farms
and fuel terminals need to be even more detailed.
The driving public may elect to use methanol and/or methanol blends
as alternatives to gasoline. This change is anticipated to have both
pros and cons. An anticipated benefit is that driver-occupant safety
will be increased. Another potential benefit is that of reducing the
already low likelihood of fuel station fires. A disadvantage is that
the complexity of responding to tanker truck, rail tanker, and fuel
distribution facility fires will increase. Responders must be better
trained, better managed, and equipped with equipment such as
Alcohol-resistant Aqueous Film Foam (AR-AFFF) foam, which is
not available in all circumstances.
A recent study [49] identifies a fundamental driving force for making
the change from gasoline to methanol as the abundance of and
variety of sources for obtaining methane gas. One difficulty in making
this transition is the high energy necessary to generate hydrogen
gas required for methanol synthesis using existing technology. The
technical feasibility of using methanol as a fuel was addressed by
the Methanol Conversion Group [67]. A general finding is that direct
substitution of methanol for gasoline is technically feasible.
Should the world crude oil supply-demand situation, or regulatory
actions requiring greater vehicle efficiency require substantial
changes in fuel consumption, fuel formulation, and vehicle design
and operation. Methanol will likely be an important factor in that
change, placing greater responsibility for acceptable standards of
product stewardship on methanol transporters, handlers, and users. CHAPTER
TWO
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		 2.3.3 biodiesel fuel production
Biodiesel is diesel fuel that has
been sourced from biodegradable
materials, specifically vegetable
waste, or rendered oils, rather than
from petroleum distillate. There are
many reasons for making biodiesel,
which range from saving money
to “going green.” Biodiesel allows
recycling of waste material and
replacing a consumable resource
with a renewable resource. It also
diversifies the fuel supply base
away from solely petroleum-based
fuels. Regardless of the motivation,
biodiesel production involves using
neat (100% pure) alcohol, typically either methanol or ethanol.
Biodiesel is made by reacting vegetable oils and animal fat4
with
pure methanol or 200-proof ethanol in the presence of a sodium
or potassium hydroxide catalyst. The chemical process is called
transesterification. The objective is to convert fat molecules in
the oils into an ester, biodiesel, and the remainder into glycerol, a
byproduct that can be processed to make soap, or disposed of as
waste, depending on circumstances. Once dried, glycerol can also
be burned as fuel or potentially used as an additive in livestock feed.
When methanol is used to process bio-waste material into
biodiesel, it produces a hydrocarbon fuel with properties similar to
diesel fuel. Conversion can be accomplished on scales that range
from 30-gallon capacity trash-can-sized batches, to continuous
processes operated intermittently, to continuously operated
plants with capacities ranging from 4 million to 100 million gallons
(15000 to 378000 cubic meters) per year. Typically, people using
methanol to produce biodiesel in small-scale batch applications
are not trained chemists. Operators are likely unaware of the
hazards and regulatory compliance necessary to manufacture
fuel safely and legally. These individuals may not be trained or
experienced in handling concentrated hazardous chemicals such as
4
Emphasis is placed on using vegetable oils because animal fat spoils. Spoilage, in addtion to being
unpleasant, reduces the yield of the conversion process.
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lye (sodium/ potassium hydroxide, Na/KOH) and methanol.
Operators of intermittently operated continuous processes will likely
be familiar with precautions and laws that accompany production of
biodiesel, but they may or may not have the proper equipment and
procedures and training necessary for self-protection and efficient
chemical handling.
Small-scale operators of continuous processes likely have access
to people trained in chemistry and chemical safety and are likely
interfacing with regulatory agencies regarding health and safety
regulations, process safety, chemical reporting, and waste disposal.
Waste oil is acidic. A mixture of sodium/potassium hydroxide is
added to nearly pure methanol and mixed until conversion to
sodium/potassium-methoxide, a very strong base, is complete. The
methoxide is then reacted with additional methanol and the vegetable
or waste oil in a reactor until esterification is complete. At this point,
the reactor will contain two raw products: a light-colored upper layer
of methyl esters floating on top of a heavier and darker glycerol
product. Reaction products are separated by either decanting the
biodiesel away from the glycerol, or draining the glycerol away from
the methyl esters.
Approximately 30% by volume of the original methanol reactant
remains un-reacted and can be recovered by vacuum distillation and
recycled. After distillation, the biodiesel is water-washed, separated
from the wash water, and finally dried to obtain the finished biodiesel
product.
A variety of precautions must be observed:
•
Methanol must be stored in a dedicated location, where it is
protected from heat and ignition sources. All electrical systems
must be fully enclosed and explosion proof. In order to prevent
the methanol from absorbing moisture, it must be stored in a
sealed container. If the container is sealed, there should be an
allowance for thermal expansion; otherwise, large changes in
temperature may cause the methanol to expand and rupture
the container.
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• 
Methanol must be stored in a bermed, diked or bunded,
well-ventilated area, which, if designed in accordance with
NFPA 30 [45], shall be capable of containing at least 110%
of the volume of the largest methanol storage tank in the
contained area. Best practice dictates considerably more
than 110%. Following a leak inside the containment area, the
resulting methanol pool should be completely covered with
alcohol-resistant foam. If the containment area is adequately
sized, the methanol spill can be diluted with at least four
parts water to one-part methanol to reduce the risk of fire.
Insufficient freeboard within the bermed area can result in
overflow of the berm and a so-called “running fire.” Running
fires are difficult to control.
• 
It is desirable to preheat the waste oil prior to reaction with
methoxide. This must be done carefully to prevent oil spattering
and accidental ignition when the methanol hydroxide reactant
is added.
• 
Care must be taken in handling methanol, adding hydroxide,
mixing hydroxide, and then introducing the methoxide into
the waste oil.
•
Temperature control throughout the process is critical to safe
and efficient operation. If the temperature rises too high,
and agitation is too vigorous, then fire and/or explosion are
possible. If the temperature is too low and agitation too gentle,
then the reaction will not go to completion.
•
The potential for spills is consistent throughout the process. A
closed reactor, whether batch or continuous, is preferable to a
reactor that is open to the atmosphere.
