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Contents of presentation

• Brief introduction on EMP:

• to understand “What EMP is” and “what should
include in”

• Typical environmental concerns and
Mitigation Measures in Manufacturing
Sectors:

• to understand the typical environmental concerns
and mitigation measures in manufacturing sector

• Useful Resources:

• to provide useful internet on Web
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Brief Introduction of EMP
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Flow Diagram of the EIA procedure

Brief Introduction of EMP

Submission of PP

EIA Type

Classification
(Screening)

Review by report review body
90 days for review

Public Consultation
Scoping (TOR)

(No/Little)
No Requirement
Completion of the
process

(Minor)
15 days for
review

IEE Type

Study for EIA and
EMP

Study for IEE and EMP

Public Consultation

Public Consultation

EIA and EMP
Reporting

IEE and EMP Reporting

ECC

ECC

Environmental
Management/
Monitoring

Implementation
based on EMP

Environmental
Management/
Monitoring

60 days for review

(Significant)
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Brief Introduction of EMP

• What is Environmental Management?

• Environmental Management is to control impacts due to the
project and take mitigatory actions for the impacts

• Environmental Management Plan (EMP)

• Mitigatory actions will be implemented based on EMP.
• Typical contents of EMP are:

EMP
1. Mitigation Measure and schedule
• Description on how to mitigate the
identified impacts
• Implementation schedule of the
mitigation measures

2. Monitoring and its frequency
• Description on how to monitor
each environmental parameter
• Frequency and schedule of the
monitoring

3. Institutional framework
• Description on who will do the
monitoring, mitigation measures
and inspections

4. Cost estimates, etc.
• Other important issues e.g. cost
estimation and procurements of
necessary manpower and
equipment, etc.
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Brief Introduction of EMP

Typical Contents of EMP

• Project Description by Project Phase
• Project’s Environmental, Socio-economic and, where relevant
Health Policies and Commitments, legal requirements and
institutional arrangements
• Summary of Impacts and Mitigation Measures
• Overall budget for implementation of the EMP
• Management and Monitoring Sub-Plans by Project phase
• Content of each Sub-Plan (if applicable)

• Objectives
• Legal Requirements
• Overview maps and site layout maps, images, aerial photos, satellite
images
• Management Actions
• Monitoring Plan
• Projected Budgets and Responsibilities

(Citation: Article 63 of EIA Procedure)
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Mitigation Measures

Brief Introduction of EMP

Four objectives of
Mitigation Measures:

•
•

•

•

Preferable

Degree of Priority

•

Find better alternatives
and ways of doing things;
Enhance the
environmental and social
benefits of a proposal;
Avoid, minimize or
remedy adverse impacts;
and
Ensure that residual
adverse impacts are kept
within acceptable levels.

Mitigation Sequence

Undesirable

Avoidance

Minimization
Rectification
Reduction
Compensation

Source: CEQA Guidelines
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Brief Introduction of EMP

Timing, implementation schedule
of mitigation measures
• Task management of mitigation measures

• Example: the following table with bar-chart is normally used for the
task management;
An example of the task management table

No.

Task

Responsible unit

Start date

Finish date

1

Collect and
recycle
lubricants

Proponent

2017-May

2018-Oct

2

Installation of
drainage works

Proponent

2017-June

2018-Aug

3

Mid-term
Inspection

Environmental
Authority

2017-Dec.

2018-Dec.

2017
■

■

■

■

■
■

…
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Monitoring in EIA Procedure

Brief Introduction of EMP

• According to EIA-P, Monitoring is defined as:
• Self-monitoring (by Proponent)

• To monitor the environmental / social changes and
impacts during pre-construction, construction,
operation and decommissioning due to the
Proposed Project after issuance of ECC
• (See also Article 106 of EIA Procedure)

• Inspection (by Government organizations)
• To control and determine the compliance by the
Project with all requirements
• To prevent violations of the Project’s obligations
• (See also Article 111 of EIA Procedure)
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Brief Introduction of EMP

Monitoring during EIA stages
Pre-construction

Baseline Monitoring
by proponent
(to obtain baseline
data)

Construction

Operation

Self-Monitoring by proponent

Compliance Monitoring by authority (Inspection)
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Brief Introduction of EMP

Process of Monitoring
Proponent
Engage in Monitoring based on
ECC, and submit the report not less
than every 6 months
(Art. 106 & 108)

