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EXECUTIVE SUMMARY 

TL Cement LDA, a privately-owned company, proposes to construct a Greenfield cement 
manufacturing project in Baucau Municipality, Timor-Leste. The project will produce approximately 
1.65 million tons per annum (Mtpa) of Portland cement clinker. The air quality impact assessment 
study has been conducted to predict the impact to the air quality during the construction and 
operation phase of this cement manufacturing project, as well as setting up the mitigation measures 
for negative impacts. 

The concentration of primary air pollutant in the form of PM10, PM2.5, carbon monoxide (CO), nitrogen 
dioxide (NO2), sulphur dioxide (SO2), hydrocarbon (HC) and secondary air pollutant in the form of  
ozone, were measured in six representative sensitive receptors for the baseline study, which are 
located in settlement area (Bahu, Triloca, Aldeia Osso-ua, Walaicama and Bucoli,) and school area 
(Aldeia Parlementu).The baseline data shows that background concentrations of all measured 
parameters were below the limit according to international air quality guidelines. Baucau 
meteorological data were collected from Baucau Meteorological Station, located at 08° 28'12''S and 
126° 27'0'' E, 451 m above the sea level, and about 5 km away from the location of future cement 
plant. The relative humidity was recorded between 28%-100%, with daily temperature between 18oC 
to 32oC. In general, as the temperature increases the relative humidity usually decreases or vice 
versa. The wet season lasts from December to June while the dry season lasts from July to 
November. During the wet season, the highest rainfall was recorded in December (203 mm), while for 
the dry season the highest rainfall was in November (20 mm). There were many days, especially from 
July to October where there were no rain at all (0 mm/day). Those days might have the highest level 
of air pollution, since there would not be pollutant washout by rain through the wet deposition 
mechanism. 

Since 87.5% of hourly meteorological data for one year from Baucau station were missing, complete 
hourly meteorological data for one year were collected from weblakes to conduct the air quality 
modelling. Metrological data from weblakes are generated using MM5, a prognostic meteorology 
model developed by Pennsylvania State University and the U.S. National Centre for Atmospheric 
Research (NCAR) which is capable of generating high resolution of hourly meteorological data.This 
complete set hourly meteorological data is very important since it will strongly influence the accuracy 
of predicted future ambient concentration during construction and operation phase of the 
project.According to annual behaviour of prevailing winds, the receptors that undergo the most 
frequent exposure to the air pollutant will be those who live in North West of Baucau since prevailing 
winds mostly blow from South East direction. These receptors may also have the highest probability 
to expose to the highest level of air pollutant concentration, since in the driest month (July - 
September), the prevailing winds also blow to this direction. Receptors that live in other directions 
may also expose to the emitted air pollutant, but in a lower exposure frequency. 

Impact assessment of cement TL activities was carried out quantitatively by using modelling tools, 
both during construction and operation phase. The impact assessment divided into two major parts, 
i.e.; the emission inventory and prediction of future ambient air quality. Emission rates from inventory 
calculation become the input for prediction of future ambient air quality combine with other supporting 
data such as meteorological data and topographical data. ISC AERMOD View, a steady state plume 
model was used to predict the ambient concentration surrounding the project area during construction 
and operation phase. This model was chosen over other available models since the prediction was 
carried out for a short range transport (less than 50 km), only limited meteorological data available in 
project area, and previous study comparing AERMOD with other model such as RAMS showed 
similar results for short term average concentration when using identical input data. Steady state 
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models generally do not underestimate the estimated concentration; therefore provide a sound basis 
for regulatory compliance model. Results of prediction are presented in the form of isopleth of each 
concentration over the receptor area. 

During the construction phase, predicted ambient concentration for all averaging time and all air 
pollutant parameters were below the ambient standard. While during operation phase, predicted 
ambient concentration for PM10-PM2.5 (24 hour and annual averaging time), CO-SO2 (1 hour, 24 hour, 
and annual averaging time) and NO2 (annual averaging time) were also below the ambient standard. 
Only 1 hour NO2 concentrations (highest concentration: 222 µg/Nm3) were predicted to be slightly 
above the standard (200 µg/Nm3 according to WHO standard)). Total number of 1 hour NO2 
calculated data were 3,924,480 data (derived from 448 receptors x 8760 hour in a year), and total 
number of exceedance (data above ambient standard) are 25 data only, therefore the exceedance 
percentage was only 0.0006%. The location which would undergo probable exceedance of 1 hour 
NO2 concentration was located inside the limestone mining area, and would not reach the closest 
sensitive receptor, i.e. the settlement area in Aldea Osso-ua (the 1 hour NO2 concentration in this 
location was predicted to be 100 to 150 µg/Nm3) 
 
Modelling results also showed that during the construction phase, the highest concentration might 
occur less than 500 m away from the construction activities. During the operation phase, the highest 
concentrations generally occurred farther at 1 up to 3 km away from the main sources (such as 
stacks). In general, pollutants tend to disperse to the North West direction from the sources, in the 
opposite direction from where the prevailing winds blow (prevailing winds blow mostly from south east 
direction). Moreover, the area located in the south east direction from the sources (plant and mining 
area) has a higher level, which is capable of preventing pollutant dispersion by topographic barrier. 
The dispersed pollutants are predicted to be able to reach the sensitive areas, but the concentration 
level reaching these areas are all below the standard for each averaging time. Sensitive receptors 
which may experience higher dispersed concentration than other receptors are located around the 
jetty plant area (scattered small cluster of fisherman village), settlement area in Aldeia Osso-ua, and 
settlement area in Wailacama north east of clay quarry. 

Although the impact assessment using modelling tool has shown that the future ambient 
concentration generally below the ambient standard, mitigation during construction and operation 
phase must be implemented to keep the concentration of air pollutants in the ambient air in allowable 
level. Parameters which will be monitored are PM10, PM2.5, CO, NO2, and SO2 (representing the 
primary air pollutant) and ozone (representing the secondary air pollutant). Monitoring will be 
conducted in sensitive receptors such as settlement area in Bahu (east-south east of cement plant), 
School area in Aldeia Parlemento (east of cement plant and north east of limestone mine), settlement 
area in Aldeia Osso-ua (close to cement plant area), and settlement area in Wailacama (north east of 
clay quarry). Mitigation for emission sources will also be conducted to keep the emission 
concentrations not to exceed the limit value. Particulates (from kiln, thermal power plant, cooler ESP 
stack, cement mill bag house, and coal mill bag house) will be maintained not to exceed 30 mg/Nm3), 
gases (from kiln only) not to exceed 200mg/Nm3for SO2, 800 mg/Nm3for NO2and 500 mg/Nm3for CO. 
A mitigation monitoring and reporting program will also be developed and reported to the local 
environmental agency for a certain period of time (at least every six month) to ensure the air quality 
parameters do not violate the standard. 
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1. INTRODUCTION 

1.1. Brief Project Description 

TL Cement LDA, a privately-owned company, proposes to construct a Greenfield cement 
manufacturing project in Baucau Municipality, Timor-Leste. The project will produce approximately 
1.65 million tons per annum (Mtpa) of Portland cement clinker.   