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		 2.4 emerging uses of methanol
Previously mentioned applications account for most of the world’s
current methanol consumption. Methanol’s use is anticipated to
increase due to new applications in emerging technologies and
increased demand in developing and developed countries during
the 2016 to 2020 time frame.
Five of these new uses are discussed here:
1. 	 De-nitrification of wastewater treatment plant
		organic-laden effluent.
2. Fuel in methanol-fired turbine engines.
3. Fuel in direct and reformed methanol fuel cells.
4. 	 Naturalgashydrateinhibitionandmitigationinintermediate
		 and deep water offshore hydrocarbon production.
5. Marine Fuel Applications.
As regulations increasing road transport vehicle efficiency, and
reducing pollutants such as SOx, NOx and Particulate Matter
(PM) in marine environments, come into force, it is likely that
additional pressure will be placed on developing alternate
modes of transportation and power sources, including fuel cells,
methanol-fired turbine engines and methanol fueled marine
powerplants.
		 2.4.1 wastewater denitrification
Wastewater effluent from municipal waste treatment plants
characteristicallycontainshighlevelsofnitrogenintheformofnitrates
and ammoniated compounds (NH3 – anhydrous ammonia, NH4OH –
ammonium hydroxide, etc.). Nitrogen is an excellent fertilizer, which
enhances plant growth in soils and water. Overactive plant growth
may damage ecosystems if the effluent is released into natural
waters, such as streams, rivers, lakes, and even the ocean. Methanol
denitrification is a simple, effective, and comparatively inexpensive
method of removing excess nitrogen and inhibiting plant growth.
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In the broadest sense, denitrification is removal of nitrogen and
nitrogen compounds from soil and water media. The intent is to
reduce the amount of fertilizer available to plant life, and thereby
slow the growth rate of algae. This is necessary in circumstances in
which a body of water is receiving a combination of excess organic
and nitrogen nutrients. In this situation, plant growth may become
excessive to the point of depleting dissolved oxygen below the
threshold concentration necessary to support water column ecology.
The environmental effects may be devastating.
Denitrification is a natural process, which occurs within surface water,
groundwater,andnearsurfacesoils.Withinthecontextofwastewater
effluent conditioning, denitrification is a liquid phase biochemical
reduction reaction which is facilitated by the presence of methanol.
Under anaerobic (oxygen free) conditions, microorganisms such
as bacteria convert nitrogen-containing compounds, (for example,
ammonium (NH4-), ammonia (NH3), nitrates (NO3-1), nitrites (NO2-
1), and proteinaceous organic nitrogen) into elemental nitrogen
(N2). The overall chemical reaction is
6 NO3-1
+ 5 CH3
OH(l)
4 5 CO2(g)
+ 3 N2(g)
+ 7 H2
O(l)
+ 6 OH-1
(l)
.
Elemental nitrogen atoms combine and form a gas (N2(g)) which
escapes into the atmosphere, thereby reducing availability of
nitrogen within the wastewater discharge. Limiting the amount of
nitrogen available as fertilizer slows down plant growth. Oxygen
uptake likewise decreases, and dissolved oxygen becomes more
available throughout the water column.
If the effluent is left untreated, the contained organic material
combines with oxygen, thereby depleting dissolved oxygen within
the natural waters that receive the effluent. Without sufficient
oxygen, aquatic animal life suffocates and dies. In short, methanol is
added to wastewater plant effluent to preserve wildlife ecology and
protect the environment.
The metabolic energy necessary for microorganisms to break
the nitrogen-oxygen chemical bond can be obtained from a
carbon-containing biodegradable substrate material, such as
methanol, or from dissolved oxygen (O2(g)). By forcing anoxic
conditions, the reduction conversion reaction is forced to occur at
the nitrogen-oxygen bond, rather than the oxygen-oxygen bond,
CHAPTER
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thus purging nitrogen and preserving oxygen within the system.
Presence of excessive quantities of nitrogen compounds enhances
growth of algae and other water plants, and essentially cokes even
large bodies of water with nitrogen-fertilized plant material. The issue
of excessive plant growth upsetting waterway ecology can become
so severe, even in large bodies of water, that waste treatment plant
effluent is a U.S. Environmental Protection Agency (EPA) regulated
discharge. Addition of methanol, a water-soluble biodegradable
liquid,atprocessplantdenitrifyingfilters,canprovideawell-dispersed
form of solubilized carbon, which is used by a host of organisms
to denitrify the effluent. Hundreds of waste treatment plants are
currently using denitrification to meet increasingly stringent EPA
regulatory limits for nitrogen in waste treatment plant effluent with
excellent results. This can be done at significantly lower cost than
some alternative technologies.
There are over 150 existing major wastewater treatment plants (over
1 million gallons per day flow) designed for use of methanol in the
United States. One of these, the Blue Plains Wastewater Treatment
Facility in Washington D.C., has been able to reduce the amount of
nitrates entering Chesapeake Bay from 20 tons per day to 10 tons
per day, with a resulting 30% decrease in nitrogen levels within the
Bay. This has been accomplished at a cost of U.S. $0.50 to $0.60
per pound of nitrogen removed, which is 12% of previously reported
costs.
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At present, there are about a dozen fuel cell technologies.
Direct and reformed methanol fuel cells are discussed here
because they constitute technologies that uses methanol as fuel.
(2.3.2-1 to 2.3.2-5)
Fuel cells use hydrogen as a fuel to produce clean and efficient
electricity that can power cars, trucks, buses, ships, cell phone
towers, homes and businesses. Methanol is an excellent hydrogen
carrier fuel, packing more hydrogen in this simple alcohol molecule
than can be found in liquefied hydrogen.
Methanol can be “reformed” on-site at a fueling station to generate
hydrogen for fuel cell cars, or in stationary power units feeding fuel
cells for primary of back-up power. On-board reformer technology
can be used on fuel cell vehicles, allowing quick 3-minute fueling
and extended range (from 200 km with hydrogen to 800 km on
methanol).
As a simple molecule with no carbon-to-carbon bonds, Direct
Methanol Fuel Cells can be used for some applications, where
methanol reacts directly on the fuel cell’s anode to strip hydrogen
atoms to fuel DMFC systems.
Direct methanol fuel cells are electrochemical cells, which produce
electricity and function somewhat like conventional lead acid car
batteries, but with exotic catalysts, special materials, advanced
technology, and slightly elevated temperature and pressure operating
conditions.