Gov. authority
Review of the report

Disclose the report (within 10 days)
(Art. 110)
[Serious failure / violations] Notice
within 24 hours
(Art. 107)

Taking measures

[All failure / violations] Notice
within 7 working days
(Art. 107)

Taking measures
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Note: Art. = Article of EIA Procedure

Environmental Parameters
to be monitored

Brief Introduction of EMP

• Those parameters can be identified based on the results of Impact
Assessment (description of the EMP) as follows:
Result of impact assessment
Impact
Dust from
vehicles
Construction
waste
Soil erosion

Infectious
disease
Eutrophication
…

Magnitude
-None

Parameter to be monitored
Monitoring parameters

Dust from vehicles: PM10
(mg/Nm3)
Construction waste
(ton/month)

None
--

Total Phosphorus (mg/l)
…
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An example of monitoring

Describe the exact
sampling station

Parameter (normally
says methodology as
well)

Brief Introduction of EMP

Frequency
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Institutional Framework of
Environmental Management

Brief Introduction of EMP

•Who bear the responsibilities of the
impact management / monitoring?
• Proponent

• The proponent shall bear all responsibilities of the impact
management e.g. expense of all necessary costs (Article 76,
106-110, 113, 117 of EIA Procedure)
• They have to propose an institutional framework in EMP

• Governmental authority (Environment and
line ministries)

• Environmental authority has a duty to inspect the
management / monitoring by the Proponent. (Article 78-80,
111-112, 114-116, 118-121 of EIA Procedure)
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Brief Introduction of EMP

Cost estimates (feasibility)
• In order to assess feasibility of the environmental
management, estimates of those costs must be
described in EMP. (Art. 63 and others of EIA Procedure)

Sub-management plan (optional)

• In cases of identifying complex and significant impacts,
sub-management plans may be required for the those
specific issues (Art. 63 of EIA Procedure) :
• e.g. Waste Management Plan, Watershed management plan, Forest
conservation plan, etc.
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Typical environmental concerns and
Mitigation Measures in Manufacturing
Sectors
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Env. concerns & Mitigation

Typical Environmental Concerns to be
mitigated in Manufacturing Sector

• Needless to say, environmental concerns vary
depending on characteristics of each sector
• However, the typical environmental concerns in major
manufacturing sectors may be as follows:
I.
II.
III.
IV.
V.
VI.
VII.

Air Emissions, Energy conservation
Wastewater discharge (provided by Mr. Hieda’s presentation)
Noise and vibration
Wastes
Soil contamination
Occupational Health and Safety
Community Health and Safety

Note: Today’s presentation covers only the underlined topics, but
you can also see useful information about remaining topics on
IFC’s web site; ENVIRONMENTAL, HEALTH, AND SAFETY
GUIDELINES page.
(http://www.ifc.org)
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Env. concerns & Mitigation

I. Air Emissions: Typical mitigation
measures
(Fixed Air Emission sources)
Pollutant
Nitrogen oxides

Sulfur oxides
Dust
VOC (Volatile Organic
Compounds)

GHG

Example of Mitigation measure
Use of low nitrogen fuel, Improvement of
combusting process, De-nitrification (dry
method / wet method)
De-sulfurization (dry method / wet method)
Dust collector, Electric Precipitator, Cyclone, Bug
filter
Selecting less VOC substances, collection vapors,
air extractors, thermal incinerators, etc.
Enhancement of energy efficiency

Source of the Slides #18-#27: Ministry of Environment, 2014, Environmental Considerations
for Small Scale Coal Fired Plant, Japan (Original Doc. is written in Japanese)
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1. Nitrogen oxides

Env. concerns & Mitigation

• a. Improvement of combustion
• In principle, High combustion temperature
generates high volume of NOx
• Therefore, the basic strategy of combustion is
to keep low combustion temperature in boiler
• Those methods are:
• Water injection;
• Circulation of exhaust gas;
• Two-stage combustion;

Source: MoE-J, 2014, ibid.

