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Abstract: Coal has a huge potential in natural resources in Vietnam.
It is a safe transporting fuel and also an important fossil fuel
supplying for power production (32.6% of total suppliers), for
cement production (15%) and remain for other sectors. In addition
there are about 4,000 tonnes of clean coal exported annually. It
therefore contributes to the energy security and supports the
socioeconomic development of Vietnam. By means of assessing in a
“cradle-to-grave” method, the quantification of emissions and impacts
from coal production can be performed. The processes of coal
production are divided into coal extraction, cleaning/preparation and

transportation.
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Through the methodology of life cycle assessment, the
guantitative results in the whole life cycle of coal production show
that dust pollution is concentrated only in coal extraction (99%), the
air emissions coming mainly from the coal extraction (60%).
However, the emissions from the coal screening/preparation constitute
a substantial fraction (35%). For alternative transportation they are
quite small, below 5%. The impacts of wastewater are only from

mining wastewater (62 g/tonne raw coal).

Keywords: Quantification of emissions, life cycle inventory, coal

production, Vietnam.

1. Overview of coal production in Vietnam

Coal is a fossil fuel, developed for a long time in Vietnam,
with a history of over 120 years. Most of the coal extracted is mainly
in Quang Ninh coal basin with estimated reserves of 3.52 billion
tonnes down to 300 meters. A major part of the coal is anthracite.
Recently the Red River Delta deposit has been discovered with an
estimation of over 35 billion tonnes of brown coal. The coal output
was 11.7 million tonnes in 1998, 10.85 million tonnes in 2000, and
14 million tonnes in 2002 [1].

In Vietnam, coal plays an important role for the period of
industrialization and modernization at this time. Coal is a fuel for
many sectors and industries (shown in Table 1), in which the
electricity generation needs more coal than other sectors (40% of

total domestic coal needs). Besides that, coal is exported to get the

198  Asian J. Energy Environ., Vol. 9, Issue 3 and 4, (2008), pp. 197-214



Import. of coal & the quan. of import. environ. impacts from coal activity in Vietnam

foreign exchange for Vietnam. The coal sector contributes to the
national budget with the total amount of 500 billions VND annually
(about 31 million USD). In addition, it provides jobs for 90,000
people [2]. Therefore, it is one of important sectors contributing

substantially to the economic development of Vietnam.

Table 1. Coal consumption ratio of households: (million tonnes).

No. Consumer 2002 2005
| Domestic needs 10.40 12+13
1 | Thermal power plants 4.04 5.3+5.6
2 Cement 1.67 2.5+2.7
3 | Bricks, limestone 1.39 1.4+1.6
4 | Other industries 1.00 1.1+1.2
5 | Firing and other 2.30 1.7+1.9
Il | Export 4.00 4.0+5.0

Although the coal-fired power plant accounts for only 13.6%
of the total electricity in Vietnam [3], it is a steady source providing
backup support for the grid when the electricity supply from

hydropower has seasonal problems (e.g. during drought).

The life cycle of coal is does not end at coal production
(extraction and preparation) but also includes coal use (firing coal to
get thermal energy and/or materials for other processes). However, in
this paper the various end-uses of coal are not considered, so the
final output is the clean coal. The anthracite production in Vietnam is
divided into two processes that are coal extraction and coal

screening/preparation, including transportation between the two stages.
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+ Coal Extraction:

There are two different methods to extract coal, open-pit
mining (surface mining) and underground mining depending on the
proximity of the seam body to the surface. In open-pit mining, the
first step is to remove the topsoil layer. This is called overburden and
is often placed near the mines in large piles. Then, the coal is
exposed and extraction is done by explosives. Machinery is be used
for stripping, drilling, blasting, and excavating coal and solid waste
to trucks. Coal is transported to the screening/preparation and solid
waste was transported to landfill. Removing the topsoil and
excavating the coal is accomplished in different ways with the
varying distances. Different means are used for transport, such as

conveyor, truck or railway.