		 2.4.2 methanol fuel cells
CHAPTER
TWO
 


	39. METHANOL SAFE HANDLING  MANUAL: 5TH
EDITION 29
Direct methanol fuel cells function in a manner similar to, but distinct
from, that of a lead acid battery. They use a polymer membrane
instead of an aqueous electrolyte. The membrane serves the purpose
of an electrolyte and transfers hydrogen ions (H+) or protons,
produced at the anode to the surface of the cathode. In direct
methanol fuel cells, hydrogen ions are generated by direct oxidation
of methanol (CH3OH) at a catalyzed anode. The oxidation reaction
generates hydrogen ions, which diffuse through the membrane to
the cathode. Electrons from the anodic oxidation reaction circulate
through an external electrical circuit as current, and carbon dioxide
(CO2) is generated at the anode as a gaseous waste product.
Oxidation-reduction reactions necessary to generate hydrogen ions
at the anode and water at the cathode occur in the vapor or liquid
phase, depending on cell design. A mixture of steam and methanol is
injected under pressure and at elevated temperature into the anode
compartment. An anode with a highly specialized catalytic coating
enhances the kinetics of a direct chemical reaction, which breaks
the carbon-hydrogen bonds of methanol molecules into hydrogen
ions, and re-combines carbon with oxygen in the form of carbon
dioxide (CO). A solid polymer membrane transports hydrogen
ions generated at the anode to the cathode. The cathode, also a
pressurized gas chamber, contains compressed air. Oxygen within
the air reacts with the hydrogen ions on the catalyzed surface of
the cathode to complete the reduction portion of the reaction by
forming water vapor. Using highly advanced catalyst and polymer
materials a direct methanol fuel cell essentially burns methanol at
the anode and reduces hydrogen ions at the cathode, generating an
electrical current and forming carbon dioxide and water vapor.
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Methanol fuel is an easily handled liquid, and the products of the
oxidation-reduction reaction are water and carbon dixoide absent
NOx and SOx contaminants.
Operating temperature is between 60-130°C with a typical operating
temperature near 120°C. Operating pressure may be somewhat
elevated and may be manipulated to achieve optimum performance
for a given set of conditions. Operating efficiency is expected to
approach 40%.
Direct methanol fuel cells are an outgrowth of indirect fuel cells,
which use hydrogen (H2) as the fuel rather than methanol. Direct
methanol cells provide several advantages compared to indirect fuel
cells. In direct methanol fuel cells, the fuel is liquid and easily stored
and transferred. In indirect fuel cells, hydrogen is used directly or is
generated by chemical stream reforming. Storage of hydrogen gas
is difficult and potentially hazardous; addition of a steam reformer
increases the complexity of the cell.
Direct methanol fuel cells and indirect cells are essentially the same,
except that methanol substitutes for hydrogen as a source of protons,
and the anode of the direct methanol fuel cell is a noble metal
catalyst. Both types of cells have a polymer membrane that transfers
protons from the anode to the cathode, and both produce water as
a waste material. Both cells also generate an electrical current by
an oxidation reaction which occurs at the anode. The cathode side
of the fuel cell consists of air (21 v% oxygen and 79 v% nitrogen).
Hydrogen ions diffuse through an electrolytic proton membrane
and react with oxygen in the air at the cathode to form water.
Current configurations emphasize a modular approach in which
fuel cell components and entire fuel cells are easily exchanged, and
stacking multiple units satisfies power needs. An application that
appears to be growing in popularity is using direct methanol fuel
cells to charge batteries, which in turn power electronic equipment.
This approach is being tested by the military for field operation
of electronics, and by Toshiba for personal electronics such as
cell phones, smart phones, laptop computers, and other portable
electronic items.
Manufacturers are developing modularized component-
based configurations, which can be exchanged to replenish
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various cell components as they become depleted or wear out.
The International Civil Aviation Organization has approved use of
DMCstopowerpassengerpersonaldevices,suchaslaptopcomputers,
while on- board airplanes. Several development companies have
direct methanol fuel cells commercial productions at this time.
Hurdles to even more widespread commercialization appear to be
methanol crossover from the anode to the cathode, and the catalytic
activity of the anode and cathode surface materials. Crossover has
two deleterious effects on cell performance. The first is polarization
of the cathode, which reduces effective voltage; the second is loss
of fuel resulting in reduced power capacity. A better understanding
of the various factors such as pressure of oxygen on the cathode
side of the cell is ongoing and appears to be creating more favorable
results.
One of the more exciting applications of fuel cell technology may
be replacement of batteries in hybrid automobiles. Regardless
of whether this is done with direct or indirect methanol fuel
cells, methanol provides the advantage that a fully electric, a
hybrid, or an engine-powered vehicle could use a single fuel to
power the engine and the motor. Refueling would be similar to
that for gasoline, and would serve for all types of automobiles.
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		 2.4.3 turbine engines
Stationary turbines are typically fueled with natural gas or distillate
jet fuel, both of which are products refined from crude oil. These
fuels contain sulfur and nitrogen, which cause air quality compliance
issues. Air quality within the United States is regulated by the EPA
under auspices of local air quality management districts.
Within the United States, nitrogen and sulfur oxides (NOx and SOx)
emissions from fixed sources are monitored and strictly regulated
to control air quality. The cost and operating restrictions forced by
these regulations are considerable. Industries that use substantial
amounts of direct-fired equipment, such as heaters, furnaces, and
boilers, have incentive to find alternate ways of obtaining process
heat and electrical power without incurring penalties associated with
fuel contaminates and polluting oxides.
Low NOx burners and air monitoring systems have been retrofitted
to most furnaces, heaters, and boilers within the United States. Low
NOx burners may pose a safety hazard if the replacement burners
are upsized to increase heating capacity of direct-fired equipment.
Turbine users and manufacturers began investigating combustion
technology, which could replace natural gas and distillate fuels with
methanol, as early as 1971. Methanol contains no sulfur or nitrogen
and burns at a lower temperature, thereby substantially improving
stack gas air quality.
Air monitoring requirements for methanol-fueled turbines are less
than those for natural gas and distillate fueled turbines. Air quality
control has become an increasingly expensive operating issue as air
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The principal technical considerations are discussed below.