19

1. Nitrogen oxides
 a. Improvement of combustion

Env. concerns & Mitigation

Overfired air
Ex. Gas

Fuel
Fuel
Primary air
Secondary air
Two-stage combustion:
Air for combustion is split into 2
stages so that explosive fire is
controlled, then NO2 will be
reduced
Air
Water
Fuel
Air

Fuel

Air
Mixer
Ex. Gas

Circulation of exhaust gas:
Air and exhaust gas is mixed
for lowing combustion
temperature, then NO2 will be
reduced

Water injection:
Injection water into boiler will lower
Dilution Air the combustion temperature, then
NO2 will be reduced

Source: MoE-J, 2014, ibid.
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1. Nitrogen oxides

Env. concerns & Mitigation

• b. Dry-denitrification

• SCR (Selective Catalytic Reduction)
• Active carbon method

Method

SCR

Active Carbon

Efficiency

90 % or more

40 – 80 %

Regent

Ammonia, Urea aqueous

Ammonia (add to avoid combining
carbon and sulfur)

Catalyst

Titanium oxides

Active carbon

Merit

Simple equipment,
Small scale equipment, less water
applicable for mass emission usage, absorption of other toxic
substances

Remarks

Bad odor from leakage of
ammonia

Need higher tower, not suitable
for high temperature combustion

Applicable
cases

Most popular method for
fire power plants

Some cases for large-scale power
plant

Source: MoE-J, 2014, ibid.
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Env. concerns & Mitigation

1. Nitrogen oxides


b. Dry-denitrification

4NO+4NH3+O2→4N2+6H2O
NO+NO2+2NH3 →2N2+3H2O

Active Carbon

Air

Regenerator

Catalyst (TiO2, V2O5)

Denitrification

Ex. gas

Desulfurization

NOx, NH3

Air

Desorption
gas

N2, H2O
SCR method:
One of the most popular
methods for NO2 reduction

Source: MoE-J, 2014, ibid.

Active carbon method:
Using not only for NO2 but also for SO2
reduction
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2. Sulfur oxides

Env. concerns & Mitigation

•a. De-sulfurization

•Wet desulfurization

• Absorbent slurry (CaCo3 or Ca(OH)2) absorption
method
• Absorbent slurry (Mg(OH)2) absorption method

•Dry desulfurization

• Active carbon method (same as denitrification)

Source: MoE-J, 2014, ibid.
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Env. concerns & Mitigation

2. Sulfur oxides


a. De-sulfurization

Method

Slurry: CaCo3 or
Ca(OH)2

Slurry: Mg(OH)2

Active Carbon

Efficiency

99%

99%

98 %

Regent

CaCo3 or Ca(OH)2

Mg(OH)2

Active carbon

Byproduct

Plaster

Magnesium sulfate

Sulfuric acid, plaster

Merit

Easy to deal with
Plaster

Easy and low cost

Small scale equipment, less
water usage, absorption of
other toxic substances

Remarks

Need a storage for
plaster

Larger amount of
water discharge

Need higher tower, not
suitable for high
temperature combustion

Applicable
cases

Most popular method
for thermal power
plants

Applicable for
smaller scale plants

Some cases for large-scale
power plant

Source: MoE-J, 2014, ibid.
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2. Sulfur oxides


Env. concerns & Mitigation

a. De-sulfurization

Slurry method (CaCo3 or
Ca(OH)2):
Final byproduct is plaster

Clean air
Pump

Slurry
CaCo3
or
Ca(OH)2

Ex. gas
Plaster
Clean air

Slurry method (Mg(OH)2):
Final byproduct is
magnesium sulfate – can be
released into water body

Ex. gas

Mg(OH)2
Air

SO2

Source: MoE-J, 2014, ibid.

Oxidation

Water

Filter
Air

Slug
Ex.
water
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Env. concerns & Mitigation

3. Dust
•a. Dust collector

• Electrostatic Precipitator (EP)
• Bug filter
• Others

• Inertial / gravity dust collector, cyclone, Scrubber, etc.
Method
EP
Bug filter

Efficiency

90 % - 99.9 %

99 % or more

Particular size

20 – 0.05 μm

-

Merit

Simple equipment, and easy
maintenance

Very high efficiency

Remarks

Efficient rate will be affected
by electrical charge of dust

Need a frequent maintenance
i.e. each 2-3 years

Applicable
cases

Most popular method for
thermal power plants

Some cases for large-scale
power plant

Source: MoE-J, 2014, ibid.
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Env. concerns & Mitigation

3. Dust
Pole plate

Corona discharge

Clean
air

Polluted
air

Clean
air

Active
carbon filter

Polluted
air

Dust collector Discharge wire
Dust

Charge

Electrostatic Precipitator
(EP):
Corona discharge gives electro
charge to dust particulars, then
dust collector catches the
charged particulars
Source: MoE-J, 2014, ibid.