When the coal seams do not lie close enough to the surface,
the cost of removal of the overlying soil and excavation of coal are
expensive. It means that the coal seams are deeper so surface mining
techniques cannot be applied and underground mining techniques
must be used. In underground mining the two methods applied at
present are “room-and-pillar” and “longwall” depending on the
stability of geological conditions and the thickness of seams. The
mining operations include cutting, drilling, blasting, loading to
conveyor, and hauling. Auxiliary operations include ventilation,
drainage, power, communications, and lighting. After that, the raw
coal is transported from the coal destination (from the coal mouth) to

preparation factories or storage.
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+ Coal cleaning/preparation:

The next step is to transport the coal to the preparation plants,
where the main function is to improve the quality of the coal (remove
unnecessary matter, such as rock, metals, wood, etc.), primarily for
export reasons. The coal is then washed and sorted into different classes
according to size. In the plant, the coarse sorting is done by hand
followed by classification by screening. From the screening or
preparation plants, the coal is transported to coal ports where it is
either loaded directly on small ships or first loaded on coal barges that

take the coal out into the bay for reloading on huge ships for export.
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Figurel. The process blocks and emissions in coal production.
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The system boundary and impacts are generally described in
Fig. 1. The oval boxes represent the product, and the square boxes,

the processes.

The coal activities affect the environment (air, water and soil).
The land used for extracting will be reclaimed by planting regularly.
The main impacts with high environmental effects are from air and

wastewater emissions.

2. Quantification of key environmental impacts

At present, there are many methods for assessing environmental
impacts from mining activities. Life cycle assessment is recognized
to be a sound environmental management and decision support tool
[4]. Using the life cycle inventory can quantify and assess the
impacts from production and/or services adequately. This tool
attempts to collect and analyze a product in a “cradle-to-grave”

method.

The “life” of a product encompasses everything from raw
material extraction (e.g., petroleum, iron ore, wood, etc.) to disposal
of the product after its use [5,6]. The life cycle of coal in this paper is
defined as in Fig. 2. The whole life cycle of coal production is very
complicated, for simplicity, the first stage is coal extraction. In this
process the material supplied is mainly explosive, that is used for
blasting soil and coal in seams. So the sub-consideration is for
explosive production. The second process is cleaning/preparation of
raw coal, in this process magnetite is used for cleaning coal. The

second sub-consideration is the magnetite production. Besides that,
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all minor materials used for the each process are included if their

contribution to the environment are significant, such as steel, iron,

cement, diesel, petrol, etc.
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Figure 2. The system boundary of coal production.

By means of direct measurement and using the database of

environmental monitoring system from Vietnam National Coal
Corporation (VINACOAL) [7,8], the inputs and outputs related to

coal production are inventoried and assessed. The consideration

includes coal extraction (working face, tunnels), storage in mine

mouth, transportation from mine mouth to preparation/screening

plant, and transportation of solid waste to landfill and the landfill

itself. On the other hand, in order to trace the resource consumption
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and emissions from material production and related processes
(upstream processes), the calculations and estimations use the data

and results from literaturesd ,such as ,atabases from the softwares

GEMIS Version 4.2 (Global Emission Model for Integrated Systems)
[9], SimaPro v6.0 (Life cycle assessment) [10] and FIRE v6.24
(Factor Information Retrieval for criteria and hazardous air
pollutants) [11] and the Australian National Pollutant Inventory
[12,13] have been used to estimate air emissions from stages of coal

production. The calculation model for inventory process is follows:

n k
Qi=2.0m;+ >Qp;

1 1
Where:  Q; - Sum of terminal exchanges (i) computed per
functional unit
Qm; — Total amount of emissions from materials

supported to process “j” in the production’s system boundary; n is
the number of materials supported to the considering process.
Qp; — Total amount of emissions from directly process

“” in the production’s system boundary; k is the number of

considerable processes.