• 
Methanol has a low heating value compared to natural gas
and currently used distillate turbine fuels. A greater volume
of methanol must be combusted in order to produce the
same base load output (brake horsepower) as that of natural
gas or distillate fuel. Turbine fuel storage, and transfer and
combustion systems may need to be modified to accommodate
appropriately larger fuel volume. Testing indicates that turbine
operability and performance with methanol fuel is equivalent
to that of natural gas and distillate; air quality is superior.
•
Methanol has low lubricity. Distillate has inherent lubricity
because of the nature of the carbon-hydrogen molecules that
comprise the fuel and the presence of small amounts of sulfur.
Testing is in progress on additives that will increase methanol
lubricity.
quality standards have become increasingly more stringent.
There are multiple disadvantages of firing with refined hydrocarbon
fuels: capital cost of monitoring equipment, increased operating cost,
cost of uncertainty and penalties associated with non-compliance,
shortened mean time between failures and associated increased
maintenance cost, shortened life of turbine components, and
increased lifetime cost associated with system unavailability. Taken
together, methanol may have significant economic and operating
advantages over conventional fuels.
There are technical and economic considerations in switching
from natural gas or distillate to methanol. These considerations are
much the same as those associated with substituting methanol for
gasoline in internal combustion engines. Some considerations have
been successfully resolved for automobiles, which presumably can
likewise be resolved for turbine service.
As evidence of this, GE has published written indication that the
use of methanol as a turbine fuel is feasible and, in fact, offers some
advantage over using natural gas and distillate fuels.
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•
Methanol has a low flash point (very low vapor pressure
at low temperature), which affects cold weather starting and
operation and the need for explosion safeguards. Cold weather
starting issues can be circumvented by starting up with
conventional fuels. The explosion issue requires modification of
engine configuration. Testing is being done for several methods
of resolving the explosion issue.
•
Methanol liquid is electrically conductive compared to natural
gas and distilled fuels. Conductivity increases corrosion of alloys
commonly used to handle natural gas and distillate fuel. This
is particularly true for aluminum and titanium alloys. Additives
are being tested to inhibit corrosion. Alternatively, commonly
used materials may be replaced with more corrosion-resistant
materials. Aluminum and titanium alloys should not be used
in methanol or methanol vapor service without a rigorous
mechanical integrity program.
• 
Methanol is a solvent, which attacks some plastics, resins, and
fiberglass compounds. A variety of compatible materials are
available to replace incompatible materials. Special care must
be taken in selection and storage of gaskets, “O” rings, and
other parts that prevent leakage.
•
Methanol absorbs water from the atmosphere. Unlike
gasoline,neatmethanolandgasoline-methanolblendfuelsabsorb
moisture from the air. Moisture absorbed by neat methanol is fully
miscible, and is retained as a single phase that does not affect
combustion. Moisture absorbed by gasoline- methanol blends
forms an immiscible phase, which sinks, thereby accumulating in
the bottom of tanks and piping low spots. If the amount of water
is small, presence of an immiscible phase has little or no effect
on the combustion properties of the blended fuel. Large amounts
of water-phase material interfere with combustion, and in extreme
circumstances may result in flameout.
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		 2.4.4 offshore platforms
Wellhead crude and natural gas products consist of a mixture of
hydrocarbon and water. The water is derived from down-hole
hydrocarbon bearing strata. So-called “Produced Water” is water
consisting of formation water, injection water, and condensed water
vapor. It also includes trace amounts of chemical additives, which
perform a variety of functions, such as inhibiting hydrate formation,
capturing water vapor, preventing scale formation, controlling
corrosion, preventing bacteria growth, breaking and coagulating
oil water emulsions, preventing foaming, and removing deposited
paraffin. Hydrate and dehydration additives are used primarily in
production of natural gas; however, they are also used in crude
production when hydrocarbon is accompanied by large amounts of
associated gas and water.
In general, the amount of produced water increases throughout
the life of a well, and the amount of hydrocarbon decreases. In this
circumstance, the likelihood of hydrate formation increases, and
risks associated with hydrates increase, as wellhead yield becomes
less. As a result, gas wells are usually shut down at the onset of
substantial amounts of water. Effective use of methanol can reduce
hydrate risk, thereby extending well production life. This is typically
an economic decision based on the break-even point of product
revenue and the cost of hydrocarbon production, including increased
amounts of methanol inhibitor.
Costs associated with treatment of produced water are a small
percentage of the overall cost of natural gas production. However,
incorrect or inadequate treatment may compromise equipment
performance, thereby increasing operating cost. Likewise, mean time
between equipment failure is decreased by exposure to untreated
wellhead product, with resulting increases in maintenance cost
and shortening of equipment service life. The above is particularly
relevant to formation of natural gas hydrate or clathrate in subsea
natural gas piping, valves, and equipment.
Methane hydrate, methane clathrate, hydro-methane, methane ice,
“fire ice,” and natural gas hydrate are synonyms for a solid clathrate
compound that traps a large amount of methane within its crystal
structure of frozen water, thereby forming a porous ice-like solid.
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A typical composition of methane clathrate hydrate is 1 mole of
methane for every 5.75 moles of water at an observed density of 0.9
g/cm3. One liter of methane clathrate contains 168 liters of methane
gas at standard temperature and pressure. Clathrates contain
sufficient amounts of methane to ignite and burn in air, hence the
name “fire ice.”
At high pressure and moderate temperature, hydrate forms a solid
which adheres to the inside surfaces of piping and equipment. If
hydrate formation is not mitigated, then undersea gathering lines
and flow transfer lines may plug and interrupt fluid flow. Chunks of
hydrate that break away from pipe walls may mobilize in the fluid
stream thereby interfering with production, damaging equipment,
and in extreme cases causing catastrophic piping failure.
Piping failure may necessitate blocking in the wellhead, loss of
product, and release of hydrocarbon directly into the water column.
Hydrate formation can be controlled mechanically with thermal
insulation and heat tracing to avoid temperature conditions necessary
for hydrate formation, and by chemical means where the freezing
point is lowered below minimum operating temperature.