Clinker refers to small lumps (3.0-25.0mm diameter), produced by heating limestone and other 
materials such as clay and sand in a cement kiln.  Clinker, if stored in dry conditions, can be kept for 
several months without appreciable loss of quality. Because of this, it can easily be handled by 
ordinary mineral handling equipment, clinker is traded internationally in large quantities. Clinker is 
then ground to a fine powder, along with gypsum and other substances to produce useable cement.   

The proposed project will provide cement for both domestic use and international sale. A feasibility 
study is currently being undertaken to demonstrate the commercial viability of the project.   

The proposed project represents a significant investment of approximately $350 million and the 
largest industrial project undertaken in Timor-Leste to date.  It is anticipated to create 1000 jobs at the 
peak of the construction. It will then continue to have 700 permanent employees during operation. 
The project aims to develop local capacity and will develop a training center. 

The spin off benefit would be indirect employment to local community members, through the multiplier 
effect due to downstream socio-economic benefits and consequent improvement in the living 
conditions of local population in the project area. 

A. Cement Clinker Plant 

The plant includes clinkerisation and cement grinding facilities with a rated capacity of 5,000 tons per 
day (tpd) of clinker and 100 tons per hour (tph) of cement. The plant also includes a waste heat 
recovery (WHR) power plant. 

Up to 60% of 0.53 Mtpa of cement will be sold in the local markets and balance 40% will be shipped 
to Australia in 8,000 Deadweight-Ton (DWT) ships either in bulk or in. Balance clinker of 1.15 Mtpa 
will be shipped in vessels of 40,000 DWT ships to Australia. 

The project involves developing a green field plant including, but not limited, to the engineering, 
design, manufacturing and supply of new equipment for cement plant, a waste heat recovery based 
power plant, a captive thermal power plant of approx. 30 MW and Port (Double wharf jetties) about 
1.5-2 Km from the plant site. 

B. Thermal Power Plant bottom and fly ash utilization   

The waste from the thermal power plant will be fly ash and bottom ash. The total ash will be utilised in 
the cement grinding for producing PPC based on the coal data and ash in the coal the fly/bottom ash 
generation will be approximately 50 t/day i.e. approx 16500 t/annum. This will produce around 66000 
t/a of PPC based on 25% ash in PPC. All ash from the thermal power plant will be transported 
pneumatically to the cement grinding section. 

C. Mines and Raw Materials 

The raw and fuel material requirements for the proposed plant are to be met from different sources as 
given in Table below. 
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Table 1.1 Raw Materials 

No. Material Source Source Locality Remarks 

1. Limestone Local SucoTirilolo, Bahu, Caibanda, Triloca, 
Bucoli, Wailili and Fatumaca in 
administrative post Baucau, Vemasse 
and Venilele , Baucau Municipality 

Primary raw material.  Transported 
from mine site to crusher by trucks. 

2. Clay Local  Suco Wailacama, Baucau administrative 
post in Baucau municipality 

A corrective material. Transported 
from quarry to plant by road. 

3. Iron Ore Import Australia  A corrective material.  Transported 
to Timor-Leste by ship or barge, 
offloaded at jetty, and transported 
to plant by belt and Pipe conveyor.   

4. Gypsum Import  Australia or other A corrective material.  Transported 
to Timor-Leste by ship or barge, 
offloaded at jetty, and transported 
to plant by belt and pipe conveyor.   

5. Coal Import Australia/ Indonesia Fuel source and corrective 
material. Transported to Timor-
Leste by ship or barge, offloaded at 
jetty, and transported to plant by 
belt and Pipe conveyor.   

D. Limestone Deposit 

The limestone deposit is accessible from Baucau by a tar road. The mine is located about 1 km from 
the main road and Bucoli village. The mining area is located around 0.5 km from the coastline where 
a jetty is proposed to be constructed. The limestone concession area (I-1) which shall meet the initial 
limestone requirement of the plant covers an area of 576 ha. The deposit area is generally undulating 
and hilly. As observation result, the limestone bearing area is covered by thick or scattered trees, 
thorny bushes and tall grass. 

E. Clay Deposit  

Clay is found to occur close to the plant site in Suco Wailacama in Baucau administrative post, less 
than 10 km west of the plant site. Clay shall be used as corrective to compensate for silica and 
alumina deficiency in the raw mix.  Clay is proposed to be transported to the plant site by trucks.  

F. Jetty 

A dedicated jetty is proposed at a distance of 2 km from the plant site. Inbound material, (e.g., coal, 
gypsum, iron ore) and outbound clinker shall be transported between the plant and the jetty by a 0.5 
km long conveyor belt + 1.5 km Pipe Conveyor (fully enclosed). The maximum load during unloading 
is estimated as 1000 tons per hour and during loading is estimated as 1000 tons per hour. 

G. Utilities 

a. Power 

Power will be supplied by captive thermal power plant of approximately 30 mega-watts (MW) 
capacity and Waste Heat Recovery power plant.  

Power for initial phase of plant operation when cement grinding is commissioned will be from grid 
power. Tapping from the nearby grid line of 20 KV will be tapped and step down to 11 KV at the 
plant substation. Generator sets will be utilized for construction power. 
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No. Location Sampling Method Sampling 
Duration 

Equipment 

6 Ozone Methods of Air Sampling and 
Analysis, 1989 

1 hour Midget Impinger, 
Spectrophotometry, 

7. Hydrocarbon NIOSH 1501, 2003 3 hours Absorber, Gas 
Chromatography 

PM10 and PM2.5 

The PM10 and PM2.5 were measured using Japan International Standard (JIS) no. Z 8814 1994. This 
Japanese Industrial Standard specifies low volume air sampler of the suction capacity not more than 
30 I/minute and has grading capacities out of the air samplers which is used for measurement of 
mass concentration of airborne dust. The sampler consists of a grading device, filter, holder, flow 
meter and an suction pump, as shown in Figure 2.1. 

 
Figure 2.1 Arrangement of Low Volume Sampler for Measuring Ambient PM10 Concentration 

This method provides for the measurement of the mass concentration of particulate matter with an 
aerodynamic diameter less than or equal to a nominal 10 micrometers (PM10) in ambient air over a 
24-hour period. The measurement process is non-destructive, and the PM10 sample can be subjected 
to subsequent physical or chemical analyses. Using this method, an air sampler draws ambient air at 
a constant flow rate into a specially shaped inlet where the suspended particulate matter is inertially 
separated into one size fractions within the PM10 size range. Each filter is weighed (after moisture 
equilibration) before and after use to determine the net weight (mass) gain due to collected PM10. The 
total volume of air sampled, corrected to reference conditions (25oC, 1 atm), is determined from the 
measured flow rate and the sampling time. The mass concentration of PM10 in the ambient air is 
computed as the total mass of collected particles in the PM10 size range divided by the volume of air 
sampled, and is expressed in micrograms per cubic meter (µg/m3).  