The numbers of materials are for building the infrastructure,
machines, and operations (cement, limestone, sand, steel, H,SOy,
petrol, diesel). The numbers of productions are all processes related
to the coal extraction and coal preparation (copper ore extraction,
tailings of copper ore, magnetite manufacture, explosive production,
coal extraction and coal cleaning). After analysis and calculation the

raw resources and energy are inventoried in Table 2. From the
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results, the raw materials include mainly construction material (clay,
limestone, gravel, sand and iron), fuels for operation (coal, crude oil
and natural gas), and machine production (iron). The coal consumed
in the life cycle of coal production is high because raw coal is used
for producing cleaning coal and the coal is used for firing in each

process.

Table 2. The resource depletion in the whole life cycle of coal

production in Vietnam.

Resource Unit Coal extraction Coal preparation
Clay kg/tonne 0.2 0.4
Raw coal kg/tonne 1,458 1,692
Limestone kg/tonne 0.5 0.7
Gravel kg/tonne 6 17
Sand kg/tonne 0.5 0.8
Iron kg/tonne 1.8 2.4
Water m?*/tonne 50 168
Natural gas m®/tonne 11 19
Crude oil kg/tonne 179 82

Two main stages of coal production (coal extraction and coal
preparation) consume the amount of resources as shown in Table 2.
Most of resources (clay, limestone, gravel, sand, iron, water, etc.) in
coal preparation are higher than in coal extraction because there are
more infrastructure items in coal preparation. However, the operation
of vehicles in coal extraction is high, so fuel is used in coal
extraction bigger than in coal preparation (69% crude oil is used for

coal extraction).

Asian J. Energy Environ., Vol. 9, Issue 3 and 4, (2008), pp. 197-214 205




Loi Dinh Chinh and S. H. Gheewala

Coal mining activities and the related processes generate many
environmental effects. These problems are the local, regional and global
impacts. In this paper, only main and adverse impacts (dust pollution,

global warming and working site) are mentioned.

+ Dust pollution:

Particulate matter (PM) refers to solid particles that are
suspended in the atmosphere, including various compositions of
organic and inorganic compounds. In combination with gaseous
pollutants, particulate matter may be detrimental to human health.
Atmospheric particles may damage materials, reduce visibility, and
cause undesirable esthetic effects. It is now recognized that very
small particles have a particularly high potential for harm, including
adverse health effects [14]. The impact receivers of PM consist of
human health, ecological consequences and cultural and recreational

values.

However, dust makes a layer on the leaves of plants, reduces
the visibility and damages heritage sites and infrastructure. When
brought down by rain, it reduces the transparency of water and
affects the receiving ecosystem.

In coal extraction, many machine and vehicles are used for
excavation of overburden (top soil layer in open pit and solid waste
from underground coal mine), so it is the reason for dust pollution.
Not only the dust emitted from the truck’s engines (burning fossil
fuel) but also from loading and unloading coal and overburden, and

blasting the soil and stone. The big dust originates from the blasting
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in mine (77% of total dust emissions from extraction) and the second
contributors are loading, and unloading, internal transport (22%) and
from the engine combustion of vehicles is very small (about 1%).
The dust contribution in the processes of coal preparation and
transportation is small because the dust generated is very small in the
wet coal cleaning methods (using at present). In the coal preparation
plants, dust comes from the loading and unloading coal, screening raw
coal, and from the coal piles by wind. Dust generates from the
transportation is from the friction between truck and road and coal by
the wind. The dust from transportation of coal and solid waste is very
high, moreover, it happens mainly in the working sites (internal
transportation). By inventory, dust is quantified for all related processes and

the results are performed as in Figure 3.

Coal
preparation
532 (0,6%)

Transportation
189 (0,2%)

Coal extraction
88,194 (99,2%)

Figure 3. Dust emissions from the whole life cycle of coal

production (g PM10/tonne coal).
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+ Global warming potential (GWP)

The greenhouse gases are those gases in the atmosphere
which, by absorbing thermal radiation emitted by the Earth’s surface,
have a blanketing effect upon it. The most important of the
greenhouse gases is water vapor, but its amount in the atmosphere is
not changing directly because of human activities. The important
greenhouse gases which are directly influenced by human activities
are carbon dioxide, methane, nitrous oxide, the chlorofluorocarbons
(CFC) and ozone.