Chemical hydrate inhibitors serve the same function as antifreeze in
an automobile engine cooling system. Addition of ethylene glycol
(and more commonly methanol) at the wellhead and, in some cases, in
the well lowers the freezing temperature of water, thereby preventing
formation of the clathrate structure. Methanol is most frequently the
preferred additive due to the higher cost of ethylene glycol. About
half as much ethylene glycol is required to achieve the same level of
protection as that provided by methanol. Ethylene glycol remains
in the produced water, which facilitates recovery and reuse. About
half of the methanol additive vaporizes to the gas phase and is non-
recoverable; the other half of the methanol remains dissolved in the
produced water, which facilitates recovery and recycling.
Except in warm shallow water, offshore production of natural
gas requires use of either methanol or ethylene glycol to avoid
hydrate formation. Methanol is being used extensively in Gulf Coast
intermediate and deep-water production, where flow pressures may
be high and temperatures low.
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		 2.4.5 marine fuel
The global shipping industry is facing increasingly stringent emissions
requirements. Starting January 2020, the new Marpol Annex VI fuel
regulation came into effect in the maritime industry. The regulation
caps the sulphur content in bunker fuel to 0.5% for all commercial
shipping vessels, down from the previous 3.5% (except for Emission
Control Areas). The new limit, agreed in October 2016, represents an
ongoing effort of the International Maritime Organization to protect
the environment and reduce air pollution.
In 2018, the shipping industry used about 3.5 million barrels of high
sulphur residual fuel (sulphur content 0.5%) per day, accounting for
approximately half of global demand. Under the 2020 regulation,
marine vessels either need to install exhaust gas cleaning systems
(known as scrubbers) or switch to low sulphur distillate fuels, low
sulphur fuel oils, or alternative fuels such as methanol or LNG.
For the existing fleet of some 100,000 commercial vessels plying the
world’s oceans, and the 2,000 new keels laid each year, the option of
adding dual-fuel capability for diesel-LNG (liquefied natural gas) or
diesel-methanol is increasingly seen as the smart course. While there
are already some 50-60 ships ready to use LNG as a bunker fuel,
interest in the use of methanol fuel, as a considerably less expensive
alternative to LNG, is quickly gaining speed, as new build dual-fuel
methanol tankers enter service.
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• 
Methanol is plentiful, available globally and could be 100%
renewable - There are over 75 million tons of methanol being
produced annually, and depending on the feedstock used in its
production, it can be 100% renewable as well.
• 
Current bunkering infrastructure needs only minor modifications to
handle methanol - Methanol is very similar to current marine
fuels such as heavy fuel oil (HFO) as it is also a liquid. Existing
storage, distribution and bunkering infrastructure can handle
methanol with only minor modifications necessary due to
methanol being a low-flashpoint fuel.
• 
Infrastructure costs are modest compared to alternative
solutions - Installation costs of a small methanol bunkering unit
have been estimated at around € 400,000, and a bunker vessel
can be converted for approximately € 1.5 million. In contrast,
an LNG terminal costs approximately € 50 million, and an LNG
bunker barge 30 million.
• 
Conversion costs will drop dramatically as experience mounts
- The main reference point on conversion costs comes from
conversion of the Stena Germanica. Being the first of its kind,
the Stena Germanica retrofit entailed much design work on new
technical solutions, safety assessments and adaptation of rules
and regulations. It has been estimated that a second retrofit
will cost only 30% to 40% of the Stena Germanica conversion.
•Current engines have performed well on methanol and upcoming
technologies will further improve this performance - Thus far,
methanol ships have been powered by diesel engines modified
to run on both methanol and marine diesel. Converted methanol
engines have performed as well as, or better than, diesel engines
in both field and lab tests. Methanol-optimized engines currently
in development are expected to perform even better than the
current converted engines.
•
Shipping and chemical industries have a long history and ample
experience in handling methanol safely - has been shipped
globally, and handled and used in a variety of applications for
more than 100 years. From a health and safety perspective,
the chemical and shipping industries have developed tested
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		 2.4.6 methanol specifications
Additional information and specifications for methanol are available
on the Internet at the International Methanol Producers and
Consumers Association (IMPCA).
procedures to handle methanol safely. These have been codified
in the Methanol Safe Handling and Safe Berthing Bulletin and
Checklists available on MI’s website. MI’s Methanol as a Marine Fuel
Report can also be viewed on the website.

•Methanol is biodegradable - From an environmental point of view,
methanol performs well. Methanol dissolves rapidly in water and is
biodegraded rapidly. In practice, this means that the environmental
effects of a large spill would be much lower than from an equivalent
oil spill.
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3 TRANSPORTATION AND
STORAGE OF METHANOL
This chapter summarizes the safety issues related to methanol storage
and transportation from manufacturing centers to end users.
		 3.1 methanol transportation
Geography and demographics of the methanol market require heavy
reliance on transportation in order to move methanol product from
manufacturers to consumers. Methanol is manufactured in several
regions of the world and used in other, separate regions. Lack of
proximity between manufacturing and use requires that as much
as 80% of the world’s annual methanol production is transported
betweencontinents.Thesafety,reliability,andintegrityoftrans-ocean
shipping, dockside transfer, and marine terminal storage constitute a
large portion of the potential loss exposure resulting from accidental
and unmitigated release that is borne by the methanol industry.
Process safety management (PSM) is typically applied to chemical
manufacturing and processing facilities. However, PSM practices can
(and, some might argue, should) be used to safely manage methanol
transportation and distribution activities as well. PSM is described in
detail in Chapter 5 of this manual.
		 3.1.1 ocean-going transport
Methanol is pumped from dockside storage tanks into sealed cargo
holds of tanker ships. Delivery to dockside storage may be by pipeline,
barge, rail, or truck.
Trans-oceanic transport is similar to that for other hydrocarbon
liquids, such as crude oil, gasoline, diesel, and fuel additives such
as MTBE. Double-hulled vessels are commonly used by shippers,
and will likely become the standard as world production increases.
Special provisions for tanker shipment are: cleanliness (to prevent
contaminating the methanol), methanol leak detection, appropriate
firefighting equipment (including alcohol-resistant foams) and pump,
piping, hose, and gasket materials that are suitable for methanol
service.