Carbon Monoxide (CO) 

Carbon monoxide was measured using the iodine pentoxide method. The determination consists 
basically of the passage of a known volume of the gas to be analysed, first through a purifying and 
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Table 2.5 Emission Factor for Equipment Activities during Construction Phase 

No Equipment Requirement for Each Location Con-
dition 

Emission Factor 

Jetty Plant Lime 

stone 
Mine 

Clay 
Mine 

Stock 

pile 

TOG VOC CO NOx SO2 PM10 PM2.5 PM10 PM2.5 Unit 

paved unpaved  

1 Water truck/fuel truck, 
MHDT 

     idle  3.17 26.30 75.05 0.04 0.53 0.49 0.53 0.49 g/hr 

2 5    On site  0.39 4.62 7.31 0.01 1.88 0.36 2.41 0.47 g/hr 

2 Pile driving rig 2 2               

3 Crane 2 5    175 HP 0.830  3.410 5.100 0.006 0.260 0.239   g/bhp-hr 

4 Low & Flat bed trailer, 
HHDT 

2 5    idle  10.78 45.96 114.93 0.06 0.76 0.70    

     On site  4.83 10.14 19.56 0.03 2.30 0.72 2.83 0.82 g/hr 

5 Prime mover and or self 
propelled transporter with 
power pack 

 2               

6 Fork lift  3    175 0.661  3.353 4.320 0.006 0.249 0.229   g/bhp-hr 

7 Welding generators  5    50 2.441  6.028 5.549 0.007 0.525 0.483    

8 Excavator   3 1  175 0.696  3.377 4.523 0.006 0.259 0.239   g/bhp-hr 

9 Bulldozer / Ripper   1 1 3 500 0.784  3.053 4.700 0.006 0.140 0.129   g/bhp-hr 

10 Dump Truck, HHDT   7 4  Idle  10.78 45.96 114.93 0.06 0.76 0.70 0.76 0.70 g/hr 

     On site  4.83 10.14 19.56 0.03 2.30 0.72 2.83 0.82 g/hr 

11 Motor Grader   1   175 0.766  3.369 5.100 0.006 0.260 0.239   g/bhp-hr 

12 Wheel Loader     5 250 0.430  1.194 2.800 0.006 0.109 0.100   g/bhp-hr 

13 Power generators 1 1    229  0.44 1.27 3.87 0.01 0.13 0.12   g/bhp-hr 

Source:  - http://www.fhwa.dot.gov/environment/air_quality/conformity/methodologies/emfac.cfm 
-  www.portoflosangeles.org/EIR/SCIG/DEIR/APPENDIX_C1.pdf 

Note : The number of equipment is based on similar project of cement factory and or assumption of the expert. 







Air Quality Impact Assessment Study  Project No.  15-3380 

Clinker Cement Development Project 
  

Rev  A 
Date  Jan 2016 
Page  18 

 

Final Report    BITA 

 

Table 2.7 Emission Factor for Equipment during Operation Phase of Clay Mine 

No Activity Data Emission Factor (EF) 
Equipment Cap Requirement Capacity Operating 

Hour 
Vehicle mile 

travel 
PM10 PM2.5 CO NOx SO2 Unit 

  R Cap OH VMT EF 

   HP BHP hour/year mile/year 

1 Hydraulic 
excavator 

3 m3 1 175 172.55 3300  0.259 0.239 3.377 4.523 0.006 g/bhp-hra 

2 Tippers 10 ton 20    41,450 5.0E-04 4.1E-04 1.2E-02 1.3E-02 3.E-05 pounds/mile 

3 Water sprinkler 
(truck chassis 
mounted) 

 1    12,435 5.0E-04 4.1E-04 1.2E-02 1.3E-02 3.E-05 pounds/mile 

4 Fuel tanker 
(truck chassis 
mounted) 

 1 175   12,435 5.0E-04 4.1E-04 1.2E-02 1.3E-02 3.E-05 pounds/mile 

Source:  -a http://www.fhwa.dot.gov/environment/air_quality/conformity/methodologies/emfac.cfm 

- awww.portoflosangeles.org/EIR/SCIG/DEIR/APPENDIX_C1.pdf 
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Table 2.8 Emission Factors for Quarrying Activities in Cement Production 

No Activity   Emission Factor Source 

   TSP PM10 PM2.5 Unit  

1.1 Limestone mining  

Size: (2347.15 m x 2446.07 m) 

       

 Land clearing Overburden Bulldozing 

  
 

kg/hour AP.42 Sec.13.2, Table 13.2.3 

       AP 42 Sec 11.9, Table 11.9.2 

 Truck load/ unloading Overburden  10-3    AP 42 Sec 11.9, Table 11.9.4 

 Blasting Overburden/
limestone 

1 to 2 times a week  0.00022 (A)1.5
 

PM10k=0.52, PM 2.5k=0.03  

Kg/blast AP 42 Sec 11.9, Table 11.9.2 

 Drilling Limestone   4*10-5  kg/Mg AP 42 Sec 11.9.2 Table 
11.9.2-1 

 Loading and handling   Transferred material  

 
PM10: k=0.35, PM 2.5: k=0.053  

kg/Mg AP 42 Sec. 13.2.4  

 Limestone transportation  Calculated as mobile 
sources 

     

1.2 Clay mining        

 Land Clearing   

Bulldozing 

    

kg/hour AP.42 Sec.13.2, Table 13.2.3 

 Blasting  2 to 3 times a week      

 Clay stockpile  Wind erosion      

Note:    -  De-dusting bag filters for dust suppression system 
- All transfer points shall be properly de-dusted 
- The nuisance bag filters for equipment shall ensure dust emission level of 30 mg/ Nm3.  
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Main emission from stacks during operation phase come from the kiln, cooler ESP, cement mill, coal 
mill, and thermal power plant. Table 2.9 shows the characteristics of the stack and its emission 
concentration. 