Collected dust
Bug filter:
Various type of filters have
been developed, however, the
basic mechanism is to catch
dust particulars by a filter
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Env. concerns & Mitigation

4. VOC (IFC’s recommendations)
• Collection of vapors with control devices - condensers
or activated carbon absorption, air extractors and
subsequent treatment with destructive control devices:

• Catalytic Incinerators: Used to reduce VOCs from process
exhaust gases exiting paint spray booths, ovens, and other
process operations
• Thermal Incinerators: Used to control VOC levels in a gas stream
by passing the stream through a combustion chamber where
the VOCs are burned in air at temperatures between 700 ℃ to
1,300℃
• Enclosed Oxidizing Flares: Used to convert VOCs into CO2 and
H2O by way of direct combustion

• Use of floating roofs on storage tanks
Source: IFC, 2007, EHS General Guidelines.
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Env. concerns & Mitigation

5. GHG (IFC’s recommendations)

• Enhancement of energy efficiency;
• Carbon financing;
• Promotion of sustainable forms of agriculture
and forestry;
• Promotion, development and increased use of
renewable forms of energy;
• Limitation and / or reduction of methane
emissions through recovery and use in waste
management, as well as in the production,
transport and distribution of energy (coal, oil,
and gas).
Source: IFC, 2007, EHS General Guidelines.
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Env. concerns & Mitigation

Example of air emissions management in
EMP
Items

Physical state

Description

Type of air pollutants e.g. NOx, SOx, PM, VOC,
GHS, etc., which should be identified in each
project cycle: construction, operation,
decommissioning.

Volumes / concentration Volumes / concentration (ppm) of each pollutant

Treatment methods

Point of emissions and
affected area

Potential risks at
workers / communities
Monitoring

To clarify the methods on how to treat the
pollutants

To clarify emission points and affected area due to
the each identified pollutant
To clarify potentially affected people due to the
pollutants
How to monitor the pollutants during each
project stages (construction, operation, etc.), its
frequency and costs
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III. Noise Emissions

Env. concerns & Mitigation

•General strategies of mitigation measures
for noise are known as:
• Physical method

• Removal of sound sources

• Directly preventing sound pressure
• Removing vibration of things

• Reduction of sound propagation

• Reducing propagation
• Using phenomenon of influencing to sound propagation

• Intuitive method

• Masking noise by another sound (e.g. music)

Source of the Slide #31-#32: Japan Environmental Management Association for Industry, 2015,
Brand New - Engineering and Regulations for Pollution Control, Japan (Original Doc. is written in
31
Japanese)

Env. concerns & Mitigation

Noise emissions from factories, others

•Mitigation measures of noise from factories /
construction works might be:

a. Control of noise sources;
•

Installation of silencer, vibration
isolation (a certain level of
vibration may emit noise),
consideration of materials,
fixing bolts and nuts, noise
absorption materials, etc.

b. Measure for sound
propagation;
•

•

Green belt, etc.

Source JEMAI, 2015, ibid.

Air spring

Buffer / barrier

Keeping away from noise
source, installation of noise
proof barrier, etc.

c. Buffer zone

Anti-vibration
lubber

Height
Source

Distance

Arrival
point
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Env. concerns & Mitigation

Example of noise emissions management in
EMP
Items

Description

Level, period of noise
emissions

Noise level and duration (timing) in each noise
sources

Point of emissions and
affected area

To clarify emission points and affected area due to
the each identified source

Minimizing methods

Potential risks at
workers / communities
Monitoring

To clarify the methods on how to minimize the
noise

To clarify potentially affected people due to the
pollutants
How to monitor the noise level during each
project stages (construction, operation, etc.), its
frequency and costs
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Env. concerns & Mitigation

IV. Wastes

• Typical categories of wastes to be managed:
MSW:
Municipal
Solid Wastes
Domestic
Wastes

Nonhazardous
wastes

Wastes
Industrial
Wastes

Construction
residuals

Hazardous
wastes

Construction
soils, residuals
of construction
materials, etc.

Chemical, biological,
physical and
radioactive hazardous
substances
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Env. concerns & Mitigation

Basic strategies of wastes management
• Waste prevention

• Less hazardous or toxic materials, processing generates lower waste
volumes, use of return usable materials, etc.