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Accidental releases into open ocean are to be avoided, but are
considered to pose less of a threat to the environment than crude
oil, bunker fuel, gasoline, or diesel fuels. Solubilization of pure (100%)
methanol in water is rapid and complete. The accompanying dilution
reduces methanol concentrations to a level that is nontoxic to
marine life in less than one mile, even for large catastrophic releases.
More safety information is available through MI’s MI’s Methanol Safe
Berthing Technical Bulletin  Checklist.
		 3.1.2 rail transport
Precautions for rail transport are much the same as those for ethanol,
gasoline, MTBE, jet fuel (kerosene), and distillate. This includes
grounding for protection against static discharge.
Specially designed tanker cars are equipped with provisions for
pressure relief in order to accommodate thermal expansion during
transit and short-term (less than 30 days) side-lining during switching
and temporary holding. Rail transport is considered to be safe, as
long as methanol is contained within an upright tanker car.
In the event of derailment, first responders should treat methanol
as highly flammable and highly toxic. The 2016 edition of the
Emergency Response Guidebook (ERG2016) [19] recommends an
immediate isolation distance of 150 feet (50 meters) in all directions.
So-called“runningfires”maybeexpectedwithlarge-volumereleases.
Flashback can be expected. Running fires are particularly hazardous
if allowed to flow into sewers and drains. In the event of accidental
release as a result of derailment or some other circumstance that
compromises containment, ERG2016 recommends that responders
isolate and consider evacuating in all directions from the release to
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		 3.2 methanol storage
		 3.1.3 tanker truck transport
a radial distance of one-half mile (800 meters).
Methanol tanker cars are known to BLEVE (Boiling Liquid Expanding
Vapor Explosion, an instantaneous tank failure and catastrophic
release and ignition of vapor) when involved in flames and/or when
subject to high radiant heat flux.
Comments relating to rail tank cars apply equally for tankers attached
to tractor haul trucks and for tank trailers towed by tractor haul trucks.
Methanol transport by truck haulage is subject to substantially the
same precautions as are routinely exercised for gasoline transport.
Storage of methanol is subject to substantially the same provisions as
those used for gasoline storage. Methanol is routinely stored in tank
farms consisting of above-ground, floating roof tanks and smaller,
internally baffled floating baffle tanks. Tanks must be grounded to
avoid hazards associated with static discharge. Ignition control may
be by nitrogen padding, natural gas padding, or by designation of a
hazard zone with ignition control.
Because methanol is commonly stored with other solvents and feed
stocks, all piping and valves subject to carrying methanol should be
consistently labeled, and direction of flow should be indicated. All
storage materials, including totes and drums, require berming and
adequate ventilation. Berming should be stabilized by compacting, by
use of suitable methanol resistant fabric, or with concrete. Because of
the solvent properties of methanol, hydrocarbon residuum, asphalt,
and road oil are not suitable as berm cover/stabilization materials.
Methanol burns with a non-luminescent flame, which may be invisible
in bright sunlight. Responders should be equipped with infrared
devices that allow remote heat and relative temperature detection. It
is highly desirable to have this capability overhead in an emergency
response helicopter, if at all possible.
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		 3.2.2 tank farms
Tank farms at facilities such as refineries and chemical plants likely
have dedicated methanol storage and handling systems. Typically,
tanks are above ground, and piping is above ground and overhead in
pipe racks. In general, fire protection for gasoline tanks is sufficient for
methanol tanks, provided extra precaution is made for containment
berm volume, leak detection, toxic hazard, and availability of
alcohol-compatible fire suppression foam.
CHAPTER
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Storage facilities at docks and marine terminals are typically floating
roof tanks, dedicated to methanol handling. Internal floating roofs
are preferred to avoid contamination. Facilities may be equipped
with leak detection and alarms. Appropriate suppression and spill
response capability is important and is likely required by insuring
parties.
The larger concern is for unattended tank leaks. American Petroleum
Institute codes, standards, and recommended practices should be
referencedtoobtainspecificinformationregardingtankconstruction,
inspection, and maintenance.
		 3.2.1 docks and marine terminals
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It is strongly suggested that handlers consult methanol providers
concerning their selection of primary containment. Unlike tank farms,
where personnel seldom have direct contact, users of totes and
drums are typically subject to spillage, need for immediate response,
and subsequent cleanup.
The following provisions are suggested for tote, drum, and can users:
• 	Methanol should be purchased only from reputable sources.
The Methanol Institute provides a service to link methanol
customers with methanol suppliers. Visit the MI web site at www.
methanol.org, and click on the “Methanol Source Requests” link
under the “Contact” heading. Complete and submit this online
form, providing information on your methanol needs, and your
information will be shared with MI members representing the
leading global methanol producers and distributors. These
suppliers will then contact you directly to discuss price and
supply.
• 	 Providers should be consulted regarding the intended application
and circumstances of use before committing to a sales contract.
Many merchant chemical companies are equipped and willing to
extend their services in order to assure safe use of the chemicals
they sell.
• 	After agreeing on facilities and provisions for receiving, storage,
and local transfer, establish, equip, and train a local response
team in the actions that are necessary and prudent in the event
of a spill.
•	 Certain aspects of methanol handling require special provisions
and protective measures. These include the following:
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Totes and drums can be problematic. The methanol industry has gone
to considerable lengths to design and fabricate satisfactory totes
that are easily obtainable. Because the number of users of tote and
drums far outnumbers the number of facilities with dedicated bulk
storage and handling systems, this manual stresses the importance
of safe methanol handling for tote and drum containment.
		 3.2.3 portable containers
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◊As much as possible, methanol should be stored and used
in a dedicated area that is specifically marked off and
appropriately labeled. This area should have safety measures
readily available to employees working in the area. The area
should be designated as a hazardous area, and protective
measures should be immediately available in the event of
spillage, exposure, and ignition.
◊
The area designated for methanol handling should be
equipped with an effective audible alarm, which will summon
assistance in a timely manner.
◊ 
Use positive materials identification for gaskets, filters, hose
material, and similar supplies.
◊ 
Replace gaskets, hoses, and “O” rings periodically, before
they are expected to degrade or fail.
◊ 
Ensure that procedures are in place to ground, and periodically
verify grounding.
◊ 
Ensure that procedures are in place to protect from water
uptake and accumulation.
◊ 
Ensure that provisions and procedures are in place to
prevent spilled methanol from entering drains, manholes,
and confined spaces.