Table 2.9 Emission Factors for Other Point Sources 

No Point Source Stack 
Diameter 

Stack 
Height 

Gas Stack 
Tem-

perature 

Velo-
city 

Output concentration 
PM10 SO2 NOx C0 

D H T v C 
m m Celsius m/s mg/Nm3    

1 Kiln/Raw mill bag 
House stack 

4 120 120 18 30 200 800 500 

2 Cooler ESP stack 3.4 35 110 18 30    

3 Cement Mill bag 
House Stack 

1.5 55 90 18 30    

4 Coal Mill Bag House 
Stack 

2 65 77.5 18 30    

5 Thermal Power plant 
Stack 

2.5 90 140 18 30 200 800 500 

2.1.2.2 Prediction of Future Air  Quality using Model ling Too l  

After calculating the emission rate of each air pollutants from all activities during cement plant 
construction and operation phase, the air quality modelling shall be conducted to predict the quality of 
ambient air both in the construction phase and operation phase.  

This study use ISC AERMOD View for predicting the impact to the air quality. The AERMOD is a 
steady state gaussian plume model that is appropriate for  estimating impact for short-range transport 
for distance less than 50 kilometers (km). Other models are also available such as RAMS, a 
mesocale model, which is capable of modelling weather system such as land/sea and mountain 
circulation and suitable to model meteorological condition in a complex coastal area. Another well-
known model is CALFUFF, a non-steady-state lagrangian gaussian puff model, which is 
recommended to be used for modelling impact with distances greater than 50 km, and the use on 
case by case basis in complex flow situation for shorter distances. 

ISC AERMOD VIEW model was chosen for calculating the air quality impact due to the following 
reasons: 

- Modelling area is less than 50 km, a short range transport model (AERMOD) should be more 
suitable than a long range transport model (RAMS or CALPUFF) 

- Limited meteorological data available in Baucau.  

 Recorded meteorological data from Baucau Meteorological Station cannot represent the specific 
onshore-offshore recirculation because each day it only recorded the meteorological condition at 
9:00, 15:00 and 18:00 East Timor Time.  

- Previous studies comparing AERMOD and RAMS. AERMOD and CALPUFF give the following 
results: 
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No. Parameter Time Average Note 

1 hour 3 hour 24 hour Annual  

7 Hydrocarbon 160e  As non-methane 
hydrocarbon 

Source: 
a http://whqlibdoc.who.int/hq/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf 
bhttp://www3.epa.gov/ttn/naaqs/criteria.html 
c http://ec.europa.eu/environment/air/quality/standards.htm 
d http://www.gpo.gov/fdsys/granule/CFR-2011-title40-vol2/CFR-2011-title40-vol2-sec50-9 
e http://regulations.delaware.gov/AdminCode/title7/1000/1100/1103.shtml 

According to guidance from European Union (2005), the ambient air quality standard for PM10 is 50 
µg/m3 for 24 hour-mean with permitted exceedance 35 times per year. In the final rule published by 
EPA on January 15, 2013, the PM10 standards was retained as no more than one exceedance of 
concentrations of 150 µg/m3 per year on average over three years. In 2006, the World Health 
Organization (WHO) published global air quality guidelines (AQGs) for PM10 (WHO 2006; 
Krzyzanowski and Cohen 2008). Thus far, there have been four versions (WHO 1987, 2000a, b, 
2006) of the World Health Organization Air Quality guidelines (WHO AQGs), the guidelines which 
provide an international reference that countries, particularly those without the resources to conduct 
their own assessment, can use to develop AAQSs. The 2006 WHO AQGs are composed of a single 
guideline value and interim targets (ITs). The interim targets provide a stepwise approach to 
achieving the air quality guideline value. The guideline values can be used by developed countries, 
with the capacity to implement a strict AAQS, while developing countries, with higher levels of air 
pollution, could select an interim target level achievable based on their own air quality management 
infrastructure, and progress towards the AQG value at their own pace. For standards which are not 
provided by WHO guideline, taken from United State Protection Agency (for CO, ozone, and 
hydrocarbon standard), and from European Commission for Environment (for NO2 and SO2 standard). 
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3. ENVIRONMENTAL BASELINE  

3.1  Baucau Meteorological  Data  

Meteorological phenomena such as wind velocity, wind direction, temperature, pressure, as well as 
the cloud cover has a very close relation with the air quality as well as the calculation of air pollutant 
dispersion. The air movement (wind) and the exchange of heat (convection and radiation) dictate the 
fate of pollutants as they go through stages of reaction, transformation, dilution, dispersion, and 
transport. Knowledge of prevailing wind direction and its velocity also determine where the pollutants 
shall be dispersed. This is very essential in order to be able to identify places which undergo the 
highest exposure frequency to the dispersed air pollutants.  

Meteorological data in Baucau were collected from Baucau Meteorological Station, located at 08° 
28'12''S and 126° 27'0'' E with the altitude 451 m above the sea level. The collected data were in the 
form of average daily data from January 2014 until September 2014. These data are presented 
statistically in the form of average, minimum, and maximum data and or in the form of monthly 
average to show the gradual changes from time to time. 

Figure 3.1 and Figure 3.2 shows the daily data of relative humidity (%) and temperature (oC) 
respectively, recorded from Baucau Meteorological Station. The humidity data tends to clearly 
decrease from January to September, and start to increase again from August to December. Highest 
relative humidly was recorded as high as 100% and lowest was recorded as low as 28%. Relative 
humidity indicates the ratio of the current absolute humidity to the highest possible absolute humidity 
(which depends on the current air temperature). A reading of 100 percent relative humidity means 
that the air is totally saturated with water vapour and cannot hold any more, creating the possibility of 
rain. This doesn't mean that the relative humidity must be 100 percent in order for it to rain, it must be 
100 percent where the clouds are forming, but the relative humidity near the ground could be much 
less. The daily average temperature recorded as high as 31.8oC (in November) and as low as 18.4oC 
(in February). In general, as the temperature increases the relative humidity usually decreases or vice 
versa. Therefore, in September to November when the higher average of temperatures was 
observed, the humidity was recorded in the lower average.  

From the daily and monthly precipitation data as shown in Figure 3.3 and Figure 3.4, it is clearly 
showed that the wet season lasts from December to June while the dry season lasts from July to 
November. During the wet season, the highest rainfall was recorded in December (203 mm), while for 
the dry season the highest rainfall was in November (20 mm). There were many days, especially from 
July to October where there were no rain at all (0 mm/day). Those days may have the highest level of 
air pollution, since there will not be pollutant washout by rain through the wet deposition mechanism. 
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Figure 3.1 Daily Data of Relative Humidity  

(Source: Baucau Meteorological Station) 

 

Figure 3.2 Daily Data of Temperature 

(Source: Baucau Meteorological Station) 
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Figure 3.3 Daily Data of Precipitation 

(Source: Baucau Meteorological Station) 

 

Figure 3.4 Monthly Data of Precipitation 

(Source: Baucau Meteorological Station) 

 