Inventory of all gases emitted from the whole life cycle of coal
production. The procedure are carried out directly from coal
extraction, coal preparation, and transportation and the indirectly
from the materials supply for each process. The results are quantified
in term of the global warming potential (GWP). Most of gases
contribute to GWP is from the combustion of fuel in engines (transport,
excavation, loading and unloading, etc.). However, in coal extraction,
amount of gases emit to the air from the exposure of soil and from
the coal seam. The air emissions come mainly from the coal
extraction, especially for methane (CH,) (98% total wt. When
converted to the CO, equivalent (SO-eq.), the quantity of air
emissions affect global warming is shown in Figure 4. In coal
extraction, the main contributors (compounds) to global warming
potential are CO, and CH,4 (account for 51% of total wt. and 46% of
total wt. in coal extraction, respectively). In coal preparation and
transport, the contributors are mainly from CO, (over 95% of total

wit. for the global warming in each process).
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Transportation
1,032 (0,7%)

preparation
42,891 (30,8%)

Coal extraction
95,196 (68,4%)

Figure 4. Global warming potential related to coal production’s life

cycle (g CO,-eq./tonne coal).

+ Acidification potential (AP)

The acidification for coal production is mainly from SO, and
NO, from the air emissions (Figure 5). The two compounds are
generated from fuel combustion in engines. Although the operation
of vehicles in coal extraction is higher than in the coal preparation,
the emissions from the materials in the coal preparation is higher
than in coal extraction (38% for coal extraction and 12% for coal
extraction). On the other hand, although the equivalent factors of
NO, and SO, are nearly equal, the contribution of NOy is high
because the volume of this gas is 2-3 times than SO,. Consequently,
the contribution from coal preparation is substantial to the total

acidification potential.
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Transportation
10 (4,9%)

Coal

preparation 72 Coal extraction
(35,5%) | 121 (59,6%)

Figure 5. Acidification potential related to the coal production’s life

cycle (g SO,-eq./tonne coal).

+ Wastewater:

The wastewater from coal mine is about 3 m?®tonne as-
received coal. It is a big problem affecting the regional ecosystem
because the pH value is mostly less than 4.5. In coal preparation the
pH value is higher than 5.5, in addition the water used for coal
cleaning is circulating (recycle). So, the wastewater from this process
seems to be very small. Consequently, the wastewater impacts of
coal production are mainly from coal extraction. The acidity from

mining wastewater is 61.3 g/tonne raw coal.

3. Conclusions

Using the life cycle analysis to quantify the environmental
impacts from coal is a suitable way to consider its effects to

environment. The “cradle-to-grave” method can help to quantify
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adequate amount of emissions.

Through the results, the priority of treatment is found.
Consequently, it improves the efficiency of budget used for
environment. Air emissions come not only from direct extraction,
screening/preparation and transport of coal, but also from materials
production. Main air emissions are from coal extraction activities.
Therefore, it should improve the efficiency of coal extraction (65%

at present), recycle and/or reuse of working tools and equipments.

Dust mostly comes from the coal extraction. However, coal
preparation and transport have a substantial contribution to the global
warming and acidification. These impacts are specific for coal mine
activity. The big problem is to have the dust treatment in the coal
extraction (working place) because it is “hot spot” in the life cycle of

coal production.

The air emissions are main effects of coal production
activities. The mainly contributions come from Methane in coal
seam, the CO, from combustion of fuel. This is reason for global
warming potential in coal production. Besides coal cleaning play an
important for coal export, it can effect the environment with

substantial portion (over 30%).

This predicted quantity of environmental impacts from coal
sector is a foundation for comparison with other energy industry. It is a
best consideration for choosing the priority and balance of energy
strategy. Therefore, it should carry out other energy sectors in future

studies.
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