◊
Ensure that procedures and provisions are in place for
preventing methanol entry into the water table or aquifers.
◊Ensure that procedures and equipment are in place
for personnel protection and exposure mitigation. This
should include eye wash and
shower stations.
◊ 
Ensure that procedures and
equipment are in place for leak
detection and alarm.
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•
Guidelines and considerations relating to handling and storage
of methanol in small tanks, totes, and drums are provided in
the following regulatory and best practice documents:
◊ IFC Chapter 57.
◊ NFPA 30.
◊ 
OSHA CFR 49 1910.119 and other regulations pertaining to
hazardous materials.
◊ 
Policies and procedures must also address safety
considerations raised in a Hazard and Operability Study
(HAZOP), performed prior to delivery of the first tanker
truckload, tote, or drum of methanol.
◊ ISO 9001: 2015 - Quality Management Systems.
◊ Methanol Drum Transport Handling and Storage.
		 3.2.4 electrical classification
Electrical equipment within the proximity of methanol storage and
handling must be explosion proof to meet National Electrical Code
(NEC) requirements [42]. Positive pressure may be required to ensure
that methanol-free areas, such as smoking rooms and control systems
and electrical switch gear, are protected.
		 3.2.5 grounding and bonding
Grounding is especially important in protecting methanol from
accidental ignition resulting from static discharge. Methanol is an
electricallyconductive,polarcompound.Ingeneral,methanolstorage
is not expected to accumulate static charge. However, circumstances
such as a tank with a non-conductive liner can change the rate of
charge accumulation.
It is recommended that grounding straps be equipped with
carbide- tipped clamps to ensure electrical contact through
non-conductive surface coatings, such as paint. Tanks and
storage vessels should be fitted with dip-tube-filling to
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protect against ignition from static electricity generated as a result
of liquid falling through air.
Grounding is required for lighting systems, pipe racks, pumps, vessel,
filters, and all other equipment near and potentially within range of
methanol vapor. Tall towers and other equipment subject to lightning
strike must be equipped with lightning arresters.
Hoses must be grounded. In methanol loading and unloading
situations, the possibility of spark generation due to accumulation
of static electricity is less than with materials such as low sulfur
diesel. Methanol is not a static accumulator. Electrical conductivity
of methanol is relatively high when compared to that of most fuel
materials. Nevertheless, velocity limits should be placed on transfer
operations that involve high pressure drop, hydraulic impacts, and
erosion concerns. Refer to API and NFPA publications for specific
guidance.
Bondingisameasureintendedtodissipatestaticelectricitygenerated
during fluid transfer through a conductive or nonconductive material.
It involves making a connection between a grounded object and an
ungrounded object. Methanol transfer operations should be bonded
and grounded.
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Metal containers (cans, drums or totes) and the associated fill
equipment pump should be bonded together and grounded
during methanol transfer operations. Fill pipes or hoses should be
conductive and should be bonded to the filling system. Bonding
should be done with a 1/8-inch bare stainless steel cable5
connected
to a clamp with hardened steel points and screws or a strong spring
that will penetrate paint, corrosion, and accumulated materials.
Apply the bonding clamp on the top chime of drum containers prior
to removing the bung. Extend the pipe to within one inch (25 mm)
of the bottom of the container. Start pouring slowly (at less than one
meter per second or a container fill rate of less than 2 inches or 5
cm of fluid level rise per minute) until the container is filled to a level
equivalent to two pipe diameters up the side of the fill pipe.
In recent years, attention has been drawn to the hazard of using
personal electronic items, such as cell phones, laptop computers,
etc., in environments subject to potentially explosive atmospheres,
e.g., gasoline stations, and fueling terminals. The energy necessary
to ignite gasoline vapors (0.2 mJ at the optimum mixture ratio for
combustion) is similar to the energy produced by static electricity
and by sparks generated by low-voltage electrical devices when
they are turned on. It is not considered good practice to operate
electronics such as cell phones and laptop computers in a potentially
flammable atmosphere.
Be aware of the following:
5
A 1/4” to 3/8” flexible, bare bronze cable can be used for large grounding and bonding clamps.
• 
Mobile phones can ignite fuel fumes from gasoline, ethanol,
methanol, propane, and compressed natural gas (CNG).
• Mobile phones that light up when switched on or when they ring
release enough energy to provide a spark capable of igniting
hydrocarbon vapors.
• 
Mobile phones should not be used (should be turned off) in
filling stations, fuel terminals, or when filling portable containers,
fueling lawn mowers, boats, etc.
• 
Mobile phones should not be used (should be turned off)
around materials that generate flammable or explosive fumes
(e.g., solvents, chemicals, gases).
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The same precautions apply for laptop computers, flashlights,
battery lanterns, and other battery-operated devices that are not
rated as explosion proof. As a general rule, electronic devices should
not be used within 20 feet (7 meters) of a potentially explosive
atmosphere [40]. This distance is sufficient to provide a buffer of
distance between the potential source of ignitable fumes and the
device. Increase this distance to 50 feet (17 meters) for pressurized
liquid gases, such as propane.
When dispensing from a metal container, the container and the
associated fill equipment, including dip pipes, conductive hose, and
pump, should be bonded together and grounded. Plastic-lined metal
containers with epoxy or phenolic coatings less than 2 mm thick can
be treated as metal containers. If the liner is more than 2 mm thick,
the container should be treated as non-conductive. When handling
methanol, treat non-conductive containers as if both the container
and the methanol are non-conductive.
Plastic containers cannot be grounded and should not be used for
Class I Flammable liquids, such as methanol, without expert review,
as per NFPA 30, Flammable and Combustible Liquids. If a plastic
container must be used, follow the same procedure as for metal
containers.
Consult the following standards and references for additional
information regarding issues pertaining to preventing accidental
ignition:
• ASTM E681 describes a standard test method for determining
flammability limits.
• 
Perry’s Chemical Engineers’ Handbook, 6th Edition, McGraw- Hill
Book Company, San Francisco, Sec. 3, pp. 256-257, 1984.
• NFPA-325, Guide to Fire Hazard Properties of Flammable Liquids,
Gases and Volatile Solids, 1994.