Meteorological data which include wind speed, wind direction, temperature, pressure, precipitation, 
and cloud cover are going to be used as input parameters in the air quality modelling using AERMOD 
VIEW software. Since this software requires hourly meteorological data for all parameters, other 
additional data which can supply these hourly data were collected from www.weblakes.com, The 
weblakes page provides meteorological data all around the world. Local meteorological data from 
Baucau meteorological station only provide daily average, minimum, and maximum data which were 
calculated from three times measurement at 9:00, 15:00, and18:00 East Timor Local Time. The 
availability data from this station cannot fulfil the requirement of the software, i.e., at least 99% hourly 





Air Quality Impact Assessment Study  Project No.  15-3380 

Clinker Cement Development Project 
  

Rev  A 
Date  Jan 2016 
Page  28 

 

Final Report    BITA 

 
 

  

Source: Baucau Meteorological Station, 2014 Source (www.weblakes.com, 2014) 

Figure 3.5  Annual Wind Rose and Wind Class Distribution Data 
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January (Baucau Meteorological Station) February (Baucau Meteorological Station) March (Baucau Meteorological Station) 

   

January (www.weblakes.com) February (www.weblakes.com) March (www.weblakes.com) 

Figure 3.6 Monthly Windrose for Baucau Area from January to March 2014 
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April (Baucau Meteorological Station) May (Baucau Meteorological Station) June (Baucau Meteorological Station) 

   

April (www.weblakes.com) May(www.weblakes.com) June(www.weblakes.com) 

Figure 3.7  Monthly Windrose for Baucau Area from April to June 2014 
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July (Baucau Meteorological Station) August (Baucau Meteorological Station) September (Baucau Meteorological Station) 

   

  July (www.weblakes.com) August (www.weblakes.com) September (www.weblakes.com) 

Figure 3.8 Monthly Windrose for Baucau Area from July to September 2014 
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October (Baucau Meteorological Station)  November (Baucau Meteorological Station) December (Baucau Meteorological Station) 

   

October (www.weblakes.com) November (www.weblakes.com) December (www.weblakes.com) 

Figure 3.9 Monthly Windrose for Baucau Area from October to December 2014 
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Figure 3.10 Location of Air Quality Measurement 

The results of air quality measurement in these locations will be considered as the background 
concentration of measured parameters, i.e. the concentration before the project begins. Several 
activities either during construction phase or during operation phase shall contribute to the increase of 
emission of air pollutants to the ambient air surrounding the project area. 

Emission of particulates during construction phase mainly originate from the works related to site 
preparation, material stock piling, and vehicle movement on unpaved or paved road. Pollutant in the 
form of gases mainly emitted as the result of fuel combustion from operation of heavy equipment. 
During the operation phase, emissions from the kiln are a combination of combustion and process 
emissions but the emissions of the main pollutants - NOx, sulphur oxides (SOx), carbon monoxide 
(CO), non-methane volatile organic compounds (NMVOC), as well as heavy metals and persistent 
organic pollutants (POPs) are assumed to originate mainly from the combustion of the fuel. 
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Figure 3.11 AQ-1,  Location of Air Quality Measurement in Bahu 

 

Figure 3.12 AQ-1, Location of Air Quality Measurement in Bahu (Another Point of View) 
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Figure 3.13 AQ-2,  Location of Air Quality Measurement in Check Point Triloca 

 

Figure 3.14 AQ-2,  Location of Air Quality Measurement in Check Point Triloca  
(Another Point of View) 
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Figure 3.15 AQ-3 Location of Air Quality Measurement in Aldeia Parlementu   

 

Figure 3.16 AQ-3 Location of Air Quality Measurement in Aldeia Parlementu 
(Another Point of View)   
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Figure 3.17 AQ-4 Location of Air Quality Measurement in Aldeia Osso-ua 

 

Figure 3.18 AQ-4 Location of Air Quality Measurement in Aldeia  Osso-ua 
(Another Point of View) 



Air Quality Impact Assessment Study  Project No.  15-3380 

Clinker Cement Development Project 
  

Rev  A 
Date  Jan 2015 
Page  39 

 

Final Report    BITA 

 

Figure 3.19 AQ-5 Location of Air Quality Measurement in Jetty Plan 

 

Figure 3.20 AQ-5 Location of Air Quality Measurement in Jetty Plan 
(Another Point of View) 
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Figure 3.21 AQ-6 Location of Air Quality Measurement in Wailacama 

 

Figure 3.22 AQ-6 Location of Air Quality Measurement in Wailacama 
 (Another Point of View) 
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 Figure 3.23 AQ-6 Location of Air Quality Measurement in Bucoli 

 

Figure 3.24 AQ-6 Location of Air Quality Measurement in Bucoli 
(Another Point of View) 
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PM10 and PM2.5 

Particulate is the term of dispersed air pollutant in the solid or liquid form in the atmosphere. PM10 is 
the dispersed solid particulate with a diameter of 10 micrometers or less, while PM2.5 µm has diameter 
of 2.5 µm or less. These particulates are likely responsible for adverse health effects because of their 
ability to reach the lower regions of the respiratory tract.  

Results of measurement of 24 hour ambient concentrations of PM10 and PM2.5 in seven locations 
(AQ1 until AQ7) are shown in Figure 3.25 and Figure 3.26. All measured PM10 concentrations are 
below the standard (150 µg/m3) according to US EPA (2013) and WHO (2005). Similarly, 24 hour PM 
ambient concentrations of PM2.5 are also below the standard (75 µg/m3) according to WHO (2005), 
and the standard (35 75 µg/m3) according to US EPA (2012). 

 

Figure 3.25 24 Hour-Ambient Concentration of PM10 
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Wet deposition is a very effective way to remove particles from the atmosphere. In Baucau, wet 
deposition may occur during wet season which lasts from December to May.  

The term dry deposition encompasses several mechanisms like turbulent diffusion, sedimentation, 
Brownian diffusion, interception, inertial forces, electrical migration, and etc. Deposition rates are 
governed by many factors, including meteorological variables such as wind velocity or relative 
humidity, properties of the particles (e.g., particle size and shape), and variables of the surface on 
which the particles are deposited. This dry deposition may occur mainly during dry season in Baucau 
which lasts from June to November. When considering particle dry deposition, a special focus is often 
laid on urban vegetation, since it provides a distinct larger surface area compared to the ground on 
which it stands. An optimized planting of vegetation along roads can also reduce re-suspension of 
particles by motorized traffic. 

Carbon Monoxide 

Carbon monoxide is a colourless, odourless, tasteless, and very stable gas which has lifetime 
between 2 until 4 months in the atmosphere. Naturally, CO is the second gas after CO2 as the gas 
which has the highest concentration in the lower atmosphere (troposphere). Its natural sources 
originate from volcano and natural forest fire; cause the concentration around 0.2 ppm (229 µg/m3). 
Anthropogenic sources of CO mostly come from the incomplete combustion of fossil fuel or 
combustion of fuel in motorized vehicles.  