• Recycling / reuse

• Recycling of products that can be reintroduced into the manufacturing
process or industry activity at the site, etc.

• Treatment (chemical, biological)

• Biological (microorganism) treatment, chemical (neutralization)
treatment, autoclaving to medical wastes, etc.

• Storage

• To prevent accidental releases to environment

• Disposal, incineration

• Transferring to dumping site, incinerators.

• Monitoring

• Inspection of all waste storage, leaks, segregation, treatment, etc.
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Env. concerns & Mitigation

Example of wastes management in EMP
Items

Description

Quantity

Quantities of wastes in each type

Physical state

Treatment / disposal
methods
Location

Potential risks at
workers / communities
Monitoring

Type of waste e.g. Solid or Liquid, Hazardous or
Non-hazardous, MSW or Industrial wastes, etc.,
which should be identified in each project cycle:
construction, operation, decommissioning.
To clarify the methods on how to treat the wastes
to be generated

To clarify every location of waste to be generated,
treatment, and disposal places
To clarify potentially affected people due to the
wastes to be generated

How to monitor the wastes during each project
stages (construction, operation, etc.), its frequency
and costs
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V. Soil contamination

Env. concerns & Mitigation

• Emission control of pollutants

• Prevention of underground penetration
• e.g. Pavement, water / oil proof, storages, etc.

• Wastewater treatment
• Exhaust gas treatment
• Reduction of hazardous chemical use

• Accident prevention

• ISO14000, waste management manifest, strict control
of dumping soils from outside

37

Env. concerns & Mitigation

Examples of soil contamination control
Cover soils

Pavement

50cm or more

Contaminated
soils

Contaminated
gravel
soils

38

Pavement

Observation well

impermeable wall

Contami
nated
soils
Impermeable layer

Source: Ohkura Co.Ltd, 2015, Japan
(Original Doc. is written in Japanese)

Env. concerns & Mitigation

Example of soil contamination management
in EMP
Items

Description

Potential soil
contaminants

Type of contaminants to soils / groundwater e.g.
substances (toxicity), emission sources, etc.

Treatment methods

To clarify the methods on how to treat the
contaminants

Quantity

Location
Monitoring

Quantities of the contaminants in each type

To clarify every location of emissions and
treatment of contaminants

How to monitor the contaminants during each
project stages (construction, operation, etc.) its
frequency and costs
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Env. concerns & Mitigation

Major environmental concerns in each
manufacturing sector

✔ ✔

Garments, Textiles and Leather

✔

✔ ✔

✔

Wood Manufacturing

✔

✔ ✔

✔

✔

✔

Chemicals Manufacturing

✔

✔ ✔

✔

✔

✔

Manufacture of Glass and
Ceramics

✔

✔ ✔

Manufacture of Construction
Materials

✔

✔ ✔

Metal, Machinery and Electronics

✔

✔ ✔

Land
conservation

✔

Water
consumption

Food and Beverage

Liquid
effluents

Biodiversity /
Forestry

Noise
Emissions

Hazardous
Materials

Solid waste

Waste water

Manufacturing sectors

Air
Emissions,
Energy
conservation

Environmental Concerns /

✔
✔

✔

✔
✔

✔

✔

✔

✔
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Useful Resources
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Useful Resources

Useful Resources

• IFC (International Finance Corporation) - ENVIRONMENTAL,
HEALTH, AND SAFETY GUIDELINES (Covering every
manufacturing sectors)

• http://www.ifc.org/wps/wcm/connect/topics_ext_content/ifc_external_c
orporate_site/sustainability-at-ifc/policies-standards/ehs-guidelines

• National Pollutant Inventory (NPI) – Australian Government,
Emission Estimation Technique Manual (Covering every
manufacturing sectors)
• http://www.npi.gov.au/reporting/industry-reportingmaterials/emission-estimation-technique-manuals

• USAID & EPA - EIA Technical Review Guidelines (Energy, Tourism
and Mining sectors only)
• https://www.epa.gov/international-cooperation/technical-reviewguidelines-environmental-impact-assessments-tourism

• The handout of this presentation will be available at:
Facebook page of JICA Myanmar Office
(https://ja-jp.facebook.com/JicaMyanmarOffice/)
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Thank you for your attention!
• Kanji Usui, Ph.D.
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