• Glassman, I., Combustion, 2nd Edition, pp. 321-313, pp. 486-489,
1987.
•NFPA 30A, Code for Motor Fuel Dispensing Facilities and Repair
Garages, 2015.
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• NFPA 30A, Code for Motor Fuel Dispensing Facilities and Repair
Garages, 2015.
• UFC, Article 52, Motor Vehicle Fuel-Dispensing Stations, 1997.
• 
NEC, Chapter 5, Articles 500-504, 2008. These articles define
requirements for intrinsically safe electronic devices in Class I,
Division 1, and Class 1, Division 2 area hazardous locations.
• ANSI/UL 1203 Explosion-proof and Dust-Ignition-proof Electrical
Equipment for Use in Hazardous (Classified) Locations.
• ANSI/UL 913 Intrinsically Safe Apparatus and Associated Apparatus
for Use in Class I, II, and II Division 1, Hazardous Locations.
• UL 1604 Electrical Equipment for Use in Class I and II, Division 2,
and Class III Hazardous (Classified) Locations.
• 
DOD-HDBK-263, Electrostatic Discharge Control Handbook.
• 
IEC 60050-426:1990, IEC 60079-4:1975, IEC 60079-4A:1970, IEC
60079-20:199.
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4 HEALTH AND SAFETY
This chapter describes the toxicological properties of methanol;
routes and symptoms of exposure; and effective control strategies,
safety precautions, and first aid measures.
Toxic exposure can occur by inhalation (breathing in vapor), ingestion
(swallowing liquid), or dermal contact with methanol vapor or liquid.
If liquid methanol is present, then methanol vapor in concentrations
above toxic limits might also be present.
		 4.1 exposure to methanol
		 4.1.1 routine sources of exposure
Humans are exposed to methanol from many sources. Not only
does methanol occur naturally in the human body, but humans are
exposed routinely to methanol through air, water, and food. Food
is the primary source of exposure for the general population. It is
generally believed that dietary sources contribute to the observed
background blood methanol concentrations. Methanol is widely
found in small concentrations in the human diet from fresh fruits,
vegetables, commercial beverages like fruit juices, beers, wines,
and distilled spirits. The food additives Aspartame (an artificial
sweetener) and DimethylmDicarbonate (DMDC) (a yeast inhibitor
used in tea beverages, sports drinks, fruit or juice sparklers), as well
as wines, release small amounts of methanol when metabolized in
the human body. Table 4 illustrates examples of methanol levels in
common foods and beverages, compared to background levels in the
human body.
SAMPLE METHANOL LEVEL
Fresh and Canned Fruit Juices
(Orange and Grapefruit Juices)
1-640 mg/l
(average of 140 mg/l)
Beer 6-27 mg/l
Wines 96-329 mg/l
Beans 1.5-7.9 mg/kg
Lentils 4.4 mg/kg
Carbonated Beverages ~56 mg/l
Human Body Background Level 0.5 mg/kg (0.73 mg/l in blood)
Table 4. Methanol Levels in Foods and Beverages and in Blood
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Non-dietary potential exposure to methanol (primarily through
inhalation) can result from using certain consumer products, such as
paints, windshield washer fluids, antifreeze, de-icers, and adhesives
that contain methanol as a solvent. Methanol is also used in fuel cells
that power consumer electronic devices such as laptop computers
andcellularphones.Fuelcell-poweredvehiclesmayalsousemethanol
as a hydrogen carrier fuel. These relatively new uses of methanol
may become more common in the future.
studies have shown that the u.s. general population has a background blood
studies have shown that the u.s. general population has a background blood
methanol concentration of between .025 to 4.7 mg/l in blood (milligrams
methanol concentration of between .025 to 4.7 mg/l in blood (milligrams
per liter in blood). in controlled studies, humans breathing air containing
per liter in blood). in controlled studies, humans breathing air containing
200 ppm (parts per million) methanol had blood levels below 10 mg/l.
200 ppm (parts per million) methanol had blood levels below 10 mg/l.
studies have shown that the u.s. general population has a background blood
studies have shown that the u.s. general population has a background blood
methanol concentration of between .025 to 4.7 mg/l in blood (milligrams
methanol concentration of between .025 to 4.7 mg/l in blood (milligrams
per liter in blood). in controlled studies, humans breathing air containing
per liter in blood). in controlled studies, humans breathing air containing
200 ppm (parts per million) methanol had blood levels below 10 mg/l.
200 ppm (parts per million) methanol had blood levels below 10 mg/l.
Most routine environmental exposures to methanol vapor in the air
aresignificantlybelowoccupationalexposures.Typicalenvironmental
exposures to methanol in the air in rural areas are below 0.0008 ppm
and approaching 0.03 ppm in urban areas. Methanol is currently used
to a limited extent as an alternative fuel, primarily in a mix of 85%
methanol and 15% gasoline, otherwise known as M85. Methanol’s
proposed use as a substitute for petroleum fuels may result in greater
environmental releases to the air through vehicle emissions and at
fueling stations.
Occupational (workplace) exposure is likely to cause the highest
daily exposure to methanol. Occupational exposures typically occur
through inhalation of methanol vapors during production or use.
About 70% of the methanol produced in the United States is used
as feedstock for the production of other organic chemicals and a
variety of consumer prod ucts, including windshield washer fluid. It is
also used in the treatment of wastewater and sewage. Occupational
exposure to methanol may occur during its production, or result
from its presence in refrigeration systems and as a component in the
production of formaldehyde, MTBE, acetic acid, and other industrial
chemicals. The Occupational Safety and Health Administration
(OSHA) Time-Weighted-Average (TWA) Permissible Exposure Limit
(PEL) to methanol is 200 ppm for an 8-hour day and 40-hour week.
concentrations of methanol vapors measured in the breathing zone of
concentrations of methanol vapors measured in the breathing zone of
workers during refueling of methanol-powered transit buses are generally
workers during refueling of methanol-powered transit buses are generally
less than 10 ppm. concentrations of methanol vapors measured in the
less than 10 ppm. concentrations of methanol vapors measured in the
breathing zone of mechanics changing fuel filters (2-minute procedure) for
breathing zone of mechanics changing fuel filters (2-minute procedure) for
these buses averaged approximately 50 ppm.
these buses averaged approximately 50 ppm.
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