Results of CO measurements in seven locations are shown in Figure 3.27. One hour concentrations 
of CO in seven locations, were measured between 218 to 481 µg/Nm3 far below the 1 hour standard 
(30.000 µg/m3) according to WHO (2010). These concentrations are closer to the concentration of 
natural CO, which indicates that the current anthropogenic activities only slightly increase the ambient 
concentration of CO. 

 

Figure 3.27 One Hour Ambient Concentration of CO 

Emissions CO can occur in the primary steps of the kiln process (preheater, precalciner), when 
impurities (such as organic matter) that are present in the raw materials are volatized as the raw mix 
is heated. Elevated CO levels occur in cement kilns or a number of reasons. Calcinations, which is 
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Results of measurement shows concentration of 3 hour ambient concentration of  NMHC in seven 
locations  are still below the standard (160 µg/m3) according to  US EPA. All measured concentration 
are below the detection of the method, i.e. less than 1 µg/m3 as shown in Figure 3.30. 

 

Figure 3.30 Three Hour Ambient Concentration of Hydrocarbon 

Ozon (O3) 

Natural ozone in lower atmosphere (troposphere) has concentration of 20 ppb (40 µg/m3). Additional 
ozone concentration might come from the chemistry reaction in troposphere and movement of ozone 
form stratosphere to troposphere. Ozone formation as the results of anthropogenic activities occur 
when hydrocarbon react with nitrogen oxide in the present of sunlight. Mixing between reactant and 
product related to hydrocarbon, nitrogen oxide, and sunlight is called as photochemical smog.  

Results of ozone measurement in seven locations show the concentration far below the standard 
(235 µg/Nm3) according to US EPA 1997 (see Figure 3.31). The measured ozone value is  between 
< 2.5 µg/m3 and 19 µg/m3. The observation of ozone concentration is an important part of air quality 
monitoring, because ozone is a secondary pollutants which is not directly emitted from the source, but 
formed in the atmosphere due to photochemical reactions of primary air pollutants (NO2 and 
hydrocarbon) in the present of sunlight. 
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Figure 3.31 One Hour Ambient Concentration of Ozone 
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Detail calculation for particulate and gases from clay hauling are shown in Table 4.14 until Table 
4.16. 
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Table 4.2  Emission Rate Calculation for Site Preparation  

No Dust Generating 
Activities 

Emission Factor Emission Rate 

Cement Plant Area Limestone Mine Clay Mine 

PM10 PM2.5 Unit Source PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 

EF E 

  
  

g/s 

1 
 

Bulldozing (top soil) 
  

    
 
 
 

  Kg/hour AP.42 Sec.13.2, 
Table 13.2.3 

E =R*1000*(EF*OH)/(24*3600) 

9.034515535 1.824691436   6.E-01 1.E-01 6.E-01 1.E-01 6.E-01 1.E-01 

2 Loading and unloading  
excavated material using 
trucks 

 
 
 
 

k=0.35 for PM10,&  0.053 for PM 2.5 

Kg/Mg Ap.42 Sec. 
13.2.4 

E =2*1000*(EF*Mat)/(24*3600) 

0.000315 0.000048   7.E-05 1.E-05 7.E-05 1.E-05 7.E-05 1.E-05 

3 Active storage pile 
(emission due to wind 
erosion and maintenance 
  

*0.85 for TSP, multiplication factor for PM10: 0.75, 
and PM2.5: 0.105 

Mg/hectare/
year 

 

Ap.42 Sec.11.9, 
Table 11.9.2 

 

E =1000*(EF*A)/(365*24*3600) 

0.6375 0.08925 4.E-05 6.E-06 4.E-05 6.E-06 4.E-05 6.E-06 

4 Vehicle movement  

 
 

K = 0.36 for PM10,  and 0.095 for PM2.5 

 

g/VKT  E = (R*VKT*EF)/(24*3600) 

   722.1526 190.5681     2.E-02 5.E-03 6.E-03 2.E-03 4.E-03 1.E-03 

Total 6.E-01 1.E-01 6.E-01 1.E-01 6.E-01 1.E-01 

 

 



Air Quality Impact Assessment Study  Project No.  15-3380 

Clinker Cement Development Project 
  

Rev  A 
Date  Jan 2016 
Page  53 

 

Final Report    BITA 

Table 4.3  Main Equipment Activities for Site Preparation  

No Activities Emission Factor 

Equipment 
  

Cement Plant 
and Jetty 

Limestone Mine Clay Mine Capacity Operating 
Hours 

PM10 PM2.5 CO NOx SO2 

   P OH      

   bhp hours/day      

1 Water truck/fuel truck, MHDT 7 2 2  8 1.88 0.72 4.62 7.31 0.01 

2 Crane 7   173 8 0.26 0.239 3.41 5.1 0.006 

3 Low & Flat bed trailer, HHDT 7 2 1  8 2.3 0.72 10.14 7.31 0.03 

4 Fork lift 3   173 8 0.249 0.229 3.353 4.32 0.006 

5 Welding generators 5   49 8 0.525 0.483 6.028 5.549 0.007 

6 Excavator 3 2 1 173 8 0.259 0.239 3.377 4.523 0.006 

7 Bulldozer / Ripper 3 1 1 493 8 0.14 0.129 3.053 4.7 0.006 

8 Dump Truck, HHDT 7 3 2  8 2.3 0.72 10.14 7.31 0.03 

9 Motor Grader  1  173 8 0.26 0.239 3.369 5.1 0.006 

10 Wheel Loader 5   247 8 0.109 0.1 1.194 2.8 0.006 

11 Power generators 2 1 1 226 8 0.13 0.12 1.27 3.87 0.01 
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Table 4.4  Emission Rate Calculation for Main Equipment Activities during Construction Phase 

No Equipment 
 
 

Emission 

Cement Plant and Jetty Limestone Mine Clay Mine 

PM10 PM2.5 CO NOx SO2 PM10 PM2.5 CO NOx SO2 PM10 PM2.5 CO NOx SO2 

g/s 

1 Water 
truck/fuel 
truck, MHDT 

E = (R*EF*OH)/(24*3600) 

1.2E-03 4.7E-04 3.0E-03 4.7E-03 6.5E-06 3.5E-04 1.3E-04 8.6E-04 1.4E-03 1.9E-06 3.5E-04 1.3E-04 8.6E-04 1.4E-03 1.9E-06 

2 Crane E = (R*EF*P*OH)/(24*3600) 

2.9E-02 2.7E-02 3.8E-01 5.7E-01 6.7E-04                     

3 Low & Flat bed 
trailer, HHDT 

E = (R*EF*OH)/(24*3600) 

1.5E-03 4.7E-04 6.6E-03 4.7E-03 1.9E-05 4.3E-04 1.3E-04 1.9E-03 1.4E-03 5.6E-06 2.1E-04 6.7E-05 9.4E-04 6.8E-04 2.8E-06 

    E = (R*EF*P*OH)/(24*3600) 

4 Fork lift 1.2E-02 1.1E-02 1.6E-01 2.1E-01 2.9E-04                     

5 Welding 
generators 

1.2E-02 1.1E-02 1.4E-01 1.3E-01 1.6E-04                     

6 Excavator 1.2E-02 1.1E-02 1.6E-01 2.2E-01 2.9E-04 8.3E-03 7.6E-03 1.1E-01 1.4E-01 1.9E-04 4.1E-03 3.8E-03 5.4E-02 7.2E-02 9.6E-05 

7 Bulldozer / 
Ripper 

1.9E-02 1.8E-02 4.2E-01 6.4E-01 8.2E-04 6.4E-03 5.9E-03 1.4E-01 2.1E-01 2.7E-04 6.4E-03 5.9E-03 1.4E-01 2.1E-01 2.7E-04 

8 Dump Truck, 
HHDT 

E = (R*EF*OH)/(24*3600) 

1.5E-03 4.7E-04 6.6E-03 4.7E-03 1.9E-05 6.4E-04 2.0E-04 2.8E-03 2.0E-03 8.3E-06 4.3E-04 1.3E-04 1.9E-03 1.4E-03 5.6E-06 

    E = (R*EF*P*OH)/(24*3600) 

9 Motor Grader 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.2E-03 3.8E-03 5.4E-02 8.1E-02 9.6E-05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

10 Wheel Loader 1.2E-02 1.1E-02 1.4E-01 3.2E-01 6.8E-04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+0
0 

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

11 Power 
generators 

5.4E-03 5.0E-03 5.3E-02 1.6E-01 4.2E-04 2.7E-03 2.5E-03 2.7E-02 8.1E-02 2.1E-04 2.7E-03 2.5E-03 2.7E-02 8.1E-02 2.1E-04 

   Total 1.1E-01 9.6E-02 1.5E+00 2.3E+00 3.4E-03 2.3E-02 2.0E-02 3.3E-01 5.3E-01 7.9E-04 1.4E-02 1.3E-02 2.2E-01 3.7E-01 5.9E-04 
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Table 4.5  Emission Rate from Construction Phase 

No 
 

Source 
 

Cement Plant and Jetty Construction Limestone Plan Construction Clay Mine Construction 

PM10 PM2.5 CO NOx SO2 PM10 PM2.5 CO NOx SO2 PM10 PM2.5 CO NOx SO2 

g/s/m2 

1 Site 
preparation 2.E-06 3.E-07       2.E-06 3.E-07    2.E-06 3.E-07       

2 Equipment 
activities 
during 
construction 
phase 

3.0E-07 2.7E-07 4.2E-06 6.5E-06 9.6E-09 6.6E-08 5.8E-08  1.5E-06 2.2E-09 

 

4.1E-08 3.6E-08 6.4E-07 1.1E-06 1.7E-09 

Total 
2.0.E-06 6.E-07 4.E-06 6.E-06 1.E-08 1.7.E-06 3.9.E-07 9.5E-07 1.5E-06 2.2E-09 

 

1.69.E-06 3.7.E-07 6.E-07 1.E-06 2.E-09 

Note: Calculation was made based on an assumption concentrated area of the construction activities about 35 Ha 
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No Activity Material Activity Supporting Data 

Pro-
duction 

Overbur-
den & 
Inter-

burden 
handling 

Effective 
working 
hour per 

day 

Mine 
Worki

ng 
Days 

Number 
of 

blasting 

Blastin
g area 

Water 
Conten

t 

Opera 

-tion 
Hour 

Silt 
Conten

t 

Vehicle 
Km 

Travel 

average 
weight of 

the 
vehicles 
travelling 
the road 

mean 
num-
ber of 
wheel

s 

Ave-
rage 
wind 

speed 

Mean 
vehicle 
speed 

number of 
days with 
at least 

0.254 mm 
of 

precipitati
on/year 

Storag
e pile 
area 

C    B A M OH s VKT W w U S p A 

ton/ 

year 

ton/hour hours/ 

day 

days/ 

year 

Blasting
/year 

m2 % hour/ 

year 

% VKT/ye
ar 

tone  m/sec km/ho
ur 

 Hectar
e 

3 Truck unloading Overburden 854,700                

4 Blasting Limestone / 
Overburden 

    20 9,498           

5 Drilling Limestone 2,095,432                

6 Truck Loading Limestone 2,095,432                

7 Truck unloading  2,095,432                

8 Active storage 
pile (wind 

erosion and 
maintenance) 

Lime-stone 
or 

overburden 

               20.0 

9 Dump truck 
movement 

Unpaved 
road 

        6.20 59,400 3 8 8 25 15.5  

Table 4.8 Emission Rate Calculation for Limestone Mine Operation 

No Mining Activities Emission Factor Calculation Emission Rate Calculation 

Activity Material PM10 PM2.5 Unit PM10 PM2.5 PM10 PM2.5 

EF E E2 

kg/year g/s 

1 Bulldozing Overburden ((0,45*s1,5)/M1,4))*0.75 ((2,6*s1,2)/M1,3))*0.105 kg/jam E = OH*EF E2=(E*1000)/(365*24*3600) 

0.2074 0.1222 kg/jam 342.25 201.61 1.1E-02 6.4E-03 

2 Truck Loading Overburden    C*EF   

0.00036 0.0002 kg/Mg, kg/ton 307.69 170.94 9.8E-03 5.4E-03 

0.00036 0.0002 kg/t 307.69 170.94 9.8E-03 5.4E-03 

4 Blasting Limestone or Overburden (0,00022*A1,5)*0,52 (0,00022*A1,5)*0,03 kg/blasting B*EF   

106 6 kg/blasting 2,118 122 6.7E-02 3.9E-03 
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No Mining Activities Emission Factor Calculation Emission Rate Calculation 

Activity Material PM10 PM2.5 Unit PM10 PM2.5 PM10 PM2.5 

EF E E2 

kg/year g/s 

5 Drilling Limestone    C*EF   

0.00004  kg/ton 67  2.1E-03 3.0E-04 

0.000008  kg/ton 16.76  5.3E-04 7.4E-05 

0.000008  kg/ton 13  4.3E-04 6.0E-05 

8 Active storage pile (wind erosion 
and maintenance) 

Limestone or overburden    A*EF   

0.41 0.0041 ton/(hectare*yr) 8,200 82 2.6E-01 2.6E-03 

9 Dump truck movement  Unpaved road 0.36*5.9(s/12)*(S/30)*(W/3)0.7
*w/4)^0.5*((365-
p)/365)*281.11 

0.095*5.9(s/12)*(S/30)*(W/3)0.
7*w/4)^0.5*((365-

p)/365)*281.12 

g/VKT VKT*EF   

836 221  49,643 13,100 1.6E+00 4.2E-01 

Total with 30 % Suppression 1.4E+00 3.1E-01 

Table 4.9  Emission Rate Calculation for Main and Ancillary Equipment during Limestone Mine Operation 

No Activity Data (A) Emission Factor (EF) Emission Rate 

Equipment Specification Require-
ment 

Capa-
city 

Operatin
g hours 

Vehicle 
Mile 

Travel 

PM10 PM2.5 CO NOx SO2 Unit PM10 PM2.5 CO NOx SO2 

R  OH VMT EF E 

       bhp hours/ 

year 

Mile/year             g/s 

1 

 

 

Main Mining  Equipment E = (EF*Cap*OH*R)/(365*24*3600) 

Drilling machine 385 Hp 3 379.61 3300   0.259 0.239 3.377 4.523 0.006 g/bhp-hra 3.E-02 3.E-02 4.E-01 5.E-01 7.E-04 

Excavator with rock 
breaker 

40 ton class,  

175 Hp 

1 172.55 3300   0.259 0.239 3.377 4.523 0.006 g/bhp-hra 5.E-03 4.E-03 6.E-02 8.E-02 1.E-04 

2 

 

 

Loading E = (EF*Cap*OH*R)/(365*24*3600) 

Hydraulic excavator 4.5 m3 bucket 
cap., 450  Hp 

3 172.55 3300   0.259 0.239 3.377 4.523 0.006 g/bhp-hra 1.E-02 1.E-02 2.E-01 2.E-01 3.E-04 

Loader 4 m3 bucket, 

350 Hp 

1 246.5 3300   0.109 0.100 1.194 2.800 0.006 g/bhp-hra 3.E-03 3.E-03 3.E-02 7.E-02 2.E-04 

3 Transportation E = (EF*OH*R)/(365*24*3600) 
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o Particulate and gases from clay mine operation  

Table 4.11  Emission Rate Calculation for Clay Mine Operation 

No Activity Emission Factor Emission Rate 

Activity 
Generating 
Particulate 

Silt 
Con-
tent 

Vehicle 
Km 

Travelled 

average 
weight of 
the 
vehicles  

Mean 
number 

of 
wheels  

Average 
wind 

speed 

Mean 
vehicle 
speed 

Number of days with 
at least 0.254 mm of 
precipitation per year 

PM, £ 10mm PM, £ 2,5mm PM, £ 
10mm 

PM, £ 
2,5mm 

s VKT W w U S p         

% VKT/year ton  m/sec km/hour    g/s 

1 
  

Truck 
movement 
(limestone 
hauling) 

              

 
K = 0.36 for PM10,  and 0.095 for PM2.5 

 

    

6.20 59,400 20.0 8 8 25 128 142 37 1.9E-01 4.9E-02 

Total with 30% Suppression 1.3E-01 3.4E-02 

 

Table 4.12  Emission Rate Calculation for Main and Ancillary Equipment during Clay Mine Operation 

No Activity Data Emission Factor (EF) Emission Rate 

Main and 
ancillary 
equipment 

Cap Requi-
rement 

Capa-
city 

Operating 
Hour 

Vehicle 
mile travel 

PM10 PM2.5 CO NOx SO2 Unit PM10 PM2.5 CO NOx SO2 

R Cap OH VMT EF E 

  BHP hour/year mile/year g/s 

1 Hydraulic 
excavator 

   
 

   E = (EF*Cap*OH*R)/(365*24*3600) 

3 m3 1 172.55 3300  3.E-01 2.E-01 3.E+00 5.E+00 6.E-03 g/bhp-
hra 

5.E-03 4.E-03 6.E-02 8.E-02 1.E-04 

     
 

   E =  (0.45*1000*VMT*EF*R)/(365*24*3600) 

2 Tippers 10 ton 20  
 

 41,450 5.0E-04 4.1E-04 1.2E-02 1.3E-02 3.E-05 pounds/
mile 

6.E-03 5.E-03 1.E-01 2.E-01 3.E-04 
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No Activity Data Emission Factor (EF) Emission Rate 

Main and 
ancillary 
equipment 

Cap Requi-
rement 

Capa-
city 

Operating 
Hour 

Vehicle 
mile travel 

PM10 PM2.5 CO NOx SO2 Unit PM10 PM2.5 CO NOx SO2 

R Cap OH VMT EF E 

  BHP hour/year mile/year g/s 

3 Water 
sprinkler 
(truck 
chassis 
mounted) 

 1  
 

 12,435 5.0E-04 4.1E-04 1.2E-02 1.3E-02 3.E-05 pounds/
mile 

9.E-05 7.E-05 2.E-03 2.E-03 5.E-06 

4 Fuel tanker 
(truck chassi 
mounted) 

 1 175 
 

 12,435 5.0E-04 4.1E-04 1.2E-02 1.3E-02 3.E-05 pounds/
mile 

9.E-05 7.E-05 2.E-03 2.E-03 5.E-06 

Total 1.E-02 9.E-03 2.E-01 2.E-01 4.E-04 

 

Table 4.13  Emission Rate from Clay Mine Operation 

No Clay Mine Operation Emission Rate 

PM10 PM2.5 CO NOx SO2 PM10 PM2.5 CO NOx SO2 

E E2 =E/400633 

g/s g/s/m2 

1 Mining activities (Table 3.6) 1.3E-01 3.4E-02    3.3E-07 8.6E-08    

2 Main and ancillary equipment (Table 3.7) 1.1E-02 9.3E-03 2.0E-01 2.4E-01 4.4E-04 2.7E-08 2.3E-08 5.1E-07 5.9E-07 1.1E-09 

Total 3.5E-07 1.1E-07 5.1E-07 5.9E-07 1.1E-09 
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Table 4.19 Predicted 1 Hour NO2 Concentration Exceed the Ambient Standard (Modelling Output) 
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Figure 4.2 PM10 - 1
st High 24 Hour Ambient Concentration (Construction Phase) 
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Figure 4.3 PM10 - 1
st High Annual Ambient Concentration 
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Figure 4.4 PM2.5 - 1
st High 24 Hour Ambient Concentration (Construction Phase) 
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Figure 4.5 PM2.5 - 1
st High Annual Ambient Concentration (Construction Phase) 
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Figure 4.6 CO - 1st 1 High Hour Ambient Concentration (Construction Phase) 



Air Quality Impact Assessment Study  Project No.  15-3380 

Clinker Cement Development Project 
  

Rev  A 
Date  Jan 2016 
Page  77 

 

Final Report    BITA 

 

Figure 4.7 CO - 1st 24 High Hour Ambient Concentration (Construction Phase) 
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